Diabetes

Baishideng Publishing Group Inc



Jaishideng®

Z Diabetes
Contents Monthly Volume 14 Number 12 December 15, 2023

EDITORIAL

1717  Potential therapeutic targets for the prevention of diabetic nephropathy: Glycyrrhetinic acid
Cai L, Horowitz M, Islam MS
REVIEW

1721  Analysis of the management and therapeutic performance of diabetes mellitus employing special target
Sun HY, Lin XY

1738 Genetic perspectives on childhood monogenic diabetes: Diagnosis, management, and future directions
Sun HY, Lin XY
ORIGINAL ARTICLE
Case Control Study

1754  Comparative analysis of Ne-carboxymethyl-lysine and inflammatory markers in diabetic and non-diabetic
coronary artery disease patients
Shrivastav D, Singh DD, Mir R, Mehra P, Mehta V, Dabla PK

1766  Comparative study of type 2 diabetes mellitus-associated gut microbiota between the Dai and Han
populations
Tang LT, Feng L, Cao HY, Shi R, Luo BB, Zhang YB, Liu YM, Zhang J, Li SY
Retrospective Study

1784  Early hemodynamics after tibial transverse transport in patients with nonarterial stenosis and arterial
stenosis diabetic foot
Liao MM, Chen S, Cao JR, Wang MW, Jin ZH, Ye J, Ren YJ, Guo RQ

1793  Establishment of models to predict factors influencing periodontitis in patients with type 2 diabetes
mellitus
Xu HM, Shen XJ, Liu J
Clinical Trials Study

1803  Relationship between GCKR gene rs780094 polymorphism and type 2 diabetes with albuminuria
LiuYY, Wan Q
Randomized Clinical Trial

1813  Acupuncture in diabetic peripheral neuropathy-neurological outcomes of the randomized acupuncture in
diabetic peripheral neuropathy trial
Hoerder S, Habermann 1V, Hahn K, Meyer-Hamme G, Ortiz M, Grabowska W, Roll S, Willich SN, Schroeder S, Brinkhaus
B, Dietzel J

WJD | https://www.wjgnet.com I December 15,2023 | Volume14 | Issue12 |



World Journal of Diabetes

Contents
Monthly Volume 14 Number 12 December 15, 2023

Basic Study

1824  Depletion of gut microbiota facilitates fibroblast growth factor 21-mediated protection against acute
pancreatitis in diabetic mice

Sun QY, Wang XY, Huang ZP, Song J, Zheng ED, Gong FH, Huang XW

1839  Diabetes mellitus and prostate cancer risk: A mendelian randomization analysis

Yuan JX, Jiang Q, Yu SJ

1849  Atorvastatin ameliorated myocardial fibrosis in db/db mice by inhibiting oxidative stress and modulating
macrophage polarization

Song XM, Zhao MN, Li GZ, Li N, Wang T, Zhou H

1862  Empagliflozin ameliorates diabetic cardiomyopathy probably via activating AMPK/PGC-1a and inhibiting
the RhoA /ROCK pathway

Li N, Zhu QX, Li GZ, Wang T, Zhou H

CASE REPORT
1877  Maturity-onset diabetes of the young type 10 caused by an Ala2Thr mutation of INS: A case report
Chen H, Fei SJ, Deng MQ, Chen XD, Wang WH, Guo LX, Pan Q

Boishidengs WID | https://www.wjgnet.com I December 15,2023 | Volume14 | Issue12 |



World Journal of Diabetes

Contents
Monthly Volume 14 Number 12 December 15, 2023

ABOUT COVER

Editorial Board Member of World Journal of Diabetes, Davide Lauro, MD, MDS, Professor, Department of System
Medicine, University of Rome Tor Vergata, Rome 00133, Lazio, Italy. d.lauro@med.uniroma2.it

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (W]D, World | Diabetes) is to provide scholars and readers from various
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their
research findings online.

WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central,
Reference Citation Analysis, China Science and Technology Journal Database, and Superstar Journals Database.
The 2023 Edition of Journal Citation Reports® cites the 2022 impact factor (IF) for W]D as 4.2; IF without journal self
cites: 4.1; 5-year IF: 4.5; Journal Citation Indicator: 0.69; Ranking: 51 among 145 journals in endocrinology and
metabolism; and Quartile category: Q2.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y#-Xi Chen; Production Department Director: X# Guo; Editorial Office Director: Jia-Ru Fan.

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

NAME OF JOURNAL
World Journal of Diabetes

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-9358 (online)

https:/ /www.wijgnet.com/bpg/Gerlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
June 15, 2010 https:/ /www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

5/ 8

EDITORS-IN-CHIEF
Lu Cai, Md. Shahidul Islam, Michael Horowitz

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-9358 /editorialboard.htm

PUBLICATION DATE
December 15, 2023

COPYRIGHT
© 2023 Baishideng Publishing Group Inc

https:/ /www.wignet.com/bpg/gerinfo/242
STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Guiewidenge WID | hitps://www.wignet.com

December 15,2023 | Volume 14 |

Issue12 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

ﬂ Diabetes

World Journal of

Submit a Manuscript: https:/ /www.f6publishing.com World | Diabetes 2023 December 15; 14(12): 1824-1838

DOI: 10.4239/wjd.v14.i112.1824

ISSN 1948-9358 (online)

Basic Study

ORIGINAL ARTICLE

Depletion of gut microbiota facilitates fibroblast growth factor 21-
mediated protection against acute pancreatitis in diabetic mice

Qi-Yan Sun, Xu-Ye Wang, Zu-Pin Huang, Jing Song, En-Dong Zheng, Fang-Hua Gong, Xiao-Wang Huang

Specialty type: Endocrinology and
metabolism

Provenance and peer review:
Unsolicited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): A

Grade B (Very good): 0
Grade C (Good): 0

Grade D (Fair): D, D, D
Grade E (Poor): 0

P-Reviewer: Kitamura K, Japan;
Susak YM, Ukraine; Lu Cai, United
States

Received: August 22, 2023
Peer-review started: August 22,
2023

First decision: September 18, 2023
Revised: September 28, 2023
Accepted: November 25, 2023
Article in press: November 25, 2023
Published online: December 15,
2023

Qi-Yan Sun, Xu-Ye Wang, Fang-Hua Gong, School of Pharmacy, Wenzhou Medical University,
Wenzhou 325035, Zhejiang Province, China

Qi-Yan Sun, Zhejiang Medical Products Service Center, Hangzhou 310012, Zhejiang Province,
China

Zu-Pin Huang, Jing Song, En-Dong Zheng, Fang-Hua Gong, Xiao-Wang Huang, Department of
Hepatobiliary and Pancreatic Surgery, The Affiliated Cangnan Hospital of Wenzhou Medical
University, Wenzhou 325800, Zhejiang Province, China

Corresponding author: Xiao-Wang Huang, MD, Chief Physician, Department of Hepatobiliary
and Pancreatic Surgery, The Affiliated Cangnan Hospital of Wenzhou Medical University, No.
2288 Yucang Road, Lingxi Town, Wenzhou 325800, Zhejiang Province, China. hxw7@163.
com

Abstract

BACKGROUND

Fibroblast growth factor 21 (FGF21), primarily secreted by the pancreas, liver, and
adipose tissues, plays a pivotal role in regulating glucose and lipid metabolism.
Acute pancreatitis (AP) is a common inflammatory disease with specific clinical
manifestations. Many patients with diabetes present with concurrent inflam-
matory symptoms. Diabetes exacerbates intestinal permeability and intestinal
inflammation, thus leading to the progression to AP. Our previous study
indicated that FGF21 significantly attenuated susceptibility to AP in mice.

AIM
To investigate the potential protective role of FGF21 against AP in diabetic mice.

METHODS

In the present study, a mouse model of AP was established in diabetic (db)/db
diabetic mice through ceruletide injections. Thereafter, the protective effects of
recombinant FGF21 protein against AP were evaluated, with an emphasis on
examining serum amylase (AMS) levels and pancreatic and intestinal inflam-
matory cytokines [interleukin (IL)-6, tumor necrosis factor-alpha (TNF-), and
intestinal IL-1B]. Additionally, the impact of this treatment on the histopathologic
changes of the pancreas and small intestinal was examined to elucidate the role of
FGF21 in diabetic mice with AP. An antibiotic (Abx) cocktail was administered in
combination with FGF21 therapy to investigate whether the effect of FGF21 on AP
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in diabetic mice with AP was mediated through the modulation of the gut microbiota. Subsequently, the
Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt), a bioinformatics
software package, was used to predict different pathways between the groups and to explore the potential
mechanisms by which the gut microbiota influenced the protective effect of FGF21.

RESULTS

The results indicated that FGF21 notably diminished the levels of serum AMS (944.5 +15.9 vs 1732 + 83.9, P < 0.01)
and inflammatory factors including IL-6 (0.2400 + 0.55 vs 1.233 + 0.053, P < 0.01), TNF- (0.7067 * 0.22 vs 1.433 +
0.051, P < 0.01), and IL-1B (1.377 £ 0.069 vs 0.3328 £ 0.02542, P < 0.01) in diabetic mice with AP. Moreover, notable
signs of recovery were observed in the pancreatic structure of the mice. The histologic evidence of inflammation in
the small intestine, including edema and villous damage, was significantly alleviated. FGF21 also significantly
altered the composition of the gut microbiota, reestablishing the Bacteroidetes/Firmicutes ratio. Upon treatment with
an Abx cocktail to deplete the gut microbiota, the FGF21 + Abx group showed lower levels of serum AMS (0.9328 +
0.075 vs 0.2249 + 0.023, P < 0.01) and inflammatory factors (1.083 + 0.12 vs 0.2799 * 0.032, p < 0.01) than the FGF21
group. Furthermore, the FGF21 + Abx group exhibited diminished injury to the pancreatic and small intestinal
tissues, accompanied by a significant decrease in blood glucose levels (17.50 + 1.1 vs 9.817 + 0.69 mmol/L, P <
0.001). These findings underscored the superior protective effects of the combination therapy involving an Abx
cocktail with FGF21 over the FGF21 treatment alone in diabetic mice with AP. The gut microbiota composition
across different groups was further characterized, and a differential expression analysis of gene functions was
undertaken using the PICRUSt2 prediction method. These findings suggested that FGF21 could potentially confer
therapeutic effects on diabetic mice with AP by modulating the sulfate reduction I pathway and the superpathway
of n-acetylceramide degradation in the gut microbiota.

CONCLUSION

This study reveals the potential of FGF21 in improving pancreatic and intestinal damage recovery, reducing blood
glucose levels, and reshaping gut microbiota composition in diabetic mice with AP. Notably, the protective effects
of FGF21 are augmented when combined with the Abx cocktail.

Key Words: Acute pancreatitis; Fibroblast growth factor 21; Gut microbiota; Diabetes; PICRUSt2; Cocktail of antibiotics

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study reveals the potential of facilitates fibroblast growth factor 21 (FGF21) in improving pancreatic and
intestinal damage recovery, reducing blood glucose levels, and reshaping gut microbiota composition in diabetic mice with
acute pancreatitis (AP). Notably, the protective effects of FGF21 are augmented when combined with the Abx cocktail.
These findings provide new insights into the prevention and treatment of diabetes complicated by AP.
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INTRODUCTION

Acute pancreatitis (AP) is a local inflammatory disorder of the pancreas caused by aberrant activation of pancreatic
proteases due to various contributing factors. The global annual incidence of AP is estimated to be approximately 34 cases
per 100000 individuals, leading to many hospitalizations, high medical costs, and long-term sequelae for patients
worldwide[1,2]. Diabetes is a chronic metabolic disorder caused by insufficient secretion or impaired action of insulin,
leading to elevated blood glucose levels. Inflammation-related symptoms are commonly observed in many diabetic
patients. Chronic inflammation is a complication of diabetes and other diseases, contributes to the occurrence and
progression of diabetes and the associated conditions. The occurrence of diabetes has also been indicated to exacerbate
the development of AP. Recent evidence further suggests that obesity aggravates the severity of AP, increases intestinal
permeability, and facilitates intestinal inflammation[3]. Additionally, the analysis of the fecal microbiota composition
revealed a reduction in the abundance of bacteria in obese rats with AP compared with rats with a normal body weight[4,
5].

The imbalance in the gut microbiota composition and the reduction in microbial diversity in the intestine may lead to
an increase in the pathogenic bacterial count and the disruption of cellular integrity. These alterations can contribute to an
increase in intestinal leakage and permeability, leading to the subsequent development of intestinal inflammation and a
reduction or disturbance in the immune response of the intestinal mucosa[6]. Prior research has highlighted that rats with
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type 2 diabetes and AP undergo changes in the structure of their gut microbiota, which increases the susceptibility to
complex AP injury. It is interesting to note that fecal microbiota transplantation effectively mitigates intestinal mucosal
injury and reduces inflammatory cell infiltration in mice[7]. Another study has proposed the prognosis of AP could be
moderately facilitated through probiotic therapy[8]. Probiotic strains can enhance the production of interleukin (IL)-10, a
pivotal regulatory and anti-inflammatory cytokine in diabetic mice. IL-10 suppresses pro-inflammatory cytokines, such as
interferon-gamma and IL-2/IL-1B, thereby impeding the development of low-grade inflammation and diabetes[9,10].

Fibroblast growth factor 21 (FGF21), a recently identified metabolic regulator secreted by the liver, adipose tissue, and
pancreas, has shown potent anti-inflammatory effects in animal experiments. It can downregulate the expression of
inflammatory cytokines, including tumor necrosis factor-alpha (TNF-) and IL-6[11]. Our preliminary research
underscored a significant upregulation of FGF21 expression in the context of AP. Exogenous administration of FGF21 has
been indicated to curtails pancreatic injury, aberrant expression of digestive enzymes, and inflammatory response, thus
impeding the occurrence of AP[12]. However, it is important to further explore the potential of FGF21 to ameliorate local
or systemic inflammation and diminish blood glucose levels in mice with diabetes complicated by AP. Additionally, the
involvement of the gut microbiota in the protective effects of FGF21 in diabetic mice with AP warrants further invest-
igation.

In the present study, a mouse model of AP was induced in diabetic (db)/db diabetic mice using ceruletide injections.
The subsequent investigation focused on evaluating the protective effects of recombinant FGF21 protein on serum
amylase (AMS) and pancreatic and intestinal inflammatory cytokines (IL-6, TNF-, and intestinal IL-1f). Additionally, we
assessed the impact of this treatment on histopathologic changes in the pancreas and small intestine, aiming to enhance
understanding of the role of FGF21 in diabetic mice with AP. The study proceeded by administering a combination of
FGF21 therapy and an antibiotic (Abx) cocktail to assess the involvement of gut microbiota in the potential impact of
FGF21 on AP in diabetic mice. Subsequently, the application of Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States (PICRUSt), a bioinformatics software package, enabled us to predict different
pathways between the groups. The objective was to explore the potential mechanisms by which the gut microbiota
influenced the protective effect of FGF21.

MATERIALS AND METHODS

Induction of AP in diabetic mice

Male diabetic mice (db/db), aged 10 wk and weighing 40-55 g, were purchased from GemPharmatech Co., Ltd. (Nanjing,
Jiangsu, China) and housed at the Experimental Animal Center of Wenzhou Medical University (Zhejiang, China). All
experimental protocols involving animals were conducted in accordance with the Guide for the Care and Use of
Laboratory Animals and were approved by the Committee on Animal Health and Care of Wenzhou Medical University.
Before the experiment, all animals were provided with a normal diet and allowed to acclimatize for 1 wk under a 12:12
Light-dark cycle at room temperature (23 + 1°C) and approximately 60% humidity. Before AP modeling, the animals were
subjected to a 12-h fasting period and had ad libitum access to drinking water.

Mice with fasting blood glucose levels > 16.7 mmol/L were regarded as diabetic mice and were randomly divided into
the following groups (n = 5 per group): Diabetic mouse group (db), ceruletide-induced AP model group (AP), FGF21
treatment group (FGF21), and FGF21 combined with Abx cocktail treatment group (FGF21 + Abx). AP model was
established in mice of the AP, FGF21, and FGF21 + Abx groups, wherein each mouse received seven intraperitoneal
injections of ceruletide (50 pg/kg), at hourly intervals[13,14]. The mice in the db group received intraperitoneal injections
of the same volume of normal saline as a control. The successful establishment of the AP mouse model was confirmed
based on the following criteria: (1) Increased activity of serum AMS released from the pancreas, wherein the enzyme was
detected using an enzyme-linked immunosorbent assay kit after AP induction; (2) no increase in pancreatic AMS levels;
and (3) pancreatic tissues not meeting the diagnostic criteria for pancreatitis according to the modified Schmidt scoring
system.

The animals were euthanized 6 h after the final injection of ceruletide. Serum and pancreatic and intestinal tissues were
collected from mice of each group to determine the serum AMS levels and the ratio of pancreas weight to body weight.
The collected tissues were embedded in paraffin, sliced, and stained with hematoxylin and eosin (HE), followed by a
microscopic examination to observe the morphological changes in pancreatic tissues. 16S rRNA sequencing was
performed to observe changes in the gut microbiota.

FGF21 treatment

Experimental mice in the FGF21 and FGF21 + Abx groups received an intraperitoneal injection of FGF21 (1 mg/kg) 1 h
before the ceruletide injection. In the same manner, mice from the db and AP groups received intraperitoneal injections of
normal saline as a control.

Abx cocktail treatment for diabetic mice with AP

Mice in the FGF21 + Abx group were orally administered with an Abx cocktail of non-absorbable Abx (ampicillin,
neomycin, metronidazole, and vancomycin). The Abx cocktail was prepared at concentrations of 1 g/L, 1 g/L, 1 g/L, and
0.5 mg/L for each of these Abx, respectively. The Abx cocktail solution was freshly prepared every 2 d and administered
continuously for 3 wk.
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After 3 wk of Abx cocktail treatment, fecal samples were collected from mice in the FGF21 + Abx group for fecal DNA
extraction[13], followed by the detection of bacteria in the intestines using universal primers[14]. After depletion of the
majority of bacteria in the mouse intestine, the mice in the FGF21 + Abx group received an intraperitoneal injection of
FGF21, followed by an intraperitoneal injection of ceruletide 1 h later to establish the AP model in diabetic mice.

Immunoblotting assay

Total protein was extracted from the pancreatic and intestinal tissues of mice, and the protein concentration was
determined using a bicinchoninic acid assay. The protein samples were separated through sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto polyvinylidene difluoride membranes (Bio-Rad, Hercules, CA).
The membranes were then blocked with 10% skim milk-Tris-buffered saline with Tween 20 (TBST) solution at room
temperature for 1.5 h, followed by an overnight incubation at 4 °C with the corresponding primary antibodies (IL-6
antibody diluted at 1:1000, IL-1p antibody diluted at 1:1000, TNF- antibody diluted at 1:2000, B-actin antibody diluted at
1:5000, and GAPDH antibody diluted at 1:5000, all purchased from Proteintech). The membranes were rinsed with TBST
solution in triplicate and then incubated with the corresponding secondary antibodies conjugated with horseradish
peroxidase at room temperature for 1 h. Chemiluminescent signals were detected using the Tanon-5200 chemilumin-
escence imaging system. The signal from each protein band was quantified using the Image] software.

Histological and immunohistochemical examinations

Before histological analysis, mouse pancreatic and small intestinal tissues were fixed with 4% paraformaldehyde for more
than 24 h. The fixed tissues were then embedded in paraffin, sliced at a thickness of 5 pm, and subjected to HE staining,.
The stained tissue sections were mounted with neutral resin and observed under a light microscope. The modified
Schmidt scoring system was applied for the quantitative evaluation of pancreatic tissue damage.

16S rRNA sequencing

The diversity of the gut microbiota in clinical or laboratory animal samples was analyzed using 16S rRNA sequencing
and the next-generation microbiome bioinformatics platform QIIME 2[15]. The latest version of the QIIME 2 platform,
together with the DADA2 software package, was used to denoise the sequence data using approximately 100% similarity,
with an operational taxonomic unit (OTU) clustering at 97% similarity[16]. Redundancy was then removed to obtain
feature data (representative sequences) for comparison with the 16S database (132 version) and NT-16. This comparison
aimed to identify and annotate all 165 rRNA sequences detected in the samples, including taxonomic categories of
kingdom, phylum, class, order, family, genus, and species.

Statistical analysis

Statistical analysis of data was performed using GraphPad Prism 6.0 software (GraphPad Software, San Diego, CA). Data
were presented as mean + SEM. Statistical significance was determined using Student's ¢-test (for comparisons between
two experimental conditions) or analysis of variance (ANOVA) (for comparisons among three or more experimental
conditions). Pearson analysis was used to determine linear correlations between variables. A P-value of less than 0.05 was
considered to indicate statistical significance.

RESULTS

FGF21 significantly attenuates pancreatic injury and inflammation in diabetic mice with AP
To investigate the impact of FGF21 on AP in diabetic mice, we established an AP model in diabetic mice by administering
ceruletide injections. Following the ceruletide injection, the ratio of pancreas weight to body weight of diabetic mice was
notably reduced by approximately 22.1% (Figure 1A, P < 0.01). Serum levels of AMS in diabetic mice were found to be
twice as high as those in the db group (Figure 1B, P < 0.01). Concurrently, the concentration of the inflammatory cytokine
IL-6 in diabetic mice increased to five times of that in the db group (Figure 1C and D, P < 0.01), while the TNEF- level
showed a significantly elevated to twice that of the db group (Figure 1C and E, P < 0.01). Following intraperitoneal
injection of recombinant human FGF21 protein, the FGF21 group demonstrated an elevated ratio of pancreas weight to
body weight, measuring at 19.3% (Figure 1A, P < 0.05). This result was accompanied by a reduction in the levels of serum
AMS and inflammatory cytokines IL-6 and TNF- (Figure 1C). Specifically, the serum levels of AMS decreased by 40.1%
(Figure 1B, P < 0.001), IL-6 levels decreased by 24.4% (Figure 1D, P < 0.01), and TNF- levels decreased to 65.1% of those in
the AP group (Figure 1E, P < 0.05). Furthermore, diabetic mice with AP displayed pathological changes in pancreatic
tissues, such as pancreatic edema, extensive intracellular vacuolation, and cellular necrosis (Figure 1F). Conversely,
histological tissue sections of mice in the FGF21 group exhibited a significant reduction in tissue damage (Figure 1F).
These findings highlight that ceruletide injections induce pancreatic injury and inflammation in diabetic mice, while
FGF21 treatment mitigates these symptoms in diabetic mice with AP.

FGF21 treatment mitigates intestinal damage and improves the composition of gut microbiota

To explore gut microbiota alterations in the context of AP, we assessed intestinal tissue damage in mice. The mice in the
AP group showed exacerbated histologic evidence of inflammation in the small intestine, characterized by tissue edema,
increased villus width, and villus damage (Figure 2A). After FGF21 treatment, noticeable reductions in the levels of
inflammatory factors were observed in the small intestinal tissue (Figure 2B), with TNF- levels decreasing to 38.4% of that
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Figure 1 Fibroblast growth factor 21 significantly attenuates pancreatic injury and inflammation in diabetic mice with acute pancreatitis.
A: The ratio of pancreas weight to body weight of mice in diabetic (db), acute pancreatitis (AP) and fibroblast growth factor 21 (FGF21) groups; B: Serum levels of
amylase of mice in db, AP and FGF21 groups; C-E: Representative immunoblots of inflammatory factors in mouse pancreatic tissue. Expression levels of interleukin-
6 and tumor necrosis factor-alpha were quantified using densitometry, with GAPDH as a protein loading control; F: Pathological changes in pancreatic tissues of mice
in db, AP and FGF21 groups, such as pancreatic edema, extensive intracellular vacuolation, and cellular necrosis (scale bar: 100 um). Data are presented as mean
+ 8D, 2P < 0.05, °P < 0.01, °P < 0.001. AP: Acute pancreatitis; AMS: Amylase; db: Diabetic; IL: Interleukin; TNF-: Tumor necrosis factor-alpha; FGF21: Fibroblast
growth factor 21.
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Figure 2 Fibroblast growth factor 21 treatment mitigates intestinal damage and inflammation in diabetic mice with acute pancreatitis. A:
Histological changes in the small intestine of mice in diabetic, acute pancreatitis and fibroblast growth factor 21 groups, characterized by tissue edema, increased
villus width, and villus damage (scale bar: 100 um); B-E: Representative immunoblots of inflammatory factors in mouse small intestinal tissue. Expression levels of
interleukin-6 and tumor necrosis factor-alpha were quantified using densitometry, with GAPDH as a protein loading control. Data are presented as mean + SD, 2P <
0.05,°P < 0.01, °P < 0.001. AP: Acute pancreatitis; db: Diabetic; IL: Interleukin; TNF-: Tumor necrosis factor-alpha; FGF21: Fibroblast growth factor 21.

in the AP group (Figure 2C, P < 0.01), IL-6 levels decreasing by half (Figure 2D, P < 0.05), and IL-1p levels decreasing to
24.2% of that in the AP group (Figure 2E, P < 0.01), indicating a significant alleviation of intestinal tissue damage.

Next, 16S rRNA sequencing was performed to examine whether FGF21 altered the composition of the gut microbiota in
diabetic mice while alleviating intestinal damage. Principal coordinate analysis (PCoA) results demonstrated distinct
segregation of the microbial communities among the db, AP, and FGF21 groups, underscoring differences in the gut
microbiota composition among the three groups (Figure 3A, P < 0.01). Alpha diversity of the gut microbiota, which serves
as a comprehensive index of species abundance and evenness in community ecology, was assessed using four commonly
used indices: observed OTUs, Chaol, Shannon, and Simpson indices. The observed OTUs and Chaol indices reflect the
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species abundance in a sample, while the Shannon and Simpson indices reflect both the species abundance and evenness.
When compared with the db group, all four indices showed significant increases in the AP group (P < 0.001). The FGF21
group exhibited notable decreases in OTUs and Chaol indices when compared with the AP group (P < 0.05), with
Shannon and Simpson indices showing a nonsignificant decrease (Figure 3B-E). These results indicate an increase in gut
microbiota abundance in diabetic mice with AP, and FGF21 treatment could reverse this change. The gut microbiota plays
a pivotal role in the occurrence of AP in diabetic mice.

We further compared the alterations in bacterial communities among the three groups, with the stacked bar chart
illustrating bacterial species distribution and changes in species composition and distribution within each group. The
experimental results highlighted distinct variations in the highest relative abundance of the top 30 species at different
taxonomic levels of the samples. At the phylum level, Firmicutes, Proteobacteria, Bacteroidetes, and Actinobacteria emerged
as major taxa in abundance across all samples (Figure 3F). Notably, phylum Firmicutes exhibited a marked elevation in
the AP group (Figure 3G, P < 0.01), with significant decreases in the FGF21 group (Figure 3G, P < 0.001). Meanwhile,
phyla Proteobacteria and Bacteroidetes showed significant decreases in the AP group (Figure 3G, P < 0.05) and significant
increases in the FGF21 group (Figure 3G, P < 0.05). Moreover, Firmicutes was found to be the most abundant phylum
across all samples. This study found that the Bacteroides/Firmicutes ratio decreased in the AP group, with a rebound in the
FGF21 group.

Combined therapy of Abx cocktail and FGF21 significantly decreases the susceptibility to AP in diabetic mice

Upon disrupting the gut microbiota through an Abx cocktail, a notable decrease in bacterial abundance was observed in
the mouse feces (Figure 4A). Following the commencement of Abx cocktail treatment, the body weight of mice decreased,
reaching the lowest point on day 13, with an average body weight of 45 g. However, following adaptation to the Abx
cocktail feeding, the body weight of mice gradually increased and reached 48 g (Figure 4B). In subsequent experiments,
when compared with the AP group, the FGF21 + Abx group demonstrated a significant decrease in serum AMS levels
(Figure 4C, P < 0.0001), with minimal damage observed in pancreatic and intestinal tissue sections (Figure 4D and E).
Immunoblotting analysis revealed further reductions in the levels of the pro-inflammatory cytokines TNF- and IL-6 in the
FGF21 + Abx group in the pancreatic tissue when compared with those in the FGF21 group (Figure 4F). Specifically, TNF-
exhibited a significant decrease of 75.9% (Figure 4G, P < 0.01), and IL-6 showed a reduction to 25.8% of the FGF21 + Abx
group (Figure 4H, P < 0.01). Similarly, noticeable reductions in the levels of inflammatory factors were observed in the
small intestinal tissue (Figure 4I), with TNF- levels decreasing to 23.4% of that in the FGF21 group (Figure 4], P < 0.001),
IL-1B levels decreasing by half (Figure 4K, P < 0.05), and IL-6 levels decreasing to 45.6% (Figure 4L, P < 0.01). Notably,
blood glucose levels significantly decreased from 17.50 + 1.1 to 9.817 + 0.69 mmol/L (Figure 4F, P < 0.001) in the FGF21 +
Abx group, further decreasing from 15.14 + 1.8 mmol/L in the FGF21 group (Figure 4M, P < 0.05). These experimental
results demonstrate that the combination therapy of Abx cocktail with FGF21 exerts a more potent protective effect on AP
in diabetic mice compared to FGF21 treatment alone. The Abx cocktail enhances the protective efficacy of FGF21 in
diabetic mice with AP.

Abx cocktail combined with FGF21 treatment alters microbiota in diabetic mice with AP

To further investigate the contribution of the microbiota to the protective effects of FGF21 in diabetic mice with AP, we
compared the changes in bacterial communities among four groups of mice (Figure 5A and B). At the phylum level,
Firmicutes, Proteobacteria, Bacteroidetes, and Actinobacteria were the major taxa of the bacterial communities across all four
groups, accounting for 96.6% of the total abundance. In comparison with the db group, phylum Firmicutes showed a
substantial increase to 66.2% in the AP group (Figure 5B, P < 0.01), while it decreased to 43.7% in the FGF21 group,
reaching normal levels, and further decreased to 5.7% in the FGF21 + Abx group. Relative to the db group, phyla Proteo-
bacteria and Bacteroidetes significantly decreased to 10.9% and 20.7%, respectively, in the AP group (Figure 5B, P < 0.05).
After FGF21 treatment, the abundance of Proteobacteria and Bacteroidetes significantly increased to 18.9% and 35.5%,
respectively, in the FGF21 group (Figure 5B, P < 0.05), reaching normal levels. In contrast, in the FGF21 + Abx group, the
phylum Proteobacteria significantly increased to 87.3% (Figure 5B, P < 0.001), while the phylum Bacteroidetes significantly
decreased to 1.3% (Figure 5B, P < 0.001). Additionally, significant differences in gut microbiota composition were
observed at the genus level among different groups (Figure 5C and D). The predominant taxa in the gut microbiota of the
four groups of mice were Lactobacillus, Mucispirillum-Klebsiella, and Escherichia coli-Shigella, accounting for 44.3% in the
FGF21 + Abx group. Moreover, the AP group exhibited the highest abundance of Lactobacillus, accounting for 53%. In the
FGF21 + Abx group, Escherichia coli-Shigella accounted for 42%, while its abundance remained below 1% in the other three
groups. Notably, prior research has highlighted an increase in the abundance of the phylum Firmicutes (gram-positive
bacteria) and a decrease in the abundance of the phylum Bacteroidetes in obese mice[13]. After FGF21 treatment, the
proportion of Firmicutes was significantly reduced, while that of Bacteroidetes was significantly increased in diabetic mice
with AP, underscoring the effectiveness of FGF21 in alleviating diabetes conditions in diabetic mice with AP.

Through linear discriminant analysis (LDA) effect size (LEfSe), the biomarkers were compared among the four groups
of samples. In this study, a threshold of > 4.5 LDA score and P < 0.05 were set for the LEfSe analysis. The variance in LDA
scores across the four groups of microbiota samples revealed that the phylum Proteobacteria, order Enterobacteriales, and
family Enterobacteriaceae were the most abundant species in the FGF21 + Abx group. Escherichia coli-Shigella was found
to be the most abundant species in the FGF21 group. The phylum Firmicutes, class Clostridia, and order Clostridiales were
most abundant in the db group. These bacteria may serve as potential targets for the treatment of diabetes complicated
with AP. The order Lactobacillales, family Lactobacillaceae, and genus Lactobacillus were the most abundant in the AP
group (Figure 5E). These bacteria belong to the class Bacilli. The phylogenetic tree in Figure 5F shows the origins of the
microbiota at different taxonomic levels.
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Figure 3 Fibroblast growth factor 21 treatment improves the composition of gut microbiota. A: Principal coordinate analysis results demonstrated
distinct segregation of the microbial communities among the diabetic (db), acute pancreatitis (AP), and fibroblast growth factor 21 (FGF21) groups. Different colors in
the scatter plots represent samples from different groups; the higher the similarity between samples, the closer they are in the plots; B-E: The observed operational
taxonomic units, Chao1, Shannon, and Simpson indices of the gut microbiota of db, AP and FGF21 group mice. All four indices increased in the AP group compared
with the db group, and the FGF21 group exhibited decreases compared with the AP group; F: Bar graph of the structural distributions of fecal microbial communities
at the phylum level; G: Relative abundance of the dominant phyla. 2P < 0.05, °P < 0.01, °P < 0.001, P < 0.0001. AP: Acute pancreatitis; db: Diabetic; IL: Interleukin;
TNF-: Tumor necrosis factor-alpha; FGF21: Fibroblast growth factor 21.

Kyoto Encyclopedia of Genes and Genomes analysis for the potential differential groups

PICRUSt was used to predict the potential functions of microbial genes[17]. In this study, we adopted the PICRUSt2
prediction method to obtain gene function annotations from the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database. Subsequently, statistical analysis of the metagenomic profiles (STAMP) was utilized for differential expression
analysis[18] to identify significantly different gene functions among groups. Of note, the KEGG pathway database
integrates current knowledge of molecular interaction networks, including biochemical processes such as metabolism,
membrane translocation, signal transduction, cell cycle, and conserved subpathways in the same cell lineage.

The obtained findings suggested that the differential pathways (P < 0.05) between the FGF21 + Abx group and the AP
group included toluene degradation I (aerobic), toluene degradation III (aerobic), sulfate reduction I, cob(Il) acetate a, c-
diamine biosynthesis I, and the superpathway of n-acetylceramide degradation (Figure 6A). In addition, the differential
pathways (P < 0.05) between the db and AP groups included histidine, purine, and pyrimidine biosynthesis, methoxy-13
biosynthesis, methoxy-12 biosynthesis, methoxy-11 biosynthesis, and methoxy-8 biosynthesis (Figure 6B). Furthermore,
differential pathways (P < 0.05) between the db and FGF21 + Abx groups included the superpathway of sulfate
assimilation and cysteine biosynthesis, superpathway of L-alanine biosynthesis, glyoxylate cycle, tricarboxylic acid cycle I
prokaryote, and fatty acid B-oxidation I (Figure 6C). These distinct differentially expressed pathways may provide critical
insights into the effects of AP treatment.
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Figure 4 Combined therapy of Abx cocktail and fibroblast growth factor 21 significantly decreases the susceptibility to acute pancreatitis
in diabetic mice. A: Verification of the intestinal microbiota removal after feeding antibiotics; B: Following Abx cocktail treatment initiation, the body weight change of
mice; C: Serum amylase levels of mice in each group; D: Pathological changes in pancreatic tissues of mice in each group, such as pancreatic edema, extensive
intracellular vacuolation, and cellular necrosis (scale bar: 100 um); E: Histological changes in the small intestine of mice in each group, characterized by tissue edema,
increased villus width, and villus damage (scale bar: 100 pum); F-H: Representative immunoblots of inflammatory factors in mouse pancreatic tissue. Expression levels
of interleukin (IL)-6 and tumor necrosis factor (TNF)-alpha were quantified using densitometry, with GAPDH as a protein loading control; I-L: Representative
immunoblots of inflammatory factors in mouse small intestinal tissue. Expression levels of IL-6, TNF- and IL-1 were quantified using densitometry, with GAPDH as a
protein loading control. M: Changes in blood glucose in mice in different groups. Data are presented as mean + SD, 2P < 0.05, °P < 0.01, °P < 0.001. AP: Acute
pancreatitis; db: Diabetic; IL: Interleukin; TNF-: Tumor necrosis factor-alpha; FGF21: Fibroblast growth factor 21.

Guiewidenge WID | hitps://www.wignet.com 1831 December 15,2023 | Volume14 | Issuel2 |



Sun QY et al. FGF21 in AP diabetic mice

A
1.00

©
~
o

Relative abundance (%)
o
[*d
o

o
n
3

0.00

db

Genus

100

]
o

Relative abundance (%)
& S

|

db AP FGF21 FGF21+ABX

N AP

p_Firmicutes
c__Clostridia

o_ Clostridiales
__Lactobacillus sp_ L Y]
p__Proteobacteria
_Gammaproteobacteria
o_ Enterobacterales
f_Enterobacteriaceae
f_Enterobacteriaceae
o_Enterobacteriales

g_ Klebsiella
_Klebsiella_pneumoniae
c__Alphaproteobacteria
_Klebsiella_unclassified
g_ Klebsiella

o_ Sphingomonadales
f_Sphingomonadaceae
g__Sphingopyxis
s__Sphingopyxis_sp_

o_ Caulobacterales
f_Caulobacteraceae

_ Betaproteobacteriales
g__Escherichia_Shigella
iia_Shigella_unclassified
f_Lactobacillaceae
g__Lactobacillus
o__Lactobacillales
¢__Bacilli
ictobacillus_unclassified

Firmicutes
Proteobacteria
Bacteroidetes
Actinobacteria
Verrucomicrobia
Cyanobacteria
Acidobacteria
Deferribacteres
unclassified
Patescibacteria
Fusobacteria
Dadabacteria
Tenericutes
Epsilonbacteraeota
Planctomycetes
Synergistetes
Chloroflexi
Deinococcus-Thermus
Chlamydiae

L] ]

O

AP FGR21 FGR21+ABX

Samples

Lactobacillus
Muribaculaceae
Klebsiella
Escherichia-Shigella
Lachnospiraceae_NK4A136_group
Candidatus_Arthromitus
Sphingopyxis
Citrobacter
Brevundimonas
[l Lachnospiraceae_unclassified
I Muribaculum
[ Alistipes
¥ Ruminococcaceae_UCG-014
[ Roseburia
I8 Caulobacter
Pseudomonas

FGF21

Relative abundance (%)

Relative abundance (%)

EEE FGF21+Abx

80

60

40

20

80

60

40

20

Phylum [db
- c Il AP
—
c Il FGF21
— b lb—l
i - FGF21+Abx
C
a 'a
- i
a a
1
Firmicutes Proteobacteria Bacteroidetes
Genus [db
I AP
- l;l B FGF21
,l"b—l B FGF21+Abx
¢
r;1
a b
1
- T
Lactobacillus Muribaculaceae Klebsiella
mm db

O-
-
~N
»
w -

3
LDA SCORE (log 10)

WJD | https://www.wjgnet.com 1832 December 15,2023 | Volume14 | Issue12 |

Jaishideng®



Sun QY et al. FGF21 in AP diabetic mice

F
Cladogram
a: g Lactobaclllus
— AP . - -
= il i oty
mm FGF21-+AbX To_| 5
mm db d: c__Bacllll

e: o__Clostrigiales

1. ¢__Clostridia

Q: p__Flrmicutes

h: 1__Caulobacteraceae

I o__Caulobacterales

F o__Sphingapyds

k: f__Sphingomonadaceae
I: o__Sphingomonadales

m: c__Alphaprotecbacteria
. o__Bstaprocteobacterinles
: g__Klensialla

. 1__Enterobecteriacene

: o__Enterobacterales
g__Escherichlia_Shigeita

: g__Kiebsiella
f__Entercbactariaceae

u: o__Enterobacteriales

w: c__Gammagratecbactaria
we p__Proteobacteria

4wv9 03

mun

DOI: 10.4239/wjd.v14.i12.1824 Copyright ©The Author(s) 2023.

Figure 5 Abx cocktail combined with fibroblast growth factor 21 treatment alters microbiota in diabetic mice with acute pancreatitis. A: Bar
graph of the structural distributions of fecal microbial communities at the phylum level; B: Relative abundance of the dominant phyla; C: Bar graph of the structural
distributions of fecal microbial communities at the genus level; D: Relative abundance of the dominant genera; E: Linear discriminant analysis (LDA) scores for the
differentially abundant bacterial taxa between each group (LDA > 4.5); F: The phylogenetic tree shows the origins of the microbiota at different taxonomic levels. 2P <
0.05,°P < 0.01, °P < 0.001. AP: Acute pancreatitis; db: Diabetic; FGF21: Fibroblast growth factor 21.

DISCUSSION

AP is a clinically prevalent inflammatory disorder. Previous animal experiments have revealed the potential of FGF21 to
reduce the levels of digestive enzymes (AMS and lipase) in AP mice without affecting protein synthesis[19]. Additionally,
FGF21 has been demonstrated to diminish the release of inflammatory cytokines, such as TNF- and IL-6, indicating a
potent anti-inflammatory effect[11]. A previously reported study found that FGF21 transgenic mice showed significant
improvements in pancreatic inflammation and fibrosis in a model of AP induced by ceruletide[20]. In our previous study,
it was revealed that FGF21 exerted protective effects against AP through various mechanisms. These mechanisms
included the stimulation of Sirtl expression, the restoration of impaired mitochondria and lysosomes, the promotion of
normal autophagic flux, and the suppression of aberrant expression of digestive enzymes in AP[12]. Furthermore, FGF21
was found to reduce inflammatory responses, thereby contributing to the amelioration of AP. In the current study, FGF21
treatment was found to ameliorate histopathological damage in the pancreatic tissues, reduce serum levels of AMS, and
diminish levels of pro-inflammatory cytokines (IL-6 and TNF-) in diabetic mice with AP. These results confirmed the
potential of FGF21 in decreasing the susceptibility to AP in diabetic mice. Moreover, both the FGF21 group and the FGF21
+Abx group showed a decline in blood glucose levels, indicating that FGF21 and Abx cocktail therapy effectively
alleviated both diabetes and AP in diabetic mice. These findings present a novel and enhanced pharmacological option
for diabetic patients complicated by AP.

Notably, a previous comprehensive study was conducted using 165 rRNA sequencing technology to examine the
bacteria associated with pancreatitis. It was found that 70% of patients with pancreatitis had various microbial DNA in
their bloodstream[21]. The majority of these microbes exhibited similarity to those found in the gastrointestinal tract,
suggesting a possible origin from the gut. Hence, we intended to explore whether the intestinal damage caused by
diabetes and AP altered the composition of gut microbiota. To address this issue, the present study employed 165 rRNA
sequencing technology to analyze the diversity of intestinal microbiota across three groups of mice. The analyses of beta
and alpha diversity analyses revealed the differences in gut microbiota composition across the three groups. Notably, the
AP group exhibited a significant increase in the abundance of gut microbiota of the AP group, which returned to normal
levels after FGF21 treatment. Prior research has established significant differences in the composition of gut microbiota
between obese mice and wild-type mice. Specifically, obese mice showed a notable abundance of bacteria from the
phylum Firmicutes, while wild-type mice displayed a predominant abundance of bacteria belonging to the phylum
Bacteroidetes[22]. Furthermore, it has been identified that a decline in the Bacteroides/Firmicutes ratio is associated with
obesity[23]. Thus, the current study conducted a comparative analysis of bacterial community changes in the mice of
three groups, revealing a diminished Bacteroides/Firmicutes ratio in the AP group, which was increased after FGF21
treatment. This finding suggests that AP exacerbates the changes in the gut microbiota of diabetic mice, and both AP and
diabetes contribute to the increase in gut microbiota diversity and the decline in the Bacteroides/ Firmicutes ratio. FGF21
treatment effectively ameliorates the alterations in gut microbiota, thereby facilitating the alleviation of diabetes and AP
conditions.
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Figure 6 The significantly different gene functions among groups. A: The differential pathways between the fibroblast growth factor 21 (FGF21) + Abx
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group and the acute pancreatitis (AP) group; B: The differential pathways between the diabetic (db) and AP groups; C; The differential pathways between the db and
FGF21 + Abx groups. AP: Acute pancreatitis; db: Diabetic; FGF21: Fibroblast growth factor 21.

Subsequently, we sought to elaborate on whether the dysbiosis of gut microbiota in diabetic mice with AP was a
concomitant phenomenon or an influencing factor in the occurrence and development of AP in diabetic mice. Our invest-
igation also aimed to illuminate whether FGF21 could ameliorate diabetes and AP condition through the modulation of
the gut microbiota. The observations revealed a substantial protective effect of FGF21 against pancreatitis and intestinal
inflammation symptoms. Nonetheless, the effects of Abx on diabetes and systemic inflammation have been a subject of
contentious debate in many studies. Some studies have reported the protective effect of Abx against diabetes and
systemic inflammation, while in other studies, Abx has been shown to exacerbate the disease[24]. Previous studies have
provided evidence demonstrating a reduction in the occurrence of diabetes in mice receiving vancomycin treatment from
birth to weaning[25]. Moreover, prior research has also suggested that an Abx cocktail (sulfamethoxazole, trimethoprim,
and streptomycin sulfate) lowered the occurrence of diabetes and delayed its onset[26]. The timing of Abx administration,
particularly before the onset of diabetes onset in mice, can disrupt the balance of healthy gut microbiota, which in turn
could provide an explanation for the increased occurrence of diabetes observed in most studies[27]. Notably, the
responses of female and male mice to the same Abx treatments might be significantly different. Therefore, multiple
variables, such as Abx type, dosage, administration timing, and the specific animal model, may significantly influence the
efficacy of Abx treatment. In this study, the use of an Abx cocktail after the onset of diabetes reduced inflammation in the
pancreas and small intestines. The administration of Abx to the mice was beneficial as it facilitated the elimination of
harmful bacteria, thereby supporting the protective effect of FGF21. Although Abx administration may disrupt the gut
microbiota and cause damage to the intestine, FGF21 was reported to repair intestinal damage and effectively mitigate the
adverse effects of Abx treatment on the intestine.

We also observed different microbial compositions in the db, AP, FGF21, and FGF21 + Abx groups. Importantly, the
AP group showed a notable increase in the abundance of Lactobacillus. Lactobacillus, as a probiotic, has been extensively
studied. For instance, a recent study has highlighted the role of Lactobacillus reuteri in establishing a balanced gut
microbiota, thereby mitigating the intestinal permeability damage caused by bacterial translocation. This probiotic also
enhances the secretion of IgA in the ileum and colon and increases the populations of CD4* and CD8" cells. Thus, Lactoba-
cillus reuteri shows promise in ameliorating methotrexate-induced enterocolitis[28]. In this study, the LEfSe analysis
revealed that the most abundant taxa in the FGF21 + Abx group were the phylum Proteobacteria, order Enterobacteriales,
and family Enterobacteriaceae. The FGF21 group was predominantly enriched with Escherichia coli-Shigella. In contrast,
the phylum Firmicutes, class Clostridia, and order Clostridiales were most abundant in the db group. These bacteria may
serve as targets for the treatment of AP under diabetic conditions. For instance, the deficiency of antimicrobial peptides,
which exhibits a negative correlation with the abundance of Escherichia coli and Shigella, has been linked to intestinal
barrier dysfunction and bacterial translocation[29]. Enterobacter cloacae, a common type of Bacteroides, can trigger inflam-
mation and promote lipid accumulation, thus the development of metabolic diseases and atherosclerosis[30]. Dysbiosis of
various gut probiotics is tightly associated with the progression of diabetes and AP. For instance, the reduction of
Faecalibacterium prausnitzii abundance has been observed in the gut microbiota of individuals with intestinal diseases and
type 2 diabetes has been observed[31,32].

The present study adopted the PICRUSt2 prediction method to obtain gene functional annotations from the KEGG
database. In addition, STAMP was employed to perform differential expression analysis and identify gene functions that
exhibit significant differences between groups. The identification of differential pathways may provide pivotal insights
for AP treatment and unravel the mechanisms whereby gut microbiota modulates the therapeutic effects of FGF21 on AP
under diabetic conditions. Prior research has underscored a decrease in the levels of butyryl-CoA dehydrogenase in
patients with diabetes relative to the control group, accompanied by a decrease in butyrate production in the gut
microbiota[33]. In our study, FGF21 + Abx treatment significantly facilitated the sulfate reduction pathway and inhibited
the superpathway of n-acetylceramide degradation. These findings suggest significant differences when compared with
the AP group and call for further investigation in subsequent studies.

CONCLUSION

This study revealed the potential ability of FGF21 to enhance the recovery of pancreatic and intestinal damage recovery,
reduce blood glucose levels, and modulate the composition of gut microbiota in diabetic mice with AP. Notably, the Abx
cocktail therapy further influences the composition of the gut microbiota and enhances the protective effects of FGF21.
These findings provide new insights into the prevention and treatment of diabetes complicated by AP. However, further
investigation is required to elucidate the specific mechanisms by which the gut microbiota affects the protective effects of
FGF21 against AP in diabetic mice.
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Research background

Fibroblast growth factor 21 (FGF21) plays a pivotal role in regulating glucose and lipid metabolism. Acute pancreatitis
(AP) is a common inflammatory disease with clinical manifestations. Diabetes exacerbates intestinal permeability and
intestinal inflammation, thus leading to the progression to AP. Our previous study indicated that FGF21 significantly
attenuated susceptibility to AP in mice.

Research motivation
Yet, whether FGF21 similarly protects AP in diabetic mice remains unexplored.

Research objectives
Herein, we were intrigued to investigate the potential protective role of FGF21 against AP in diabetic mice.

Research methods

In the present study, a mouse model of AP was established in db/db diabetic mice through ceruletide injections. By
comparing the differences in AP indicators between diabetic mouse group (db), ceruletide-induced AP model group
(AP), FGF21 treatment group (FGF21), and FGF21 combined with an antibiotic (Abx) cocktail treatment group (FGF21 +
Abx), we investigated the protective effect of recombinant FGF21 protein and investigated whether FGF21 plays its role in
the treatment of diabetic mice with AP by modulating the gut microbiota.

Research results

FGF21 notably diminished the levels of serum amylase, inflammatory factors and the histological evidence of inflam-
mation in the pancreas and the small intestine in diabetic mice with AP. FGF21 also significantly altered the composition
of the gut microbiota, reestablishing the Bacteroidetes/Firmicutes ratio. Upon treatment with an Abx cocktail to deplete the
gut microbiota, the FGF21 + Abx group showed superior protective effect. The gut microbiota composition across
different groups was further characterized, and a differential expression analysis of gene functions was undertaken using
the PICRUSt2 prediction method. These findings suggested that FGF21 could potentially confer therapeutic effects on
diabetic mice with AP by modulating the sulfate reduction I pathway and the superpathway of n-acetylceramide
degradation in the gut microbiota.

Research conclusions

This study reveals the potential of FGF21 in improving pancreatic and intestinal damage recovery, reducing blood
glucose levels, and reshaping gut microbiota composition in diabetic mice with AP. Notably, the protective effects of
FGF21 are augmented when combined with the Abx cocktail. These findings provide new insights into the prevention
and treatment of diabetes complicated by AP.

Research perspectives
Further investigation is required to elucidate the specific mechanisms by which the gut microbiota affects the protective
effects of FGF21 against AP in diabetic mice.
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