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Abstract

Background
Ulcerative colitis (UC) is a chronic in�ammatory bowel disease characterized by recurrence and remission
of colonic and rectal mucosal in�ammation, and its incidence is increasing year by year. Glucagon-like
peptide-2 (GLP-2) is a newly discovered enteral nutrition factor, but its e�cacy and potential mechanism
of action on UC have not been fully elucidated.

Aims
The purpose of this study was to investigate the protective effect of GLP-2 on Dextran sulfate sodium
(DSS) -induced UC in mice and its potential mechanism.

Methods
40 C57BL/6J female mice were randomly divided into 4 groups: control group (CON) ,DSS group (DSS)
,DSS + Enterotoxigenic Escherichia coli group (ETEC) ,DSS + ETEC + sitagliptin group (GLP-2). The effect
of GLP-2 on UC was evaluated by calculating the disease activity index (DAI), colonic mucosal damage
index (CMDI), and histopathological score. The expressions of GLP-2, nuclear factor κB (NF-κB),
Interleukin-6 (IL-6), and signal transducer and activator of transcription 3 (STAT3) were detected by the
Enzyme-Linked Immunosorbent Assay (ELISA ) and immunohistochemistry. 16SrRNA was used to detect
the changes in gut microbiota in mouse colonic tissue.

Results
Compared with the control group, the GLP-2 of mice in the DSS group and ETEC group decreased
signi�cantly, and NF-κB, IL-6, and STAT3 were signi�cantly increased(P < 0.0001). Compared with the
DSS group, the CMDI score and histopathological score of the GLP-2 group were signi�cantly decreased,
GLP-2 expression was signi�cantly increased, and NF-κB, IL-6, and STAT3 were signi�cantly decreased.
The results of 16SrRNA detection showed that compared with the DSS group, the dominant bacteria such
as Lactobacillus and Prevotellaceae were increased and the diversity of gut microbiota was increased in
the GLP-2 group.

Conclusions
GLP-2 reduced the degree of in�ammation in UC mice, which may be achieved by inhibiting the
in�ammatory pathways of NF-κB and Janus Kinase (JAK) /STAT3, increasing the dominant bacteria and
improving the diversity of gut microbiota.
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Introduction
Ulcerative colitis (UC) is a chronic in�ammatory disease of the rectum and colon characterized by
mucosal in�ammation[1]. The exact pathogenesis of UC is not completely understood, and it is generally
believed to be related to the interaction between environment, immune system, gut microbiota and
genetic susceptibility[2]. The gut microbiota plays an important role in maintaining the integrity of the
intestinal mucosa, and disruption of the intestinal mucosal barrier and bacterial invasion leads to
intestinal in�ammation[3]. UC is characterized by a dysregulated in�ammatory response, manifested by
invasion of in�ammatory cells into the lamina propria and excessive release of pro-in�ammatory
cytokines. There is growing evidence that pro-in�ammatory cytokines and Janus Kinase (JAK) / signal
transducer and activator of transcription 3 (STAT3) pathway play an important role in the pathogenesis
of human UC and experimental colitis[4]. NF-κB is a major regulator of innate immunity and in�ammatory
responses and also upregulates pro-in�ammatory cytokine expression in UC, triggering an in�ammatory
cascade response[5]. After STAT3 activation, nuclear factor (NF) -κB enter the nucleus, bind to the
promoter of the target gene, and induce pro-in�ammatory mediators such as InducibleNitric Oxide
Synthase (iNOS) , Cyclooxygenase-2 (COX-2) , Tumor necrosis factor-α (TNF-α) and Interleukin-6 (IL-6) ,to
reactivate the JAK/STAT3 pathway, thus forming a malignant pro-in�ammatory cycle[6]. These events
lead to the persistence of colonic mucosal in�ammation, hinder mucosal regeneration, lead to tissue
damage, and eventually lead to the development of the disease in the direction of in�ammation-cancer
transformation[7].

The drug intervention currently used is aimed at countering the characteristic attacks of intestinal
in�ammation. The most effective drugs are corticosteroids and TNF-α inhibitors. However, due to serious
side effects, the former cannot be used for a long time, while the latter has a considerable number of
primary and secondary non-responders[8]. Therefore, it is very important to �nd new and safer
treatments.

GLP-2 is an enteral nutrition hormone released by intestinal endocrine L cells, which indirectly plays a
protective role in the intestinal tract through different mediators. However, GLP-2 is degraded rapidly by
Dipeptidyl peptidase-4 (DPP-4) in vivo, which reduces its potential physiological effects. Therefore,
inhibiting DPP-4 prolonging the half-life of GLP-2 may improve UC. Sitagliptin is the �rst DPP-4 inhibitor
approved by FDA for the treatment of type 2 diabetes. A large number of preclinical and clinical data, as
well as post-market monitoring data, have proved that it is an effective and safe DPP-4 inhibitor. In this
study, DSS was used to establish a mouse UC model, and Enterotoxigenic Escherichia coli (ETEC) was
introduced to aggravate intestinal in�ammation in mice, and then to study the e�cacy and possible
mechanism of GLP-2 in the treatment of UC.

1. Materials And Methods
1.1 Reagents
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DSS with a molecular weight of 36–50 kDa was purchased from MP Biomedicals. Sitagliptin was
obtained from Sigma. ETEC was purchased from Beina Chuanglian Biotechnology Institute
(Beijing,China) . Mouse GLP-2, NF-κB p65, IL-6, STAT3 ELISA kits were purchased from Jiangsu Meimian
industrial Co., Ltd. Rabbit  Anti-GLP-2, Anti-NF-κB p65, Anti-STAT3 Polyclonal Antibodies were purchased
from Jiangsu Meimian industrial Co., Ltd. Fecal occult blood reagent was purchased from Shanghai Wei
dysprosium Biotechnology Co., Ltd.

1.2 Animals

40 SPF female C57BL/6J mice aged 6-8 weeks and weighing 18-20g were purchased from Liaoning
Changsheng Biotechnology Co., Ltd., animal quality license number: SCXK (Liao) 2020-0001. In strict
accordance with the standards of the professional committee of animal protection and utilization in the
�rst a�liated Hospital of Harbin Medical University. This experiment was approved by the Animal Ethics
Committee of the �rst a�liated Hospital of Harbin Medical University.

C57BL/6J mice fed adaptively for one week were randomly divided into 4 groups after ear tag clips were
marked: control group (CON) ,DSS group,DSS+Enterotoxigenic Escherichia coli group (ETEC)
,DSS+ETEC+sitagliptin 30mg/kg group (GLP-2) . Except for the control group, the mice in other groups
were given 2%DSS for free drinking from 0 to 7 days. On the 3rd day, mice in each group were given
0.2mlETEC (2.27 × 108CFU/ml) or aseptic saline. From 0 to 13, mice in each group were given 0.1 ml
0.6% sioglitine or sterile saline intragastric administration. During the experiment, the body weight, fecal
occult blood and drinking water of mice were recorded every day. On the 13th day, mice in each group
were given intraperitoneal injection of 4% chloral hydrate according to body weight (0.1ml/10g). The
eyeballs were taken for blood, and the colonic tissue was dissected.

1.3 Evaluation of the Disease activity index (DAI)

According to the daily weight change, fecal characteristics and bleeding of mice, the total score of the
three items was divided by 3 to get the DAI score. The speci�c scoring criteria are shown in Table-1.

Table-1 Disease activity index scoring.

% weight loss Score Stool consistency Score Fecal occult blood Score

0 0 Normal 0 Absent 0

1-5% 1        

5-10% 2 Loose stoo 2 Slight bleeding 2

10-15% 3        

>15% 4 Severe diarrhea 4 Severe bleeding 4
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1.4 Colonic mucosal damage index(CMDI) and Histological analysis

The colon was cut along the longitudinal axis of the mesentery, and the degree of colonic edema and
ulcer was observed. CMDI was scored according to the literature[9]. Remove the contents with PBS, drain
the �lter paper, cut the anal tissue about 1cm, �x it with 10% formalin for 24 hours or more, routine
para�n embedding, section, HE staining, observe under microscope, and score the histopathology
according to Table-2.

Table-2 Colonic histologic scoring.  
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Feature graded Description Score

In�ammation None 0

  Slight 1

  Moderate 2

  Severe 3

Extent None 0

  Mucosa 1

  Mucosa and submucosa 2

  Transmural 3

Regeneration Complete regeneration or normal tissue 0

  Almost complete regeneration 1

  Regeneration with crypt depletion 2

  Surface epithelium not intact 3

  No tissue repair 4

Crypt damage None 0

  Basal 1/3 damaged 1

  Basal 2/3 damaged 2

  Only surface epithelium intact 3

  Entire crypt and epithelium lost 4

Percent involvement 1–25% 0

  26–50% 1

  51–75% 2

  76–100% 3

1.5 Enzyme-Linked Immunosorbnent Assay (ELISA )

Mice took 0.6-0.8 ml of blood from the eyeball, 4000 r/min, centrifuged for 20 min, and isolated mouse
serum. The contents of GLP-2, NF-κB, IL-6 and STAT3 in the serum of mice in each group were
determined. According to the kit instructions, the dilution, sample addition, incubation, solution
preparation, washing and enzyme addition of the standard sample were carried out. Finally, the OD value
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was determined by terminating the reaction, and the actual concentration of the sample was calculated.
Each sample to be tested was repeated twice and the average value was �nally taken.

1.6 Immunohistochemistry

The colonic tissues of mice were embedded in para�n and sliced, then dewaxed, hydrated, antigen
repaired, blocked, �rst antibody and second antibody incubated, DAB staining, hematoxylin re-staining,
dehydration and sealing were performed to observe the expression of GLP-2, NF-κB and STAT3.

1.7 16SrRNA

The purity and concentration of DNA in colonic tissue of mice in each group were detected by
NanoDrop2000, and the integrity of DNA was detected by agarose gel electrophoresis. Based on the V3-
V4 variable region of 16SrRNA gene, primers were synthesized and ampli�ed by PCR. The puri�ed
product was sequenced by IlluminaPE300. After the original data are �ltered by quality control, OUT
clustering analysis is carried out according to 97% similarity. Based on the results of OTU cluster
analysis, diversity index analysis and sequencing depth detection were carried out, and the community
structure was statistically analyzed at each classi�cation level based on taxonomic information.

1.8 Statistical Analysis

The data were analyzed by SPSS26.0 and GraphpadPrism8 statistical software packages. The multiple
comparisons among these groups were made employing one-way ANOVA test, the results were expressed
by`x ±S, and the grade data were plotted by chi-square test. The data of gut microbiota were analyzed on
the online platform of Majorbio Cloud Platform (www.majorbio.com). P<0.05 was considered to indicate
statistical signi�cance. 

2. Results
2.1 Effect of GLP-2 intervention on severity in mice

2.1.1 DAI score for each group of mice

Compared with the control group, the DAI score of DSS group,ETEC group and GLP-2 group increased;
compared with DSS group, the DAI score of ETEC group increased and the DAI score of GLP-2 group
decreased; compared with ETEC group, the DAI score of GLP-2 group decreased, but the difference was
not statistically signi�cant ( Fig. 1-A)

2.1.2 CMDI score for each group of mice

Compared with the control group, mice in the DSS group had congested and edematous colonic tissue,
rough mucosa, erosion or ulceration, and the damage index was signi�cantly higher, and the difference
was statistically signi�cant (P < 0.001); mice in the ETEC group had necrosis and in�ammation on the
mucosal surface of colonic tissue and thickened intestinal wall, and the damage index was signi�cantly
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higher, and the difference was statistically signi�cant (P < 0.0001). Compared with the DSS group, the
mice in the ETEC group had heavier colonic tissue damage and higher CMDI score, but the difference was
not statistically signi�cant (P > 0.05); the mice in the GLP-2 group had mild colonic tissue congestion and
edema, and the damage index was signi�cantly lower, and the difference was statistically signi�cant (P < 
0.05); compared with the mice in the ETEC group, the damage index of the mice in the GLP-2 group was
signi�cantly lower, and the difference was statistically signi�cant (P < 0.01) (Fig. 1-B).

2.1.3 HE staining and pathological histological score for each group of mice.

Compared with the control group, the colonic histopathology scores of mice in the DSS group were
signi�cantly higher (P < 0.001) and also signi�cantly higher in the ETEC group (P < 0.0001); compared
with the DSS group, the colonic histopathology scores of mice in the ETEC group were higher, but the
difference was not statistically signi�cant (P > 0.05), and the colonic histopathology scores of mice in the
GLP-2 group were signi�cantly lower (P < 0.05); the colonic histopathology scores of mice in the GLP-2
group were signi�cantly lower compared with those in the ETEC group (P < 0.001) (Fig. 1-C).

HE staining showed that the colon wall of control mice was intact, with normal morphology and number
of cup cells and crypt cells, and few in�ammatory cells. the DSS and ETEC groups caused a series of
histopathological changes, including mucosal damage and necrosis, submucosal in�ammatory cell
in�ltration, edema and vascular congestion. the GLP-2 group of mice showed reduced histological
changes and in�ammatory cell in�ltration in the colon, and reduced local edema and vascular congestion
( Fig. 1-D).

2.2 ELISA assay for each group of mice serum (Table-3)

Compared with the control group, the serum GLP-2 values were signi�cantly lower (P < 0.0001) and NF-
κB, IL-6 and STAT3 values were signi�cantly higher (P < 0.0001) in the DSS and ETEC groups of mice;
compared with the DSS group, the GLP-2 values were signi�cantly higher (P < 0.0001) and NF-κB, IL-6 and
STAT3 values were signi�cantly lower in the GLP-2 group of mice (P < 0.0001); compared with the ETEC
group, the serum NF-κB, IL-6 and STAT3 values of mice in the GLP-2 group were signi�cantly lower (
Figure-2).

Table-3 ELISA for GLP-2, NF-κB, IL-6 and STAT3(`x±S)

Group Number GLP-2 pmol/L NF-κB pg/ml IL-6(pg/ml) STAT3 pg/ml

CON 8 4.51±0.14 611.30±25.52 98.74±5.27 50.39±2.97

DSS 8 3.36±0.16* 779.80±21.53* 148.0±4.85* 66.71±2.84*

ETEC 8 3.80±0.09* 726.80±23.31* 129.7±3.78* 60.21±2.84*

GLP-2 7 3.85±0.18*# 677.60±21.50*#& 109.7±7.15#^ 55.10±2.08#&
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*P<0.0001vsCON;#P<0.0001vsDSS;&P<0.01vsETEC;^P<0.0001vsETEC

2.3 Immunohistochemistry of colonic tissues of various groups of mice

Compared with the control group, the GLP-2 positive expression rate was signi�cantly lower (P < 0.05)
and the NF-κB and STAT3 positive expression rates were signi�cantly higher (P < 0.05) in the colon tissue
of mice in the DSS and ETEC groups; compared with the DSS group, the GLP-2 positive expression rate
was signi�cantly higher (P < 0.05) and the STAT3 positive expression rate was signi�cantly lower in the
GLP-2 group (P < 0.05) and NF-κB positive expression rate was reduced, but the differences were not
statistically signi�cant (P > 0.05); compared with the ETEC group, the GLP-2 positive expression rate was
signi�cantly higher (P < 0.05) and STAT3 positive expression rate was signi�cantly lower (P < 0.05) in the
GLP-2 group (Figure-3).

2.4 16SrRNA sequencing

2.4.1 Changes in the diversity of the gut microbiota of colonic tissues

A total of 801195 optimized sequences, 336935790 bp, with an average sequence length of 420 bp, were
obtained after 16SrRNA sequencing for each group of mouse colon tissues. The α-diversity analysis
based on sobs, shannon and chao indices all showed that the gut microbiota diversity was lower in the
DSS group and higher in the GLP-2 group compared to the control group (Fig. 4A-C), and the gut
microbiota diversity was signi�cantly higher in the GLP-2 group compared to the DSS group (P < 0.05).
Analysis of the dilution curve corresponding to the diversity index showed that the curve �attened out as
the number of sequences increased, indicating that the number of sequences was su�cient (Fig. 4D-F).
Principal Component Analysis (PCA), Principal Co-ordinates Analysis (PCoA) and non-metric
multidimensional scaling (NMDS) were performed to measure the similarity of communities between
groups by β-diversity index. The results showed that the overlap between the three sample groups was
small, suggesting that the results of β-diversity analysis were better, and the differences in colony
structure between the groups were obvious (Fig. 4G-H). Venn diagrams showed that there were 564 OTUs
in the control group, 286 OTUs in the DSS group, and 706 OTUs in the GLP-2 group; the number of OTUs
common to the three groups was 225, and there were 79, 10, and 182 unique OTUs in the CON, DSS, and
GLP-2 groups (Fig. 4-I). All the above results indicated that the gut microbiota diversity was decreased in
the DSS group and increased in the GLP-2 group.

2.4.2 Differences in the species composition of the gut microbiota of colonic tissues

Compared with the control group, the gut microbiota of mouse colonic tissues in the DSS group was
signi�cantly (P < 0.05) reduced at the genus level for Lactobacillus,
norank_f__Muribaculaceae,Dubosiella,Alloprevotella;Escherichia-Shigella,
Mucispirillum,Clostridium_sensu_stricto_1,Romboutsia,Enterococcus,Faecalibaculum signi�cantly
increased (P < 0.05) (Fig. 5-D). Norank_f__Muribaculaceae, Lactobacillus, Prevotellaceae_Ga6A1_group,
Dubosiella, Alloprevotella were signi�cantly increased in the GLP-2 group compared to the DSS group (P 
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< 0.05); while Escherichia-Shigella, Mucispirillum, Enterococcus signi�cantly decreased (P < 0.05) ( Fig. 5-
E).

2.4.3 Association analysis of GLP-2, NF-κB, STAT3 and gut microbiota

To further explore the potential relationship between GLP-2, NF-κB, STAT3 and gut microbiota, this study
correlated the three previously detected index values with gut microbiota diversity and generated heat
maps to visualize the relationship between �ora species and the above markers (Fig. 16-A), and the
results showed that gut microbiota diversity was positively correlated with GLP-2 (Fig. 6-B); negatively
correlated with NF-κ B (Fig. 6-C); and negative correlation with STAT3 (Fig. 6-D).

The X coordinate indicates the environmental factors (GLP-2, NF-κB, STAT3), the Y coordinate indicates
the rank of α-diversity index, and R2 is the determinant indicating the proportion of variation explained by
the linear regression line, the larger the R2 index, the higher the degree of explanation of the differences in
community composition or α-diversity index by this environmental factor. test1:GLP-2;test2:DSS

3. Discussion
UC is a chronic in�ammatory disease characterized by recurrent and remitting in�ammation of the
mucosa of the colon and rectum. Its exact pathogenesis is not fully understood, but it is generally
believed that a complex interplay of gut microbiota, genetic susceptibility and environmental factors may
disrupt the immune system, leading to an immune-mediated chronic intestinal in�ammatory
response[10]. Prolonged in�ammation leads to irreversible intestinal damage, which severely affects the
quality of life of patients[11]. The main drugs currently used to treat UC include aminosalicylic acid,
glucocorticoids, immunosuppressants and biologics, with potential side effects limiting the use of current
therapeutic agents[12]. Therefore, there is a need to �nd safer and more effective drugs for the treatment
of UC. In the present study, we demonstrated that GLP-2 attenuates colonic in�ammation by mechanisms
including inhibition of NF-κB, JAK/STAT3 pathway exerting anti-in�ammatory effects and regulation of
gut microbiota.

In this experiment, 2% DSS solution was used, and the mice in the modeling group gradually showed
depression, laziness, weight loss and positive occult blood from the third day of modeling. Since clinical
UC patients are often combined with infections of pathogenic bacteria, this experiment added ETEC to
aggravate intestinal in�ammation in mice on the basis of modeling to better simulate the changes of
clinical UC patients and further investigate the therapeutic effect of GLP-2 on UC. ETEC, the most
common causative agent of infectious diarrhea, produces a variety of non- and heat-resistant virulence
factors, 26 adhesion factors that promote intestinal epithelial binding and colonization, and three
enterotoxins responsible for humoral secretion, molecules that may directly lead to impairment of the
tight junctions of selective permeability of intestinal tissues, thereby disrupting the permeability barrier of
intestinal epithelial cells[13]. It has also been shown that ETEC has a signi�cant stimulatory effect on the
expression of pro-in�ammatory cytokines (IL-1α, IL-6, IL-18 and TNF-α), while it has no signi�cant effect
on the expression of anti-in�ammatory cytokines (IL-4, IL-10)[14]. ETEC aggravated intestinal
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in�ammation in mice in this experiment, as expected from the experiment. GLP-2, as an enterotrophic
hormone secreted by enteroendocrine L cells, is rapidly degraded by DPP-IV in vivo and has a very short
half-life. In clinical practice, GLP-2 analogs are mainly administered by subcutaneous injection and
patient compliance is poor, so in this experiment, the DPP-IV inhibitor sitagliptin was chosen to indirectly
increase the level of GLP-2 by gavage in mice, but sitagliptin can also prolong the half-life of GLP-1. In
addition to the known role of GLP-1 in regulating blood glucose, it is also worthwhile to conduct research
on whether it plays a role in the intestine.

3.1 GLP-2 reduces the degree of in�ammation in UC mice

GLP-2 is an enterogenic hormone that promotes intestinal growth, digestion, absorption, barrier function
and blood �ow in healthy animals, and prevents damage and promotes repair in preclinical models of
colitis and after massive small bowel resection[15]. Reduced GLP-2 expression in UC due to destruction or
inhibition of enteroendocrine L cells in the in�ammatory state[16]. Exogenous administration of GLP-2
has been shown to be effective in reducing the symptoms of intestinal injury in animal models[17]. In this
experiment, mice in the GLP-2 group showed reduced blood stool condition, degree of weight loss, degree
of carnal ulceration, and pathological histological score compared with mice in the DSS and ETEC
groups, demonstrating the therapeutic effect of GLP-2 on UC. Ning M et al[18] demonstrated that
sitagliptin attenuated DSS-induced experimental colitis and that its effects could be attributed to
increased GLP-2 expression and subsequent protection of the intestinal barrier by inhibiting epithelial cell
apoptosis and promoting its proliferation. Sitagliptin, a DPP-IV inhibitor, prolongs the half-life of GLP-2,
attenuates intestinal in�ammation in UC mice, and is expected to be a new drug for the treatment of UC.

3.2 GLP-2 inhibits NF-κB pathway

Among the immunomodulatory factors, the in�ammatory response is considered to be a central
mechanism in the pathophysiology of UC, and pro-in�ammatory cytokines play an active role in the
in�ammatory response by inducing macrophage migration and the release of in�ammatory mediators,
which further amplify the in�ammatory response[19]. NF-κB plays a central role in the regulation of
in�ammatory processes[20]. Activation of NF-κB has been reported to upregulate the expression of pro-
in�ammatory cytokines that trigger positive feedback regulation during in�ammatory activation,
ultimately damaging colonic tissue[21]. To further explore the anti-in�ammatory mechanism of GLP-2,
the expression of NF-κBp65, an NF-κB-related protein, was detected in colonic tissues in this experiment.
The results showed that NF-κB expression was signi�cantly higher in the DSS group compared with the
control group, due to the fact that DSS aggravated intestinal mucosal damage and increased intestinal
in�ammation in mice, activating the NF-κB in�ammatory pathway, consistent with previous studies[22].
Compared with the DSS group, NF-κB expression was signi�cantly reduced in both serum and colonic
tissues of mice in the GLP-2 group. Xie S et al[23] demonstrated that GLP-2 signi�cantly reduced
lipopolysaccharide-induced production of iNOS, COX-2, IL-1β, IL-6, and TNF-α. Signaling pathway analysis
showed that GLP-2 reduced LPS-induced phosphorylation of NF-κBp65, consistent with the present
experimental study, suggesting that GLP-2 may reduce in�ammation by attenuating NF-κB activation. NF-
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κB controls the production and secretion of multiple cytokines and chemokines during UC
pathophysiology, and it is a central pro-in�ammatory gene-induced mediator of in�ammation in both
natural and acquired immune cells that responds to multiple immune receptors[7]. uncontrolled NF-κB
activation is a hallmark of chronic in�ammatory diseases, and targeting the NF-κB signaling pathway is
an attractive anti-in�ammatory therapeutic approach[24].

3.3 GLP-2 inhibits the JAK/STAT3 pathway

Cytokines are the key mediators of in�ammatory-mediated intestinal homeostasis imbalance and
pathological processes in UC. Most cytokines in UC, such as IL-6, IL-10, IL-2 or IL-22, and those considered
to be UC pathological mediators (interferon-γ, IL-12, IL-23 or IL-9) all play a role through the JAK/STAT3
pathway[25]. Activation of STAT3 activates NF-κB, which enters the nucleus, binds to the promoters of
target genes, and induces pro-in�ammatory mediators such as iNOS, COX-2, TNF-α, and IL-6, which
reactivates the JAK/STAT3 pathway, resulting in a (STAT3-NF-κB-IL-6-STAT3) crosstalk that creates a
malignant pro-in�ammatory cycle and progresses the disease toward in�ammatory cancer
transformation[6]. Blocking the JAK/STAT pathway has the potential to affect the complex in�ammation
driven by multiple cytokines associated with UC pathology compared to the more traditional approach of
blocking a single cytokine using antibodies[26]. In this experiment, both serum and colonic tissue STAT3
were signi�cantly higher in the DSS group mice than in the control group, and both serum and colonic
STAT3 were signi�cantly lower in the GLP-2 group compared with the DSS group, and serum IL-6 showed
the same trend. Ivory C et al[27] investigated the mechanism of the anti-in�ammatory effect of GLP-2
through an IL-10-de�cient colitis mouse model and showed that the anti-in�ammatory effect of GLP-2
was not dependent on IL-10, but was attributed to GLP-2 antagonizing IL-6-mediated STAT3 signaling,
thereby inhibiting intestinal in�ammation, which is consistent with the results of this experiment. GLP-2
may also exert an inhibitory effect on in�ammation by inhibiting NF-κB expression, reducing the release
of the pro-in�ammatory mediator IL-6, and blocking the JAK/STAT3 pathway.

3.4 GLP-2 regulates gut microbiota

Disturbances in the interaction between the gut microbiota and the mucosal immune system play a key
role in the development of UC and are usually associated with reduced �ora diversity and imbalances in
strain composition[28]. Dysbiosis usually leads to a decrease in the production of short-chain fatty
acids(SCFAs), which reduces an important source of energy for intestinal epithelial cells, leading to
increased intestinal permeability and in�ammation[29]. Compared to healthy gut microbiota, the diversity
of UC gut microbiota is generally reduced, with lower levels of bacterial phylum[30]. It is unclear whether
the reported changes in gut microbiota are a cause or a consequence of UC. In this experiment, 16SrRNA
gene sequencing of mouse colon tissue showed that the gut microbiota diversity was reduced in the DSS
group, and the dominant bacteria such as Lactobacillus, norank_f__Muribaculaceae were signi�cantly
reduced; the inferior bacteria such as Escherichia-Shigella, Mucispirillum, Clostridium_sensu_stricto_1,
Romboutsia, Enterococcus, Faecalibaculum, etc. increased signi�cantly. Compared with the DSS group,
the GLP-2 group had higher gut microbiota diversity, with signi�cant increases in the dominant bacteria
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norank_f__Muribaculaceae, Lactobacillus, Prevotellaceae_Ga6A1_group, etc.; and signi�cant decreases in
the inferior bacteria Escherichia-Shigella, Mucispirillum, Enterococcus, etc. Jang, YJ et
al[31]demonstrated that Lactobacillus can improve DSS-induced colitis by modulating the immune
response and altering the gut microbiota. Cani et al[32]showed that prebiotics improve gut microbiota
and mucosal barrier function by increasing the production of endogenous GLP-2, which improves
intestinal permeability and reduces plasma LPS levels by regulating the expression of the tight junction
proteins ZO-1 and ocdcludin, thereby blunting in�ammation and oxidative stress. Li D et
al[33]demonstrated that GLP-2 improves colonizing bacteria and reduces the severity of UC by enhancing
the diversity and abundance of intestinal mucosa, all of which corroborate the results of this paper. The
association analysis of GLP-2, NF-κB, STAT3 and microbiota in this experiment showed that the gut
microbiota diversity increased with the increase of GLP-2 expression, which showed that GLP-2 may play
an intestinal protective role by regulating the microbiota diversity and increasing the dominant strains of
bacteria such as Lactobacillus.

This experiment also has many shortcomings. The DSS + GLP-2 group was not set up separately to
directly study the therapeutic effect of GLP-2, and the GLP-2 prodrug intervention was not given
exogenously directly, but the DPP-IV inhibitor sitagliptin was chosen to act indirectly. Since the
introduction of ETEC aggravated the destruction of intestinal mucosa in mice, it was possible to reduce
the production of endogenous GLP-2, thus decreasing the e�cacy of sitagliptin in treating UC. However,
in this experiment, sitagliptin still played a role in suppressing UC in�ammation by increasing the
expression of GLP-2. It is still necessary to investigate whether GLP-1 plays a role in intestinal protection
in the future, and it is also crucial to seek new compounds with longer half-life and higher stability. The
crosstalk between various in�ammatory pathways also deserves to be investigated, and it is expected
that a more desirable goal of UC treatment can be achieved by GLP-2 in the future.

Conclusions
In summary, GLP-2 was able to signi�cantly reduce the clinical symptoms of UC mice, and signi�cantly
reduce the DAI score, visual CMDI score, HE staining and pathological histological score, which re�ect the
degree of in�ammation, even though the intestinal in�ammation was aggravated by ETEC infection in UC
mice. This experiment provides preliminary evidence that GLP-2 may block the malignant pro-
in�ammatory cycle by inhibiting the NF-κB pathway and inhibiting the JAK/STAT3 in�ammatory
pathway, and exert intestinal protective effects by increasing the dominant bacterial species and
regulating microbiota diversity.
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Figure 1

Effect of GLP-2 intervention on the severity of mice.

A. DAI scores of mice in each group. B. CMDI score of mice in each group. C. Pathological histological
scores of mice in each group. D. HE staining of colonic tissues of mice in each group. i, ii, iii, iv in the
order of CON, DSS, ETEC, and GLP-2 groups.

*P<0.05;**P<0.01;***P<0.001;****P<0.0001

Figure 2
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Serum ELISA assay for each group of mice.

A. Serum GLP-2 levels in each group of mice. B. Serum NF-κB levels in each group of mice. C. Serum IL-6
levels in each group of mice. D. Serum STAT3 levels in each group of mice. *P<0.05;**P<0.01;****P<0.0001

Figure 3

Immunohistochemistry of colonic tissues of mice in each group. 400×

A. Expression levels of GLP-2 in colonic tissues of mice in each group. B. Expression levels of NF-κB in
colonic tissues of mice in each group. C. Expression levels of STAT3 in colonic tissues of mice in each
group. i, ii, iii and iv are in the order of CON, DSS, ETEC and GLP-2 groups.
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Figure 4

Changes of gut microbiota diversity in colonic tissue of mice in each group

α-diversity index of gut microbiota: (A): sobs index; (B): shannon index; (C): chao index; (D-F): dilution
curve corresponding to α-diversity index; (G): PCoA plot of β-diversity analysis; (H): NMDS plot of β-
diversity analysis; (I): Venn plot at OTU level. test1:GLP-2;test2:DSS *P<0.05
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Figure 5

Differences in the species composition of the gut microbiota of colonic tissues

A: histogram of intestinal �ora species composition at the Phylum level B: histogram of intestinal �ora
species composition at the Genus level C: histogram of three groups of difference test for gut microbiota
species composition at the Genus level D: bar chart of two-group difference test for the species
composition of gut microbiota at the Genus level. DSSvsCON E: bar chart of two-group difference test for
species composition of gut microbiota at the Genus level. GLP-2vsDSS. test1:GLP-2;test2:DSS
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Figure 6


