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Background: The dysregulation of microRNAs (miRNAs) and hepatotoxicity due to the 
aberrant accumulation of bile acids (BAs) are notorious causes that predispose an individual to 
the development of hepatocellular carcinoma (HCC). Farnesoid X receptor (FXR), encoded by 
NR1H4 gene, has been identified as a crucial BA receptor to maintain the homeostasis of BA pool 
and its expression is decreased in HCC. miR-382-5p plays an important role in the pathogenesis 
of many human malignancies and was reported to promote the proliferation and differentiation of 
normal liver cells and liver regeneration. However, there is still some controversy about its role in 
HCC microenvironment. This study aims to explore the expression pattern of miR-382-5p in 
HCC and its role in regulating FXR during the development of HCC.
Methods: Tissues collected from 30 HCC patients were subjected to extraction of total RNA 
and quantitative real-time PCR (qRT-PCR) for the analyses of miR-382-5p expression and 
NR1H4 mRNA levels, and their expressions were verified by analyzing the online HCC- 
related GSE datasets. The role of miR-382-5p in regulating cellular proliferation and 
expression of FXR in different HCC cell lines was analyzed by qRT-PCR, Western Blot, real- 
time cellular analysis (RTCA) and luciferase reporter assays. The role of miR-382-5p in 
regulating downstream genes of FXR in HCC cells was also analyzed.
Results: miR-382-5p was upregulated in HCC tissues and inversely associated with the 
downregulation of NR1H4 mRNA levels. The luciferase reporter assay proved that miR-382- 
5p directly targeted the 3ʹ-untranslated region (3ʹ-UTR) of human NR1H4 mRNA. 
Overexpression of miR-382-5p led to a malignant proliferation of HCC cells by suppressing 
the expression of FXR. In contrast, blocking the endogenous miR-382-5p was sufficient to 
suppress the cellular proliferation rate of HCC through increasing FXR expression. 
Additionally, miR-382-5p inhibited the expression of some target genes of FXR, including 
SHP, FGF19 and SLC51A, and this inhibitory effect was FXR-dependent.
Conclusion: Therefore, miR-382-5p promotes the progression of HCC in vitro by suppres-
sing FXR and could serve as a valuable therapeutic target for HCC treatment.
Keywords: hepatocellular carcinoma, miRNA-382-5p, FXR, proliferation

Introduction
HCC is the sixth most prevalent malignancy worldwide and represents the second 
leading cause of cancer-associated deaths. Over 850,000 new cases are diagnosed 
and 810,000 cancer deaths occur annually after 2015.1 Major risk factors of HCC 
include chronic viral hepatitis infection (hepatitis B or C), excessive alcohol or 
tobacco intake, non-alcoholic steatohepatitis and long-term aflatoxin exposure.2,3 

The routine use of serum biomarkers testing and imaging scan are helpful for the 
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early diagnosis of HCC, and measures such as limiting 
alcohol use, hepatitis B vaccination and body weight con-
trol could efficiently reduce the incidence of HCC,4 

whereas there is no way of preventing its progression 
and the outlook for HCC is still very poor. Most HCC 
patients are often diagnosed at advanced stages or have 
metastasis without noticeable symptoms, and the survival 
rate is even down to 3% once the cancer metastasizes. 
Unfortunately, the pathogenic mechanism of HCC remains 
ambiguous, which is urgent to be elucidated.

Farnesoid X receptor (FXR), encoded by NR1H4 gene 
and expressing highly in the liver and intestine, belongs to 
the nuclear receptor family and takes part in regulating BA 
homeostasis, glucose and lipid metabolism, liver regenera-
tion, cholestasis and hepatic fibrosis.5–7 Chronic hepatic 
injury due to the excessive accumulation of BAs is con-
sidered a major culprit for the pathogenesis of HCC.8 

Previously, it was reported that mice would develop liver 
tumors spontaneously in the absence of FXR,9 and whole- 
body loss of NR1H4 gene led to Myc and cyclin-dependent 
kinase 4 (Cdk4) inductions and BA elevation, eventually 
resulting in age-dependent hepatic tumorigenesis.10 

Conversely, FXR can prevent BA-induced cytotoxicity 
and plays a protective role in hepatocarcinogenesis by 
transcriptionally regulating the expression of genes 
involved in BA metabolism, hepatic inflammation and 
tumorigenesis.11–13 However, FXR was found to decrease 
significantly in HCC tissues and closely related to clinico-
pathological characteristics.14 At present, the detailed 
mechanism by which FXR is inhibited during hepatocar-
cinogenesis remains undetermined.

MicroRNAs (miRNAs) are a family of short (about 
18–25 nucleotides) noncoding RNAs that suppress the 
expression of target genes by preferentially targeting 
their 3ʹ-UTR, leading to the translational repression or 
mRNA degradation.15 miRNAs have been found to parti-
cipate in the pathogenesis of HCC and exert an oncogenic 
or antineoplastic role through inhibiting the translation of 
target genes involved in cellular proliferation, differentia-
tion, metastasis and apoptosis.16,17 However, miRNAs 
associated with the maintenance of BA homeostasis and 
modulating HCC arising therefrom have been rarely 
reported.18 Recently, a study showed that miR-192 was 
inversely correlated with FXR protein level in colonic 
adenocarcinoma tissues and functions as an oncogenic 
gene by directly targeting the 3ʹ-UTR of NR1H4 mRNA 
in human hepatoma cells and colon adenocarcinoma 
cells.19 Similarly, Zhang et al found that silencing of 

endogenous miR-421 suppressed the proliferative and 
invasive capacities of HCC cells through the disinhibition 
on the expression of FXR.20 miR-382-5p is another 
miRNA that has a putative binding site of human 
NR1H4 mRNA based on our preliminary analysis using 
the miRANDA database and was reported to promote the 
proliferation and differentiation of normal liver cells and 
liver regeneration through different mechanisms,21,22 but 
whether it has a similar effect and regulates the expression 
of FXR in HCC microenvironment is not known.

Here, we showed that miR-382-5p was aberrantly 
increased and contrary to the downregulation of FXR in 
HCC samples. Remarkably, FXR was identified as a direct 
target of miR-382-5p. Overexpression of miR-382-5p 
accelerated the proliferation of HCC cells by suppressing 
the expression of FXR and downstream target genes. 
Conversely, inhibiting the endogenous miR-382-5p had 
opposite effects. These data suggest that miR-382-5p 
serves as a potential molecular target for the development 
of novel therapies for HCC.

Patients and Methods
Collection of Hepatic Tissue Samples
Human hepatic samples were collected during surgery on 
patients with hepatic cancer, who underwent hepatectomy 
at the Department of General Surgery, Affiliated Huaihe 
Hospital of Henan University in 2018. Patients were 
selected based on the pathological diagnosis of hepatic 
cancer with no other malignancies or histories of preopera-
tive anticancer treatments. All tissues were immediately 
snap-frozen and stored in liquid nitrogen until subsequent 
analysis. The study complied with the Declaration of 
Helsinki and was approved by the Biomedical Research 
Ethics Committee of Henan University, Kaifeng, and writ-
ten informed consent was obtained from all patients.

Cell Culture and Transient Transfection 
with miR-382-5p
HCC cell lines (HepG2 and Huh-7) used in this study were 
purchased from School of Basic Medicine of Peking 
Union Medical College (Beijing, China). Cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium (Thermo, 
USA) supplemented with 10% fetal bovine serum (FBS) 
(Thermo, USA) and 1% antibiotics (100 U/mL penicillin 
and 0.1 mg/mL streptomycin) (Gibco, USA) at 37 °C in 
a humidified atmosphere with 5% CO2.
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To determine the effect of miR-382-5p on the mRNA and 
protein expression levels of NR1H4, HepG2 or Huh-7 cells 
were seeded into a 6-well plate at a density of 3×105 cells per 
well 18 hours prior to transfection. Cells were transfected with 
cholesterol-modified agonist (agomir, Ago) or inhibitor (antag-
omir, ANT) of hsa-miR-382-5p (RiboBio, China) or their 
corresponding negative controls at a final concentration of 
100 nM (agomir), 150 nM or 200 nM (antagomir) using 5 μL 
of Lipofectamine 2000 (Invitrogen, USA) in serum- and anti-
biotic-free medium. The medium was replaced with fresh 
complete growth medium 6 h later and incubated for another 
12 h. Cells were then treated with GW4064 (Sigma-Aldrich, 
USA) at the final concentration of 2 μM in serum-free medium 
for 24 h till the harvest.

To further determine the effect of miR-382-5p on the 
expression of FXR target genes on the basis of FXR over-
expression, HepG2 or Huh-7 cells cultured in 12-well plate 
(1.5 × 105 cells/well) were co-transfected with FXR overex-
pression plasmid (700 ng/well, NC-OE vector as control) 
(GenePharma, China) and miR-382-5p-Ago (100 nM, NC- 
Ago as control) or miR-382-5p-ANT (150 nM, NC-ANT as 
control) using 3 μL of Lipofectamine 2000. The medium was 
replaced with fresh complete growth medium 6 h later, and 
cells were cultured for another 12 h, followed by the treatment 
of 2 μM GW4064 in serum-free medium for 24 h till the 
harvest.

RNA Extraction and qRT-PCR for Mature 
miRNA
miRNAs were isolated from cells or tissue samples using 
a miRNA fast purification kit (BioTeke Corporation, China) 
according to the instruction. miRNAs were conjugated with 
Poly (A) tails and reverse transcribed to cDNA by using 
miRNA-First Strand cDNA Synthesis kit (BioTeke 
Corporation, China). The qRT-PCR analyses were performed 
by using miDETECT A Track™ miRNA qPCR Kit with 
SYBR green (RiboBio, China). In brief, mature miR-382-5p 
(25ng of cDNA/reaction) was amplified with the forward 
primer (5ʹ-CCGGAAGTTGTT 
CGTGGTGGATTC-3ʹ) and universal reverse qRT-PCR pri-
mer according to the following conditions: denaturation at 95 
°C for 3 min, 40 cycles of denaturation at 95 °C for 30 seconds 
and annealing and extension at 62 °C for 40 seconds. Melting 
curve analysis (65–95 °C) was routinely performed to verify 
the specificity of primers at the end of the assay. The relative 
levels of mature miR-382-5p were normalized with human U6 
small nuclear RNA (snRNA) by using the comparative ΔΔCt 

method, and relative fold change of miRNA was calculated by 
the equation 2−ΔΔCt. The forward primer for U6 snRNA in the 
qRT-PCR was also supplemented in the kit.

qRT-PCR Detection for mRNA
Total RNA was isolated from cells or tissue samples using 
the microRNA fast purification kit according to the 
instruction, then 2 μg of RNA was reverse transcribed to 
cDNA by using the Strand cDNA Synthesis kit (Thermo, 
USA). The qRT-PCR analyses were performed by using 
50ng of cDNA per reaction with SYBR green primer sets 
designed to amplify target genes according to the above 
described conditions. The relative mRNA levels of target 
genes were normalized against human β-actin by using the 
comparative ΔΔCt method23. Sequences of primers used 
for real-time PCR are listed in Table 1.

Protein Extraction and Immunoblot
Whole-cell extracts from cells were lysed in RIPA buffer 
consisting 1% NP-40, 0.5% deoxycholate, 0.1% SDS 
(Beyotime, China) in the presence of Protease Inhibitor 
Cocktail (Roche, Switzerland) and centrifuged at 15,000 × 
g for 15 min at 4 °C. The protein concentrations of cell lysates 
were determined by bicinchoninic acid (BCA) assay 
(Beyotime, China). Equal amounts of protein extract (30 μg/ 
well) were resolved by 10% sodium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE) and electrotransferred 
onto a 0.2 μm polyvinylidene fluoride (PVDF) membrane 
followed by block with 5% non-fat milk in 1×TBST for 1 
h. The blot was probed with specific primary antibodies against 
FXR (1:1000) or β-actin (1:1000) (Omnimabs, USA) over-
night at 4 °C and then incubated with corresponding horse-
radish peroxidase (HRP)-conjugated secondary antibody 
(Proteintech, China) at room temperature for 1 h. The blot 
was then incubated with SuperSignal West Pico 

Table 1 The Sequences of Primers Used in qRT-PCR

Primer Name Sequences (5ʹ-3ʹ)

Human(h)-actin-F ACTGGGACGACATGGAGAAA
h-actin-R CTGGATAGCAACGTACATGG

h-NR1H4-F TGACCTGTGAGGGGTGTAAA

h-NR1H4-R GTCGACACTCTTGACACTTT
h-SHP-F CCCCAAGGAATATGCCTGCC

h-SHP-R TAGGGCGAAAGAAGAGGTCCC

h-FGF19-F CGGAGGAAGACTGTGCTTTCG
h-FGF191-R CTCGGATCGGTACACATTGTAG

h-SLC51A-F CTGGGCTCCATTGCCATCTT

h-SLC51A-R CACGGCATAAAACGAGGTGAT
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Chemiluminescent Substrates (Thermo, USA) and developed 
under Automatic Multifunction Chemiluminescent Detection 
System (Tanon, China). The signal was quantified by densito-
metry by using ImageJ Software v 1.8.0.

Plasmid Construction and Luciferase 
Reporter Assays
The DNA fragment corresponding to 3ʹ-UTR (1873–2284 
nt) of human NR1H4 mRNA containing the potential miR- 
382-5p recognition site (FXR-pmiGLO) was amplified by 
PCR with specific primers and cloned into pmiGLO dual- 
luciferase vector (Promega, USA) at Sac I and Xbal I sites, 
the recombinant plasmid was named as FXR-pmiGLO 
after confirmed by sequencing.

HepG2 or Huh-7 cells were grown to 60% confluence 
in 12-well plate. Cells were transiently co-transfected with 
FXR-pmiGLO plasmid (400 ng/well) and NC-agomir, 
miR-382-5p-agomir, miR-382-5p-ANT or miR-149-5p- 
Ago at a final concentration of 100 nM using 3 μL of 
Lipofectamine 2000. The medium was replaced with fresh 
complete growth medium 6 h later, and cells were cultured 
for another 24 h, followed by the measure of activities of 
firefly luciferase and Renilla luciferase using the Dual- 
Luciferase® Reporter Assay System (Promega, USA) 
according to the manufacturer’s instruction. In brief, cells 
in each well were lysed with 250 μL of passive lysis 
buffer, then 20 μL of cell lysate was transferred into the 
luminometer tube containing 100 μL of LAR II to measure 
the firefly luciferase activity, 100 μL of Stop & Glo® 

Reagent was then delivered into the tube to measure the 
Renilla luciferase activity. The relative luciferase activity 
of each well was calculated by the ratio of firefly luciferase 
activity to Renilla luciferase activity. Normalized firefly 
luciferase activity for each group was compared to that of 
the NC-Ago control group. Three independent luciferase 
reporter assays were carried out in quadruplicate wells for 
each group.

Cell Proliferation Assay
Cell proliferation was determined by using Real Time 
Cellular Analysis (RTCA, ACEA Biosciences, USA). In 
brief, HepG2 and Huh-7 cells were transfected with miR- 
382-5p-Ago (100 nM), miR-382-5p-ANT (150 nM for 
HepG2 cells, 200 nM for Huh-7 cells) or corresponding 
control and cultured for another 12 h, followed by seeding 
into E-plate 16 (1 × 104 cells/well). The cellular proliferation 
index was recorded every 15 minutes to 48 hours or 72 hours 

by using RTCA placed in a cell incubator. The cellular 
growth index was generated from the average values in 
triplicate wells for each group.

Statistical Analysis
Statistical analysis and figures were carried out using the 
GraphPad Prism 8.0. Unpaired two-sided Student’s t-test was 
performed to evaluate statistical significance of the difference 
between two groups, and unpaired two-sided Student’s t-test 
with Welch’s correction was used for the data with abnormal 
distribution. Particularly, paired two-sided Student’s t-test was 
performed to compare miR-382-5p levels and NR1H4 mRNA 
levels in hepatic cancer tissues and paired normal tissues. Error 
bar for the experiments represents the standard deviation of the 
mean value (mean value ± S.D.) from at least three indepen-
dent experiments. P values lower than 0.05 were considered as 
statistically significant. One asterisk, two asterisks, and three 
asterisks represent P<0.05, P<0.01, and P<0.001, respectively.

Results
MiR-382-5p Was Increased and Opposite 
to NR1H4 mRNA Level in HCC Tissues
To determine the role of miR-382-5p in HCC microenvir-
onment, we examined the miR-382-5p expression level and 
NR1H4 mRNA level by qRT-PCR analyses in 30 pairs of 
HCC and paired non-neoplastic hepatic samples, the latter 
of which are from normal hepatic tissues adjacent to cancer. 
The expression level of miR-382-5p was upregulated in 
HCC tissues compared with corresponding normal ones 
(Figure 1A), whereas the NR1H4 mRNA level was 
obviously downregulated in HCC tissues (Figure 1B). To 
explore the relationship between HCC progression and 
miR-382-5p or NR1H4 mRNA levels, HCC tissues were 
divided into two groups according to the clinical patholo-
gical stage. As shown in Figure 1C and D, the expression 
level of miR-382-5p was gradually elevated from normal to 
early HCC (stage I/II) and then to advance HCC (stage III/ 
IV) tissues. Conversely, the NR1H4 mRNA level showed 
an opposite changing trend. However, due to the limited 
number of fresh samples, we only found a negative correla-
tion without statistical significance (R=−0.37, P=0.123) 
between the levels of miR-382-5p expression and NR1H4 
mRNA in all pairs of HCC tissues (data not shown). 
Through the GEO datasets analysis, upregulation of miR- 
382-5p was also found in HCC tissues in GSE12717 cohort 
(n=6) (Figure 2A), and NR1H4 mRNA level was found to 
be decreased in HCC tissues in GSE57957 cohort 
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(Figure 2B), and gradually decreased from normal livers to 
early HCC (eHCC) and then to advanced HCC (aHCC) in 
GSE54238 cohort (Figure 2C). Taken together, these data 

suggested that downregulation of NR1H4 transcript level 
might be associated with the upregulation of miR-382-5p 
level in HCC tissues.

Figure 1 The expression of miR-382-5p and NR1H4 mRNA levels in human HCC tissues. (A) The expression level of miR-382-5p in HCC tissues and paired normal tissues 
was examined by qRT-PCR (n=30), normalized to U6 snRNA level. (B) The expression of NR1H4 mRNA level in HCC tissues and paired normal tissues was examined by 
qRT-PCR (n=30), normalized to β-actin level. (C) The expression levels of miR-382-5p in normal liver tissues, early HCC (stage I/II, n=18) and advance HCC (stage III/IV, 
n=9) tissues were shown. (D) The mRNA levels of NR1H4 in normal liver tissues, early HCC (stage I/II, n=18) and advance HCC (stage III/IV, n=12) tissues were shown. 
*P<0.05, **P<0.01, ***P<0.001 vs control group.

Figure 2 Online data analysis of miR-382-5p and NR1H4 mRNA levels in human HCC tissues. (A) Upregulation of miR-382-5p was found in five HCC samples and three 
non-tumor liver samples in GSE12717 cohorts. Each sample was sequenced by two times. (B) In GSE57957 cohorts, obvious downregulation of NR1H4 mRNA level was 
found in HCC samples compared with adjacent non-tumorous ones (39 pairs). (C) In GSE54238 cohorts, NR1H4 mRNA level was found to be decreased gradually from 
normal liver (n=9) to early HCC (n=12) and then to advanced HCC (n=12) samples. P<0.05 was considered as statistically significant.
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MiR-382-5p Promoted the Proliferation 
of HCC Cells
To investigate whether miR-382-5p could affect the 
proliferation of HCC cells, HepG2 or Huh-7 cells were 
transiently transfected with miR-382-5p-Ago or NC- 
Ago. The results from the RTCA assay showed that 
overexpression of miR-382-5p could accelerate the pro-
liferation of HCC cell lines compared with NC-Ago 
(Figure 3A). We further examined the effect of silencing 
miR-382-5p on cellular proliferation rate. As expected, 
blocking the endogenous mature miR-382-5p with its 
antisense antagomir inhibited the proliferation rates of 
both HCC cell lines (Figure 3B).

MiR-382-5p Downregulated the 
Transcription and Translation of NR1H4 
Gene in HCC Cells
To understand the effect of miR-382-5p on the tran-
scription and translation of NR1H4 gene, HepG2 or 

Huh-7 cells were transfected with 100 nM miR-382- 
5p-Ago or NC-Ago for 36 h, separately. The over-
expression of miR-382-5p was verified through 
miRNA qRT-PCR analysis (Figure 4A). As shown in 
Figure 4B, the endogenous NR1H4 mRNA levels were 
suppressed obviously in both HCC cell lines. To assess 
whether a competitive combination of endogenous 
miR-382-5p with its antagomir could reverse the inhi-
bitory effect on NR1H4 mRNA, HepG2 or Huh-7 cells 
were then transfected with 150 nM miR-382-5p-ANT 
or NC-ANT for 36 h. As expected, NR1H4 mRNA 
levels in both cell lines were upregulated significantly 
when the endogenous miR-382-5p was suppressed by 
its antagomir (Figure 4C and D). The protein levels of 
FXR had similar changes when overexpressing or 
silencing miR-382-5p in both HCC cell lines 
(Figure 4E and G). These data clearly showed that 
miR-382-5p inhibited the transcription and translation 
of NR1H4 gene in HCC cells.

Figure 3 The effect of miR-382-5p on the proliferation rate of HCC cells. (A and B) HepG2 or Huh-7 cells were transfected with miR-382-5p-Ago (100 nM), miR-382-5p- 
ANT (150 nM for HepG2 cells and 200 nM for Huh-7 cells) or corresponding control for 12 h, followed by seeded into E-plate 16. The proliferation index was recorded 
every 15 min post seeding using RTCA software, and the proliferation rate at different time points was analyzed. *P<0.05, **P<0.01, ***P<0.001 vs control group.
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FXR Was Confirmed as a Direct Target of 
MiR-382-5p in HCC Cells
The bioinformatic tool miRANDA predicates 
a putative recognition element for the seed sequence 
of hsa-miR-382-5p in the 3ʹ-UTR of NR1H4 mRNA, 
and the potential binding site is located on +1969 to 
+1990 in the 3ʹ-UTR of NR1H4 mRNA (Figure 5A). 
To elucidate whether miR-382-5p could interfere the 
translation process of FXR protein by targeting the 3ʹ- 
UTR of NR1H4 mRNA, we successfully constructed 
the recombinant FXR-pmiGLO plasmid and co- 
transfected it with miR-382-5p-Ago, the luciferase 
assays showed that overexpression of miR-382-5p 
decreased the luciferase activity of FXR-pmiGLO 
plasmid. On the contrary, its activity was not affected 
when co-transfected with control miRNA, miR-382- 
5p-ANT or another miRNA with no binding site of 3ʹ- 
UTR of NR1H4 mRNA (Figure 5B). These results 
demonstrated FXR was a direct target of miR-382-5p 
in HCC cells.

MiR-382-5p Affected the Expression of 
FXR-Target Genes in HCC Cells
In the process of FXR-dependent BA metabolism, small 
heterodimer partner (SHP), fibroblast growth factor 19 
(FGF19) and organic solute transporters alpha (OSTα, 
encoded by SLC51A gene) are typical target genes of FXR 
and their expression are upregulated when FXR is activated. 
The response of these target genes to miR-382-5p agomir or 
antagomir in HepG2 and Huh-7 cells was then tested using 
qRT-PCR. The results showed the mRNA level of SHP was 
inhibited in both cells lines when overexpressing miR-382- 
5p (Figure 6A), and an opposite changing trend was found 
when blocking the endogenous mature miR-382-5p 
(Figure 6B). However, possibly due to the difference in 
cytogenetic background, not all target genes had response 
to miR-382-5p agomir or antagomir in these two cell lines, 
we found a similar changing trend for FGF19 mRNA level in 
HepG2 cells and for SLC51A mRNA level in Huh-7 cells. To 
further explore the effect of miR-382-5p on the expression of 
these genes on the basis of FXR overexpression, HCC cell 

Figure 4 The effect of miR-382-5p on the transcription and translation of NR1H4 gene in HCC cells. (A and C) Representative qRT-PCR analysis of miR-382-5p level in 
HepG2 or Huh-7 cells transfected with miR-382-5p-Ago (100 nM), miR-382-5p-ANT (150 nM) or corresponding control for 36 h with the treatment of GW4064 (2 μM) for 
24 h till the harvest. (B and D) Representative qRT-PCR analysis of NR1H4 mRNA level in HepG2 or Huh-7 cells transfected with miR-382-5p-Ago (100 nM), miR-382-5p- 
ANT (150 nM) or corresponding control. (E) Representative immunoblot of FXR protein level in HepG2 or Huh-7 cell transfected with miR-382-5p-Ago (100 nM), miR- 
382-5p-ANT (200 nM) or corresponding control for 36 h with the treatment of GW4064 (2 μM) for 24 h till the harvest, normalized to β-actin protein level. (F and G) 
Densitometry was used to quantify relative FXR protein level normalized to β-actin protein level in HepG2 or Huh-7 cell transfected with miR-382-5p-Ago, miR-382-5p- 
ANT or corresponding control. *P<0.05, **P<0.01, ***P<0.001 vs control group.
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lines were co-transfected with FXR overexpressing plasmid 
and miR-382-5p-Ago or miR-382-5p-ANT. The results 
showed that overexpression of FXR in HCC cells resulted 
in an obvious increase of NR1H4, SHP, FGF19 and SLC51A 
mRNA levels, and this induction effect could be blocked 
when exogenous FXR was inhibited by the treatment of 

miR-382-5p agomir (Figure 6C). Conversely, the increase 
in the mRNA levels of these genes was further enhanced 
when endogenous FXR was disinhibited by the treatment of 
miR-382-5p antagomir (Figure 6D). Collectively, these 
results indicate that miR-382-5p can inhibit the expression 
and function of FXR in HCC cells.

Figure 6 The effect of miR-382-5p on the expression of target genes of FXR in HCC cells. (A and B) HepG2 or Huh-7 cells were transfected with miR-382-5p-Ago (100 
nM), miR-382-5p-ANT (150 nM) or corresponding control, followed by incubated in complete growth medium for 12 h, and then treated with GW4064 (2 μM) in serum- 
free medium for another 24 h. qRT-PCR analyses were performed to detect the mRNA levels of some FXR target genes (SHP, FGF19 and SLC51A). *P<0.05, **P<0.01 vs NC- 
Ago or NC-ANT group. (C and D) HepG2 or Huh-7 cells were co-transfected with FXR overexpression plasmid (700 ng/well, NC-OE vector as control) and Ago (100 nM) 
or ANT (150 nM), followed by incubated in complete growth medium for 12 h, and then treated with GW4064 (2 μM) in serum-free medium for another 24 h. qRT-PCR 
analyses were performed to detect the mRNA levels of NR1H4, SHP, FGF19 and SLC51A. *P<0.05, **P<0.01 and ***P<0.001 vs NC-OE+NC-Ago or NC-OE+NC-ANT 
group. #P<0.05, ##P<0.01 and ###P<0.001 vs FXR-OE+NC-Ago or FXR-OE+NC-ANT group.

Figure 5 FXR was a direct target of miR-382-5p. (A) The bioinformatic tool miRANDA predicates a putative recognition element for the seed sequence of hsa-miR-382-5p 
in the 3ʹ-UTR of NR1H4 mRNA. The potential hsa-miR-382-5p binding site is located on +1969 to +1990 in the 3ʹ-UTR of NR1H4 mRNA. (B) The recombinant plasmid 
containing wild-type 3ʹ-UTR of NR1H4 mRNA (FXR-pmiGLO) was transiently co-transfected with 100 nM NC-Ago, miR-382-5p-Ago, miR-382-5p-ANT or miR-149-5p-Ago 
into Huh-7 cells for 24 h. Then the relative luciferase activity was conducted. Experiments were performed as quadruplicates and the results represent the data from three 
independent experiments. *P<0.05 vs FXR-pmiGLO+NC-Ago co-transfected group, #P<0.05 vs FXR-pmiGLO+ miR-382-5p-Ago co-transfected group.
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Discussion
Abundant evidences have reported that the aberrant 
expression of miRNAs is closely related to the generation 
and progression of human malignancies by playing an 
oncogenic or tumor-suppressing role. Thus far, the role 
of miR-382-5p in the progression of human malignancies 
has been documented, whereas its expression pattern and 
function showed some discrepancies in human cancers. In 
particular, miR-382-5p was detected to be decreased in 
cancer tissues of leukemia, osteosarcoma, colorectal, eso-
phageal, gastric, lung and pancreatic cancers,24–30 and 
overexpression of miR-382-5p could effectively inhibit 
the proliferative and invasive capacities of cancer cells 
and the tumor growth in nude mice. Furthermore, over-
expression of miR-382 increases the sensitivity of HCC 
cells to γδ T lymphocytes, one subgroup of T lymphocytes 
that display potent anti-cancer activity.31 On the contrary, 
miR-382-5p was proved to be an onco-miRNA in infantile 
hemangioma, glioma, pancreatic and breast cancers,32–35 

and acts as an angiogenic miRNA by repressing PTEN.36 

Additionally, circ_0008285 could inhibit the proliferation 
and migration of colorectal cancer cells by sponging miR- 
382-5p to elevate the expression of PTEN.35

miR-382-5p was reported to promote liver regeneration 
in mice and cell proliferation in mouse and human normal 
liver cell lines via targeting PTEN-AKT axis.21 Similarly, 
miR-382-5p promoted the differentiation of rat liver pro-
genitor cells into hepatocytes by targeting Ezh2,22 demon-
strating a cellular proliferation-promoting role in liver. 
However, the expression pattern and function of miR- 
382-5p in HCC microenvironment is still obscure. 
A recent study found the expression of miR-382-5p was 
downregulated in HCC cell lines compared to immorta-
lized normal liver L02 cells, and overexpression of miR- 
382 inhibited the metastasis of HCC by targeting 
GOLM1.37 However, another group oppositely reported 
that miR-382-5p was overexpressed in hepatitis B virus 
core protein (HBc) positive HCC cells and tissues, and 
HBc enhanced HCC metastasis through activating miR- 
382-5p/DLC-1 axis.38 The discrepancy in these data might 
be attributed to different controls. The immortalized non- 
tumorigenic cell lines often lose the cell cycle checkpoint 
pathways,39 therefore, they might be unsuitable as the 
controls when comparing the expression of proliferation- 
related genes with cancer tissues. In this study, matched 
normal liver tissue was used as the control of HCC tissue, 
and the results showed that miR-382-5p was upregulated 

in HCC tissues. After transfection with agomir or antag-
omir of miR-382-5p, cholesterol modified miR-382-5p 
mimic or inhibitor, which sustains longer time in cells, 
the proliferate rate of HCC cells was inhibited or acceler-
ated separately, suggesting that miR-382-5p plays 
a carcinogenic role during HCC progression.

Previous studies revealed hepatocarcinogenesis was 
inversely associated with the downregulation of FXR, 
which may be due to the upregulation of some oncogenic 
miRNAs, such as miR-192 and miR-421.19,40 In this study, 
we found miR-382-5p was also upregulated and opposite 
to the expression of FXR in HCC tissues. However, 
a larger cohort of HCC samples should be collected to 
determine their negative association. We further proved 
that overexpression of miR-382-5p decreased the NR1H4 
mRNA and protein levels in HCC cells on the basis of 
FXR agonist treatment. Conversely, blocking the endogen-
ous miR-382-5p with its complementary sequences had 
the opposite effects. According to the miRANDA data-
base, there is a putative recognition element for the seed 
sequence of miR-382-5p in the 3ʹ-UTR of NR1H4 mRNA, 
and the luciferase assays proved a decreased activity of 
NR1H4-3ʹ-UTR luciferase caused by miR-382-5p, sug-
gesting that miR-382-5p directly suppresses the translation 
of FXR by binding to the 3ʹ-UTR of NR1H4 mRNA.

FXR provides a negative feedback to the BA synthesis 
pathway by inducing some downstream target genes, such 
as SHP, FGF19 and SLC51A. Previously, the level of SHP 
was found to be decreased significantly in human HCC 
samples, and overexpression of SHP could partially pro-
tect FXR knockout mice against liver tumor 
development.41,42 Human FGF19 or murine homolog 
FGF15 has anti-fibrotic and anti-cholestatic activity in 
the liver but takes part in hepatocarcinogenesis through 
the FGF15/19-FGFR4 pathway.43 As a primary BA trans-
porter involved in the excretion of BA from the entero-
cytes, SLC51A was reported to be upregulated and play 
a potential protective role during cholestasis.44 Therefore, 
it can be speculated that silencing miR-382-5p may inhibit 
the progression of HCC by restoring the expression of 
FXR and downstream target genes. Interestingly, our data 
are in accordance with this prediction, and conversely, 
overexpressing miR-382-5p accompanied by FXR agonist 
can accelerate the proliferation of HCC cells by suppres-
sing the expression of FXR and some target genes to 
different extent, including SHP, FGF19 and SLC51A. In 
addition, our data showed that on the basis of FXR over-
expression, the inductive effect of exogenous FXR on the 
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expression of these target genes could be blocked 
obviously by miR-382-5p. On the contrary, silencing the 
endogenous FXR by miR-382-5p antagomir could further 
enhance the inductive effect of FXR on the expression of 
these genes, which strongly suggest the inhibitory effect of 
miR-382-5p on the expression and function of FXR in 
HCC cells.

Conclusion
In conclusion, the current study demonstrates that miR-382- 
5p is upregulated in HCC tissues in accordance with the 
downregulation of FXR. miR-382-5p promotes the prolifera-
tion of HCC cells by inhibiting the expression and function of 
FXR. Our results highlight miR-382-5p as oncogenic 
miRNA and a promising therapeutic target to treat HCC.
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