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ARTICLE INFO ABSTRACT

Background: miRNA-424-5p (miR-424-5p) has been implicated in the development and progression of various
tumors. However, the functional mechanisms of miR-424-5p in hepatocellular carcinoma (HCC) are unclear. In
this study, we investigated the specific biological functions of miRNA in HCC.

Methods: The expression of miR-424-5p was measured by qRT-PCR in HCC tissues and cell lines. Western blot
and immunohistochemistry were used to detect the protein expression level of TRIM29. The relationship be-
tween miR-424-5p and the clinicopathological features of HCC patients was analyzed. Cell function experiments
were performed to examine proliferation and invasion in HCC cells. The miRNA database was used to predict
downstream target genes of miR-424-5p, which were verified by a luciferase reporter assay. Furthermore, cell
and animal experiments confirmed that miR-424-5p exerts its biological function through the target gene
TRIM29.

Results: miR-424-5p expression was decreased in HCC tissues and cell lines, and correlated with AFP, TNM stage,
intrahepatic metastasis and poor overall survival in HCC. The upregulation of miR-424-5p inhibited cell pro-
liferation and invasion in vitro and suppressed HCC tumor growth in vivo. TRIM29 was confirmed to be the
downstream target gene of miR-424-5p. Finally, rescue experiments suggested that the upregulation of TRIM29
could rescue inhibitory effect of miR-424-5p overexpression on cell proliferation and migration.

Conclusion: miR-424-5p is a tumor suppressor miRNA that inhibits cell proliferation and invasion via directly
modulating TRIM29, which is related to cell proliferation and invasion in HCC. Thus, miR-424-5p may be a
potential therapeutic and new prognostic marker for HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is a malignant tumor that causes a
large number of deaths every year worldwide [1]. With the increased
intake of alcohol and the spread of hepatitis viruses, China is already
one of the countries with the highest incidence of HCC [2]. Despite
continuous improvements in diagnostic and therapeutic techniques, the
recurrence rate of HCC patients after treatment is still very high, re-
sulting in a low 5-year survival rate [3]. In addition, the progression of
cancer is a complex multifactor process involving complex signaling
pathways in the tumor itself and in the microenvironment. Therefore, it
is urgent to find important molecular mechanisms involved in the
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malignant progression of HCC to improve the diagnosis and treatment
efficiency of HCC and to improve the quality of life of HCC patients.
Tripartite motif-containing 29 (TRIM29) is a member of the TRIM
protein family. It has multiple zinc finger patterns and a leucine zipper
pattern that can participate in the formation of nucleic acid-bound
homodimers or heterodimers. Therefore, it can act as a transcriptional
regulator in carcinogenesis and differentiation [4,5]. TRIM29 has been
found to be highly expressed in a variety of malignant tumors including
lung [6], bladder [7], and pancreatic [8] cancers, and the higher its
expression level, the worse the prognosis. Recent studies have reported
that TRIM29 regulates the levels of cyclin and Bcl family proteins
through the NF-kB signaling pathway, promotes the growth of bladder
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Fig. 1. miR-424-5p was downregulated and TRIM29 was upregulated in HCC tissues and cell lines. (A) qRT-PCR analysis of miR-424-5p expression in HCC and
adjacent noncancerous tissues. (B) qRT-PCR analysis of TRIM29 expression in HCC and adjacent noncancerous tissues. (C) Relative expression of miR-424-5p in HCC
cell lines (MHCC-97H, HepG2, SMMC-7721, and Huh-7) and the normal liver cell line LO2 was detected by qRT-PCR. (D) Relative expression of TRIM29 in HCC cell
lines (MHCC-97H, HepG2, SMMC-7721, and Huh-7) and the normal liver cell line LO2 was detected by qRT-PCR. (E) Western blot analysis of TRIM29 expression in

HCC and adjacent noncancerous tissues.*P < 0.05 compared to control.

cancer cells and inhibits drug-induced apoptosis [9]. In thyroid cancer,
the downregulation of TRIM29 blocks the activation of the P13K/AKT
signaling pathway, and reduces the degree of the malignant progression
of tumor cells [10]. In addition, TRIM29 was found to bind to many
molecular components of the DNA damage response, leading to DNA
virus infections [11]. However, the regulatory mechanism of TRIM29 in
the malignant progression of HCC is not yet clear.

A microRNA (miRNA) is a small noncoding RNA molecule, that

contains approximately 21-24 nucleotides, and functions in RNA si-
lencing and the posttranscriptional regulation of genes [12,13]. The
dysregulation of miRNA is associated with the progression of various
tumors, and several miRNAs act as biomarkers for tumor diagnosis
[14,15]. Recent studies have shown that miR-424-5p is involved in the
development of multiple malignancies [16,17]. In ovarian cancer, miR-
424-5p inhibits CCNE1 expression, and then regulates the cell cycle by
inhibiting the E2F1-pRb pathway and promoting apoptosis [18].
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Fig. 2. The effect of miR-424-5p and TRIM29 on the prognosis of HCC patients. (A) Immunohistochemical staining analysis of TRIM29 expression in HCC and
adjacent noncancerous tissues. (B) Statistical analysis of the expression of TRIM29 in HCC and adjacent noncancerous tissues. (C) Kaplan-Meier analysis of overall

survival between in HCC patients with high and low miR-424-5p expression. (D) Kaplan-Meier analysis of overall survival in HCC patients with high and low TRIM29
expression.
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Table 1
Correlations between miR-424-5p with clinicopathological features of HCC
patients.
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Table 2
Univariate and multivariate analysis of different prognostic variables influen-
cing overall survival in HCC patients.

Variables Cases miR-424-5p expression P
Low (n = 57) High (n = 33)

Age (yr)
<50 43 25 18 0.384
=50 47 32 15

Gender
Male 50 31 19 0.828
Female 40 26 14

Tumor size(cm)
=5 47 27 20 0.276
>5 43 30 13

AFP (ng/ml)
=20 39 20 19 0.048
> 20 51 37 14

Liver cirrhosis
Presence 58 35 23 0.497
Absence 32 22 10

HBsAg
Positive 66 41 25 0.809
Negative 24 16 8

TNM stage
1/11 42 17 25 0.001
1I/1v 48 40 8

Vascular invasion
Presence 49 32 17 0.826
Absence 41 25 16

Multiplicity
Single 50 29 21 0.276
Multiple (=2) 40 28 12

Intrahepatic metastasis
Presence 42 19 23 0.001
Absence 48 38 10

Bold data indicates statistically significant.

Recently, miR-424-5p was identified as a tumor suppressor microRNA,
that regulates tumor cell proliferation, migration and invasion by tar-
geting DCLK1 in basal-like breast cancer [19]. However, the underlying
functional mechanism of the miR-424-5p regulation of HCC malignant
progression remains unknown.

2. Materials and methods
2.1. Patients and specimens

All fresh HCC specimens, including 90 HCC tissues and paired
normal adjacent tissues, were obtained for analysis. All HCC specimens
were collected from February 2006 to March 2011 in the Second
Hospital Affiliated of Chongqing Medical University. The samples were
snap-frozen for mRNA and protein assessment. The histopathological
diagnosis of HCC samples was independently diagnosed by two ex-
perienced pathologists. Our present study was approved by the
Institutional Review Board of the Second Hospital Affiliated of
Chongqing Medical University and informed consent was obtained from
all patients according to the Declaration of Helsinki.

2.2. Cell culture and transfection

HCC cell lines (MHCC-97H, HepG2, SMMC-7721, and Huh-7) and a
normal liver cell line (LO2) were obtained from the Institute of
Biochemistry and Cell Biology (Chinese Academy of Sciences, Shanghai,
China). All cell lines were cultured in high-glucose DMEM. Cells were
transfected with pcDNA-TRIM29 based on the manufacturer's instruc-
tions. The pre-miR-424-5p (miR-424-5p) and miR-424-5p inhibitor
(anti-miR-424-5p) lentiviral vectors were obtained from GenePharma
(Shanghai, China). Cells were transfected using Lipofectamine 3000
reagent (Invitrogen, USA) according to the manufacturer's instructions.

Variables n Univariate analysis Multivariate analysis
model
HR (95% CI) P HR (95% CI) P
Sex 0.689 0.504
(0.807-1.765)
Female 40
Male 50
Age (year) 0.485 0.547
(0.642-1.596)
<50 43
=50 47
AFP(ng/ml) 1.704 0.027 1.079 0.031
(1.098-2.693) (1.078-2.869)
=20 39
> 20 51
HBsAg 1.178 0.715 1.006 0.796
(1.078-2.468) (0.463-1.896)
Positive 66
Negative 24
Liver Cirrhosis 0.864 0.676 1.483 0.782
(0.485-1.763) (0.789-2.394)
Presence 58
Absence 32
TNM stage 1.247 0.024 1.094 0.011
(0.946-2.573) (1.048-3.166)
/11 42
1I1/1v 48
Tumor size (cm) 1.098 0.331
(1.237-2.987)
<5 47
>5 43
Multiplicity 0.697 0.546
(0.882-1.830)
Single 50
Multiple (=2) 40
Intrahepatic 0.896 0.283
Metastasis (1.204-2.864)
Presence 42
Absence 48
Vascular Invasion 1.134 0.783
(1.364-2.841)
Presence 49
Absence 41
miR-424-5p 1.309 0.022 1.023 0.010
expression (0.489-1.465) (1.220-2.039)
Low 57
High 33

HR hazard rate, CI confidence interval.
Bold data indicates statistically significant.

2.3. Real-time PCR

Total RNA from frozen patient samples and cell lines was extracted
using TRIzol reagent (TaKaRa, Japan) according to the manufacturer's
protocol. RNA was reverse transcribed into cDNA using PrimeScript RT
Reagent (TaKaRa), and qRT-PCR was performed with SYBR Premix Ex
Taq II (TaKaRa) using a LightCycler system (Roche).

2.4. Western blot analysis

Total protein was extracted with RIPA lysis buffer, resolved by 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
and transferred to a polyvinylidene fluoride (PVDF) membrane
(Millipore, USA). After blocking with 5% nonfat powdered milk at room
temperature for 1 h, the membranes were probed at 4 °C overnight with
the following specific primary antibodies:TRIM29 (1:1000; Abcam,
USA), BAX (1:5000, Abcam, USA), BCL-2 (1:1000, Abcam, USA), K167
(1:1000, Abcam, USA) and [3-actin (1:5000, Abcam, USA).
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Fig. 3. miR-424-5p overexpression regulates proliferation and invasion in HCC cell lines. (A) MHCC-97H and HepG2 cells, which were transfected with pre-miR-424-
5p, were assessed for miR-424-5p expression by qRT-PCR. (B) CCK-8 assays were carried out to examine the effects of miR-424-5p overexpression on the proliferative
ability of HCC cells. (C) Wound-healing assays were performed to determine the effects of miR-424-5p overexpression on the migration of HCC cells. (D) Cell
proliferation was detected with EAU in HCC cells after miR-424-5p overexpression. (E) The invasion assay was used to examine the effects miR-424-5p overexpression
on HCC cell invasion. (F) Colony formation assays in HCC cells after the overexpression of miR-424-5p. *P < 0.05 vs control, **P < 0.01 vs control. NC, negative

control; OD, optical density.

2.5. Immunohistochemistry

All paraffin-embedded tumor tissues collected from 90 consecutive
patients with HCC were used for tissue microarray (TMA) construction
and immunohistochemistry (IHC). After antigen retrieval in citrate
buffer (pH 6.0) for 2 min in an autoclave, 0.3% hydrogen peroxide was
applied for 15min, and then the sections were incubated with goat
serum. The sections were incubated with anti-TRIM29 rabbit polyclonal
antibodies (Abcam, USA) at a 1:200 dilution.

2.6. Cell-counting Kit-8 assay

Cells were grown in a 96-well plate for 24h, 48h and 72h. Cell
proliferation analysis was performed using the Cell Counting Kit-8 assay
(CCK-8, Dojindo, Japan) according to the manufacturer's instructions.

2.7. Colony-forming assay

Cells were grown in a 6-well plate for 14 days. Colonies formed by
cell proliferation were stained with 20% methanol and 0.1% crystal
violet, and the colonies were counted.

2.8. Wound healing assay

Cells were grown in a 6-well plate, and after reaching confluence,
non-adherent cells were washed away twice with PBS. The cell mono-
layer was scratched with a pipette tip (10 ml) to generate 3 scratch
wounds and then rinsed twice with PBS to remove non-adherent cells.
After Oh, 24h and 48h, the distance between the wound sides was
measured.

2.9. Cell invasion assay

After transfection for 48 h, a cell suspension was added to the upper
chamber (Corning, USA) and cultured in 200 pl of serum-free medium.
In the lower chambers, 600 ul of medium containing 10% FBS was
added. After 24 h, the upper unmigrated cells were gently wiped off
with a cotton swab, washed 3 times with PBS, stained with 0.1% crystal
violet for 20 min and counted.

2.10. 5-Ethynyl-2’-deoxyuridine (EAU) assay

Cells were seeded into 96-well plates (5 X 102 cells/well) and cul-
tured for 24 h. Cells were incubated with EAU (50 uM) for 2 h at 37 °C,
fixed in 4% formaldehyde for 30 min and permeabilized with 0.5%
TritonX-100 solution for 10 min at room temperature. After washing
with PBS, 1 X ApolloR reaction cocktail (100 ul) was added, and the
reaction proceeded for 30 min at room temperature in the dark. Cell
nuclei were stained by adding 1 x Hoechst 33342 (100 pl) for 30 min.
Cell proliferation was analyzed using the mean number of cells in three
fields for each sample.

2.11. Luciferase reporter assay

The Wild-type (WT) TRIM29-3’'UTR and mutant (MUT) TRIM29-
3’UTR containing the putative binding site of miR-424-5p were cloned
and established in the firefly luciferase-expressing pMIR-REPORT
vector (Obio Technology, China). After transfection for 24 h, luciferase

assays were performed using the Luciferase Reporter Assay System
(GloMax) according to the manufacturer's protocol.

2.12. miRNA target prediction

Four prediction databases, TargetScan (http://www.targetscan.
org), Oncomir(http://www.oncomir.org/), MiRanda(http://www.
microrna.org/microrna/home.do) and miRWalk(http://mirwalk.umm.
uni-heidelberg.de/) were used to predict miRNA targets and conserved
sites bound to miR-424-5p.

2.13. Mouse xenograft tumor model

Five-week-old male BALB/c-nu mice were purchased from the
Shanghai Experimental Animal Center (Shanghai, China) and fed in the
Experimental Animal Center of Chongqing Medical University
(Chongqing, China). miR-424-5p and its associated negative control
MHCC-97H cells and HepG2 cells (5 x 10%) were subcutaneously in-
jected into the left hip flanks of the mice. Then, tumor weight and
volume were measured in each group.

2.14. Statistical analysis

All data were analyzed using GraphPad Prism version 6.0 (CA, USA)
or SPSS 21.0 software (SPSS Inc., Chicago, IL, USA). Data are presented
as the mean =+ standard deviation (SD). Statistical differences were
analyzed by one-way analysis of variance, followed by the Newman-
Keuls test, and repeated measures analysis of variance was used to
evaluate the differences between groups. The Kaplan-Meier method
was used to assess OS, and the log-rank test was used to analyze the
differences between the curves. The prognostic significance of miR-424-
5p and TRIM29 expression was calculated by univariate and multi-
variate Cox regression analyses. P < 0.05 was defined as having sta-
tistical significance.

3. Results

3.1. miR-424-5p is decreased, and TRIM29 is increased in HCC tissues and
cell lines

To investigate the expression of miR-424-5p and TRIM29 in HCC
tissues and cell lines, QRT-PCR was used. The results indicated that miR-
424-5p was downregulated and that TRIM29 was upregulated in HCC
tumors compared with paired normal samples (P < 0.05, Fig. 1A, B).
As expected, miR-424-5p expression was reduced and TRIM29 expres-
sion was increased in HCC cell lines compared with normal liver cell
lines (P < 0.01, Fig. 1C, D). Western blot data indicated that TRIM29
was significantly upregulated in HCC compared with paired normal
samples (P < 0.05, Fig. 1E).

3.2. Downregulated miR-424-5p and upregulated TRIM29 are significantly
correlated with a poor clinical prognosis in HCC

We found that the expression of TRIM29 in HCC was significantly
higher than that in paired normal samples (Fig. 2A, B). Kaplan-Meier
survival analysis showed that HCC patients with low miR-424-5p ex-
pression had a significantly shorter OS than those with high miR-424-
5p expression (P = 0.020, Fig. 2C). Moreover, HCC patients with high
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Fig. 4. miR-424-5p inhibits the tu-
morigenicity of HCC via TRIM29. (A)
MHCC-97H cells transfected with pre-
miR-424-5p were subcutaneously in-
oculated into nude mice to formed
tumors. (B) Tumor weight and tumor
volume were recorded in each group.
(C) HepG2 cells transfected with pre-
miR-424-5p were subcutaneously in-
oculated into nude mice to form tu-
mors. (D) Tumor weight and tumor
volume were recorded in each group.
(E) Protein expression of proliferation-
and apoptosis-related indicators, after
transfection with pre-miR-424-5p in
MHCC-97H cells. (F) Protein expres-
sion of proliferation- and apoptosis-
related indicators, after transfection
with pre-miR-424-5p in HepG2 cells.
Data are shown as the mean + SD.
The time point of tumor sampling was
50 days after inoculation of the cells.
*P < 0.05 vs control, **P < 0.01 vs
control. NC, negative control.
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Fig. 5. miR-424-5p directly targeted TRIM29. (A) Four potential genes of miR-424-5p were predicted by four bioinformatics databases: TargetScan, MiRnada,
Oncomir, and miRWalk. (B) miR-424-5p putative binding sites and the corresponding mutant sites of TRIM29. (C) The luciferase activity of wild-type (WT)
TRIM29-3’UTR and mutant (MUT) TRIM29-3’UTR was assessed. (D-E) qRT-PCR and Western blotting analysis were used to examine the mRNA and protein levels of
TRIM29 in MHCC-97H cells which were cotransfected with pre-miR-424-5p and miR-424-5p-inhibitor vectors. *P < 0.05 vs control, **P < 0.01 vs control. NC,

negative control.

TRIM29 expression had a significantly shorter OS than those with low
TRIM29 expression (P = 0.011, Fig. 2D).

Interestingly, miR-424-5p expression was positively correlated with
AFP (P = 0.048), TNM stage (P = 0.001) and intrahepatic metastasis
(P = 0.001) (Table 1). In univariate analysis, AFP (P = 0.027), TNM
stage (P = 0.024) and miR-424-5p (P = 0.022) were significantly as-
sociated with OS. The multivariate model revealed that OS was sig-
nificantly dependent on AFP (P = 0.031), TNM stage (P = 0.011) and
miR-424-5p (P = 0.010) (Table 2), suggesting that miR-424-5p is an
independent prognostic factor for OS in HCC.

3.3. miR-424-5p inhibits cell proliferation, migration and invasion in HCC
cells

To further study the biological function of miR-424-5p in HCC cells,
we conducted gain-of-function experiments of miR-424-5p in MHCC-
97H and HepG2 cells. As detected by qRT-PCR, we confirmed that miR-
424-5p was effectively overexpressed in both cell lines (P < 0.05,
Fig. 3A). The CCK8 assay showed that increased miR-424-5p expression
significantly inhibited cell proliferation in MHCC-97H and HepG2 cells
compared with the NC groups (P < 0.01, Fig. 3B). Wound healing
assays indicated that MHCC-97H and HepG2 cell mobility was sig-
nificantly decreased with miR-424-5p overexpression (P < 0.05,
Fig. 3C). As shown in Fig. 3D, the number of HCC cells incorporating
EdU in the miR-424-5p overexpression group was less than that in the
control group. In addition, a cell invasion assay showed that the up-
regulation of miR-424-5p inhibited MHCC-97H and HepG2 cell mi-
gration (P < 0.05, Fig. 3E). Moreover, colony formation assays showed
that miR-424-5p showed overexpression resulted in remarkably de-
creased colony-formation abilities in MHCC-97H and HepG2 cells
(P < 0.05, Fig. 3E).

3.4. miR-424-5p suppresses tumorigenicity in HCC

We also identified the influence of miR-424-5p on proliferation in
vivo. As shown in Fig. 4A and B, the overexpression of miR-424-5p
limited tumor growth significantly in MHCC-97H cells. Similar effects
of miR-424-5p were observed in the HepG2 cell model (Fig. 4C, D).
Western blot analysis showed that miR-424-5p overexpression de-
creased TRIM29, AFP, Bcl-2 and Ki67 expression and increased Bax
expression (Fig. 4E). Similar effects of miR-424-5p were observed in the
HepG2 cell model (Fig. 4F).

3.5. miR-424-5p directly interacts with TRIM29 in HCC

To further investigate the molecular mechanisms by which miR-
424-5p exerts its functional effects on HCC, we searched miRNA data-
bases, including TargetScan, miRWalk, Oncomir and miRNAda, and
identified TRIM29 as the potential target gene of miR-424-5p (Fig. 5A).
Moreover, the miRNA databases indicated that miR-424-5p could bind
to the 3-UTR of TRIM29 (Fig. 5B). The luciferase reporter assay sug-
gested that cotransfection of miR-424-5p significantly inhibited luci-
ferase activity in cells transfected with Wt-TRIM29 3’-UTR. However,
the inhibition was not observed in cells cotransfected with Mut-
TRIM29 3’-UTR (Fig. 5C). In addition, the overexpression of miR-424-
5p significantly inhibited both the mRNA and protein expression of
TRIM29 (Fig. 5D, E).

3.6. TRIM29 ameliorates the inhibitory effect of miR-424-5p on HCC
proliferation, migration and invasion

To confirm whether miR-424-5p executed its functional effects by
suppressing TRIM29, western blot analysis was performed. The results
revealed that TRIM29 expression was restored by the overexpression of
TRIM29 in MHCC-97H and HepG2 cells, which overexpress miR-424-5p
(Fig. 6A). The restoration of TRIM29 expression significantly abolished
the inhibitory effects of miR-424-5p on proliferation, migration and
invasion (Fig. 6B-F). Moreover, the restoration of TRIM29 expression
increased the expression of TRIM29, AFP, Bcl-2 and Ki67 and decreased
Bax expression in MHCC-97H and HepG2 cells, which overexpress miR-
424-5p (Fig. 6G).

4. Discussion

Hepatocellular carcinoma, as a malignant tumor with a high rate of
metastasis and recurrence, has caused a large number of deaths and a
huge burden on families and society [1]. The latest research shows that
the ectopic expression of miRNA may lead to the occurrence and de-
velopment of cancer [20]. Therefore, it has been found that oncogenic
or tumor suppressor miRNAs are important for revealing the molecular
mechanism of HCC progression. Recently, miR-424-5p was found to be
involved in the progression of various malignant tumors, such as colon
carcinoma, cervical cancer and epithelial ovarian cancer [21,22]. In
this study, we discovered that miR-424-5p was decreased in both HCC
tissues and cell lines and that miR-424-5p was significantly related to
AFP, TNM stage, and intrahepatic metastasis. Meanwhile, HCC patients
with low miR-424-5p expression had a significantly shorter OS than
those with high miR-424-5p expression. Therefore, these results in-
dicate that miR-424-5p is a potential biomarker and tumor suppressor
gene for HCC.

Then, rescue experiments were conducted in HCC tissues and cell
lines. The results showed that the overexpression of miR-424-5p in-
hibited proliferation, migration and invasion as well as tumor growth in
vivo by inhibiting genes related to cell proliferation and apoptosis. New
research has shown that the overexpression of miR-424-5p can regulate
the malignant biological behavior of tumor cells by targeting KDM5B,
which inhibits the notch signaling pathway in cervical cancer [16].
Studies have also identified that the upregulation of miR-424-5p can
decrease invasion, metastasis and proliferation via the SMAD7 pathway
mediated EMT in ESCC [17]. In contrast, miR-424-5p was upregulated
and led to increased cell proliferation, migration and invasion by sup-
pressing the expression of SOCS6 and regulating the ERK1/2 signaling
pathway in pancreatic cancer [23]. This result further show that miR-
424-5p plays different roles in malignant tumors, which may also be
caused by different microenvironments of the tumor. A change in the
tumor microenvironment is also one of the reasons for promoting tumor
development. The role of miR-424-5p in different tumor micro-
environments is our next direction of research.

miRNAs bind to a specific site in the 3’ noncoding region of the
target mRNA and mediate degradation of the mRNA by incomplete
complementation [24]. miRNA databases were used to identify the
direct targets of miR-424-5p. TRIM29 was predicted as one of the target
genes of miR-424-5p. In colorectal cancer, TRIM29 expression is up-
regulated expression and associated with a poor prognosis [25]. In
addition, TRIM29 plays an important role in proliferation and invasion
and increases chemosensitivity to cisplatin in human pancreatic cancer
[26]. Furthermore, the knockdown of TRIM29 can increase
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Fig. 6. Restoration of TRIM29 ameliorates the in-
hibitory effect of miR-424-5p in HCC cell lines. (A)
Western blot showing the expression of TRIM29 in
MHCC-97H-miR-424-5p and HepG2-miR-424-5p cells
were transfected with the TRIM29 vector and the NC.
(B) A CCK-8 assay was used to examine the effects of
the overexpression of TRIM29 on proliferative ability
in MHCC-97H-miR-424-5p and HepG2-miR-424-5p
cells. (C) A wound-healing assay was performed to
determine the effects of the overexpression of TRIM29
on the migration of MHCC-97H-miR-424-5p and
HepG2-miR-424-5p cells. (D) Colony formation assays
of the effects of the overexpression of TRIM29 on the
migration of MHCC-97H-miR-424-5p and HepG2-miR-
424-5p cells. (E) Cell proliferation was detected with
EdU in MHCC-97H-miR-424-5p and HepG2-miR-424-
5p cells after the overexpression of TRIM29. (F) The
invasion assay was used to examine the effects of
TRIM29 overexpression on MHCC-97H-miR-424-5p
and HepG2-miR-424-5p cell invasion. (G) Western blot
showing the proliferation- and apoptosis-related in-
dicators in MHCC-97H-miR-424-5p and HepG2-miR-
424-5p cells transfected with the TRIM29 vector and
the NC. *P < 0.05 vs control, **P < 0.01 vs control.
NC, negative control; OD, optical density.
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chemosensitivity to cisplatin in human lung squamous cancer and
promote tumor cell apoptosis [27]. In addition, the knockdown of
TRIM29 results in decreased cell growth, motility, and invasiveness via
inhibition of the EMT by TWIST1 in breast cancer [28]. In our research,
we found that HCC patients with high TRIM29 expression had a worse
prognosis. As expected, the restoration of TRIM29 reversed the effect of
miR-424-5p overexpression on cell proliferation, migration and inva-
sion in HCC.

In conclusion, our study demonstrated that the expression of miR-
424-5p was reduced in HCC, and reduced miR-424-5p expression is
correlated with AFP, TNM stage, and intrahepatic metastasis, moreover,
HCC patients with low expression of miR-424-5p have a worse prog-
nosis. The upregulation of miR-424-5p inhibited cell proliferation, mi-
gration and invasion in vitro, and suppressed HCC tumor growth in vivo
via TRIM29 and its related proliferation and apoptosis genes. In sum-
mary, our findings provide a new direction for the molecular patho-
genesis of HCC and identify the miR-424-5p/TRIM29 axis as a potential
therapeutic target in HCC.
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