Gastroenterology

Baishideng Publishing Group Inc



Jaishideng®

Contents Weekly Volume 27 Number 14 April 14, 2021

OPINION REVIEW

1362  How far along are we in revealing the connection between metformin and colorectal cancer?
Berkovic MC, Mikulic D, Bilic-Curcic I, Mrzljak A
REVIEW

1369  Intracellular interferon signalling pathways as potential regulators of covalently closed circular DNA in
the treatment of chronic hepatitis B
Goh ZY, Ren EC, Ko HL
MINIREVIEWS

1392  Artificial intelligence-assisted endoscopic detection of esophageal neoplasia in early stage: The next step?
LiuY

1406  COVID-19 and the gastrointestinal tract: source of infection or merely a target of the inflammatory process
following SARS-CoV-2 infection?
Troisi J, Venutolo G, Pujolassos Tanya M, Delli Carri M, Landolfi A, Fasano A
ORIGINAL ARTICLE
Basic Study

1419  Lipotoxic hepatocyte-derived exosomal miR-1297 promotes hepatic stellate cell activation through the
PTEN signaling pathway in metabolic-associated fatty liver disease
Luo X, Luo SZ, Xu ZX, Zhou C, Li ZH, Zhou XY, Xu MY

1435  Cyanidin 3-glucoside modulated cell cycle progression in liver precancerous lesion, in vivo study
Matboli M, Hasanin AH, Hussein R, El-Nakeep S, Habib EK, Ellackany R, Saleh LA
Retrospective Cohort Study

1451  Stapled transperineal repair for low- and mid-level rectovaginal fistulas: A 5-year experience and
comparison with sutured repair
Zhou Q, Liu ZM, Chen HX, Ren DL, Lin HC

1465  Impact of preoperative antibiotics and other variables on integrated microbiome-host transcriptomic data
generated from colorectal cancer resections
Malik S4, Zhu C, Li J, LaComb JF, Denoya PI, Kravets I, Miller JD, Yang J, Kramer M, McCombie WR, Robertson CE,
Frank DN, Li E
Retrospective Study

1483  Apolipoprotein E variants correlate with the clinical presentation of paediatric inflammatory bowel
disease: A cross-sectional study
Glapa-Nowak A, Szczepanik M, Iwanczak B, Kwiecien J, Szaflarska-Poptawska AB, Grzybowska-Chlebowczyk U, Osiecki
M, Dziekiewicz M, Stawarski A, Kierkus J, Banasiewicz T, Banaszkiewicz A, Walkowiak J

WJG | https://www.wjgnet.com I April 14,2021 | Volume27 | Issuel4 |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 14 April 14, 2021

Observational Study

1497  Exploration of nucleos(t)ide analogs cessation in chronic hepatitis B patients with hepatitis B e antigen loss

Xue Y, Zhang M, Li T, Liu F, Zhang LX, Fan XP, Yang BH, Wang L

META-ANALYSIS

1507  T-tube vs no T-tube for biliary tract reconstruction in adult orthotopic liver transplantation: An updated
systematic review and meta-analysis

Zhao JZ, Qiao LL, Du ZQ, Zhang J, Wang MZ, Wang T, Liu WM, Zhang L, Dong J, Wu Z, Wu RQ

Bishidengs WIG | https://www.wjgnet.com I April 14,2021 | Volume27 | Issuel4 |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 14 April 14, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Takuya Watanabe, MD, PhD, Director, Department of
Internal Medicine and Gastroenterology, Watanabe Internal Medicine Aoyama Clinic, Aoyama 1-2-21, Nishi-ku,
Niigata 950-2002, Japan, nabetaku@dia-net.ne.jp

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2020
edition of Journal Citation Report® cites the 2019 impact factor (IF) for W]G as 3.665; IF without journal self cites:
3.534; 5-year IF: 4.048; Ranking: 35 among 88 journals in gastroenterology and hepatology; and Quartile category:
Q2. The W]G's CiteScore for 2019 is 7.1 and Scopus CiteScore rank 2019: Gastroenterology is 17/137.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: [i-Hong Iin; Production Department Director: Yun-Xiagjian Wu; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wijgnet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/ editotialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
April 14, 2021 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 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

Bishidengs WIG | https://www.wjgnet.com I April 14,2021 | Volume?27 | Issueld |


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
http://www.wjgnet.com/1007-9327/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

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

DOI: 10.3748 / wjg.v27.i114.1419

World Journal of
Gastroenterology

World | Gastroenterol 2021 April 14; 27(14): 1419-1434

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

Basic Study

ORIGINAL ARTICLE

Lipotoxic hepatocyte-derived exosomal miR-1297 promotes hepatic
stellate cell activation through the PTEN signaling pathway in
metabolic-associated fatty liver disease

Xin Luo, Sheng-Zheng Luo, Zi-Xin Xu, Cui Zhou, Zheng-Hong Li, Xiao-Yan Zhou, Ming-Yi Xu

ORCID number: Xin Luo 0000-0001-
5446-4079; Sheng-Zheng Luo 0000-
0002-7643-3860; Zi-Xin Xu 0000-
0003-4575-0334; Cui Zhou 0000-
0001-7919-3164; Zheng-Hong Li
0000-0003-2042-0718; Xiao-Yan
Zhou 0000-0003-3450-1009; Ming-Yi
Xu 0000-0002-4834-3542.

Author contributions: Xu MY
designed the research; Luo X and
Luo SZ performed the research; Xu
ZX and Li ZH analyzed the data;
Luo X wrote the paper; Zhou C
and Zhou XY developed software
necessary for performing the
study.

Supported by The National Natural
Science Foundation of China
(General Program), No. 81770597;
and the Development Program of
China during the 13th Five-year
Plan Period, No.
2017Z2X10203202003005.

Institutional review board
statement: The study was
reviewed and approved by the
Institutional Review Board at
Shanghai General Hospital.

Institutional animal care and use
committee statement: All animal
experiments conformed to the
internationally accepted principles
for the care and use of laboratory

Jaishideng®

WJG | https://www.wjgnet.com

Xin Luo, Sheng-Zheng Luo, Zi-Xin Xu, Cui Zhou, Zheng-Hong Li, Xiao-Yan Zhou, Ming-Yi Xu,
Department of Gastroenterology, Shanghai General Hospital, Shanghai 200080, China

Corresponding author: Ming-Yi Xu, MD, Chief Doctor, Professor, Department of
Gastroenterology, Shanghai General Hospital, No. 100 Haining Road, Shanghai 200080, China.
xumingyi2014@163.com

Abstract

BACKGROUND

Exosomes play an important role in metabolic-associated fatty liver disease
(MAFLD), but the mechanism by which exosomes participate in MAFLD still
remain unclear.

AIM
To figure out the function of lipotoxic exosomal miR-1297 in MAFLD.

METHODS

MicroRNA sequencing was used to detect differentially expressed miRNAs (DE-
miR) in lipotoxic exosomes derived from primary hepatocytes. Bioinformatic tools
were applied to analyze the target genes and pathways regulated by the DE-miRs.
Quantitative real-time PCR (qPCR) was conducted for the verification of DE-
miRs. qPCR, western blot, immunofluorescence staining and ethynyl-20-
deoxyuridine assay were used to evaluate the function of lipotoxic exosomal miR-
1297 on hepatic stellate cells (LX2 cells). A luciferase reporter experiment was
performed to confirm the relationship of miR-1297 and its target gene PTEN.

RESULTS

MicroRNA sequencing revealed that there were 61 exosomal DE-miRs (P < 0.05)
with a fold-change > 2 from palmitic acid treated primary hepatocytes compared
with the vehicle control group. miR-1297 was the most highly upregulated
according to the microRNA sequencing. Bioinformatic tools showed a variety of
target genes and pathways regulated by these DE-miRs were related to liver
fibrosis. miR-1297 was overexpressed in exosomes derived from lipotoxic
hepatocytes by qPCR. Fibrosis promoting genes (a-SMA, PCNA) were altered in
LX2 cells after miR-1297 overexpression or miR-1297-rich lipotoxic exosome
incubation via qPCR and western blot analysis. Immunofluorescence staining and
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ethynyl-20-deoxyuridine staining demonstrated that the activation and
proliferation of LX2 cells were also promoted after the above treatment. PTEN
was found to be the target gene of miR-1297 and knocking down PTEN
contributed to the activation and proliferation of LX2 cells via modulating the
PI3K/ AKT signaling pathway.

CONCLUSION

miR-1297 was overexpressed in exosomes derived from lipotoxic hepatocytes. The
lipotoxic hepatocyte-derived exosomal miR-1297 could promote the activation
and proliferation of hepatic stellate cells through the PTEN/PI3K/AKT signaling
pathway, accelerating the progression of MAFLD.

Key Words: Metabolic-associated fatty liver disease; miRNA-1297; Exosome; Hepatic
stellate cell; PTEN; Liver fibrosis

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

Core Tip: In this study, the expression of miR-1297 was increased in exosomes derived
from primary hepatocytes. Exosomal miR-1297 from lipotoxic LO2 (a hepatocyte cell
line) could promote LX2 (a hepatic stellate cell line) activation and proliferation by
regulating the PTEN/PI3K/ATK pathway. Currently, the study between exosomes and
metabolic-associated fatty liver disease is very limited. This is the first time that
exosomal miR-1297 from lipotoxic hepatocytes was confirmed to accelerate liver
fibrosis, and the new mechanism may become a promising treatment target for
metabolic-associated fatty liver disease.

Citation: Luo X, Luo SZ, Xu ZX, Zhou C, Li ZH, Zhou XY, Xu MY. Lipotoxic hepatocyte-
derived exosomal miR-1297 promotes hepatic stellate cell activation through the PTEN
signaling pathway in metabolic-associated fatty liver disease. World J Gastroenterol 2021,
27(14): 1419-1434

URL: https://www.wjgnet.com/1007-9327/full/v27/i14/1419.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i14.1419

INTRODUCTION

Metabolic-associated fatty liver disease (MAFLD), which was formerly called
nonalcoholic fatty liver disease, is highly prevalent worldwide and affects
approximately 25% of the global adult population!’. Recently, a consensus of
international experts proposed the terminology change from nonalcoholic fatty liver
disease to MAFLD in order to better demonstrated the etiological features of this
diseasel”. The incidence of MAFLD has been rising rapidly in recent years, and in
China the incidence of MAFLD is 15%-30%"l. MAFLD is characterized by fatty
degeneration of the liver due to different metabolic conditions, such as obesity and
type 2 diabetes, leading to fatty deposition in the liver!. Lipid deposition will increase
the oxidative stress of cells in the liver, damage normal cell function and finally lead to
liver fibrosis’. Hepatic stellate cell (HSC) activation was regarded as the core part of
all kinds of liver fibrosis. The abnormal activation and proliferation of HSCs will cause
them to produce more cellular extracellular matrix, destroy the normal structure of
liver lobules and eventually result in cirrhosis’. However, the exploration of the
specific pathogenesis underlying MAFLD is still in the preliminary stages.

Exosomes are circular or cup-shaped lipid bilayer vesicles with diameters of 30-150
nm, which are secreted by the host cells and transfer a variety of compounds,
including miRNAs, mRNAs, IncRNAs, DNA and proteins/. Exosomes derived from
lipotoxic hepatocytes could accelerate the activation of HSCs and lead to fibrosis!l.
However, to date, studies on the exact mechanism of exosomal miRNA and MAFLD
are still very limited. In this study, we perform exosomal miRNA profiling from
lipotoxic hepatocytes and further determine the potential mechanism by which
exosomal miRNAs participate in the progression of MAFLD.
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MATERIALS AND METHODS

Cell culture

Hepatocytes (HCs), including primary HCs (PHCs), a normal human HC cell line
(LO2) and a human HSC cell line (LX2) were used in this study. PHCs from male wild-
type mice were isolated by pronase perfusion and cultured as reported previously'.
LO2 cells and LX2 cells were cultured in Dulbecco’s modified Eagle’s medium (Gibco,
Grand Island, NY, United States) supplemented with 100 mg/mL streptomycin
(Gibco), 100 IU/mL penicillin (Gibco) and 10% fetal bovine serum (Gibco). PHCs were
used to obtain exosomes for microRNA sequencing (miRNA seq) and quantitative
real-time PCR (qPCR) verification. LO2 cells were used to obtain exosomes for cell
incubation, and LX2 cells were used for other experiments. These procedures for PHC
isolation were approved by the Ethical Committee of the Shanghai General Hospital.

Human sample collection

There were 20 MAFLD patients who shared similar demographic features and
personal histories enrolled in this study. Among the 20 MAFLD patients with similar
liver fibrosis severity, 10 patients were diagnosed as mild fatty liver while the other 10
patients were diagnosed as severe fatty liver depending on the hepatic steatosis.
FibroScan (Echosens, Paris, France) analysis was applied to assess the controlled
attenuation parameter and liver stiffness measurement of these patients according to
the 2017 ASSLD guidelines!”. The liver stiffness measurement value of these patients
showed no significant difference. Patients with controlled attenuation parameter
values from 265 dB/m to 295 dB/m were regarded as mild fatty liver, while patients
with controlled attenuation parameter values over 295 dB/m were defined as severe
fatty liver. Serum exosome samples from these patients were collected for miRNA
qPCR. The study was approved by the Ethical Committee of the Shanghai General
Hospital, and written informed consent was provided by all patients. The clinical
features of the patients enrolled in this study are shown in Supplementary Table 1.

Exosome isolation and incubation

Exosomes from PHCs, LO2 cells and human serum samples were isolated using an
ultracentrifugation method that was reported in a previous study!''l. To obtain the
lipotoxic exosomes, we treated PHCs and LO2 cells with 200 pmol/L palmitic acid
(PA, Sigma-Aldrich, St. Louis, MO, United States) or 5% BSA (Sigma-Aldrich) (diluted
in phosphate buffered saline, Sigma-Aldrich) as the vehicle control for 24 h. Then,
exosomes were isolated from the cell culture medium. For experiments related to
exosome incubation, LX2 cells were treated with 50 pg/mL LO2 exosomes for 48 h.

Transmission electron microscopy observation of exosomes

To observe the exosome morphology, transmission electron microscopy (JEOL, Tokyo,
Japan) was used. The experimental procedures were performed with assistance from
Shanghai Bohao Biotechnology Co., Ltd. (Shanghai, China).

Nanoparticle tracking analysis for exosomes

To analyze the particle diameter distribution, nanoparticle tracking analysis was
performed using a NanoSight NS300 system (Malvern Instruments, Worcestershire,
United Kingdom) as in a previous study!".

Exosome uptake experiment

For the exosome uptake experiment, 50 pg/mL LO2-derived exosomes (LO2-
exosomes) diluted in phosphate buffered saline were labelled using the red fluorescent
dye PKH26 Kit (Sigma-Aldrich) After incubating LX2 with PKH26 labelled LO2-
exosomes for 6 h, a fluorescence microscope (Leica, Wetzlar, Germany) was used to
observe the exosomes that were absorbed by LX2 cells.

miRNA high-throughput sequencing and data analysis
The miRNA seq experimental procedures were performed with the assistance of
Bohao Biotechnology Co., Ltd. (Shanghai, China). The miRNA library was constructed
using a TruSeq miRNA Library Prep Kit (Illumina, San Diego, CA, United States)
following the standard procedures of the manufacturer’s instructions.

Low-quality reads and adapters were filtered out from the raw reads to obtain clean
reads. The clean reads were aligned against the miRBase database, and the expressions
of miRNAs in each sample were determined. Differentially-expressed miRNAs were
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screened using edgeR, under the following criteria: |log2 (fold-change)| =1 and P <
0.05. Heatmaps of gene expression were generated with MeV software (MeV Ltd.,
Stockport, United Kingdom).

Target gene bioinformatic analysis

Target gene prediction was performed for the significant differentially expressed
miRNAs (DE-miRs). GO and pathway enrichment analyses were performed for the
target genes using the Gene Ontology Database and Kyoto Encyclopedia of Genes and
Genomes.

Cell transfection

For cell transfection, negative control mimics (mi-NC) and miR-1297 mimics (mi-miR)
were used to overexpress miR-1297. Small interfering RNA for the negative control (si-
NC) and small interfering RNA for PTEN were used to knock down PTEN. Cell
transfection was conducted using Lipofectamine 2000 Regent (Invitrogen, Carlsbad,
CA, United States) according to the manufacturer’s instructions. All of the above
vectors were purchased from GenePharma Co., Ltd. (Shanghai, China).

Luciferase reporter assay

The luciferase reporter assay experiment was conducted using the pGL3-basic
luciferase vector (Promega, Madison, WI, United States). The 3’-UTR sequence of
PTEN predicted to interact with miR-1297, together with a corresponding mutated
sequence within the predicted target sites, were synthesized and inserted into the
luciferase reporter (Promega, Madison, W1, United States) to generate PTEN wild-type
or PTEN mutant (primers shown in Supplementary Table 2). The pGL3-basic
luciferase vector containing PTEN wild-type or PTEN mutant were cotransfected with
miR-1297 mimics or negative control mimics using Lipofectamine2000 (Invitrogen).
After transfection, cells were incubated in suitable conditions for 24 h. The Luciferase
Reporter Assay Kit (Promega) was used to assess the relative luciferase activity in
accordance with the manufacturer’s instructions. Firefly luciferase values were
normalized to those of Renilla luciferase.

gPCR analysis

Total RNA was extracted using TRIzol reagent (Invitrogen). qPCR was performed
using Hieff qPCR SYBR Green Master Mix (Applied Biosystems, Foster City, CA,
United States) and Hieff First Strand cDNA Synthesis Super Mix (Applied
Biosystems). P-actin was used as the internal reference to measure the mRNA
expression of specific genes. U6 was used to normalize the expression of specific
miRNA. Primers used in this research were fully listed in Supplementary Table 2.

Western blot analysis

These included antibodies were used for western blotting analysis: anti-TSG101
(1:1000, Santa Cruz Biotechnology, Santa Cruz CA, United States), anti-CD63 (1:1000,
Abcam, Cambridge, MA, United States), anti-PCNA (1:500, Abcam), anti-a-SMA
(1:1000, Abcam), anti-PTEN (1:1000, Abcam), anti-TGFp1 (1:1000, Abcam), anti-
SMAD3 (1:1000, Abcam), anti-p-SMAD3 (1:1000, Abcam) and anti-GAPDH (1:2000,
Abcam). HRP-conjugated IgG (1:5000, Abcam) was used as the secondary antibody.

Immunofluorescence staining

Antibodies against a-SMA (1:100, Abcam) and 4’ 6-diamidino-2-phenylindole (Abcam)
were used for immunofluorescence staining. Alexa Fluor 594 AffiniPure goat anti-
rabbit IgG (H+L) (Santa Cruz Biotechnology) was used as the secondary antibody. The
laser microscope (Leica, Wetzlar, Germany) was used to capture the representative
images.

Ethynyl-20-deoxyuridine staining

The proliferation of HSCs was detected by an ethynyl-20-deoxyuridine staining (EdU)
cell lighting kit (RiboBio, Shanghai, China). The cell nuclei were stained using Hoechst
(Beyotime, Shanghai, China). The laser microscope (Leica, Wetzlar, Germany) was
used to capture the representative images.

Statistical analysis
The SPSS software (version 22.0; SPSS, Inc., Chicago, IL, United States) and GraphPad
Prism version 8.0 (GraphPad Software, San Diego, CA, United States) were applied to
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analyze all the data presented in this study. Data are expressed as the mean * SD for at
least three independent experiments for each group. Continuous variables showing a
normal distribution were analyzed by an independent-samples t-test or one-way
ANOVA. A P value < 0.05 was considered statistically significant.

RESULTS

Identification of exosomes derived from PHCs

Many studies have clarified that exosomes can participate in a variety of metabolic
diseases, but the function of exosomes in MAFLD remains unclear. First, the
morphology of exosomes derived from PA-treated (Exo-PA) PHCs or vehicle-treated
(Exo-CN) PHCs was observed by transmission electron microscopy. Exosomes were
small, quasi-circular vesicles with an intact membrane structure (Figure 1A). Then,
exosome size and particle concentration were assessed via nanoparticle tracking
analysis. Exosomes with a diameter of 50-150 nm accounted for 87.50% (Exo-PA) and
81.70% (Exo-CN) of all vesicles, which met the standard of high-quality exosomes
(Figure 1B). In addition, the concentration of Exo-PA was significantly higher than that
of Exo-CN (P < 0.05, Figure 1C). Finally, the exosomal markers CD63 and TSG101
could be observed in both Exo-PA and Exo-CN (Figure 1D). These results indicated
that the method we used could obtain high-quality exosomes for follow-up research.

miRNA seq profiling and bioinformatic analysis of lipotoxic HC-secreted exosomes
To explore the differentially abundant exosomal miRNAs of lipotoxic HCs, we
detected the miRNA expression profiles in Exo-PA and Exo-CN using miRNA seq.
According to the results, 61 miRNAs were differentially expressed (P < 0.05) with a
fold change > 2 (defined as DE-miR) in the Exo-PA group compared with the Exo-CN
group. Among the 61 miRNAs, 20 were upregulated, and 41 were downregulated (
Supplementary Table 3). In addition, three upregulated miRNAs had a fold change > 5
(hsa-miR-1297, hsa-miR-708-5p, hsa-miR-671-5p), while two downregulated miRNAs
had a fold change > 5 (hsa-miR-718, hsa-miR-193a-3p). miR-1297 was the most highly
upregulated miRNA (a 7.81-fold change), and miR-718 was the most highly
downregulated miRNA (a 6.62-fold change) in the Exo-PA group. Heatmaps and the
volcano map of gene expression are shown based on the expression of these DE-miRs
(Figure 2A and 2B).

GO functional enrichment analysis was performed for the DE-miRs to explore the
target gene function. The results revealed that these DE-miRs were associated with ten
cell components, ten molecular functions and ten biological processes. Among these
functions, seven functions were related to ubiquitin activity, which plays an important
role in liver fibrosis. The results of the level 2 GO term enrichment analysis are
presented in Figure 2C.

According to the Kyoto Encyclopedia of Genes and Genomes pathway enrichment
analysis, there were 20 significantly enriched pathways. Based on a literature review,
four pathways, the AMPK, PI3K-AKT, Hippo and Ras pathways, were highly
correlated with liver fibrosis (Figure 2D).

Based on the miRNA seq results, 61 DE-miRs were found to be abnormally
expressed in the Exo-PA group compared to the control group. miR-1297 was the top
upregulated miRNA among these DE-miRs. Furthermore, seven gene functions and
four pathways regulated by these DE-miRs were found to be highly correlated with
fibrosis.

Expression levels of exosomal miR-1297 from lipotoxic HCs were significantly
upregulated

To verify the results of miRNA seq, we measured exosomal DE-miRs with a fold
change > 3 in cell culture samples and human serum samples. For cell culture samples,
Exo-PA and Exo-CN were used. For human serum samples, exosomes derived from
the serum of patients with severe fatty liver or mild fatty liver were selected in order to
clarify the actual change of miR-1297 during the pathogenesis of MAFLD.

In cell culture samples, miR-1297 was the top upregulated candidate with a 5.83-
fold change in the Exo-PA group compared to the Exo-CN group, while miR-718 was
also the top downregulated miRNA with a 3.62-fold change, which was consistent
with the results of miRNA seq. The detailed expression levels for the DE-miRs are
shown in Figure 3A.

In human serum exosomal samples from exosomes derived from the serum of
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Figure 1 Identification of exosomes derived from primary hepatocytes. A: Exosomes derived from primary hepatocytes (Exo-PHC) were visualized by
electronic microscopy (x 30000); B: Nanoparticle tracking analysis for Exo-PHC; C: The concentration of Exo-PHC was measured. Exosomes derived from vehicle
control (Exo-CN) treated PHC: 2.92 + 0.32 x 10" particles/mL vs exosomes derived from palmitic acid (Exo-PA) treated PHC: 3.62 + 0.22 x 10" particles/mL; D:
Exosomal markers CD63 and TSG101 were detected by western blot in Exo-PHC. Statistical significance, 2P < 0.05.

patients with mild fatty liver, miR-1297 had the greatest upregulation (a 3.32-fold
change) compared to exosomes derived from the serum of patients with severe fatty
liver among all the DE-miRs, while miR-193a was the top downregulated miRNA with
a 2.96-fold change. The detailed expression levels for the DE-miRs are shown in
Figure 3B.

Although the results of cell culture samples did not completely parallel the results
of human serum samples, miR-1297 showed a higher expression level in both groups.
Therefore, miR-1297 was finally selected for follow-up research. The above findings
suggested that the expression levels of exosomal miR-1297 from lipotoxic HCs were
significantly upregulated.

miR-1297 accelerated HSC activation and proliferation
Currently, there is no research related to miR-1297 and liver fibrosis. To explore the
effect of miR-1297 on HSCs, we first transfected the hepatic stellate cell line LX2 with
miR-1297 mimics (mi-miR) or miRNA negative control mimics (mi-NC). After
transfection, the expression was upregulated approximately 1400 times in the mi-miR
LX2 cells (Figure 4A). Because a-SMA is an activation marker of HSCs, the expression
of a-SMA could reflect collagen production when HSCs are activated. After miR-1297
overexpression in LX2, the mRNA and protein levels of a-SMA were increased
(Figure 4B and 4C). In addition, immunofluorescence analysis further revealed that the
relative red fluorescence intensity of a-SMA (red fluorescence) was markedly
increased in the mi-miR LX2 cells compared to the mi-NC cells (mi-miR: 1.87 + 0.15 vs
mi-NC: 1.00 + 0.22, Figure 4D). During the process of liver fibrosis, the activation and
proliferation of HSCs play a central role. PCNA is a proliferation marker of H5Cs. The
mRNA and protein levels of PCNA were found to be significantly elevated in the mi-
miR LX2 cells compared to the mi-NC LX2 cells (Figure 4B and 4C). In addition, an
EdU assay was conducted to evaluate the proliferation of HSCs. As shown in
Figure 4E, 32.10% of the mi-miR LX2 cells incorporated EdU, while only 24.15% of the
mi-NC LX2 cells were EdU positive, which revealed that miR-1297 could promote the
proliferation of LX2 cells as well.

These results proved that miR-1297 could accelerate HSC activation and
proliferation.
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Figure 2 MicroRNA sequencing profiling and bioinformatic analysis. A: Heatmap of differentially-expressed microRNAs (DE-miRs) in the microRNA
sequencing; B: Volcano map of DE-miR expression in the miRNA sequencing; C: GO function analysis for target genes regulated by DE-miRs; D: Kyoto Encyclopedia
of Genes and Genomes pathway enrichment analysis of target genes for the DE-miR. Exo-PA-1/Exo-PA-2: Group 1/2 of exosomes derived from palmitic acid treated
primary hepatocytes; Exo-CN-1/Exo-CN-2: Group 1/2 of exosomes derived from vehicle control treated primary hepatocytes.

miR-1297 exerted its function by regulating the PTEN/PI3K/AKT pathway in HSCs

As miR-1297 was found to promote HSC activation and proliferation in LX2 cells, we
tried to find the target gene it may regulate to exert its function. In the TargetScan
database (http://www.targetscan.org/, Figure 5A), a total of three fibrosis-related
genes, COL10A1, PTEN and TRAF3, were selected. A previous study suggested that
PTEN was found to be the target gene of miR-1297 in human cervical carcinoma
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Figure 3 Quantitative real-time PCR analysis verification for differentially expressed microRNAs in exosomes derived from primary
hepatocytes and patient serum samples of metabolic-associated fatty liver disease. A: Quantitative real-time PCR was performed on exosomes
derived from vehicle control treated primary hepatocyte and palmitic acid treated primary hepatocyte. The fold change ratio of microRNA (miRNA) in the Exo-PA
group was compared to the result of differentially expressed miRNAs in the miRNA sequencing (miRNA seq). Detailed data of individual miRNA expression could be
seen Supplementary Table 2; B: Quantitative real-time (q)PCR was performed between mild and severe fatty liver human serum exosome samples. The fold change
ratio of miRNA in severe fatty liver were compared to the result of the differentially expressed miRNAs of the miRNA sequencing. Detailed data of individual miRNA
expression could be seen Supplementary Table 2. MAFLD: Metabolic-associated fatty liver disease.
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cells!", so a luciferase reporter assay was conducted to determine the relationship of
miR-1297 and PTEN in LX2 cells. In the PTEN wild-type group, the relative luciferase
activity in the mi-miR LX2 cells was decreased compared with that in the mi-NC LX2
cells (mi-NC: 1.00 £ 0.14 vs mi-miR: 0.56 *+ 0.12) (Figure 5B). However, in the PTEN
mutant group, there were no obvious luciferase activity changes between the mi-miR
and mi-NC LX2 cells (Figure 5B), which confirmed that PTEN was the target gene of
miR-1297 in LX2 cells. Then, the mRNA and protein levels of PTEN were also found to
be significantly inhibited after miR-1297 mimic transfection, which indicated that miR-
1297 could negatively regulate the expression of PTEN (Figure 5C and 5D).

Previous studies have shown that PTEN could negatively regulate the downstream
PI3K/AKT pathway and accelerate liver fibrosis!“‘l. Therefore, PTEN was knocked
down to evaluate its function in HSCs. The protein expression of PI3K and p-AKT
(Figure 5D and 5E) was markedly elevated in both the miR-1297 and small interfering
RNA for PTEN LX2 cells compared to their control cells, while a-SMA and PCNA
were also significantly upregulated (Figure 5E), which revealed that PTEN could
negatively regulate the PI3K/AKT pathway and HSC activation. These findings
suggested that miR-1297 could modulate the PTEN/PI3K/AKT pathway, accelerating
the activation and proliferation of HSCs.

Lipotoxic HC-secreted exosomes could transfer exosomal miR-1297 to HSCs and
contribute to HSC activation through the PTEN/PI3K/AKT pathway

Given the observed effects, miR-1297 was found to promote the activation and
proliferation of LX2. To further determine the function of lipotoxic HC-secreted
exosomes (HC-Exos) on HSCs, we incubated LX2 cells with exosomes from PA-treated
LO2 cells or exosomes from CN-treated LO2 cells. Through the exosome uptake
experiment, both Exo-PA and Exo-CN were observed to be engulfed by LX2 cells,
suggesting that HC-Exos were successfully taken up by the recipient HSCs
(Figure 6A).

miR-1297 was overexpressed after Exo-PA treatment (Exo-PA: 3.95 + 0.18 vs Exo-
CN: 1.00 £ 0.11), while the mRNA and protein levels of PTEN were obviously
decreased (Figure 6B and 6D). In addition, the expression of PI3K and p-AKT was
significantly increased in the Exo-PA-treated LX2 cells, indicating that miR-1297
modulated the PTEN/PI3K/AKT pathway after lipotoxic HC-Exo treatment
(Figure 6D).

In addition, the expression of a-SMA was found to be significantly upregulated in
the Exo-PA LX2 group (Figure 6C and 6D). Immunofluorescence analysis revealed a
remarkable overexpression of a-SMA (red fluorescence) in the Exo-PA-treated LX2
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Figure 4 MicroR-1297 promoted hepatic stellate cell activation and proliferation by targeting the PTEN signaling pathway. A: The
transfection efficiency of 50 nM miR-1297 mimics in LX2 cells was assessed by quantitative real-time PCR. microRNA mimics of negative controls (mi-NC): 1.00 +
0.12 vs miR-1297 mimics (mi-miR): 1380.25 + 121.16; B: Relative mRNA expression of a-SMA (the activation marker of hepatic stellate cells) and PCNA (the
proliferation marker of hepatic stellate cells) were assessed by quantitative real-time PCR. a-SMA: mi-NC: 1.00 + 0.23 vs mi-miR: 2.24 + 0.12; PCNA: mi-NC: 1.00 +
0.25 vs mi-miR: 1.83 % 0.14; C: Relative protein expression of a-SMA, PCNA, PTEN, PI3K, AKT and p-AKT were assessed by western blot after treatment of 50
nmol/L miR-1297 mimics for 48 h; D: Immunofluorescence staining of a-SMA was performed to evaluate the activation of LX2 cells after 50 nmol/L miR-1297 mimics
for 48 h. mi-NC: 1.00 £ 0.22 vs mi-miR: 1.87 £ 0.15, Bar = 200 um; E: Ethynyl-20-deoxyuridine test was performed to evaluate the proliferation of LX2 cells after 50
nmol/L miR-1297 mimics for 48 h. mi-NC: 0.24 + 0.04 vs mi-miR: 0.32 + 0.07, Bar = 50 um. Statistical significance, 2P < 0.05. DAPI: 4'6-Diamidino-2-phenylindole;
EdU: Ethynyl-20-deoxyuridine.

cells (Exo-PA: 1.68 + 0.21 vs Exo-CN: 1.00 * 0.16) (Figure 6E). The mRNA and protein
levels of PCNA were markedly elevated in the Exo-PA group as well (Figure 6C and
6D). The proportion of EdU-incorporated LX2 cells was dramatically elevated (Exo-
PA: 0.41 £ 0.06 vs Exo-CN: 0.21 + 0.04) (Figure 6F).

Taken together, these results demonstrated that lipotoxic HC-Exos could transfer
exosomal miR-1297 to recipient HSCs, thus promoting HSC activation and
proliferation by modulating the PTEN/PI3K/ AKT pathway.

DISCUSSION

MAFLD is highly prevalent worldwide and may become the leading cause of end-
stage liver disease in the coming decades!'”. Because the majority of MAFLD patients
do not show any symptoms, MAFLD may further evolve into liver fibrosis or even
hepatocellular carcinomal®. Recently, an increasing number of studies focused on the
relationship between exosomes and MAFLD-related fibrosisl'?, but the exact
mechanisms by which exosomes participate in fibrosis remain unclear. In our present
research, we observed that the exosomal miR-1297 expression was significantly
upregulated in lipotoxic HCs. Furthermore, a novel mechanism through which
exosomal miR-1297 mediates cellular communication between HCs and HSCs,
subsequently contributing to HSC activation via the PTEN/PI3K/ATK pathway, was
confirmed.
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Figure 5 MicroR-1297 promoted hepatic stellate cell activation and proliferation by targeting the PTEN signaling pathway. A: Binding site of
PTEN mRNA with microRNA (miR)-1297 from TargetScan database; B: LX2 cells were cotransfected with luciferase reporter constructs containing a wild-type or
mutant 3'-UTR of PTEN and 50 nmol/L miR-1297 mimics for 24 h. Then relative luciferase activity was assessed. PTEN wild-type (PTEN WT) microRNA mimics of
negative controls: 1.00 £ 0.12 vs miR-1297 mimics: 0.56 + 0.08; PTEN mutant (PTEN MUT) microRNA mimics of negative controls (mi-NC): 1.00 + 0.13 vs miR-1297
mimics (mi-miR): 0.95 £ 0.05; C: Relative mRNA expression of PTEN were assessed by quantitative real-time PCR after 50 nmol/L miR-1297 mimics for 48 h.
microRNA mimics of negative controls: 1.00 £ 0.08 vs miR-1297 mimics: 0.43 £ 0.09; D: Relative protein expression of PTEN, PI3K, AKT and p-AKT were assessed
by western blot after 50 nmol/L miR-1297 mimics for 48 h; E: Relative protein expression of a-SMA, PCNA, PTEN, PI3K, AK and p-AKT were assessed by western
blot after 100 nmol/L small interfering RNA for PTEN (si-PTEN) transfection for 48 h. Statistical significance: 2P < 0.05. si-NC: Small interfering RNA for negative
controls.

Exosomes have been identified as important mediators for cell-cell communication
by transferring various biological components, such as miRNAs, IncRNAs and
proteins!”. The evidence that exosomes played an important role in the process of liver
fibrosis, acting as a means of communication among different hepatic cells, have been
confirmed by multiple studies”. Exosomal miR-223 from natural killer cells and
exosomal miR-181-5p from mesenchymal stem cells were found to inhibit HSC
activation by modulating autophagy”*. Lipopolysaccharide-activated THP-1
macrophages could release exosomal miR-103-3p to induce the activation of HSCs/.
Exosomes derived from human bone marrow mesenchymal stem cells could alleviate
liver fibrosis through the Wnt/-catenin pathway”.. However, research on HC-HSC
crosstalk is very limited. To determine the effect of lipotoxic HC-Exos on HSCs, we
performed exosomal miRNA seq for an MAFLD HC-Exo model in our research. A
total of 61 miRNAs were found to be abnormally expressed in the lipotoxic HC-Exo
group compared to the control group, and seven gene functions and four pathways
regulated by these DE-miRs were found to be highly correlated with fibrosis.

Then miR-1297 was found to be the most highly upregulated miRNA in both
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Figure 6 Lipotoxic hepatocyte-secreted exosomes could transfer exosomal microRNA-1297 to hepatic stellate cells and contribute to
hepatic stellate cell activation through the PTEN/PI3K/AKT pathway. A: The PKH-26 stained exosomes were absorbed by LX2 cells observed by a
fluorescence microscope; B: The relative microRNA expression of miR-1297 and mRNA expression of PTEN were assessed by quantitative real-time PCR after
exosomes derived from vehicle control or palmitic acid (Exo-CN or Exo-PA) treatment for 48 h. miR-1297 mimics of negative controls (mi-NC): 1.00 + 0.12 vs
miR1297 mimics (mi-miR): 3.95 £+ 0.18, PTEN mi-NC: 1.00 £ 0.13 vs mi-miR: 0.54 £ 0.12; C: The relative mRNA expression of a-SMA and PCNA were assessed by
quantitative real-time PCR after Exo-CN or Exo-PA treatment for 48 h. a-SMA mi-NC 1.00 % 0.14 vs mi-miR 2.63 + 0.23, PCNA mi-NC 1.00 + 0.23 vs mi-miR 1.85 +
0.23; D: Protein levels of a-SMA, PCNA, PTEN, PI3K, AKT and p-AKT in LX2 cells were assessed by western blot after Exo-CN or Exo-PA treatment for 48 h; E:
Immunofluorescence staining was performed to evaluate the activation of LX2 cells after Exo-CN or Exo-PA treatment for 48 h; mi-NC: 1.00 + 0.26 vs mi-miR: 1.68 +
0.21; F: Ethynyl-20-deoxyuridine (EdU) staining was performed to evaluate the proliferation of LX2 cells after Exo-CN or Exo-PA treatment for 48 h, mi-NC: 0.21 £
0.04 vs mi-miR: 0.41 £ 0.07. Statistical significance: °P < 0.05. DAPI: 4’6-Diamidino-2-phenylindole; Exo-CN: Exosomes from control vehicle; Exo-PA: Exosomes
from palmitic acid.

lipotoxic PHC-derived exosomes and severe fatty liver patient serum exosomes
compared to their control groups via qPCR verification. Cellular exosomes were
isolated from cell culture media and could represent an MAFLD cell model
progression. We found miR-1297 was significantly upregulated in lipotoxic PHC-
derived exosomes. However, sometimes the experimental results were not parallel
with the actual disease progression. Therefore, we measured the expression of miR-
1297 in serum exosome samples of MAFLD patients. Exosomes derived from serum
usually originated from different organs and could reveal a rather complicated but
more real condition during the disease progression. In serum exosome samples we
also found miR-1297 was markedly overexpressed in severe MAFLD patients. Both
results revealed that miR-1297 was obviously upregulated during MAFLD
progression, and miR-1297 was finally chosen for the follow-up study.

Previous studies have confirmed the role of miR-1297 in liver diseases. miR-1297
promoted the progression of liver cancer by inhibiting the expression of RB1™. Liu
et al®”! found that miR-1297 could negatively regulate hepatocellular carcinoma
progression by modulating EZH2 and HMGAZ2. But currently, the role of miR-1297 has
not been reported in liver fibrosis. To determine the function of miR-1297 in liver
fibrosis, the human hepatic stellate cell line LX2 was treated with miR-1297 mimics
and miR-1297-rich lipotoxic exosomes in our research. Upregulation of miR-1297 was
found to suppress the expression of its target gene PTEN and contribute to the
activation and proliferation of LX2 cells.

PTEN is a well-known regulatory gene to suppress tumors and fibrosis, and many
studies have demonstrated that it can prevent the development of various fibrotic-
related diseases, such as renal, lung and liver fibrosis”l. The loss of PTEN induced
by hypoxia inducible factor-1 promoted HSC activation by regulating the P65
signaling pathway!"l. miR-1273g-3p modulated the activation and apoptosis of HSCs
by directly targeting PTEN in HCV-related liver fibrosist’l. In addition, PTEN
inhibited macrophage activation by regulating the PI3K/Akt/STAT6 signaling
pathway in hepatic Kupffer cells and alleviated liver fibrosist™. In the present study,
PTEN was confirmed to be the target gene of miR-1297. High expression levels of miR-
1297 induced by miR-1297 mimics and miR-1297-rich lipotoxic HC-Exos could
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negatively regulate PTEN in LX2, inhibiting its function in preventing liver fibrosis.
Therefore, the expression of fibrosis-related genes (a-SMA and PCNA) was found to be
increased after miR-1297 overexpression, miR-1297-rich lipotoxic HC-Exo incubation
or PTEN knockdown, which was hypothesized to explain why miR-1297 could
promote HSC activation.

The progression of liver fibrosis is a complex physiological process, including the
regulation of multiple signaling pathways, such as the TGFp1/SMAD, MAPK and
PI3K/ATK pathways!™. The PI3K/ATK pathway is a classic pathway regulated by
PTEN that participates in a variety of biological functions, including cell growth,
proliferation and differentiation™.. It has been reported that PTEN could hydrolyze
PI3K protein, thereby phosphorylating AKT and stimulating fibroblast accumulation
and myofibroblast differentiation™. Our results demonstrated that the low
expression of PTEN induced by miR-1297 or small interfering RNA could promote the
protein expression of PI3K and p-AKT, thus elevating the expression of fibrosis-related
genes (a-SMA and PCNA), which may explain the downstream molecular mechanism
by which miR-1297 regulates PTEN and activates HSCs.

CONCLUSION

Taken together, our research is the first to clarify that exosomal miR-1297 originating
from PA-treated HCs could promote the activation and proliferation of HSCs by
targeting the PTEN/PI3K/AKT pathway and accelerate the progression of liver
fibrosis. This molecule may become a new target for the treatment of MAFLD in the
future.

ARTICLE HIGHLIGHTS

Research background

Accumulating evidence has revealed that exosomes play an important role in the
progression of metabolic-associated fatty liver disease, but the exact mechanism
remains unclear.

Research motivation

Previous studies demonstrated that exosomes from lipotoxic hepatic cells could
contribute to hepatic stellate cell (HSC) activation, but the specific cellular crosstalk
interaction was not fully illustrated. We aimed to figure out if exosomal microRNA
could participate in this procedure.

Research objectives
To determine the role of exosomal miR-1297 in the metabolic-associated fatty liver
disease cell model.

Research methods

miRNA sequencing was conducted to screen differentially-expressed microRNAs. In
vitro experiments like quantitative real-time PCR analysis, western blot,
immunofluorescence and ethynyl-20-deoxyuridine staining were performed to explore
the function of exosomal miR-1297 on HSC activation and proliferation.

Research results

miR-1297 was obviously overexpressed in exosomes derived from lipotoxic
hepatocytes. The lipotoxic hepatocyte-derived exosomal miR-1297 could promote the
activation and proliferation of HSCs through the PTEN/PI3K/AKT signaling
pathway.

Research conclusions
The lipotoxic hepatocyte-derived exosomal miR-1297 could accelerate the progression
of metabolic-associated fatty liver disease in a cell model.

Research perspectives
This study provided some new evidence on the crosstalk between hepatocyte-secreted
exosomes and HSC. miR-1297 may become a potential target for the treatment of
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