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Abstract
BACKGROUND 
Inflammatory bowel disease (IBD) affects millions of people worldwide and has 
emerged as a growing problem in industrialized nations. The lack of therapeutic 
targets has limited the treatment of IBD. Studies found that parasitic nematode 
infections can ameliorate clinical and experimental colitis. Our previous study 
found that rSj16, a 16-kDa secreted protein of Schistosoma japonicum produced by 
Escherichia coli, has protective effects on dextran sulfate sodium (DSS)-induced 
colitis in mice. Apoptosis is an important factor in the pathogenesis of colitis. 
However, it is not clear whether the effect of rSj16 on colitis is related to apoptosis.

AIM 
To investigate whether the protective effects of rSj16 on colitis is related to 
apoptosis and its mechanism.

METHODS 
In-vivo, colitis was induced by DSS. The severity of colitis was assessed. WB was 
used to detect the changes of apoptosis-related genes in colon tissues. Q-PCR was 
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used to detect the changes of miRNA-217-5p and HNF1B. In-vitro, WB was used 
to detect the changes of apoptosis-related genes in intestinal epithelial cells. 
TUNNEL staining and flow cytometry were used to detect cell apoptosis.

RESULTS 
rSj16 attenuates clinical activity in DSS-induced colitis mice. TUNNEL staining 
and WB results showed that apoptosis was increased in colon tissue after 
treatment with DSS, and the apoptosis of colon tissue was significantly reduced 
after treatment with rSj16. Compared with normal mice, the expression of miR-
217-5p was increased in colon tissue of DSS-induced colitis mice. In addition, the 
miR-217-5p target gene hnf1b was decreased after administration of DSS. After 
treatment with rSj16, the expression of miR-217-5p was decreased and the 
expression of HNF1B was increased compared with the DSS-treated group. When 
Etoposide was used in combination with miR-217-5p mimic on MODE-K cells, the 
expression of cleaved-Caspase-3 and Bax was increased, and Bcl-2 was decreased 
compared with only Etoposide treatment, the expression of HNF1B was 
significantly reduced, suggesting that miR-217-5p acts as a pro-apoptotic in colon 
epithelial cells and down-regulates the target gene hnf1b. After rSj16 adminis-
tration in MODE-K cells, miR-217-5p expression was significantly decreased, 
HNF1B expression was increased, and apoptosis was reduced.

CONCLUSION 
The protective effects of rSj16 on colitis is related to apoptosis and miRNA-217-5p 
may be a further target for therapeutic intervention against IBD.

Key Words: Schistosoma japonicum; rSj16; Inflammatory bowel disease; Apoptosis; 
miRNA-217-5p

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The lack of therapeutic targets has limited the treatment of inflammatory 
bowel disease (IBD). Parasitic nematode infections can ameliorate clinical and experi-
mental colitis. Our previous study found that rSj16, a 16-kDa secreted protein of 
Schistosoma japonicum produced by Escherichia coli, has protective effects on dextran 
sulfate sodium (DSS)-induced colitis in mice. We found that rSj16 can inhibit DSS-
induced apoptosis in the colons of mice with colitis. In addition, we found that the 
inhibitory effect of rSj16 on apoptosis was associated with decreased miR-217-5p, and 
that hepatocyte nuclear factor 1 beta was increased after treatment with rSj16. These 
results highlight a novel therapeutic target that may be used to treat IBD.

Citation: Zhang LC, Wu XY, Yang RB, Chen F, Liu JH, Hu YY, Wu ZD, Wang LF, Sun X. 
Recombinant protein Schistosoma japonicum-derived molecule attenuates dextran sulfate 
sodium-induced colitis by inhibiting miRNA-217-5p to alleviate apoptosis. World J 
Gastroenterol 2021; 27(46): 7982-7994
URL: https://www.wjgnet.com/1007-9327/full/v27/i46/7982.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i46.7982

INTRODUCTION
Inflammatory bowel disease (IBD) affects millions of people worldwide and has 
emerged as a growing problem in industrialized nations[1]. The two distinct forms of 
IBD, ulcerative colitis and Crohn’s disease, are characterized by intermittent, chronic 
or progressive inflammation[2]. The etiologies of both forms are multifactorial, 
including immunoregulatory factors, genetic susceptibility, environmental changes, 
and abnormalities of gut microbiota. Traditional treatments for IBD include 5-
aminosalicylic acid agents, steroids, and antimicrobials. However, as these drugs have 
limitations and many patients cannot achieve remission, a research focus in this field is 
to devise biological therapies for the treatment of IBD.
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Recent studies have demonstrated that helminth Schistosoma can protect against 
IBD. In a DSS-induced mouse colitis model, an attenuated inflammatory response was 
found in those infected with Schistosoma japonicum (S. japonicum)[3]. Schistosoma 
mansoni (S. mansoni) egg antigen has a beneficial modulatory effect in a DSS-induced 
mice colitis model[4]. In adult male mice with colitis, S. mansoni infection modulates 
the colitis mice immune system, suppressing colitis and limiting dysbiosis of intestinal 
microbiome[5]. Infection with S. mansoni also attenuates disease in rats with 
trinitrobenzene sulfonic acid (TNBS)-induced colitis[6]. Our previous study confirmed 
that exosomes derived from dendritic cells treated with S. japonicum soluble egg 
antigen attenuate DSS-induced colitis in mice[7]. Furthermore, we have also shown 
that rSj16 has protective effects on DSS-induced mouse colitis[8].

Apoptosis is an important factor in the pathogenesis of colitis. Abnormal apoptosis 
of intestinal epithelial cells (IECs) is frequently found in IBD[9,10]. IEC apoptosis 
results in disruption of intestinal barrier integrity, and may allow the infiltration of 
bacteria, triggering an inflammatory cascade[11]. Aberrant IEC apoptosis stimulates 
the production of tumor necrosis factor-alpha (TNF-α) and interferon gamma (IFN-γ), 
both of which further induce IEC apoptosis[12]. MicroRNAs are critical post-transcrip-
tional regulators of gene expression and key mediators of pathophysiology of inflam-
matory bowel disease (IBD)[13]. However, the molecular basis of IEC apoptosis in the 
pathogenesis of IBD remains unclear.

MicroRNAs (miRNAs) are small non-coding RNAs that are about 22 nucleotides 
long. MiRNAs negatively regulate gene expression at the post-transcriptional or 
translational level by complementary binding to the 3′-untranslated region(UTR). 
MiRNAs control genes involved in cellular processes such as inflammation, cell-cycle 
regulation, stress response, differentiation, apoptosis, and migration[14,15]. Studies 
have shown that miRNAs play an important role in IBD. For example, miR-301a 
promotes intestinal mucosal inflammation by inducing IL-17A and TNF-α in IBD[16]. 
MiR-31 is increased in colon tissues of patients with IBD, reduces inflammatory 
signaling and promotes colon regeneration[17]. Myeloid-derived miR-223 Limits 
intestinal inflammation by constraining the nlrp3 inflammasome[18]. Upregulation of 
miR-665 promotes apoptosis and colitis in inflammatory bowel disease by repressing 
the endoplasmic reticulum stress components XBP1 and ORMDL3[19]. In Shamran’s 
study, miR-217 may induce Sirt-1 and provide protection against intestinal inflam-
mation[20]. The hepatocyte nuclear factor (HNF) superfamily of transcription factors is 
essential for the development and maintenance of a variety of humans and mice 
tissues, and is further classified into four families, HNF1, FOXA, HNF4, and ONECUT, 
based on their functional domains. In gut, HNFs are expressed in IECs, which regulate 
a variety of physiological functions, including differentiation, barrier function, and 
metabolism[21]. Hepatic nuclear factor-4α (HNF4α) mRNA level was also downreg-
ulated in mouse model of ileitis (SAMP) compared with control mice[22]. Hepatocyte 
nuclear factor-1beta (HNF1B) is the most important liver-specific transcription factor, 
with responsibility for sequence-specific DNA binding. HNF1B is reportedly a target 
of miR-217, with a role in circ-TTBK2- and miR-217-mediated modulation of malignant 
glioma progression[23].

In this study, we investigate whether the protective effects of rSj16 on colitis is 
related to apoptosis and its mechanism. miRNA may function through regulating the 
expression of encoding genes in IBD[16]. We explore the relationship between rSj16, 
miR-217-5p and IBD, providing theoretical support for the clinical application of rSj16 
in the treatment of IBD.

MATERIALS AND METHODS
Animals and ethics
Male BALB/c mice (aged 6 wk, 18-20 g) were purchased from the Experimental 
Animal Center of Guangdong. All animal experimental procedures were approved by 
the Medical Research Ethics Committee of Sun Yat-sen University (SYSU-IACUC-
2019-B517) and conformed to the Chinese National Institute of Health Guide for the 
Care and Use of Laboratory Animals.

Induction and treatment of colitis
Recombinant protein (rSj16) was expressed and purified as described previously[8]. A 
total of 15 mice were randomly assigned to three groups. Acute colitis was induced by 
administering water with 3% (wt/vol) DSS (36–50 kDa; MP Biomedicals, Illkirch, 
France) to mice over a period of 7 d. The control mice (n = 5) received drinking water. 

https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/


Zhang LC et al. rSj16 attenuates colitis by alleviating apoptosis

WJG https://www.wjgnet.com 7985 December 14, 2021 Volume 27 Issue 46

Over the same period, rSj16 was administered to the colitis mice (n = 5) via intraperi-
toneal (i.p.) injection (100 μg per mouse) on each day from 1 to 7. Control groups (n = 
5) received the same volume of vehicle (phosphate buffered saline; PBS) over the same 
time frame. The mice were fed standard mouse chow.

Clinical scoring
During treatment, mice were observed daily. Changes in body weight, occurrence of 
diarrhea and bleeding were recorded. Blood in the feces was determined using a 
Hemoccult assay kit (Nanjing Jiancheng Bio-engineering Institute, China). A clinical 
disease score (disease activity index, DAI) was evaluated based on weight loss, 
diarrhea, and bleeding as described previously[8].

Macroscopic assessment and histologic analysis
Mice were sacrificed on day 7. Colon length was measured, and the macroscopic 
scores of colons were assessed by an independent observer who was blinded to 
treatment status[7]. The colons were fixed in 4% formaldehyde and then embedded in 
paraffin. Colon sections were prepared and stained with hematoxylin and eosin (H & 
E). Histopathological scores were determined in a blinded fashion, according to the 
criteria described in our previous study.

Cell culture and treatment
Mouse intestinal epithelial cell line, MODE-K cells were purchased from the BeNa 
Culture Collection (BNCC, China). The cells were cultured with Dulbecco’s modified 
eagle medium (DMEM) (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% 
fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.), 100 IU/mL penicillin 
and 100 mg/mL streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.), incubated in 
a 5% CO2 environment at 37 °C. The cells were seeded one day prior to transfection in 
12-well cell culture plates. Cells were incubated in a serum-free medium for starvation 
overnight, then stimulated with miRNA mimic (Assay ID: MIMAT0000679) or mimic 
control (50 nM, Ruibo, Guangzhou, China) using RNAi MAX (Invitrogen, United 
States). MiRNA mimics are miRNAs that mimic endogenous miRNAs and can be 
synthesized by chemical synthesis to enhance the function of endogenous miRNAs.

Flow cytometry
MODE-K cells were seeded in 6-well plates and treated with mimic control, miRNA 
mimic, miRNA mimic + Etoposide (MedChemExpress, United States, 25 μM)[24], and 
miRNA mimic + Etoposide + rSj16 (4 μg/mL) for 48 h. Adherent and floating cells 
were collected and resuspended in 100 μl binding buffer. Each group of cells was 
stained with 2 μl Annexin-V FITC and propidium iodide (PI, BD Biosciences) at room 
temperature for 15 min. Samples were analyzed using a CytoFLEX S flow cytometer 
(Beckman Coulter, United States).

Western blot
MODE-K cells were homogenized with a protein extraction reagent buffer (RIPA; 
Beyotime Institute of Biotechnology) containing protease and phosphatase inhibitors. 
Protein concentration was measured using the bicinchoninic acid assay (Beyotime 
Institute of Biotechnology, China). Equal amounts of proteins were separated by 10% 
SDS-PAGE and transferred to a polyvinylidene fluoride blotting membrane (GE 
Healthcare Life Sciences, United Kingdom). The membrane was blocked by 10% milk. 
The membrane was incubated with a primary antibody (proteintech cleaved-Caspase3, 
Cat No. 19677-1-AP; Bax, Cat No. 50599-2-Ig; Bcl-2, Cat No. 12789-1-AP; HNF1B, Cat 
No. 12533-1-AP; GAPDH Sigma-Aldrich G9295) diluted 1:1,000 overnight at 4 °C, 
followed by incubation with the secondary antibody (ProteinTech Group, Inc.; anti-
mouse, cat. no. SA00001-1; anti-rabbit, cat. no. SA00001-2) diluted 1:2000 at room 
temperature for 2 h. Immunodetection was performed using enhanced chemilumin-
escence reagent (Thermo Fisher Scientific, Inc.) and visualized using chemilumin-
escence gel imaging system (Tanon-5200 Multi, Shanghai China). ImageJ (×64) 
software (National Institutes of Health) was used to quantify the results[25].

TUNEL staining method 
MODE-K cells treated with mimic control, miRNA mimic, miRNA mimic + Etoposide, 
and miRNA mimic + Etoposide + rSj16 were inoculated into 24-well plates for 48 h 
then fixed with 4% paraformaldehyde for 15 min at room temperature. Diluted 
TUNEL staining fluid (Beyotime Institute of Biotechnology) was added to cells and 
colon histological sections according to the manufacturer’s instructions. PBS was used 
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to wash cells, followed by DNA staining with DAPI at room temperature for 10 min, 
and the staining was observed using a Leica DMI4000B fluorescence microscope 
(magnification, ×10), positive cells were quantified by Image J software.

RNA extraction and quantitative reverse-transcription PCR
Total RNA was harvested using TRIzol according to manufacturer’s instructions, 
including MODE-K cells and 50 mg mouse colon tissue samples. Complementary 
DNA (cDNA) was synthesized from 1.0 μg of total RNA with oligo (dT) primers using 
a cDNA Synthesis Kit (Takara, Japan). The expression of mRNA and miRNA was 
determined using a SYBR Green Master Mix kit (Takara, Japan), primer sequences are 
shown in Table 1. GAPDH or U6 were used as an internal control, and the fold change 
was calculated by the 2-ΔΔCT method.

Dual-luciferase reporter assay
HEK 293T cells were transfected using the HNF1B UTR reporter plasmid together with 
miR-217-5p mimic or control mimic for 48 h using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc). Following this period, cells were lysed using the Dual-
Glo® Reagent (Dual-Glo® Luciferase Assay System; Promega Corporation). Renilla 
luciferase assay substrate and firefly luciferase detection reagent were added and 
luciferase activities were detected using the Infinite F500 Multimarker Analyser 
(TECAN, Austria) according to the manufacturer’s instructions. Renilla luciferase was 
used as an internal reference, with luciferase activity normalized to Renilla luciferase 
activity[26].

Statistical analysis
All data are expressed as means ± SD. Results were compared between the two groups 
using an unpaired two-sample t-test. Multiple comparisons between more than two 
groups were analysed by one-way ANOVA test or Kruskal–Wallis test (non-
parametric). The value of P < 0.05 was considered statistically significant.

RESULTS
rSj16 protects against acute DSS-induced colitis
As found in our previous study[8], after DSS administration, the mice lost weight over 
time. At the same time, the DAI of mice with colitis also increased with time. After 
treatment with rSj16, body weight loss and DAI were both significantly alleviated in 
mice with colitis (Figure 1A and B). Colon length was significantly reduced by 
application of DSS, and was restored after rSj16 treatment (Figure 1C and D). Mean 
colon macroscopic scores were significantly suppressed in DSS + rSj16 group 
compared with DSS + PBS group (Figure 1E). Additionally, H&E histopathology 
results showed that treatment with rSj16 significantly reduced inflammation 
(Figure 1F). Consistent with this, histopathological scores after treatment with rSj16 + 
DSS were significantly lower than after treatment with DSS + PBS (Figure 1G and 
Table 2).

rSj16 inhibit DSS induced apoptosis of colon epithelial cells
IEC apoptosis is increased in affected areas of IBD[27], leading to the disruption of 
intestinal barrier integrity that may allow bacteria to penetrate into the intestinal wall 
from the intestinal cavity and trigger an inflammatory cascade, including the 
production of pro-inflammatory cytokines, to remove the invading bacteria[28,29]. In 
the present study, to investigate the mechanism by which rSj16 alleviates DSS-induced 
acute colitis, 3% DSS was administered to mice daily for 7 d, and western blot was 
performed to detect the apoptosis of colon epithelial cells in mice. As shown in 
Figure 2A, the pro-apoptotic protein cleaved-Caspase-3 and Bax were increased, while 
the anti-apoptotic protein Bcl-2 was decreased after treatment with DSS + PBS 
compared with the Water + PBS, indicating that DSS can induce apoptosis of colon 
epithelial cells. In addition, pro-apoptotic Bax was decreased and anti-apoptotic 
protein Bcl-2 was increased after treatment with rSj16 + DSS compared with DSS + 
PBS. These results demonstrate that rSj16 may significantly inhibit DSS-induced colon 
epithelial cells apoptosis (Figure 2A). TUNEL staining, indicating apoptosis, was 
increased in colon tissue and the number of TUNEL positive cells decreased 
significantly after administration of rSj16 (Figure 2B).
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Table 1 Quantitative real time PCR primer sequences

Gene Forward (5’-3’) Reverse (5’-3’)
hnf1b CCCATCCTCAAAGAGCTCCA AGAGGTGGGATTGGTTCAGG

GAPDH(Mouse) ACTCCACTCACGGCAAATTC TCTCCATGGTGGTGAAGACA

miR-217-5p UACUGCAUCAGGAACUGACUGGA mRQ3' Primer (Takara, Kyoto, Japan)

U6 Takara, Kyoto, Japan Takara, Kyoto, Japan 

Table 2 Values of the evaluation indexes

Body weight loss on day 7 
(%) (mean ± SD)

DAI on day 7 
(mean ± SD)

Colon length 
(mean ± SD)

Macroscopic scores 
(mean ± SD)

Histopathological scores 
(mean ± SD) n

Water + 
PBS

125.30 ± 6.30 0.00 ± 0.00 9.70 ± 0.56 0.00 ± 0.00 0.00 ± 0.00 5

DSS + 
PBS

89.11 ± 8.02 5.20 ± 0.45 6.58 ± 0.48 7.8 ± 1.30 13.00 ± 2.55 5

DSS + 
rSj16

106.00 ± 5.97 1.40 ± 0.89 8.12 ± 0.35 3.20 ± 0.84 4.4 ± 1.14 5

DSS: Dextran sulfate sodium.

rSj16 inhibits the expression of miR-217-5p in the colon of mice with DSS-induced 
colitis 
Research has shown that down-regulation of miR-217-5p may reduce the apoptosis of 
cardiomyocyte derived cell lines[30]. We found that, compared with Water-treated 
mice, the expression of miR-217-5p was increased in colon tissue of mice with DSS-
induced colitis. In addition, the miR-217-5p target gene hnf1b was decreased after 
administration of DSS. After treatment with rSj16, the expression of miR-217-5p was 
decreased and the expression of hnf1b was increased compared with the DSS-treated 
group (Figure 3A and B). Pearson’s correlation coefficient analysis showed a negative 
correlation between miR-217-5p and HNF1B in in colon tissue of mice (r = -0.3463, P < 
0.05) (Figure 3C). Western blot results also indicated that HNF1B was decreased after 
DSS treatment, and was increased after rSj16 treatment compared with DSS-treated 
group (Figure 3D and E).

In order to verify whether miR-217-5p regulates the expression of HNF1B, we 
generated a luciferase reporter plasmid contained 3'- UTR of HNF1B and located on 
both sides of the binding site of miR-217-5p. Relative luciferase activity of the reporter 
containing the predicted miR-217-5p binding sites for 3′UTR of HNF1B mRNA 
transcript was significantly reduced when co-transfected with miR-217-5p mimic 
compared with a control mimic (Figure 3F). Studies have shown that miRNA-217-5p is 
closely related to apoptosis[24,31]. Etoposide (an apoptosis inducer) was used to 
induce the apoptosis of MODE-K, and qPCR results showed that increased miRNA-
217-5p expression, and decreased miR-217-5p target gene hnf1b expression in the 
process of apoptosis. However, rSj16 may inhibit the expression of miR-217-5p, and 
increase the expression of hnf1b (Figure 3G and H).

rSj16 anti-apoptotic action via regulation of miR-217-5p/HNF1B axis
We further verified the role of miR-217-5p in the process of apoptosis, and the 
mechanism of rSj16 in regulating apoptosis. Western blot showed that when Etoposide 
was used in combination with miR-217-5p mimic on MODE-K cells, the expression of 
cleaved-Caspase-3 and Bax was increased, and Bcl-2 was decreased compared with 
only Etoposide treatment, and the expression of HNF1B was significantly reduced. 
These results indicate that miR-217-5p acts as a pro-apoptotic in colon epithelial cells 
and down-regulates the target gene hnf1b. In addition, the expression of cleaved-
Caspase-3 and Bax was decreased, while Bcl-2 and HNF1B were increased in mice 
treated with Etoposide + miR-217-5p + rSj16 compared with Etoposide + miR-217-5p 
(Figure 4A and B). TUNEL staining of MODE-K after treatment of Etoposide, 
Etoposide + miR-217-5p, and Etoposide + miR-217-5p + rSj16, showed that the number 
of TUNEL positive cells increased with Etoposide + miR-217-5p and decreased after 
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Figure 1 rSj16 protects against acute dextran sulfate sodium-induced colitis. A: Daily changes in body weight [dextran sulfate sodium (DSS) + rSj16 
vs DSS + PBS]; B: Changes in DAI (DSS + rSj16 vs DSS + PBS); C and D: Colon lengths were measured and recorded; E: Macroscopic appearance of the colons; F: 
The histopathological changes in the colons were examined by H&E staining (20×); G: Histopathological scores of the colons were determined. DSS: Dextran Sulfate 
Sodium Salt. Statistical analysis was performed using one-way ANOVA. Data are presented as means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

treatment with rSj16 (Figure 4C and D). Flow cytometry results also showed that miR-
217-5p could obviously promote MODE -K apoptosis. However, rSj16 could signi-
ficantly inhibit MODE -K apoptosis induced by Etoposide and miR-217-5p. (Figure 4E 
and F).

DISCUSSION
IBD encompasses Crohn’s disease, ulcerative colitis and IBD-unclassified. Although 
newer treatments have increased the chances of remission, most IBD patients cannot 
maintain remission, and death is not an infrequent outcome of IBD[32,33]. Therefore, it 
is very important to explore the pathogenesis of IBD and to find effective therapeutic 
targets. We have found that rSj16 (a 16-kDa secreted protein of Schistosoma japonicum) 
has protective effects on DSS-induced mouse colitis. Body weight loss was alleviated 
in mice with colitis after treatment with rSj16. DAI (evaluated based on weight loss, 
diarrhea, and bleeding) also alleviated in colitis mice after treatment with rSj16. The 
results of colon length, mean colon macroscopic scores (assessed by hyperemia, wall 
thickening, ulceration, inflammation extension, and damage), H&E, and histopatho-
logical scores (based on extent of inflammation, neutrophil and lympho-histiocyte 
infiltration, crypt damage, crypt abscess formation, sub-mucosal edema, goblet cell 
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Figure 2 rSj16 inhibits dextran sulfate sodium induced apoptosis of colon epithelial cells. A: Western blot analysis for the expression of apoptosis 
relative proteins, including Bcl-2, Bax and cleaved-Caspase3; B: The apoptosis of colon tissue of mice treated with dextran sulfate sodium (DSS) + PBS and DSS + 
rSj16 was detected by TUNEL assay (20×), TUNEL positive cells were apoptotic cells, the number of TUNEL positive cells was quantified. TUNEL: Terminal 
deoxynucleotidyl transferase-mediated dUTP nick end labeling. Statistical analysis was performed using one-way ANOVA (A) and Kruskal–Wallis test (non-
parametric) (B). Data are presented as means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

loss, and reactive epithelial hyperplasia displayed) indicate that rSj16 protects against 
acute DSS-induced colitis.

Apoptosis is an important factor in the pathogenesis of colitis. DSS has been shown 
to initially cause damage in the colon by inhibition of proliferation and induction of 
apoptosis[34]. In the present study, we found significant apoptosis of colon epithelial 
cells after DSS administration in mice, and inhibition of the DSS-induced apoptosis 
after administration of rSj16. Therefore, we hypothesized that rSj16 alleviates DSS-
induced colitis, in part by regulating apoptosis.

In recent years, miRNAs have become the key biomarkers and novel therapeutic 
targets in IBD[16,35]. MiR-217-5p plays dual roles in regulating cell survival and 
apoptosis. Flum et al reported that miR-217-5p could induce apoptosis by regulating 
multiple target genes involved in the ERK-MAPK signaling pathway including PRKCI, 
BAG3, ITGAV, and MAPK1[24]. Gao et al indicated that upregulation of miR-217-5p 
significantly inhibited TGF-β1-induced proliferation, migration, extracellular matrix 
(ECM) deposition, and promoted apoptosis in airway smooth muscle cells[36]. 
However, Yi et al indicated that upregulation of miR-217-5p improved cell viability 
and attenuated cell apoptosis in SH-SY5Y cells subjected to oxygen–glucose 
deprivation/reperfusion[37]. The specific regulatory mechanism between miR-217-5p 
and apoptosis needs to be further studied. In our study, miRNA miR-217-5p was 
expressed at a high level in IBD mice colon tissues, and was decreased significantly 
following treatment with rSj16. After inducing MODE-K apoptosis, miR-217-5p 
expression was significantly increased, after rSj16 treatment, miR-217-5p expression 
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Figure 3 rSj16 can inhibit the expression of miR-217-5p in the colon of mice with dextran sulfate sodium-induced inflammatory bowel 
disease. A and B: Relative RNA expression of miR-217-5p and hnf1b in colon tissue of mice; data were normalized to levels detected in colon tissue of mice after 
treatment with Water and PBS (control) group; C: Pearson’s correlation coefficient analysis showed a negative correlation between miR-217-5p and HNF1B in colon 
tissue of mice (r = -0.3463, P < 0.05); D and E: Western blot was used to detect the expression of HNF1B in protein levels; F: The wild-type HNF1B -3′- untranslated 
region (UTR) was cloned into psi-CHECK-2 to predict the binding site of miR-217-5p in the 3′-UTR of hnf1b gene. Dual-luciferase reporter assay was performed on 
HEK 293Tcells transfected with HNF1B UTR reporter plasmid together with miR-217-5p mimic or control mimic; G and H MODE-K cells were treated with Etoposide 
or Etoposide + rSj16. The expression of miR-217-5p and hnf1b were determined using quantitative PCR. HNF1B: Hepatic nuclear factor-1beta. Statistical analysis 
was performed using one-way ANOVA (B and E) and Kruskal–Wallis test (non-parametric) (A), and unpaired two-sample t-test (F, G and H). Data are presented as 
means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

was significantly reduced. Therefore, we hypothesized that miR-217-5p is involved in 
the protective effects of rSj16 on colitis. Bcl-2, caspase-3, and Bax play key roles in cell 
apoptosis[38]. Caspase-3 is a marker of apoptosis because its activity is required for 
major apoptosis-related morphological and biochemical events, and its activation and 
function are regulated by the Bcl-2 family of proteins, among other molecules[39]. In 
the present study, after overexpression of miR-217-5p in MODE-K cells, cleaved-
Caspase-3 and Bax expression were increased, but Bcl-2 was reduced, suggesting that 
miR-217-5p plays a pro-apoptotic role in MODE-K cells. After rSj16 treatment, the 
miR-217-5p, cleaved- Caspase-3 and Bax expression were decreased, but Bcl-2 was 
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Figure 4 rSj16 have anti-apoptotic action by regulating the miR-217-5p/HNF1B axis. A and B: MODE-K cells were treated with Etoposide, Etoposide 
+ miR-217-5p, and Etoposide + miR-217-5p + rSj16. The expression of apoptosis relative proteins, including Bcl-2, Bax and cleaved-Caspase3 was analyzed by 
Western blotting; C and D: The apoptosis of MODE-K cells was detected by TUNEL assay after treatment with Etoposide + miR-217-5p, and Etoposide + miR-217-5p 
+ rSj16 (10×), TUNEL positive cells were apoptotic cells, the number of TUNEL positive cells was quantified; E and F: Flow cytometry analysis of MODE-K cells 
treated with Etoposide + miR-217-5p, and Etoposide + miR-217-5p + rSj16. Statistical analysis was performed using one-way ANOVA. PI: propidium iodide. Data are 
presented as means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

increased, indicating that rSj16 could reduce the apoptosis. Results showed that miR-
217-5p aggravated MODE-K cells apoptosis and rSj16 could significantly inhibit the 
apoptosis by inhibiting miRNA-217-5p expression.

MiRNAs exert pro-apoptotic functions by regulating the expression of target genes
[40]. hnf1b acts as an oncogene in various tumors, is overexpressed in human prostate 
cancer and could promote tumor cell proliferation[41]. Early deletion of HNF1B results 
in a decrease in the number of pancreatic multipotent progenitor cells due to reduced 
proliferation and increased apoptosis[42]. In our study, we found that hnf1b is the 
direct target gene of miR-217-5p. In the present study, we found that DSS may induce 
apoptosis of colon epithelial cells, with increased expression of miR-217-5p and 
decreased expression of its target gene hnf1b. We speculated that miR-217-5p/HNF1B 
was involved in DSS-induced apoptosis of colon epithelial cells. Subsequently, we 
induced apoptosis and overexpression of miR-217-5p in MODE-K cells. After 
treatment with rSj16, the expression of miR-217-5p in tissues and MODE-K cells was 
decreased, the expression of its target gene hnf1b was increased, and the apoptosis of 
MODE-K cells significantly reduced. The results suggested that miR-217-5p exerted 
pro-apoptotic functions by regulating expression of the target gene hnf1b. 

As for the limitations of the study, because rSj16 affects the progress of the disease 
through multiple pathways, we only explore one of them, suggesting that miR-217-
5p/HNF1B axis could be used as a potential target for the treatment of enteritis. In 
addition, rSj16 may attenuate IBD through other pathways which we didn’t make a 
comprehensive exposition, it is still worth exploring. Next, we will conduct a more 
comprehensive study on the treatment of IBD with rSj16, to provide more possibilities 
for the development of colitis drugs.
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CONCLUSION
In conclusion, rSj16 attenuates IBD in mice by regulating the miR-217-5p/ HNF1B axis 
to reduce colon epithelial cell apoptosis. These data indicated that miR-217-5p and 
HNF1B may be potential biomarkers to improve the accuracy of IBD diagnosis and 
treatment, and that rSj16 may have potential for clinical drug development.
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