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ABSTRACT
Background: To investigate the relationship between the expression level of hsa-miR-34a-5p and liver injury and to further explore its 
regulatory signaling pathways
Methods: Liver tissue and blood were collected from 60 patients undergoing hepatectomy. We constructed a rat HIRI model and treated 
it with an intraperitoneal injection of agomir-miR-34a-5p or agomir-normal control (NC) for 7 days after the surgery. The pathological 
changes of agomir-miR-34a-5p or agomir-normal control (NC) groups were compared. 7702 and AML12 cells were transfected with 
mimics NC or miR-34a-5p mimics and then treated with H2O2 for 6 hours. Cell apoptosis was detected by flow cytometry, Western 
blot, and terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling, respectively. Furthermore, the target genes of miR-
34a-5p were identified by luciferase reporter gene assay and were verified in vitro.
Results: The relatively high miR-34a-5p expression group revealed a lower level of alanine aminotransferase and aspartate aminotrans-
ferase compared with the relatively low miR-34a-5p expression group. HIRI+agomir-miR-34a-5p rats exhibited significantly higher 
miR-34a-5p expression, lower serum alanine aminotransferase, aspartate aminotransferase, alleviated hepatic necrosis, reduced hepa-
tocyte apoptosis, and decreased expression of apoptosis-related proteins, when compared with HIRI+agomir-NC rats (P < .05). After 
hydrogen peroxide treatment, alpha mouse liver-12 cell (AML-12) and normal liver cell line LO2 (LO2) cells transfected with miR-34a-5p 
mimics had significantly lower apoptosis rate compared with miR-34a-5p mimics NC group (P < .05). Hepatocyte nuclear factor 4α 
was identified as a miR-34a-5p target gene. Hepatocyte nuclear factor 4α expression was significantly downregulated in AML12 and 
HL-7702 (7702) cells transfected with miR-34a-5p (P < .05). Moreover, AML12 and 7702 cells transfected with miR-34a-5p signifi-
cantly showed higher c-Jun N-terminal kinase (JNK), P38, cleavage cas-3, and BCL2 associated X (Bax) protein levels compared with 
AML12 and 7702 cells transfected with agomir-NC.
Conclusion: miR-34a-5p possibly protected the liver from I/R injury through downregulating Hepatocyte nuclear factor 4α to inhibit the 
JNK/P38 signaling pathway.
Keywords: hsa-miR-34a-5p, hepatic, HNF4α, ischemia/reperfusion injury, JNK/P38 signaling pathway

INTRODUCTION
Hepatic I/R injury is a common pathological process 
after hepatic blood flow occlusion.1,2 Long-term isch-
emia–reperfusion leads to decreased residual liver 
recovery ability, prolonged recovery time, and even liver 
failure and patient death. A study has shown that 10% 
of patients undergoing liver transplantation had postop-
erative liver dysfunction, biliary complications, and non-
functioning liver function, which were associated with 
ischemia–reperfusion injury.3 Large numbers of reactive 
oxygen species generated, Kupffer cell activated, neu-
trophil aggregated, and increased inflammatory cyto-
kines in hepatic I/R injury can cause hepatic endoplasmic 
reticulum destruction, intracellular calcium overload, 

mitochondrial abnormalities, and ultimately hepatocyte 
apoptosis and necrosis.4-6 

MicroRNA (miRNA) is involved in cell differentiation, pro-
liferation, metabolism, hemostasis, apoptosis, and inflam-
mation.7-11 Previous studies have shown that miRNAs 
such as miR-122, miR-34a, miRNA-29c, miRNA-182, and 
miRNA-190 have vital effects in I/R injury.12-14 The expres-
sion of miR-34a-5p is upregulated after myocardial 
injury, and inhibition of miR-34a-5p expression can pro-
tect myocardial ischemia–reperfusion injury.15,16 However, 
the role of miR-34a-5p in liver I/R injury remains unclear. 
In this study, we demonstrated the correlation between 
miR-34a-5p and I/R injury through collecting and testing 
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liver samples of clinical patients. We also explored the 
specific function of miR-34a-5p and its potential signal 
pathway in hepatic I/R injury rats and hepatic AML12 and 
7702 cells treated with hydrogen peroxide (H2O2)-induced 
stress. Our study may provide novel insights into the 
pathology and therapeutic to I/R injury.

MATERIALS AND METHODS
Clinical Sample Collection
Liver tissue and blood were collected from 60 hepato-
cellular carcinoma patients undergoing hepatectomy 
2019 and 2020. The time of porta hepatis occlusion was 
20 minutes in all 60 cases of hepatectomy. Therefore, 
the 60 cases of liver have the same ischemia–reperfu-
sion injury. Samples were frozen in liquid nitrogen until 
RNA extraction. After blood separation, the supernatant 
was stored at -80°C until transaminases were detected. 
All patients received written informed consent before 
surgery. This study was authorized by the hospital’s 
ethics committee. All research methods followed the 
Declaration of Helsinki and conformed to the principles 
of medical ethics. 

Quantitative Real-Time PCR
Total RNA from frozen liver tissues was extracted with 
Trizol (Invitrogen, Carlsbad, Calif, USA) based on the man-
ufacturer’s protocol. Quantitative real-time polymerase 
chain reaction (qRT-PCR) was performed on an ABI Prism 
7500 using SYBR Green PCR Master Mix (Takapa, Qingdao, 
China). The primers used in the PCR were as follows: miR-
34a-5p; β-actin. miR-34a-5p RNA expression was calcu-
lated using the 2-△△CT method, and β-actin was used to 
be normalized. The sequences of the primers are shown in 
Table 1.

Liver Enzyme Assay
Using kits (Shanghai Future Industrial Co, Shanghai, 
China) to detect serum alanine aminotransferase (ALT), 
aspartate transaminase (AST), oxidative parameters of 
the liver including MDA, TOA, and OSI to assess liver dam-
age following the manufacturer’s instruction.

Construction of a Rat HI/RI Model
Male Sprague–Dawley (SD) rats (10-12 weeks old) were 
purchased from Shanghai Jiake Biotechnology Co, 
Shanghai, China. All animals are maintained in specific 
pathogen free (SPF) animal rooms. The animal man-
agement committee of the First Affiliated Hospital of 
Nanchang University approved the study. Non-invasive 
arterial clamps were used to clamp arteries and portal 
veins supply to the middle and left hepatic to make a 
model of hepatic ischemia (70%). After 1 hour of isch-
emia, releasing the clamps and reperfusing the liver for 
6 hours before sacrifice. SD rats were randomly divided 
into HIRI+agomir-NC, HIRI+agomir-miR-34a-5p groups 
(n = 12, each groups). Rat in HIRI+agomir-NC and 
HIRI+agomir-miR-34a-5p groups respectively were 
injected 20 µL of 500 pmol agomir-NC and agomir-miR-
34a-5p (Shanghai Jikai Biotechnology Co., Ltd). Blood 

Main Points

•	 hsa-miR-34a-5p is associated with milder liver injury in 
adults after hepatectomy.

•	 hsa-miR-34a-5p attenuated hepatic I/R injury in rats.
•	 hsa-miR-34a-5p decreased the level of apoptosis in liver 

I/R injury and reduced the hydrogen peroxide-induced 
apoptosis of hepatic AML12 and 7702cells by inhibiting 
the JNK/P38 in vitro.

•	 Hepatocyte nuclear factor 4α (HNF4α) is identified as a 
target gene of miR-34a-5p.

•	 Hsa-miR-34a-5p attenuated hepatic I/R injury via target-
ing HNF4α.

Table 1.   Primers Sequences

Name Sequences

Primers for real-time 
PCR

miR-34a-5p forward 
primer

5′-CTGGGAGGTGGCAGTGTCTTAGC-3′

miR-34a-5p reverse 
primer

5′-TCAACTGGTGTCGTGGAGTCGG-3′

HNF4α forward primer 5′-CACGGGCAAACACTACGGT-3′

HNF4α reverse primer 5′-TTGACCTTCGAGTGCTGATCC-3′

JNK forward primer 5′-GGGTATGCCCAAGAGGACAGA-3′

JNK reverse primer 5′-GTGTTGGAAAAGTGCGCTGG-3′

P38 forward primer 5′-AACATCCTGTCGTCGCCTTAC-3′

P38 reverse primer 5′-ACGTGCGTGACCTTAAAGTAGA-3′

Cas-3 forward primer 5′-CATGGAAGCGAATCAATGGACT-3′

Cas-3 reverse primer 5′-CTGTACCAGACCGAGATGTCA-3′

Bax forward primer 5′-CATATAACCCCGTCAACGCAG-3′

Bax reverse primer 5′-GCAGCCGCCACAAACATAC-3′

GAPDH forward primer 5′-TGTGGGCATCAATGGATTTGG-3′

GAPDH reverse primer 5′-ACACCATGTATTCCGGGTCAAT-3′
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and liver samples were collected when the surgery was 
finished.

Histological Examination
The rat ischemic-reperfusion liver tissue was fixed in 4% 
buffered formalin and embedded in paraffin and cut into 
5 µm thick sections. Hepatic sections were stained with 
Hematoxylin and Eosin (HE), and pathological changes 
such as inflammatory infiltration and hepatocyte necrosis 
were observed under light microscope.

Apoptosis Assay
Apoptosis cells of liver tissues were tested by termi-
nal deoxynucleotidyl transferase-mediated dUTP nick-
end labeling (TUNEL) (16211 N.E. 44TH CT. Redmond, 
Washington, United States). TUNEL positive cells were 
calculated in 5 randomly selected sections.

Immunofluorescent Staining
Paraffin sections were deparaffinized with xylene, and 
endogenous peroxidase vitality was inactivated with 
3% H2O2, blocked with 5% bovine serum albumin for 30 
minutes. The slides were incubated with anti-caspase-3 
antibody (Pudong New Area, Shanghai), anti-BAX anti-
body (Abcam), anti-JNK antibody (Abcam, USA), anti-
P38 antibody (Abcam), at 4°C overnight. Then, The 
slides were incubated with biotin-labeled secondary 
antibody immunoglobulin (Xicheng District, Beijing, 
China) and horseradish peroxidase-labeled streptavidin 
for 60 minutes at 37°C. The 3,3-N-Diaminobenzidine 
Tertrahydrochloride (DAB) was used to counter-stain 
the nuclei for 10 minutes. The slides were observed on 
fluorescence microscope, and yellow or brown stained 
cells are positive cells.

Western Blot Analysis
Total protein was extracted from harvested liver tissue or 
cells using lysis buffer (Beyotime, Shanghai, China) and 
quantified using the bicinchoninic acid (BCA) Protein 
Assay Kit (Beyotime) according to the manufacturer’s 
instructions. The protein samples were separated by 10% 
sodium dodecyl sulfate polyacrylamide gel electrophere-
sis (SDS/PAGE) and transferred to a poly vinylidene fluo-
ride (PVDF) membrane (Millipore, USA). The membrane 
was blocked with 5% skim milk and incubated overnight 
at 4°C with a suitably diluted primary antibody as fol-
lows: cleavage cas-3, Bax, JNK, P38, hepatocyte nuclear 
factor 4α (HNF4α), and glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH). The membrane was then 
washed with phosphate-buffered saline with Tween 
20 (PBST) and incubated with (secondary antibody) 
for 1 hour at room temperature. Immunoreactivity was 
detected using the Electrochemiluminescence (ECL) 
detection system. All antibodies were purchased from 
Abcam (Cambridge, Mass, USA). GAPDH was used as an 
internal control.

Cell Culture and Transfection
Human hepatic cell line 7702 and murine hepatic cell line 
AML12 cells were cultured from Cell bank of Shanghai 
Chinese Academy of Sciences. 7702 and AML12 cells 
at 70% confluence in 6-well plates were transfected 
with 50  nM of miR-494 mimics, mimics NC using 
Lipofectamine 3000 transfection agent. After 48 hours, 
total RNA and protein were extracted, and HNF4α 
mRNA and protein expression were analyzed by qRT-PCR 
and by Western blot (WB) as described above.

Apoptosis Detection
Transfected 7702 cells and AML12 cells were treated 
with 200 μm H2O2 for 6 hours, and then, the cells were 
harvested and resuspended in 500 μL of binding buffer. 
Annexin V-FITC (5 μL) was added, and apoptosis was 
detected by flow cytometry within 30 minutes. At the 
same time, TUNEL assay was used to detect the apop-
tosis level of the 2 groups, and the expression of cleavage 
cas-3, Bax, JNK, P38, and HNF4α was detected by WB.

Prediction of miR-34a-5p Targets
Potential downstream target genes of miR-34a-5p were 
identified using TargetScan version 6.2. The effect of 
overexpression of miR-34a-5p on the gene expression 
was detected by RNA-Seq. The genes predicted by these 
2 databases are considered to be potential target genes 
for miR-34a-5p. The HNF4α target was selected for fur-
ther analysis based on the score of the TargetScan. The 
bioinformatics method analyzes miR-34a-5p-regulated 
signaling pathways associated with ischemia–reperfusion 
injury.

Luciferase Reporter Assay
The HNF4α gene was analyzed using an online tool to pre-
dict the 3-UTR sequence of miR-34a-5p. The oligonucle-
otide sequences (HNF4α wild type and mutant 3-UTR) 
were cloned into the pMIR-Reporter (pMIR) (Hollow Road, 
Madison, Wisconsin, USA) site of the firefly luciferase 
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reporter vector.7702 cells and AML12 cells were cotrans-
fected at 70% confluence with 500 ng pMIR—HNF4α-wt/
pMIR—HNF4α- mut and 50 nM miR-34a-5p mimic/
mimetic C, (No. 1011 Halley Road, Zhangjiang Hi-Tech 
Park, Shanghai, China) using Lipofectamine 3000 trans-
fection kit (Invitrogen). After 24 hours, luciferase activ-
ity was determined using a dual luciferase reporter assay 
system (Promega) according to the manufacturer’s 
instructions.

Detection of miR-34a-5p Protecting Hepatic I/R 
Mechanism
The 7702 and AML12 cell lines were each divided 
into 4 groups, which were infected with flag-
HNF4α+agomir-NC, agomir-NC group, flag-
HNF4α+agomir-miR-34a-5p, and agomir-miR-34a-5p, 
using Lipofectamine 3000 transfection agent and 
employed equal amount of H2O2 treatment. TUNEL 
assay was used to detect the apoptosis level of the each 
groups, and the expression of cleavage cas-3, Bax, JNK, 
P38, and HNF4α was detected by WB.

Statistical Analysis
All experiments were repeated 3 times. All statistical 
analyses were performed using the Statistical Package 
for Social Sciences (SPSS) version 19.0 software 
(SPSS Inc.; Chicago, IL, USA). Differences between the  
2 groups were determined by the t-test. Univariate analy-
sis of variance and Tukey HSD test were used to compare 
the differences between groups, P < .05 was considered 
statistically significant.

RESULTS
hsa-miR-34a-5p is Associated with Milder Liver Injury 
in Adults After Hepatectomy
To explore the relationship between the expression level 
of hsa-miR-34a-5p and liver injury, liver tissue and blood 
samples from 60 patients undergoing hepatectomy were 
collected. The expression level of hsa-miR-34a-5p in 
every liver sample was detected, and 60 samples were 
divided equally into 2 groups (high miR-34a-5p and low 
miR-34a-5p expression). As shown, the relatively high 
miR-34a-5p expression group revealed a lower level 
of ALT and AST compared with the relatively low miR-
34a-5p expression group (Figure 1A). In the correlation 
analysis, there is a certain negative correlation between 
the expression of hsa-miR-34a-5p and ALT, AST, respec-
tively (Figure1 B–C). The above results suggested that 
high expression of hsa-miR-34a-5p may cause less liver 
injury in hepatectomy of adults.

hsa-miR-34a-5p Attenuated Hepatic I/R Injury in Rats
To explore the role of hsa-miR-34a-5p in I/R injury, we 
treated the HIRI rats with an intraperitoneal injection of 
agomir-hsa-miR-34a-5p or agomir-NC. qRT-PCR results 
showed that the expression of hsa-miR-34a-5p in the 
rats injected with agomir-hsa-miR-34a-5p was signifi-
cantly higher than that in the rats injected with agomir-NC 
(Figure 2A). Less liver edema and inflammatory cell infiltra-
tion were seen in the group with high expression of miR-
34-a-5p (Figure 2B). Meanwhile, oxidative parameters of 
the liver including MDA, TOA, and OSI reduced significantly 
in HIRI+ agomir-hsa-miR-34a-5p group compared with 

Figure 1.  Hsa-miR-34a-5p is associated with milder liver injury in adults after hepatectomy postoperative. Blood samples were collected 
from 60 patients with hepatectomy. qRT-PCR was used to detect the expression of hsa-miR-34a-5p, and the chemiluminescence method 

was used to detect the expression of transaminase ALT and AST in blood. (A) The expression of transaminase ALT and AST in blood was 
detected. The expression level of transaminase in the relatively high miR-34a-5p expression group was lower. (B) There is a certain negative 

correlation between miR-34a-5p and ALT, r = −0.28, P < .05. (C) There is a certain negative correlation between miR-34a-5p and AST,  
r = −0.25, P < .05. ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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HIRI+ agomir-NC group (Figure 2C), demonstrating that 
miR-34a-5p can curb the production of oxidative stress. 
Moreover, there was a lower level of ALT and AST in the 
miR-34a-5p group, which revealed that miR-34a-5p could 
attenuate hepatic I/R injury (Figure 2D).

hsa-miR-34a-5p Decreased the Level of Apoptosis in 
Liver I/R Injury and Reduced the H2O2-Induced 
Apoptosis of Hepatic AML12 and 7702 Cells by 
Inhibiting the JNK/P38 In Vitro
In order to investigate how miR-34a-5p affects I/R injury, 
we performed TUNEL assay, immunohistochemistry (IHC), 

and Western blot (WB) assays on rat liver specimens. TUNEL 
assay showed that miR-34a-5p group had a lower num-
ber of TUNEL-positive cells than sham group (Figure 3A).  
IHC results suggested high expressions of cleavage cas-
3, Bax, JNK, and P38 in sham group (Figure 3B). Further, 
we also found high expressions of those proteins includ-
ing cleavage cas-3, Bax, JNK, and P38 by WB (Figure 3C).  
All together, these results indicated that overexpression of 
miR-34a-5p inhibited the apoptosis of liver cells of rats, 
as well as apoptosis-related signaling pathways and apop-
tosis-related proteins. To validate our conclusion, these 
tests were also performed on 2 cell lines, 7702 cell line and 

Figure 2.  hsa-miR-34a-5p attenuated hepatic I/R injury in rats. HIRI rats (n = 12 rats per group) were treated with agomir-miR-34a-5p or 
agomir-NC. (A) miR-34a-5p expression level in liver samples from different groups was measured by qRT-PCR. (B) HE staining of liver samples. 

Arrow indicates hepatocyte injury. (C) Concentration of liver oxidative parameters MDA, TOA, and OSI. (D) Serum level of ALT and AST was 
determined using commercial kits. All experiments were performed in triplicate, and data were represented as mean ± S.D. *P < .05 compared 
with sham group. qRT-PCR, quantitative real-time polymerase chain reaction; ALT, alanine aminotransferase; AST, aspartate aminotransferase
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AML12 cell line. Both cell lines were transfected with miR-
34a-5p mimics or mimics NC before being treated with 
200 μM H2O2 for 6 hours. Under the observation of flow 
cytometry, the number of apoptotic cells is more in mim-
ics NC group than in miR-34a-5p mimics group Figure 3D.  
Meanwhile, more TUNEL-positive cells could be found in 
mimics NC group (Figure 3E–F). Thus, overexpression of 
miR-34a-5p can attenuate H2O2-induced apoptosis of 
hepatocytes.

HNF4α is Identified as a Target Gene of miR-34a-5p
To search for the target gene of miR-34a-5p, the predic-
tion and scoring were performed through TargetScan web-
site; RNA-Seq detected the changes of gene expression in 
liver cells after overexpression of miR-34a-5p. miR-34a-
5p’s target genes are supposed to be the intersection of 
the 2 sets of data, so we drew a heat map based on the 
2 sets of data (Figure 4A). Further bioinformatics analyses 
showed HNF4α was identified as one of the candidate of 
miR-34a-5p and involved in JNK, P38 signals regulations 

(Figure 4B). 7702 and AML12 cells were treated with 
agomir-miR-34a-5p or agomir-NC as described above. 
In the detection of mRNA expression by qRT-PCR, it was 
found that the expression of HNF4α was lower in the cells 
treated with agomir-miRNA-34a-5p compared with the 
cells treated with agomir-NC (Figure 4C). Further, WB sug-
gested that HNF4α protein was downregulated in agomir-
miR-34a-5p groups (Figure 4D). In the Luciferase Report 
assay, the level of promoter luciferase reporter gene plas-
mid was constructed and found that it was also lower in 
agomir-miR-34a-5p groups (Figure 4E–F). All these find-
ings elucidated that overexpressed miR-34a-5p inhib-
ited HNF4α mRNA and protein and promoter luciferase 
reporter gene plasmid levels in hepatocyte cells. To confirm 
its binding sites, we predicted the binding sites through 
professional websites (http://www.targetscan) and verified 
them by the following experiments (Figure 4E). Promoters 
luciferase reporter gene plasmids for a mutant binding 
site (mut group) were also constructed in hepatocyte cells 
(Figure 4E). The luciferase reporter assay showed that 

Figure 3.  hsa-miR-34a-5p decreased apoptosis proteins expression in liver I/R injury and protected hepatic AML12 and 7702 cells from 
H2O2-induced damage by inhibiting the JNK/P38 (A) TUNEL staining of hepatocellular apoptosis. (B) IHC detection of JNK, P38, Bax, and 

cleaved caspase-3 in different groups. (C) Western blot detection of JNK, P38, Bax, cleaved caspase-3 in different groups using GADPH as 
an internal control (graphs with error bars in Supplementary Figure 1). (D) Cell apoptosis was detected by flow cytometry (annexin V-FITC 
staining) in hepatic 7702 and AML2 cells treated by H2O2. *P < .05 compared with mimics NC group. (E) TUNEL staining of hepatocellular 

apoptosis in hepatic 7702 and AML2 cells treated by H2O2. TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP nick-end 
labeling.

http://www.targ
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miR-34a-5p had no impacts in mut group (Figure 4G). The 
results together confirmed that HNF4α is a downstream 
target gene of miR-34a-5p.

Hsa-miR-34a-5p Attenuated Hepatic I/R Injury via 
Targeting HNF4α
To further explore the molecular mechanism of miR-
34a-5p attenuating hepatic ischemia–reperfusion injury, 
we conducted the experimental study on 7702 and 
AML12 cells, respectively. They were divided into 4 groups: 
flag-HNF4α+agomir-NC group, agomir-NC group, flag-
HNF4α+agomir-miR-34a-5p group, and agomir-miR-
34a-5p group dealing with an equal amount of H2O2. 
TUNEL experiments showed that the apoptosis hepatic 
cell of flag-HNF4α+agomir-NC group was the highest, 

and the apoptosis rate was the lowest in the agomir-
miR-34a-5p group, while the apoptosis hepatic cell of 
flag-HNF4α+agomir-miR-34a-5p group was between 
flag-HNF4α+agomir-NC and agomir-miR-34a-5p group, 
indicating that HNF4α promoted hepatocyte apoptosis 
and miR-34a-5p inhibited hepatocyte apoptosis possibly 
through HNF4α (Figure 5A). Western blot results showed 
that compared with the flag-HNF4α+agomir-miR-
34a-5p and agomir-NC groups, the expression of HNF4α 
of agomir-miR-34a-5p group was significantly inhibited, 
and the expression levels of apoptosis-related proteins 
such as JNK, P38, cas-3, and Bax were also significantly 
decreased, indicating that miR-34a-5p downregulates 
HNF4α and inhibits the expression of various apoptotic 
factors to protect the liver from I/R injury (Figure 5B).

Figure 4.  HNF4α is identified as a target gene of miR-34a-5p. (A) A large number of potential target genes for miR-34a-5p have been 
predicted from TargetScan sites, including HNF4α. Color bar represents the relative level of gene expression detected by RNA-Seq.  

(B) Bioinformatics analyses to find whether HNF4α with highest score was identified as one of the candidate of miR-34a-5p and involved 
in JNK and P38 signals regulations or not. Color bar represents the relative level of gene expression. (C and D) 7702 and AML12 cells were 

transfected with a miRNA-34a-5p mimics, mimic NC. The expression of HNF4α mRNA and protein was detected by qRT-PCR and Western 
blot (Graphs with error bars in Supplementary Figure 1), respectively. All experiments were performed in triplicate, and data were 

represented as mean + S.D. **P < .01 compared with mimic NC. (E) Find HNF4α binding sites by searching http://www.targetscan. Promoter 
luciferase reporter plasmid was successfully constructed with mutant binding sites (mut group) and wild type binding site (wt group) in 
7702 and AML12 cells. (F) The expression of HNF4α promoter luciferase reporter gene plasmid was detected in agomir-miRNA-34a-5p 

and agomir- NC groups. (G) The expression of HNF4α promoter luciferase reporter gene plasmid with mutant binding sites was detected in 
agomir-miRNA-34a-5p and agomir- NC groups. All experiments were performed in triplicate, and data were represented as mean ± S.D.  
*P < .05 compared with sham group. HNF4α, hepatocyte nuclear factor 4α; qRT-PCR, quantitative real-time polymerase chain reaction.

http://www.targ
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DISCUSSION
The main mechanism of hepatic ischemia–reperfusion 
injury is the destruction of hepatocyte mitochondria by 
a large amount of reactive oxygen species during reper-
fusion. Subsequently, inflammatory factors induce a 
series of cells such as kupffer cells, CD4 cells, neutro-
phils, and other cells to infiltrate, and these cells produce 
interleukins-1, interleukin-6, tumor necrosis factor-a, 
and chemokines that further enhance the inflammatory 
response, leading to hepatocyte injury and apoptosis and 
aggravating liver damage.17-19 A number of studies have 
shown that the expression of miR-34a differs in organ 
ischemia–reperfusion injuries.20-23 In this study, we first 
collected blood samples from 60 patients undergoing 
hepatectomy and found that plasma ALT and AST lev-
els were lower in the high-expression miR-34a-5p group 
than in the low-expression miR-34a-5p group. To further 
analyze the role of miR-34a-5p in hepatic I/R injury, we 
successfully constructed a rat HIRI model and treated it 
with an intraperitoneal injection of agomir-miR-34a-5p 
or agomir-NC for 7 days after the surgery. The expression 

of miR-34a-5p and the pathological changes of the 2 
groups were compared. Studies have shown that com-
pared with the HIRI+agomir-NC group, HIRI+gomir-miR-
34a-5p group exhibited significantly decreased serum 
ALT, AST, liver MDA, TOA, OSI concentration, hepato-
cellular apoptosis, apoptosis-related proteins (cleavage 
cas-3, Bax, JNK, and P38) and increased miR-34a-5p 
expression. These results indicate that miR-34a-5p 
indeed effectively reduced hepatic I/R injury (Figure 6).

The generation of ROS during organ ischemia–reperfu-
sion injury is an important cause of increased damage. 
Previous study has reported that reducing miR-34a-5p 
expression can protect small intestinal ischemia–reper-
fusion injury by reducing ROS production and apoptosis 
in intestinal endothelial cells through SIRT1 antioxidant 
pathway.24 Therefore, in vitro cell injury models generally 
use H2O2 to induce oxidative stress damage to simulate 
organ I/R injury. To verify the protective effect of miR-
34a-5p on hepatic ischemia–reperfusion injury, we used 
H2O2 to treat 7702 and AML12 cells to establish an in 

Figure 5.  hsa-miR-34a-5p attenuated hepatic I/R injury via targeting HNF4α. (A) TUNEL analysis comparing hepatocellular apoptosis in 
flag-HNF4α+agomir-NC group, agomir-NC group, flag-HNF4α+agomir-miR-34a-5p group, and agomir-miR-34a-5p group. (B) Western 

blot analysis comparing HNF4α, JNK, P38, cas-3, and Bax expression in flag-HNF4α+agomir-NC group, agomir-NC group, flag-
HNF4α+agomir-miR-34a-5p group, and agomir-miR-34a-5p group (Graphs with error bars in Supplementary Figure 1). All experiments 

were performed in triplicate, and data were represented as mean ± S.D. *P < .05 compared with sham group.
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vitro oxidative stress model. The results showed that 
the apoptosis rate of AML12 and 7702 cells transfected 
with agomir-miR-34a-5p was significantly lower than 
that of transfected with agomir-NC, indicating that 
miR-34a-5p exerted protective effects against H2O2-
induced oxidative stress. The JNK/P38 signaling path-
way is an important pathway for cell regulation and plays 
an important role in various pathological and physiologi-
cal processes such as cell cycle, reproduction, apoptosis, 
and cell stress.25 Studies have shown that blocking the 
activation of the JNK/P38 signaling pathway can reduce 
H2O2-induced apoptosis.26,27 We found that miR-34a-5p 
downregulated the expression of JNK/P38 in AML12 and 
7702 cells. After transfection of agomir-miR-34a-5p, 
the expression of apoptosis-related protein cleavage 
cas-3 and Bax was also decreased, indicating that miR-
34a -5p reduces H2O2-induced apoptosis in AML12 and 
H2O2 cells by inhibiting JNK/P38 signaling pathway.

By searching the PicTar and TargetScan databases, 
we selected HNF4α as one of the target genes of miR-
34a-5P. In vitro cell experiments showed that the expres-
sion of HNF4α mRNA and protein in cells with transfected 
miR-34a-5p was significantly downregulated. By predict-
ing the binding site through the website, we constructed 
a luciferase reporter plasmid with a mutation binding site 
and a wild-type binding site, which were transfected into 
AML12 and 7702 cells with miR-34a-5P and agomir-NC, 

respectively. Together, these results demonstrate that 
HNF4α is a downstream target gene of miR-34a-5p. 
Hepatocyte nuclear factor 4α is an orphan nuclear recep-
tor commonly known as the master regulator of hepatic 
differentiation, owing to the large number of hepatocyte-
specific genes it regulates.28-29 Some studies have shown 
that miR-34a can downregulate HNF4α, thereby affect-
ing the function of cells or organs.30-34 A new study found 
that HNF4α is a key transcription factor in the repair of 
renal ischemia–reperfusion injury.35 Therefore, we hypoth-
esized that miR-34a-5P protects liver I/R injury by acting 
on HNF4α and we analyzed the activity of HNF4α and 
JNK/P38 pathway. Our results indicate that miR-34a-5p 
reduces the expression of apoptosis proteins (cleavage 
cas-3 and Bax) by downregulating HNF4α, which effec-
tively alleviated cells from oxidative stress damage.

In conclusion, our study showed that miR-34a-5p pro-
tected the liver from I/R injury through downregulating 
HNF4α to inhibit the JNK/P38 signaling pathway. Our find-
ings may help develop new treatments for hepatic I/R injury.
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