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ABSTRACT

Hepatic stellate cells (HSCs) and their activated phenotype (activated HSCs, aHSCs) function as crucial effector cells in 
the onset of liver fibrosis. In recent years, microRNAs (miRNAs) have emerged as a promising therapeutic approach for 
diseases. To explore early intervention strategies for HSCs activation and proliferation, miRNA profiles were sequenced 
from three patients with chronic hepatitis B-related hepatic fibrosis (HF). The miRNAs sequencing experiment and data 
analysis were conducted utilizing the Illumina HiSeq 4000 platform. In vitro, the proliferation and expansion capabilities 
of HSCs were detected using CCK8, EdU and colony formation assays. The examination of α-SMA, the indicator aHSCs, 
was performed through western blot assays. For in vivo investigation of the let-7g-5p/FGF5 axis, a bile duct ligation (BDL)-
induced HF mice model was constructed and mmu-let-7g-5p agomir was delivered to mice via tail vein injection. Collagen 
deposition and the α-SMA level were assessed through histological staining including H&E, Masson, Van Gieson(VG), 
and immunohistochemical (IHC) staining. The miRNAs sequencing and bioinformatics analysis identified let-7g-5p as a 
promising anti-HF candidate. qRT-PCR and dual-luciferase reporter assays confirmed FGF5 as the direct target of let-7g-
5p. let-7g-5p hampered the proliferation and expansion abilities of HSCs and decreased the α-SMA level by targeting FGF5 
in vitro. In addition, H&E, Masson, VG and IHC staining demonstrated the let-7g-5p/FGF5 axis significantly mitigated 
collagen deposition and decreased α-SMA production in the BDL-induced HF mice. let-7g-5p suppressed the proliferation 
and expansion of HSCs and alleviated HF via targeting FGF5. The let-7g-5p/FGF5 axis could be an effective therapeutic 
target for reducing aHSCs abundance in HF.
Keywords: Bile duct ligation; FGF5; hepatic fibrosis; hepatic stellate cells; let-7g-5p; proliferation; α-SMA 

ABSTRAK

Sel bintang hepatik (HSC) dan fenotip yang diaktifkan (HSC diaktifkan, aHSC) berfungsi sebagai sel efektor penting dalam 
permulaan fibrosis hati. Dalam beberapa tahun kebelakangan ini, mikroRNA (miRNA) telah muncul sebagai pendekatan 
terapeutik yang berpotensi untuk penyakit. Untuk meneroka strategi intervensi awal untuk pengaktifan dan percambahan 
HSC, profil miRNA telah dijujukan daripada tiga pesakit dengan fibrosis hepatik (HF) berkaitan hepatitis B kronik. Uji 
kaji penjujukan miRNA dan analisis data telah dijalankan menggunakan platform Illumina HiSeq 4000. Secara in vitro, 
keupayaan percambahan dan pengembangan HSC telah dikesan menggunakan CCK8, EdU dan ujian pembentukan koloni. 
Pemeriksaan α-SMA, penunjuk aHSC, telah dilakukan melalui ujian pemblotan western. Untuk kajian in vivo paksi let-
7g-5p/FGF5, model tikus HF yang disebabkan oleh pengikatan saluran hempedu (BDL) telah dibina dan mmu-let-7g-5p 
agomir dihantar kepada tikus melalui suntikan urat ekor. Pemendapan kolagen dan tahap α-SMA dinilai melalui pewarnaan 
histologi termasuk pewarnaan H&E, Masson, Van Gieson(VG) dan pewarnaan imunohistokimia (IHC). Penjujukan miRNA 
dan analisis bioinformatik mengenal pasti let-7g-5p sebagai calon anti-HF yang berpotensi. Ujian reporter qRT-PCR dan 
dwi-luciferase mengesahkan FGF5 sebagai sasaran langsung let-7g-5p. let-7g-5p menghalang kebolehan percambahan 
dan pengembangan HSC dan mengurangkan tahap α-SMA dengan menyasarkan FGF5 secara in vitro. Di samping itu, 
pewarnaan H&E, Masson, VG dan IHC menunjukkan paksi let-7g-5p/FGF5 dengan ketara mengurangkan pemendapan 
kolagen dan mengurangkan pengeluaran α-SMA pada tikus HF yang disebabkan oleh BDL. let-7g-5p menyekat percambahan 
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dan pengembangan HSC dan mengurangkan HF melalui menyasarkan FGF5. Paksi let-7g-5p/FGF5 boleh menjadi sasaran 
terapeutik yang berkesan untuk mengurangkan kelimpahan aHSC dalam HF.
Kata kunci: FGF5; fibrosis hepatik; let-7g-5p; ligasi saluran hempedu; percambahan; sel bintang hepatik; α-SMA

INTRODUCTION

Hepatic fibrosis (HF) is a complex response produced 
in the process of long-term liver damage (Li et al. 2023; 
Wang et al. 2019). In healthy livers, hepatic stellate 
cells (HSCs), which reside in the space of Disse (Thanh 
et al. 2021), are quiescent and store vitamin A within 
their intracellular lipid droplets. In cases of liver injury, 
HSCs experience a reduction in vitamin A levels and 
undergo transdifferentiation into a myofibroblast (MF)-
like phenotype, which are commonly known as activated 
HSCs (aHSCs). These aHSCs produce α-smooth muscle 
actin (α-SMA), obtain robust contractile and proliferative 
capabilities and secrete large amounts of extracellular 
matrix (ECM) (Geerts et al. 2001; Pei, Yi & Tang 2023). 
This process leads to the aberrant accumulation of collagen, 
disrupts the normal hepatic architecture, and initiates the 
fibrosis in liver.

In recent years, some advancements have been achieved 
in the early intervention of HF. Two studies showed that 
treatment with pirfenidone and benzoisidone partially 
reversed fibrosis and restored normal liver architecture 
in rodent HF models induced by carbon tetrachloride 
(CCl4) and bile duct ligation (BDL) (García et al. 2002; 
Wasser et al. 2001). In addition, Wanless, Nakashima and 
Sherman (2000) demonstrated that lamivudine treatment 
in patients with chronic hepatitis B significantly alleviated 
the degree of liver fibrosis. Friedman (2015), a renowned 
hepatology expert, has identified the primary strategies for 
reversing HF as follows: (1) controlling the pathogenesis; 
(2) reducing liver damage; (3) inhibiting the activation of 
myofibroblasts (MFB); (4) stimulating matrix degradation; 
and (5) promoting apoptosis or facilitating the reversion 
of aHSCs. Suppressing aHSCs is considered the most 
promising therapeutic approach for the early intervention 
of HF.

The regulatory role of endogenous microRNAs 
(miRNAs) in organ fibrosis has recently attracted much 
attention (Wang et al. 2020; Yao et al. 2018). Through 
targeting TGFBR2, miR-7 modulated the epithelial-
mesenchymal transition process during pulmonary 
fibrosis (Yao et al. 2018). miR-122 suppressed the HSCs 
activation via targeting TGF-β1 (Cheng et al. 2019). miR-
708/TMEM88 axis enhanced the ECM accumulation in 
liver via the WNT/β-catenin signaling pathway (Xu et al. 
2020). Hepatitis B Virus (HBV) infection is one of the most 
common causes of HF (Chien et al. 2020––; Wei et al. 
2018). HBV infection is particularly prevalent in China and 
southeastern Asia, leading to immense potential treatment 
audience for HF in these areas (Ho, Jeevan-Raj & Netter 
2020). To develop a universal intervention strategy, we 
collected three hepatitis B-related HF samples for RNA 

sequencing (RNA-seq) and obtained the human HF miRNA 
profile.

Through bioinformatics analysis, the study primarily 
identified let-7g-5p as a potential candidate for anti-HF 
therapy, and demonstrated fibroblast growth factor 5 
(FGF5) as the direct target gene of let-7g-5p. This study 
aims to elucidate how the let-7g-5p/FGF5 axis affects the 
proliferation and expansion of HSCs in vitro and in vivo. 
The findings are anticipated to be beneficial in identifying 
molecular targets for inhibiting the proliferation of HSCs 
and reducing the abundance of aHSCs.

MATERIALS AND METHODS

PATIENTS

This study included thirty-eight patients with chronic 
hepatitis B-related HF from the Second Affiliated Hospital 
of Naval Medical University, Shanghai, China. Three 
patients were used for RNA-seq and additional thirty-five 
patients were used for further qRT-PCR detection. HF tissues 
were evaluated by two senior pathologists before inclusion. 
In Shanghai, China, the Research Ethics Committee of 
Naval Medical University approved the research. Every 
participant provided written informed consent to partake in 
the research. All procedures performed in studies involving 
human and animals participants were in accordance with 
the ethical standards of the Ethics Committee of Naval 
Medical University, Shanghai, China Nantong University, 
Jiangsu Province, China (Grant No. P20230224-017). The 
study is reported in accordance with ARRIVE guidelines 
(https://arriveguidelines.org). 

RNA-seq ARRAY AND BIOINFORMATICS ANALYSIS

The total RNA of the three hepatitis B-related HF samples 
was extracted using Trizol Reagent and sent for RNA-seq 
detection. The RNA-seq experiment and subsequent data 
analysis were conducted utilizing the Illumina HiSeq 
4000 platform. The miRNA sequencing data is uploaded 
to the supplementary materials. The miRNA data of 
normal liver tissues were obtained from an NCBI GEO 
database (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE87843). The Targetscan, NCBI and DAVID 
databases were used for target gene prediction and 
annotation. 

CELL CULTURE AND SIRNA/MIMICS/INHIBITORS 
TRANSFECTION

LX-2, an immortalized human HSC cell line, was routinely 
cultured in DMEM medium supplemented with 100 units/
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mL penicillin and 10% fetal bovine serum (Gibco, USA). The 
LX-2 cells were transfected with siRNA/mimics/inhibitors 
using lipofectamine 2000 (Invitrogen, CA, USA). Taking six-
well transfection as an example, siRNA/mimics/inhibitors 
75 pmol was diluted in 100 μL Opti-MEM® I Medium 
(Life Technologies) and mixed gently. Then, lipofectamine 
2000 7.5 μL was diluted in another 100 μL Opti-MEM® I 
Medium. The two liquids mentioned above were mixed to 
form the transfection complex. After incubating at room 
temperature for 15 min, the reaction mixture was added to 
a 6-well plate. Transfected cells were harvested and used 
for subsequent experiments 48 h later. siRNA targeting 
FGF5 used in this study was designed and synthesized 
by Shanghai Saideng Biotechnology Company, including 
siRNA-1: s CACGGUUACUGUUCCUGAAdTdT, 
As UUCAGGAACAGUAACCGUGdTdT; 
siRNA-2: s GCAAUACAUAGAACUGAAAdTdT, 
As UUUCAGUUCUAUGUAUUGCdTdT; and 
siRNA-3: s GUUUCCAUCUGCAGAUCUAdTdT, As 
UAGAUCUGCAGAUGGAAACdTdT. miRNA products 
were purchased from Ruibo Bio (Guangzhou, China).

QUANTITATIVE RT-PCR(qRT-PCR)

Trizol Reagent was used for the extraction of the total RNA 
of LX-2 cells. A reverse transcription kit and an SYBR® 
Green PCR Kit (No. K1622, No. F-415XL, ThermoFisher) 
were used for qRT-PCR detection. Briefly, PCR was 
performed at 94 °C for 10 min, followed by 40 cycles of 
94 °C for 20 s, 55 °C for 20 s, and 72 °C for 20 s. GAPDH 
or U6 was used as a normalization factor for mRNA or 
miRNA levels. The primer sequences for qRT-PCR are 
exhibited in Table 1. 

WESTERN BLOT ASSAY

We lysed LX-2 cells in RIPA-PMSF (100:1) buffer 48 h 
after transfection. Polyacrylamide gels with 10% SDS 
were used for the separation of proteins. Afterward, a 
2-h transfer of the proteins was carried out at 350 mA on 
polyvinylidene fluoride membranes (Millipore, CA, USA). 
The membranes were incubated using rabbit anti-human 
FGF5 and rabbit anti-human α-SMA antibodies (Abcam, 
UK) overnight at 4 °C. Membranes were incubated with 
secondary antibodies for 2 h (goat-anti-rabbit, Biyuntian, 
China) and exposed to chemiluminescence the following 
day. A Tannon 3500 imaging system (Tannon, Shanghai, 
China) was used for the photos. GAPDH was served as an 
internal control.

DUAL-LUCIFERASE REPORTER ASSAY

The psiCHECK2-reporter vector was employed for the 
identification of the interaction between let-7g-5p and 
FGF5. The psiCHECK2-reporter vector was modified 
by inserting either the wild-type FGF5 3`UTR or its 
mutant sequences. let-7g-5p mimics or mimics NC were 
co-transfected into 293T cells using lipofectamine 2000 

(Invitrogen, CA, USA), together with FGF5-3`UTR-WT 
plasmid or FGF5-3`UTR-MT plasmid. Dual-Luciferase 
Reporter Assay System (Promega, Madison, USA) was 
used to measure relative luciferase absorbance 48 h after 
transfection. The data was normalized to Renilla luciferase 
absorbance values. 

CCK8 ASSAY

96-well plates were seeded with 1×103/mL LX-2 cells in 
each well overnight. Then, siRNA/mimics/inhibitors were 
transfected into the cells according to the experimental 
grouping. After transfecting for 48 h, each well was 
added with10 μL CCK8 (Biyuntian, China). At 37 °C, the 
samples were incubated for 4 h. Absorbance at 450 nm was 
measured using microplate readers (BioRad, California).

CELL PROLIFERATION EdU EXPERIMENT

According to experimental design, LX-2 cells were 
transfected with siRNA/mimics/inhibitors. After 
transfection for 48 h, an EdU kit (Biyuntian, Hangzhou, 
China) was used for cell proliferation detection. 
In accordance with the established protocol of the 
manufacturer, the 2×EdU working solution, which had 
been pre-warmed, was introduced into the cell plate, 
resulting in a final concentration of 10 mM. The incubation 
was terminated after 2 h. The cells were washed three 
times with a washing solution following fixation in 4% 
paraformaldehyde for 20 min. Cells were visualized and 
quantified by fluorescence microscope followed by nuclear 
counterstaining using DAPI.

COLONY FORMATION ASSAY

In accordance with the experimental design, LX-2 cells were 
transfected with siRNA/mimics/inhibitors and harvested 
48 h after transfection. A 6-well plate was prepared with 
harvested LX-2 cells, which were subsequently cultured 
until visible clones emerged. Then, the culture was 
terminated and 4% paraformaldehyde were used to fix the 
cells. A 0.1% crystal violet staining solution was used to 
visualize the cells, and the clones were counted directly 
under a light microscope (low magnification).

BILE DUCT LIGATION (BDL) MICE HF MODEL 
CONSTRUCTION AND mmu-Let-7g-5p AGOMIR INJECTION

For BDL model, twenty female C57BL/6 wild-type mice (4 
weeks old, 16-20 g) were randomly divided into four groups: 
control (n=5), BDL/no treatment (n=5), BDL/agomir NC 
(n=5), and BDL/let-7g-5p agomir (n=5). Control mice (n=5) 
for BDL mice were littermates subjected to a sham surgery. 
The other 15 mice received BDL surgery. In brief, under 
halothane anesthesia and through a midline laparotomy, the 
extrahepatic common bile duct was double-ligated with 60 
silk and sectioned between the ligatures. Incisions in the 
abdomen were sutured with silk and individual cages were 
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provided to the mice for recovery. One week after the BDL 
operation, mice in BDL/agomir NC group or BDL/let-7g-
5p agomir group received tail vein injection of agomir NC 
or mmu-let-7g-5p agomir, respectively (20 nmol agomir 
dissolved in 200 μL saline solution, twice a week). mmu-
let-7g-5p agomir or agomir NC are chemically modified 
double-strand stable miRNA mimics, which were 
purchased by Ruibo Bio (Guangzhou, China). Mice in 
BDL/no treatment group received saline injection. All BDL 
mice were sacrificed after 6 times injections. The liver was 
removed entirely and photographed. A portion of the liver 
tissue was fixed in paraformaldehyde and embedded in 
paraffin for histological evaluations. Ethical Committee of 
Nantong University, Jiangsu Province, China approved all 
experimental procedures.

H&E/Masson/VG AND IMMUNOHISTOCHEMICAL (IHC) 
STAINING

Serial sections of mice livers were cut into four-μm 
thickness. Histological evaluations were performed on 
mice liver sections of by H&E/Masson/VG staining using 
commercially available kits (Biyuntian, China). For IHC 
staining, routine deparaffinization and rehydration were 
performed on sections. Afterwards, primary antibodies 
were used to incubate the sections overnight at 4 °C, 
including anti-FGF5 and anti-α-SMA (Abcam, UK). The 
slides were incubated in the secondary antibodies for 50 
min at room temperature on the second day. Following 
that, the slides were visualized with diaminobenzidine and 
hematoxylin and photographed under a microscope (Zeiss, 
Thornwood, USA). The Image J Software conducted 
quantitative analysis of the Masson/VG/IHC-positive area 
in a minimum of five randomly fields for each slice.

STATISTICAL ANALYSIS

Statistical analysis of the data was conducted using 
GraphPad Prism 8.0. Statistical significance was assessed 
through the utilization of the student’s t-test, while the 
data were presented as the mean ± standard deviation (SD) 
derived from three independent experiments. A statistically 
significant difference was identified with a p-value of 0.05. 
The asterisks * and ** represent p-values less than 0.05 and 
0.01, respectively. 

RESULTS

LET-7g-5p WAS SIGNIFICANTLY DOWN-REGULATED IN 
HEPATITIS B-RELATED HF SAMPLES AND DIRECTLY 

TARGETED FGF5

Sixty-two fully-sequenced and significantly dysregulated 
(fold change>2 or <0.5, p<0.05) miRNAs were screened 
in human hepatitis B-related HF tissues, among which 47 
miRNAs were significantly up-regulated, and 15 miRNAs 

were significantly down-regulated (Figure 1(A) & 1(B)). 
The miRNAs with the highest fold change and most 
significant p-values were documented in Table 2. This study 
initially focused on let-7g-5p, which exhibited significant 
down-regulation and a notably low p-value. Given that 
down-regulated miRNAs typically act as suppressors in 
diseases, let-7g-5p was preliminary identified as a potential 
anti-HF candidate for further study.

Using Targetscan, NCBI, and DAVID databases, four 
fibrosis-related genes, TGFBR1, TGFBR3, FGF5, and 
FGF11, are predicted as targets of let-7g-5p (Figure 1(C)). 
Of the genes examined, only FGF5 exhibited a significant 
decrease in expression following transfection with let-7g-
5p mimics in LX-2 cells (Figure 1(D)). Furthermore, the 
substantial negative correlation between let-7g-5p and 
FGF5 was confirmed in an additional 35 clinical hepatitis 
B-related HF samples (Figure 1(E)). The interaction 
between let-7g-5p and FGF5 was validated using a dual-
luciferase reporter assay (Figure 1(F)). The group co-
transfected with let-7g-5p mimics and FGF5-3`UTR-WT 
plasmid exhibited a significant reduction in luciferase 
activity compared to the group co-transfected with mimics 
NC and FGF5-3`UTR-WT plasmid. However, when 
comparing the groups transfected with mimics NC+FGF5-
3`UTR-MT plasmid and let-7g-5p mimics+FGF5-3`UTR-
MT plasmid, it was observed that the latter did not exhibit 
a statistically significant discrepancy in luciferase activity 
(Figure 1(G)). These results indicated that FGF5 functioned 
as the primary target gene downstream of let-7g-5p.

si-FGF5 INHIBITED THE PROLIFERATION AND EXPANSION 
OF HSCs, AND DECREASED THE POPULATION OF aHSCs

The functionality of FGF5 was first examined in HSCs 
because miRNA functions often rely on its downstream 
target genes. The most effective siRNA targeting FGF5, 
siRNA-3, was selected for utilization in subsequent 
experiments (Figure 2(A)). CCK8, EdU, and colony 
formation assays were performed to examine the 
proliferation and expansion of HSCs. In CCK8 assay, the 
proliferation ability of HSCs in the si-FGF5 group was 
significantly hampered (55.24±6.19%), as compared with 
the si-NC group (Figure 2(B)). Additionally, the percentage 
of EdU-positive (EdU/DAPI) HSCs in the si-FGF5 group 
(16.11±4.12%) was also inhibited considerably compared 
with the si-NC group (30.32±3.59%) (Figure 2(C)).  
Figure 2(D) shows that the number of expansion clones 
in the si-FGF5 group (356.00±16.40) has significantly 
decreased compared with si-NC (490.67±48.84) group. 
Using western bolt assays, protein levels of FGF5 and the 
indicator of aHSCs, α-SMA were detected after si-FGF5 
transfection. It was demonstrated that both FGF5 and 
α-SMA were obviously decreased in the si-FGF5 group 
(Figure 2(E)). These results indicated that the suppression 
of FGF5 impeded the proliferation and expansion of HSCs, 
subsequently leading to a decrease in the population of 
activated HSCs.
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TABLE 1. Primers for the qRT-PCR

Gene Primer sequences (5`-3`)
FGF5

FGF11

TGFBR1

TGFBR3

hsa-let-7g-5p

GAPDH

U6

FGF5(human)-F: GCCTCAGCAATACATAGAAC

FGF5(human)-R: CAGTAACCGTGAAAGAAAGT

FGF11(human)-F: CTCTACAGTTCGCCGCATTT

FGF11(human)-R: GAACGACGCTGGCGGTAG

TGFBR1(human)-F: TCAGGTTCTGGCTCAGGTTTA

TGFBR1(human)-R: GCCTCACGGAACCACGAA

TGFBR3(human)-F: CAGCAAACTTCTCCTTGACAG 

TGFBR3(human)-R: TTGCTATCTTGAGTTCGGTGA

hsa-let-7g-5p(human)-F: ACACTCCAGCTGGGTGAGGTAGTAGTTTGT

hsa-let-7g-5p(human)-R: 
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACTGTAC

GAPDH(Human)-RT-F: GGAGCGAGATCCCTCCAAAAT

GAPDH(Human)-RT-R: GGCTGTTGTCATACTTCTCATGG

U6-F: CTCGCTTCGGCAGCACA

U6-R: AACGCTTCACGAATTTGCGT

URP: TGGTGTCGTGGAGTCG

let-7g-5p/FGF5 AXIS SUPPRESSED THE PROLIFERATION 
AND EXPANSION OF HSCs, AND DIMINISHED THE 

POPULATION OF aHSCs

A rescue assay was designed to further illustrate the role 
of the let-7g-5p/FGF5 axis in HSCs. Experimental groups 
include mimics NC (control group); let-7g-5p mimics 
(experimental group); let-7g-5p mimics+ inhibitor NC 
(rescue control group); let-7g-5p mimics+ let-7g-5p 
inhibitor (rescue group).

Firstly, qRT-PCR was performed to detect the mRNA 
level of FGF5 in each experimental group. As shown in Figure 
3(A), FGF5 expression was significantly reduced in the let-
7g-5p mimics group compared to the mimics NC group. The 
experimental group treated with let-7g-5p mimics + let-7g-5p 
inhibitor exhibited a significant restoration of decreased FGF5 

expression. Conversely, the group treated with let-7g-5p mimics + 
inhibitor NC did not show restoration of FGF5 mRNA expression. 
The observed recovery was attributed to the competitive binding 
of the let-7g-5p inhibitor with the let-7g-5p mimics (Figure 
3(B)). These results confirmed that let-7g-5p significantly and 
sensitively downregulated FGF5 expression.

CCK8, EdU, and colony formation assays were 
assessed for examination of HSCs proliferation and 
expansion abilities. In the CCK8 assays, the cell 
proliferation of the let-7g-5p mimics was found to be 
significantly inhibited (63.65±8.09%) when compared to 
the mimics NC group. The proliferation capacity of the 
group treated with let-7g-5p mimics+let-7g-5p inhibitor 
was significantly restored (99.37±5.56%), in comparison 
to both the group treated with let-7g-5p mimics alone 
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                 *and** stand for p<0.05 and p<0.01, respectively. ns, no significance

FIGURE 1.  let-7g-5p was significantly dysregulated in hepatitis B-related 
HF samples and directly targeted FGF5 (A) Heat map of the miRNA 
profile of 3 samples with hepatitis B-related HF. High expression level 
is indicated by ‘red’ and lower levels by ‘green’, (B) miRNA volcano 
plot. The abscissa is the log2 (FC), and the ordinate is -log10 (p-value), 
(C) Predicted targets of let-7g-5p, (D) qRT-PCR showed FGF5 was 
significantly downregulated after let-7g-5p mimic transfection, (E) 
Negative correlation was observed between let-7g-5p and FGF5 in 35 
patients with chronic hepatitis B-related HF using qRT-PCR detection, 
(F) psiCHECK reporter plasmid was used to construct FGF5-3`UTR-WT 
and FGF5-3`UTR-MT, and (G) Dual-luciferase reporter assay verified 
the binding relationship between let-7g-5p and FGF5. The RNA levels 

were normalized to total GAPDH 
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TABLE 2. Sequencing information of top 15 miRNAs

miR_name Up/Down Log2 (FC) p-values Abun dance miR_name p-values
maximal FC

(Downregulation)

hsa-let-7c-5p

hsa-let-7f-5p

hsa-let-7a-5p

hsa-miR-122-5p

hsa-miR-23b-5p

hsa-miR-1255b-5p

hsa-miR-365a-5p

hsa-miR-154-5p

hsa-miR-17-3p

hsa-miR-29c-3p

hsa-miR-130b-3p

hsa-miR-452-5p

hsa-let-7g-5p

hsa-miR-98-5p

hsa-miR-576-5p

(Upregulation)

hsa-miR-126-3p

hsa-miR-30b-5p

hsa-miR-20a-5p

hsa-miR-374a-5p

hsa-miR-484

hsa-miR-194-5p

hsa-miR-151a-5p

hsa-miR-328-3p

hsa-miR-145-3p

hsa-miR-574-5p

hsa-miR-423-3p

hsa-miR-361-3p

hsa-let-7d-3p

hsa-miR-502-3p

hsa-miR-126-5p

hsa-miR-100-5p

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

up

up

up

up

up

up

up

up

up

up

up

up

up

up

up

up

-6.20

-6.12

-4.88

-4.88

-4.82

-4.56

-3.78

-2.85

-2.50

-2.43

-2.42

-2.36

-2.13

-1.43

-1.42

7.50

6.99

6.01

5.23

5.18

4.90

4.77

4.76

4.50

4.35

4.35

4.23

4.14

4.09

4.00

3.96

0.0274 

0.0153 

0.0485 

0.0490 

0.0413 

0.0029 

0.0229 

0.0152 

0.0012 

0.0463 

0.0106 

0.0014 

0.0012 

0.0072 

0.0316

0.0046 

0.0049 

0.0407 

0.0057 

0.0020 

0.0225 

0.0387 

0.0011 

0.0049 

0.0014 

0.0081 

0.0125 

0.0025 

0.0032 

0.0005 

0.0202

high

high

high
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                 ** stand for p<0.01

FIGURE 2. si-FGF5 inhibited the proliferation and expansion of HSCs 
and reduced the α-SMA level (A) Optimal siRNA targeting FGF5 was 
screened by qRT-PCR, (B) The percentage of cell proliferation (% of 
control) at 48 h after transfection in CCK8 assay, (C) EdU assay. Red 
indicates EdU staining and blue indicates DAPI (Magnification 100×), 
(D) Colony formation assay, and (E) Protein levels of FGF5 and α-SMA 
were detected by western blot assay. The RNA and protein levels were 

normalized to total GAPDH 
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and the group treated with let-7g-5p mimics + inhibitor 
NC (67.80±7.23%) (Figure 4(A)). The EdU assay results 
indicated a significant decrease in the percentage of EdU-
positive cells in the let-7g-5p mimics group compared to 
the mimics NC group. Conversely, the group treated with 
let-7g-5p mimics + let-7g-5p inhibitor showed an increase 
in the proportion of EdU-positive cells compared to both the 
let-7g-5p mimics group and the let-7g-5p mimics+inhibitor 
NC group (Figure 4(B)). In colony formation assay, let-7g-
5p mimics group (388.00±19.92) had an obvious reduction 
in expansion of clone numbers compared with mimics NC 
(496.00±35.23). However, there was a significant reversal 
in the number of clone formations in the group treated with 
let-7g-5p mimics+ let-7g-5p inhibitor (534.67±33.82) in 
comparison to both the let-7g-5p mimics group and the let-
7g-5p mimics+inhibitor NC group (374.67±21.86) (Figure 
4(C)). Next, in each experimental group, FGF5 and α-SMA 
protein levels were examined. The group treated with let-
7g-5p mimics demonstrated a significant decrease in the 
protein levels of FGF5 and α-SMA. A notable increase of 
FGF5 and α-SMA expression was observed in the let-7g-
5p mimics + let-7g-5p inhibitor group, whereas the let-
7g-5p mimics + inhibitor NC group did not demonstrate a 
significant elevation (Figure 4(D)). These results showed 
that the let-7g-5p/FGF5 axis significantly inhibited the 
proliferation and expansion of HSCs. The substantial 
decrease in α-SMA expression further indicated that this 
regulatory axis may significantly diminish the population 
of aHSCs.

let-7g-5p/FGF5 AXIS MITIGATED HF IN BDL MICE

A mouse HF model was constructed by BDL induction 
(Figure 5(A)). In the BDL/no treatment group, Masson 

and VG staining showed significant deposition of collagen 
fibers in both the portal tract and interstitial region, as 
compared with the control group. In the BDL/let-7g-
5p agomir group, a significant reduction in collagen 
fiber deposition was observed compared to the BDL/no 
treatment group. In contrast, the BDL/agomir NC group 
did not exhibit a substantial decrease in collagen fiber 
deposition (Figure 5(B) & 5(C)).

Additionally, IHC staining showed that the BDL/no 
treatment group exhibited a significantly elevated level 
of FGF5 and α-SMA expression compared to the control 
group. In the BDL/agomir NC group, the expression levels 
of FGF5 and α-SMA were comparable to those observed 
in the BDL/no treatment group. Conversely, the BDL/let-
7g-5p agomir group exhibited a significant reduction in the 
levels of FGF5 and α-SMA (Figure 5(D) & 5(E)). These 
findings provided confirmation that the let-7g-5p/FGF5 
axis exerted a significant inhibitory impact on collagen 
deposition and α-SMA production in vivo.

DISCUSSION

HF is an inevitable pathological process of chronic liver 
disease towards hepatic cirrhosis or even hepatocellular 
carcinoma (Dong et al.  2023; Xu et al. 2024). Early 
intervention of HF is essential to prevent its advancement 
and enhance patient outcomes. During the initial stage of 
HF, HSCs undergo activation and subsequently transition 
into a myofibroblast-like phenotype known as aHSCs. The 
aHSCs rapidly proliferate and expand and secrete large 
amounts of collagens. Therefore, effective management of 
the population of aHSCs is crucial for the inhibition of HF. 

miRNAs are a class of non-coding functional 
small RNA composed of 21~23 nucleotides  

                             ** stand for p<0.01

FIGURE 3. let-7g-5p/FGF5 axis was proved through rescue assay 
in HSCs (A) Expression of FGF5 was significantly reduced in the  
let-7g-5p mimics group, but restored in the let-7g-5p mimics +  
let-7g-5p inhibitor group, and (B) let-7g-5p inhibitor competitively 
binds with let-7g-5p mimics. The mRNA and level were normalized to 

total GAPDH. The miRNA level was normalized to U6 
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                              *and** stand for p<0.05 and p<0.01, respectively

FIGURE 4. let-7g-5p/FGF5 axis suppressed the proliferation and 
expansion of HSCs and diminished the α-SMA level (A) The percentage 
of cell proliferation (% of control) at 48 h after transfection in CCK8 
assay, (B) EdU assay. Red indicates EdU staining and blue indicates 
DAPI. (Magnification 100×), (C) Colony formation assay, and (D) 
Protein levels of FGF5 and α-SMA were detected by western blot assay. 

The mRNA and protein levels were normalized to total GAPDH 



891

              ** stands for p<0.01. ns, no significance

FIGURE 5. Tail vein injection of mmu-let-7g-5p agomir alleviated 
collagen deposition and α-SMA production in BDL mice (A) The 
flow chart of the animal experiment, (B) H&E/Masson/VG/ staining 
(Magnification 100×; Masson, blue indicates fiber; VG, red indicates 
fiber), (C) Quantitative analysis for the Masson/VG-positive area, (D) 
IHC staining (Magnification 400×), and (E) Quantitative analysis for 

the IHC-positive area 
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(Goncalves et al. 2023). In general, miRNA targets 
mRNA via its 3`-UTR, resulting in mRNA degradation 
or translational repression (Wu et al. 2023). With high 
biological specificity and low immunogenicity, miRNA 
has become a promising therapeutic target for diseases 
(Chioccioli et al. 2022; Li et al. 2023; Rupaimoole & 
Slack 2017). Recent studies have increasingly proven the 
significant role of miRNAs in the pathogenesis of organ 
fibrosis (Yao et al. 2018; Zou et al. 2019). In-depth research 
to identify the miRNAs with therapeutic potential in HF is 
warranted. HBV infection is the predominant etiological 
factor for HF in China. To ensure the generalizability of 
the research findings, in this study, three hepatitis B-related 
HF samples was used for RNA-seq. The miRNA profile 
of human HF was acquired, and among the dysregulated 
miRNAs, let-7g-5p was focused due to its significant 
down-regulation and high specificity in the sequencing 
data (Table 2). The let-7 miRNA family, which is ancient 
and highly conserved in both vertebrates and invertebrates, 
consists of 12 different members in humans. let-7 miRNAs 
are known to play important roles in species evolution, 
organ development, and the onset of diseases (Lee et 
al.  2016; Wang et al. 2024; Zhong, Guan & Jin 2022). 
According to Matsuura et al. (2016), the let-7 levels in 
plasma show a close correlation with the progression of 
chronic hepatitis C-related fibrosis in the liver. However, 
the role of let-7g-5p in hepatitis B-related HF remains 
unclear.

Our research clarified the function and mechanism 
of let-7g-5p in HF. FGF5, a member of fibroblast growth 
factors (FGFs), was identified as the primary target gene 
downstream of let-7g-5p. A negative correlation was 
observed between FGF5 and let-7g-5p in thirty-five 
patients with hepatitis B-related HF. FGFs fulfill crucial 
roles in cell proliferation, differentiation, and migration 
(Huang, Liu & Wu 2023). FGF5 was initially identified 
as a proto-oncogene and exerted potent pro-proliferative 
effects on non-small cell lung cancer cells and HCC (Fang 
et al. 2015). In our study, it was demonstrated that the 
silencing of FGF5 using siRNA significantly impeded the 
proliferation and expansion of HSCs, and led to an obvious 
decrease in the level of α-SMA, the marker of aHSCs. It 
was hypothesized that FGF5 may decrease the number of 
aHSCs by limiting their amplification. Rescue assay further 
proved that let-7g-5p significant hampered the proliferation 
and expansion of HSCs and reduced the α-SMA expression 
through targeting FGF5. Additionally, we detected the let-
7g-5p/FGF5 regulatory axis in the BDL-induced mice HF 
models. The injection of let-7g-5p led to a notable decrease 
of collagens deposition in BDL mice, accompanied by a 
significant reduction in the levels of FGF5 and α-SMA. 
Based on these results, it was speculated that let-7g-5p/
FGF may inhibit HSCs proliferation and expansion, 
thereby diminishing the population of aHSCs and reducing 
collagens secretion (Figure 6).

FIGURE 6. Schematic diagram of mechanism of the let-7g-5p/FGF5 
axis in vitro and in vivo
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BDL-induced HF represents a persistent injury model 
leading to progressive liver damage (García et al. 2002). In 
this model, the let-7g-5p/FGF5 axis exhibited a pronounced 
inhibitory effect on collagen deposition, indicating 
its anticipating applicability and clinical translational 
value. The let-7g-5p/FGF5 axis shows high promise as a 
novel and viable therapeutic target for the prevention of 
HF. However, there  were  also some  limitations  in  the 
present study. How does this regulatory axis work in other 
HF animal models (such as CCL4-induced HF model)? And 
a larger number of clinical samples should be included 
to enhance the objectivity of conclusion in this study. 
We will continue to explore these issues in the follow-up 
study.

CONCLUSIONS

To summarize, the study identified let-7g-5p as a potential 
anti-HF regulator through RNA-seq. The research findings 
indicated that FGF5 functioned as the primary target gene 
downstream of let-7g-5p. A negative correlation was 
observed between let-7g-5p and FGF5 in hepatitis B-related 
HF patients. The let-7g-5p/FGF5 axis was demonstrated 
to significantly inhibit the proliferation and expansion of 
HSCs and ameliorate HF in a BDL mice model. The let-
7g-5p/FGF5 axis shows promise as a potentially effective 
therapeutic target for reducing the population of aHSCs in 
HF.
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TABLE 1. Primers for the qRT-PCR

Gene Primer sequences (5`-3`)
FGF5

FGF11

TGFBR1

TGFBR3

hsa-let-7g-5p

GAPDH

U6

FGF5(human)-F: GCCTCAGCAATACATAGAAC

FGF5(human)-R: CAGTAACCGTGAAAGAAAGT

FGF11(human)-F: CTCTACAGTTCGCCGCATTT

FGF11(human)-R: GAACGACGCTGGCGGTAG

TGFBR1(human)-F: TCAGGTTCTGGCTCAGGTTTA

TGFBR1(human)-R: GCCTCACGGAACCACGAA

TGFBR3(human)-F: CAGCAAACTTCTCCTTGACAG 

TGFBR3(human)-R: TTGCTATCTTGAGTTCGGTGA

hsa-let-7g-5p(human)-F: ACACTCCAGCTGGGTGAGGTAGTAGTTTGT

hsa-let-7g-5p(human)-R: 
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACTGTAC

GAPDH(Human)-RT-F: GGAGCGAGATCCCTCCAAAAT

GAPDH(Human)-RT-R: GGCTGTTGTCATACTTCTCATGG

U6-F: CTCGCTTCGGCAGCACA

U6-R: AACGCTTCACGAATTTGCGT

URP: TGGTGTCGTGGAGTCG
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TABLE 2. Sequencing information of top 15 miRNAs
miR_name Up/ Down Log2 (FC)     p-values Abun dance        miR_name p-values

maximal FC

(Downregulation)

hsa-let-7c-5p

hsa-let-7f-5p

hsa-let-7a-5p

hsa-miR-122-5p

hsa-miR-23b-5p

hsa-miR-1255b-5p

hsa-miR-365a-5p

hsa-miR-154-5p

hsa-miR-17-3p

hsa-miR-29c-3p

hsa-miR-130b-3p

hsa-miR-452-5p

hsa-let-7g-5p

hsa-miR-98-5p

hsa-miR-576-5p

(Upregulation)

hsa-miR-126-3p

hsa-miR-30b-5p

hsa-miR-20a-5p

hsa-miR-374a-5p

hsa-miR-484

hsa-miR-194-5p

hsa-miR-151a-5p

hsa-miR-328-3p

hsa-miR-145-3p

hsa-miR-574-5p

hsa-miR-423-3p

hsa-miR-361-3p

hsa-let-7d-3p

hsa-miR-502-3p

hsa-miR-126-5p

hsa-miR-100-5p

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

up

up

up

up

up

up

up

up

up

up

up

up

up

up

up

up

-6.20

-6.12

-4.88

-4.88

-4.82

-4.56

-3.78

-2.85

-2.50

-2.43

-2.42

-2.36

-2.13

-1.43

-1.42

7.50

6.99

6.01

5.23

5.18

4.90

4.77

4.76

4.50

4.35

4.35

4.23

4.14

4.09

4.00

3.96

0.0274 

0.0153 

0.0485 

0.0490 

0.0413 

0.0029 

0.0229 

0.0152 

0.0012 

0.0463 

0.0106 

0.0014 

0.0012 

0.0072 

0.0316

0.0046 

0.0049 

0.0407 

0.0057 

0.0020 

0.0225 

0.0387 

0.0011 

0.0049 

0.0014 

0.0081 

0.0125 

0.0025 

0.0032 

0.0005 

0.0202

high

high

high

high

middle

middle

middle

middle

middle

middle

middle

middle

high

middle

middle

high

high

middle

middle

high

high

high

middle

middle

middle

high

middle

middle

middle

middle

high

minimal p-values

(Top 15)

hsa-miR-27b-3p (up)

hsa -miR-4524a -3p 
(up)

hsa-miR-126-5p (up)

hsa-miR-34a-5p (up)

hsa-miR-328-3p (up)

hsa-let-7g-5p (down)

hsa-miR-17-3p (down)

h s a - m i R - 4 5 2 -
5p(down)

hsa-miR-574-5p (up)

hsa-miR-484 (up)

hsa-miR-223-3p (up)

hsa-miR-574-3p (up)

hsa-let-7d-3p (up)

hsa-miR-106b-3p (up)

hsa-miR-197-3p (up)

0.0002 

0.0004 

0.0005 

0.0009 

0.0011 

0.0012 

0.0012 

0.0014 

0.0014 

0.0020 

0.0022 

0.0024 

0.0025 

0.0026 

0.0028 
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