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Abstract. Hepatocellular carcinoma (HCC) is a malignant 
tumor that poses a serious threat to human health. Due to its 
occult onset and rapid development, HCC is a challenge to 
diagnose early and effectively treat, and thus patients with HCC 
often have an unfavorable prognosis. MicroRNA (miR)‑129 
and its target gene play an important role in the regulation of 
various diseases. Therefore, the aim of the present study was 
to investigate the role and mechanism of action for miR‑129‑5p 
in the development of HCC. Quantitative results of clinical 
samples analyzed using reverse transcription‑quantitative PCR 
suggested that miR‑129‑5p had a significantly lower expres‑
sion level in tumoral tissues compared with corresponding 
peritumoral tissues. Overexpression of miR‑129‑5p in HCC 
cells was performed using a transfection technique, followed 
by MTT, Transwell, invasion and wound healing assays to 
detect the effect of miR‑129‑5p on the cell cytotoxicity and 
metastasis of liver cancer in vitro. The downstream target gene 
of miR‑129‑5p, bone morphogenetic protein 2 (BMP2), was 
determined using a luciferase reporter assay. Overexpression 
of miR‑129‑5p played a vital role in decreasing cytotoxicity 
and promoting metastasis of HCC, which may be attributed to 
its inhibitory effect on the expression of its target gene, BMP2. 
In clinical samples, miR‑129‑5p expression levels were found 
to be negatively correlated with BMP2 and closely associated 
with HCC metastasis and infiltration. Collectively, the results 
suggested that miR‑129‑5p may contribute to proliferation and 
metastasis of HCC through its target gene, BMP2, and thus 
may be a potential novel therapeutic target for the treatment 
of HCC.

Introduction

Hepatocellular carcinoma (HCC) is a primary liver cancer that 
is derived from hepatocytes, accounting for 95% of all types of 
primary liver cancer (1). HCC is a malignant tumor that seri‑
ously threatens human health, with an incidence and mortality 
among the highest of all tumor types (2). The potential risk 
factors for HCC include viral infections, cirrhosis, aflatoxina 
and alcoholism, which are speculated to lead to fundamental 
genetic mutations, causing oncogene activation and tumor 
suppressor gene inactivation (3). An oncogene is a dominant 
gene that can cause malignant transformation of cells after its 
mutation, while a tumor suppressor gene is a recessive gene that 
may lead to the transformation of normal cells into cancerous 
cells due to disruption of the regulation of associated cell divi‑
sion and proliferation when the tumor suppressor is mutated or 
lost (4). In the development of several tumors, the loss of tumor 
suppressor genes may be more important than the activation of 
an oncogene since the former exerts resistance and protection 
at various stages of tumor development, including regulation 
of the cell cycle, inhibition of cell adhesion and migration, 
suppression of proliferation of cells with DNA damage and 
repair of damaged DNA (5,6). The underlying mechanism 
of action behind liver cancer has been investigated in recent 
years and several tumor‑related genes have been identified; 
however, the exact molecular mechanism of action is yet to be 
elucidated (7‑13).

MicroRNAs (miRNAs/miRs) are non‑coding single‑ 
stranded small RNAs that consist of ~22 nucleotides (14). 
miRNAs, which are widely found in plants, animals and 
human cells, exhibit a post‑transcriptional regulatory effect 
by degrading mRNA or inhibiting translation of mRNA by 
binding to the 3' untranslated region (3'UTR) of their target gene 
mRNA (15). Previous studies have shown that miRNAs play 
an important regulatory role in cell proliferation, apoptosis, 
insulin secretion and neurodevelopment; miRNAs are also 
essential to the late stage of embryonic development (16,17). It 
has also been reported that miR‑196 is involved in the regula‑
tion of mammalian limb development (5) and that miR‑181 
plays a role in the regulation of mammalian blood cell differ‑
entiation (18). In mammals, miR‑375 exhibits a regulatory 
effect on insulin secretion (6). In addition, the development 

MicroRNA‑129‑5p promotes proliferation and metastasis of 
hepatocellular carcinoma by regulating the BMP2 gene

ZENGYAO LIU1,  JIEFEI SUN2,  XIAOCHUN WANG3  and  ZHENYUAN CAO4

1Department of Intervention, The First Affiliated Hospital of Harbin Medical University, Harbin, Heilongjiang 150001; 
2Interventional Catheter Therapy Section Office, Zhaodong Renmin Hospital, Zhaodong, Heilongjiang 151100; 

Departments of 3Nursing and 4Intervention, The First Affiliated Hospital of Harbin 
Medical University, Harbin, Heilongjiang 150001, P.R. China

Received November 11, 2019;  Accepted November 26, 2020

DOI: 10.3892/etm.2021.9688

Correspondence to: Dr Zhenyuan Cao, Department of Intervention, 
The First Affiliated Hospital of Harbin Medical University, 23 
Youzheng Street, Harbin, Heilongjiang 150001, P.R. China
E‑mail: caozhengyuan20@hotmail.com

Key words: hepatocellular carcinoma, microRNA‑129‑5p, bone 
morphogenetic protein 2, proliferation, metastasis



LIU et al:  miR‑129‑5p PROMOTES PROLIFERATION AND METASTASIS OF HCC THROUGH BMP22

of nervous systems of some species, such as nematodes and 
zebrafish, is also regulated by lin‑4, miR‑142, miR‑15, miR‑16 
and let‑7 miRNAs (19). miRNAs are widely used for the 
diagnosis and prognosis of various diseases and also serve as 
tumor markers for candidate cancer types (6,20,21). Previous 
studies have shown that abnormal expression of miRNAs in 
tumors can lead to oncogene activation and tumor suppressor 
gene dysregulation, which may ultimately contribute to 
tumor progression (22‑24). The dysregulated expression of 
miRNAs may function as an important regulator to liver 
failure. The development of HCC is often accompanied 
with the dysregulation of miRNAs. A number of miRNAs 
have been associated with the clinicopathological features 
of liver cancer (25‑27). miR‑320, miR‑486, miR‑705 and 
miR‑1224 were shown to be increased, whilst the expression 
of miR‑27B, miR‑214, miR‑199‑3p, miR‑182 and miR‑183, 
were shown to be decreased in hepatocellular carcinoma 
tissues (27). It has been previously demonstrated that miRNAs 
serve an important role in the progression of HCC, potentially 
promoting the proliferation of tumor cells, inhibiting tumor 
cell apoptosis and facilitating metastasis by directly targeting 
their corresponding mRNAs (28‑34).

miR‑129‑5p regulates the development and progression 
of various tumors by regulating the cell cycle, proliferation, 
apoptosis, migration, invasion and angiogenesis, as well as 
other physiological and pathological processes (25). In 
neuroblastomas, miR‑129 inhibits tumor growth by targeting 
Myosin X (MYO10) (35). Furthermore, miR‑129‑5p promotes 
cell proliferation and invasion; and inhibits apoptosis through 
regulating the SOX4 pathway in renal cell carcinoma (26). 
A previous study has reported that miR‑129‑5p is an important 
biomarker for single ventricle heart failure (36). In addition, 
the expression of miR‑129 may be an independent prognostic 
marker for biochemical recurrence (BCR)‑free survival 
in patients with prostate cancer and the overexpression of 
miR‑129 significantly attenuates prostate cancer cell prolif‑
eration by regulating cell cycle‑regulated protein expression 
levels (27). To the best of our knowledge, no studies exist 
that have investigated the correlation between miR‑129‑5p 
and HCC. Therefore, the present study was conducted to 
investigate the effect of miR‑129‑5p on the proliferative and 
invasive capabilities of HCC cells.

Materials and methods

Clinical tissue specimens. All 45 patients with HCC involved 
in the present study were enrolled from The First Affiliated 
Hospital of Harbin Medical University (Harbin, China), after 
signing informed consent forms from May 2015 to Sep 2017. 
Fresh tumor and peritumoral tissue were frozen in liquid 
nitrogen immediately after dissection during the surgery. None 
of the patients in the present study received any other preopera‑
tive adjuvant therapy before surgery. The clinical characteristics 
of patients with liver cancer are presented in Table I. Among 
the 45 patients, there were 29 males and 16 females were 16. 
All 45 patients were clinically diagnosed with HCC. Patients 
with intrahepatic metastasis, vascular invasion, or capsular 
invasion as found by Computer Tomography and pathological 
examination were used to classify metastatic/invasion samples. 
The age ranged from 27 to 71 years, of which 20 patients 

were ≥55 years old and 25 patients <55 years old. There were 
29 patients with intrahepatic metastases, vascular invasion or 
capsular invasion (metastatic/invasion samples, 64.4%). There 
were 16 patients with metastatic/invasion. The present study 
was approved by the Institutional Ethics Committee of Harbin 
Medical University (approval no. KY2017059; Harbin, China).

Cell culture. The cell strain and human liver cancer cell 
lines (HepG2 and Huh7) were provided by the China Center 
for Type Culture Collection. Cells were seeded in DMEM 
(HyClone, GE Healthcare Life Sciences), supplemented with 
10% FBS (HyClone, GE Healthcare Life Sciences), 100 U/ml 
penicillin and 100 µg/ml streptomycin at pH 7.2‑7.4 and then 
cultured routinely in an incubator (37˚C, 5% CO2, 95% air with 
saturated humidity).

miRNA and transfection. Transfections were performed 
using miRNAs analogs, miR‑129‑5p mimics (5'‑CUU UUU 
GCG GUC UGG GCU UGC‑3'), miR‑129‑5p inhibitor (5'‑GCA 
AGC CCA GAC CGC AAA AAG UU‑3'), negative control (NC; 
5'‑UUC UCC GAA CGU GUC ACG UTT‑3') and inhibitor NC 
(5'‑CAG UAC UUU UGU GUA GUA CAA‑3'), which were 
synthesized by Shanghai GenePharma Co., Ltd.. The NC was 
a synthetic scrambled double oligonucleotide that do not target 
any mRNA. The transfection reagent was Lipofectamine® 2000 
(cat. no. 11668‑027; Invitrogen; Thermo Fisher Scientific, Inc.) 
and the operating procedures were performed following the 
manufacturer's protocols. The cells were cultured for 24 and 
48 h at 37˚C and 5% CO2 for subsequent experiments.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
reverse transcription of miRNA was carried out as described 
previously (37). Total RNA from tissue specimens, HepG2 
cells or Huh7 cells was isolated using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) following manu‑
facturer's protocols. Subsequently, the RNA was converted 
into cDNA using High‑Capacity cDNA Reverse Transcription 
kit (cat. no. 4368814; ABI; Thermo Fisher Scientific, Inc.). The 
temperature of reverse transcription is set as follows: 25˚C for 
10 min, 37˚C for 120 min, 85˚C for 5 min and 4˚C for 5 min.

miRNA expression levels were quantitatively determined 
using the Fast SYBR™ Green PCR Master Mix kit (cat. 
no. 4385610; ABI; Thermo Fisher Scientific, Inc.), with U6 
snRNA as an internal reference for miRNA. Primers were used 
for miRNA detection as follows: miR‑129‑5p forward, 5'‑CTT 
TTT GCG GTC TGG GCT TGC‑3' and reverse, 5'‑GTG CAG 
GGT CCG AGG T‑3' and U6 snRNA forward, 5'‑TGC GGG TGC 
TCG CTT CGG CAG C‑3' and reverse, 5'‑GTG CAG GGT CCG 
AGG T‑3'. Primers were used for mRNA detection as follows: 
Bone morphogenetic protein 2 (BMP2) forward, 5'‑AAG TCT 
CCT CCT TCA TCA GTA TAC GCT CG‑3' and reverse, 5'‑GAT 
ATC GAA TTC GAT ATC AAG CTG AT‑3' and β‑actin forward, 
5'‑TAC CTC ATG AAG ATC CTC ACC‑3' and reverse, 5'‑TTT 
CGT GGA TGC CAC AGG AC‑3'. The β‑actin mRNA level 
was used for normalization. All primers were obtained from 
Invitrogen (Shanghai, China). The annealing temperature for 
BMP2 and miR‑129‑5p was 60˚C. The full thermocycling 
conditions for qPCR are as follows: Initial denaturation at 
95˚C for 2 min, followed by 40 cycles of 95˚C for 30 sec and 
60˚C for 1 min. The method of ΔΔCq was used to determine 
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the relative quantity of mRNA expression in samples, and fold 
change was determined as 2‑ΔΔCq (38).

Western blotting. Cells were lysed using modified cell 
lysate RIPA buffer (50 nM Tris HCl, pH 7.4, 150 mM NaCl, 

Table I. Clinical features of the patients with hepatocellular carcinomas.

   Tumor size Intrahepatic Vascular Capsular
Patient no. Age (year) Gender (cm x cm x cm) metastases invasion invasion

  1 59 M 3x3x2 ‑ ‑ ‑
  2 61 M 4x4x2 ‑ ‑ ‑
  3 52 F 5x3x3 ‑ ‑ ‑
  4 50 M 9x7x3 ‑ ‑ ‑
  5 46 M 10x7.5x5 + + +
  6 38 M 3x2x2 ‑ ‑ ‑
  7 70 M 6x4x2 ‑ ‑ +
  8 71 F 7x5x3 + + +
  9 51 M 19x12x7 + ‑ +
10 62 F 12x11.5x10 + ‑ +
11 50 F 6.5x6x5.5 ‑ + ‑
12 57 F 9x8x7.5 ‑ + ‑
13 43 M 4x3x2.5 + ‑ ‑
14 70 M 5.5x5.5x3 ‑ + +
15 60 M 18x15x7 ‑ ‑ ‑
16 66 M 12x9x6.5 + + +
17 67 M 4x3x2.5 ‑ ‑ ‑
18 60 M 5.5x4x4 + ‑ +
19 49 M 10x8.5x5 ‑ ‑ ‑
20 47 M 6.5x6x3 ‑ ‑ ‑
21 68 M 17x12x6 ‑ ‑ +
22 52 F 12x10x8 ‑ ‑ ‑
23 39 M 4x3x3 ‑ ‑ ‑
24 42 M 7x5x3.5 ‑ ‑ +
25 60 F 9x7x4.5 + ‑ ‑
26 53 F 14x9x8 ‑ + ‑
27 50 F 10x7x6.5 ‑ ‑ ‑
28 27 M 9.5x8x7.5 ‑ ‑ ‑
29 46 M 4x3.5x3 ‑ ‑ ‑
30 52 F 8x6x5.5 ‑ ‑ ‑
31 58 M 6x4x4 ‑ ‑ ‑
32 46 M 9x6.5x5 ‑ ‑ ‑
33 37 F 7x2x2 ‑ ‑ +
34 54 M 3x2.7x2 ‑ + +
35 43 M 4.5x1.5x1 + ‑ ‑
36 69 F 4.5x3x3 ‑ + ‑
37 57 M 6x5.5x4.5 ‑ + ‑
38 46 M 4x4x1.5 ‑ ‑ +
39 50 M 7x3.5x2.5 ‑ ‑ +
40 67 F 8x6.5x4 ‑ + ‑
41 70 M 6x3.5x3 + + +
42 55 F 4x2x2 + ‑ ‑
43 43 F 5x4.5x2 + + +
44 54 F 3x2x2 + ‑ +
45 62 M 4x3.5x3 ‑ + ‑

F, female; M, male; +, positive; ‑, negative.



LIU et al:  miR‑129‑5p PROMOTES PROLIFERATION AND METASTASIS OF HCC THROUGH BMP24

1% NP‑40, 0.25% sodium deoxycholate and 0.5% SDS) 
to extract proteins. Protein concentration was determined 
using a bicinchoninic acid protein assay kit. In total, 80 µg 
protein was loaded into each well. After being separated 
by 12% SDS‑PAGE, the protein was transferred onto a 
PVDF membrane. The membranes were blocked in 1% BSA 
(Gibco; Thermo Fisher Scientific, Inc.) with 0.05% Tween‑20 
at 37˚C for 1 h. The membranes were then incubated with 
rabbit monoclonal anti‑BMP2 (cat. no. ab214821; 1:1,000; 
Abcam) and goat monoclonal anti‑β‑actin (cat. no. sc‑8432; 
1:2,000; Santa Cruz Biotechnology, Inc.) at 4˚C overnight. 
After incubation with the horseradish peroxidase‑conjugated 
goat anti‑rabbit IgG secondary antibody (cat. no. ab205718; 
1:20,000) and rabbit anti‑goat IgG (cat. no. ab6741; 1:2,000) 
at room temperature for 1 h, the signal was detected by 
using Clarity Max™ Western ECL Substrate (Bio‑Rad 
Laboratories, Inc.). Tanon 1000 digital image gel analytical 
system (Tanon Science & Technology Co., Ltd.) was used for 
photography and quantification.

Bioinformatics analysis. Bioinformatics analysis was 
conducted using TargetScan (TargetScan Release 7.2; www.
targetscan.org;) to identify the target gene of miR‑129‑5p. 
A predicted target site of miR‑129‑5p was identified in the 
BMP2 3'UTR region.

Luciferase reporter assay. The BMP2 3'UTR and BMP2 
3'UTR mutants, which were synthesized by Shanghai 
GenePharma Co., Ltd., were constructed into pmirGLO 
Dual‑Luciferase vector (Promega Corporation) and referred 
to as pGL‑BMP2‑3'UTR and pGL‑mBMP2‑3'UTR, respec‑
tively. HepG2 cells cultured in monolayers were digested 
using 0.25% trypsin, mixed into a single cell suspension with 
DMEM containing 10% FBS and then seeded into 96‑well 
culture plates at a density of 1,500‑5,000 cells per well. When 
the cells grew to 60‑70% confluence, were co‑transfected with 
100 ng pGL‑BMP2‑3'UTR or 100 ng pGL‑mBMP2‑3'UTR, 
miR‑129‑5p mimics (50 nM) and 1 ng pRL‑TK. The transfec‑
tion reagent was Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) After 48 h, 200 µl GLO‑reagent 
(cat. no. E1960; Promega Corporation) was added to each 
well. Reaction at room temperature for 5 min, the fluorescence 
intensity was measured by spectrophotometer.

MTT cell cytotoxicity assay. Cells cultured in monolayers 
were digested using 0.25% trypsin, mixed into a single cell 
suspension with DMEM containing 10% FBS and then 
seeded into 96‑well culture plates at a density of 1,500‑5,000 
cells per well. After transfection with miR‑129‑5p mimics, 
cells were cultured at 37˚C with 5% CO2 and 95% rela‑
tive humidity for 24, 48 and 72 h. Subsequently, cells were 
washed with PBS and suspended in serum‑free medium. 
After adding 20 µl MTT solution (5 mg/ml) into each well, 
the cells were incubated for 4 h at 37˚C. The culture superna‑
tant was carefully removed from the well, 150 µl DMSO was 
added into each well and the plate was shaken for 10 min. 
The absorbance values at 490 nm were measured with an 
enzyme‑linked immunosorbent assay. Cell proliferation was 
depicted with time as the horizontal axis and the absorbance 
value as the vertical axis.

Invasion and migration assay. Invasion and migration of HepG2 
or Huh7 cells were detected using Transwell invasion assay and 
wound healing assay, respectively. Migration of HepG2 and 
Huh7 cells was detected using a scratch wound assay. Briefly, 
at 48 h after transfection, HepG2 or Huh7 cells, which were 
transfected with NC mimics, miR‑129‑5p mimics, NC inhibitor 
or miR‑129‑5p inhibitor, were grown on 6‑cm dishes and to a 
density of 70‑80%. The cell monolayer was then scraped using 
a sterile cell scraper to create a cell‑free zone. The cells were 
cultured with serum‑free DMEM medium. HepG2 or Huh7 cell 
migration was photographed at the time of injury and after 48 h 
of cultivation, using an inverted light microscope, at five distinct 
positions per dish and x200 magnification.

In the invasion assay, after cell transfection in serum‑free 
culture, 2x104 cells were seeded into the upper chamber of 

Figure 1. Expression of miR‑129‑5p in tumoral and peritumoral tissue of 
patients with hepatocellular carcinomas. (A) Tumoral tissues presenting 
lower levels of miR‑129‑5p than the peritumoral tissue. (B) Tumoral 
tissues presenting higher levels of miR‑129‑5p than the peritumoral tissue. 
Expression of miR‑129‑5p was normalized to U6 snRNA. miR‑129‑5p 
was downregulated in 77.78% of tumoral tissues (n=35) compared with 
the matched peritumoral tissues. Different degrees of upregulation were 
observed in the remaining ten cases. miR, microRNA.
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a 24‑well Transwell unit with 8‑µm polycarbonate nucleo‑
pore filters (Corning, Inc.) and a 40 µl (1 mg/ml) Matrix gel 
(Sigma‑Aldrich; Merck KGaA), which was added prior to 
plating. Before seeding the cells, the filters of the Transwell 
unit were coated with the Matrix gel at 37˚C for 4 h to form 
a reconstructed basement membrane. The upper compart‑
ment contained serum‑free DMEM medium whilst the lower 
compartment contained DMEM medium with 5% FBS. The 
cells were incubated for 30 h in a humidified atmosphere of 

5% CO2 at 37˚C. The cells adhering to the lower surface of 
the filter were stained with the 1% crystal violet solution in 
70% ethanol, at room temperature for 30 min and were counted. 
The cells were calculated with an inverted light microscope 
from ≥ five representative fields and x200 magnification.

Statistical analysis. Statistical analysis was performed 
using SPSS software version 18.0 (IBM Corp). Data are 
presented as the mean ± SD. Each test was repeated ≥3 times 

Figure 2. miR‑129‑5p regulates cell proliferation. (A) Relative expression of miR‑129‑5p in Huh7 and HepG2 cells after transfection with miR‑129‑5p mimics 
or NC mimics. ***P<0.001. MTT assays were performed in (B) Huh7 and (C) HepG2 cells after transfection of miR‑129‑5p mimics or NC mimics. **P<0.01 
and ***P<0.001 vs. NC mimics. (D) Relative expression of miR‑129‑5p in Huh7 and HepG2 cells after transfection with miR‑129‑5p inhibitor or NC inhibitor. 
*P<0.05 and ***P<0.001 vs. NC inhibitor. MTT assays were performed in (E) Huh7 and (F) HepG2 cells after transfection of miR‑129‑5p inhibitor or NC 
inhibitor. *P<0.05 and **P<0.01. Data are presented as the mean ± SD from ≥3 independent experiments. miR, microRNA; NC, negative control; OD, optical 
density.
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independently. Student's paired and unpaired t‑tests were 
used for comparisons between two groups. One‑way ANOVA 
analysis using GraphPad Prism 7 (GraphPad Software, Inc.) 
with post hoc Tukey's multiple comparisons tests was used 
when comparing multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression of miR‑129‑5p in HCC cell lines and tissue 
samples obtained from patients with liver cancer. The clinical 
characteristics of patients with liver cancer in this study are 

presented in Table I. The tumor size, intrahepatic metastases, 
vascular invasion and capsular invasion were used to analyze 
the proliferation, metastasis and invasion of tumors. To inves‑
tigate the biological role of miR‑129‑5p in the development of 
human HCC, the expression levels of miR‑129‑5p in 45 pairs of 
fresh liver tumoral tissues and cancerous peripheral tissue was 
analyzed using RT‑qPCR. miR‑129‑5p was downregulated in 
77.78% of tumoral tissues (n=35) compared with the matched 
peritumoral tissues (Fig. 1A). Moreover, different degrees 
of upregulation were observed in the remaining ten cases 
(Fig. 1B). The results indicated that miR‑129‑5p is potentially 
involved in the development of human HCC.

Figure 3. Role of miR‑129‑5p on migration and invasion in vivo and in vitro. (A) Expression of miR‑129‑5p in the M group (n=29) and the NM group (n=16) 
HCC specimens. *P<0.05. Wound healing or Transwell invasion assays were performed in HepG2 and Huh7 cells. (B) Migration of Huh7 and HepG2 cells. 
Magnification, x200. (C) The extent of migration was increased after transfection with miR‑129‑5p mimics. ***P<0.001. (D) Invasion assays of Huh7 and 
HepG2 cells. The invasive ability of the cells was enhanced after transfection with miR‑129‑5p mimics. (E) Number of invaded cells per filed were counted 
with the average count of 10 random fields. Magnification, x200. Data are presented as the mean ± SD from ≥3 independent experiments. ***P<0.001. miR, 
microRNA; M, migration and invasion; NC, negative control; NM, non‑migration and invasion.
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Overexpression of miR‑129‑5p promotes proliferation of 
HCC cells. To investigate the effect of miR‑129‑5p on the 
cytotoxicity of HCC cells, an MTT cytotoxicity assay was 
performed using HepG2 and Huh7 cells. The two types of 
liver cancer cells were divided into two groups and transfected 
with negative control (NC mimics) or miR‑129‑5p mimics and 
then measured for transfection efficiency. The expression of 
miR‑129‑5p in Huh7 and HepG2 cells was significantly higher 
than that in the NC mimics group (Fig. 2A). To investigate the 
effect of miR‑129‑5p on the cytotoxicity of HCC cells, MTT 
assay was performed with the same cells. The absorbance 
value of the cells in the miR‑129‑5p overexpression group was 
higher compared with that in the control group, indicating that 
the cytotoxicity rate was significantly lower compared with the 
control group in both cell lines (Fig. 2B and C). Therefore, 
miR‑129‑5p significantly reduced the cytotoxicity of HepG2 
and Huh7 cells in vitro.

It was demonstrated that overexpression of miR‑129‑5p can 
reduce the cytotoxicity of HCC, and thus, it was investigated 
whether this phenotype can be reversed by knockdown of 
miR‑129‑5p. To assess the role of miR‑129‑5p in HCC, cells 
were transfected with miR‑129‑5p inhibitor NC and miR‑129‑5p 
inhibitor, and a MTT assay was conducted after intracellular 
knockdown of miR‑129‑5p. Transfection with the miR‑129‑5p 
inhibitor was shown to significantly reduce the levels of 
miR‑129‑5p in both HepG2 or Huh7 cell lines (Fig. 2D). The 

number of viable cells in the miR‑129‑5p knockdown group was 
significantly lower compared with that in the control group, indi‑
cating that knockdown of miR‑129‑5p significantly promoted 
the cytotoxicity of both HCC cell lines (Fig. 2E and F).

miR‑129‑5p promotes migration and invasion of HCC cells. 
HCC is the second most deadly cancer type, with a strong 
invasive and metastatic capability being the primary reasons 
for the poor prognosis (2). Therefore, the present study 
focused on whether the reduction of miR‑129‑5p levels was 
related to the invasive and metastatic capabilities of liver 
cancer. The expression levels of miR‑129‑5p in tumor tissues 
of the patients (n=45) with HCC in this study were compared 
between non‑metastatic/invasive HCC samples (n=16) and 
metastatic/invasive HCC samples, as well as those with 
intrahepatic metastasis, vascular invasion or capsule invasion 
(n=29; Fig. 3A). It was found that miR‑129‑5p was significantly 
downregulated in metastatic/invasive HCC samples.

To evaluate the effect of miR‑129‑5p on the migration 
and invasion of liver cancer, wound healing and Transwell 
assays were conducted using HepG2 and Huh7 cells. The 
results of the migration assays suggested that the migratory 
capacity 48 h after scratch in the miR‑129‑5p overexpression 
group was significantly greater compared with that of the 
control group, indicating the migration of cancer cells was 
significantly enhanced (Fig. 3B and C). In the Transwell assay 
(Fig. 3D and E), the miR‑129‑5p mimics group had signifi‑
cantly enhanced cell invasive capabilities compared with the 
control group, whilst the migratory ability of the two cell lines 
in the miR‑129‑5p inhibitor group was decreased, but there 
was no statistical significance. These results indicated that 
miR‑129‑5p promoted the migratory ability of liver cancer 
cells. Collectively, the present results suggested that overex‑
pression of miR‑129‑5p enhanced the migration and invasion 
of HCC cells and thus promoted the metastasis of HCC.

The interaction between miR‑129‑5p and BMP2 3'UTR 
region. In order to elucidate the mechanism of miR‑129‑5p 
action, bioinformatics analysis was conducted using www.
targetscan.org to identify its target gene. A predicted target site 
for miR‑129‑5p was identified in the BMP2 3'UTR region. To 
investigate whether BMP2 was a direct target of miR‑129‑5p, 
luciferase reporter assays were performed in HepG2 cells. The 
results indicated that miR‑129‑5p significantly reduced the rela‑
tive luciferase activity of BMP2 3'UTR (~36%). However, the 
relative luciferase activity of the mutant BMP2 3'UTR was not 
inhibited by miR‑129‑5p. Therefore, the results demonstrated 
that BMP2 may be a direct target gene for miR‑129‑5p (Fig. 4).

miR‑129‑5p inhibits the expression of BMP2. miRNAs can 
regulate gene expression by degrading mRNA or by preventing 
translation without affecting mRNA stability (15). To identify 
the regulatory mechanism of action for miR‑129‑5p, BMP2 
mRNA and protein expression levels were detected following 
the overexpression of miR‑129‑5p in HepG2 and Huh7 cells. 
The overexpression of miR‑129‑5p appeared to reduce BMP2 
mRNA and protein expression levels in both cells (Fig. 5). 
Thus, miR‑129‑5p may have suppressed the expression levels 
of BMP2 at the post‑transcriptional level by degrading its 
mRNA.

Figure 4. miR‑129‑5p directly targets the BMP2 3'UTR. (A) BMP2 3'UTR 
and BMP2 3'UTR mutant were constructed into pmirGLO Dual‑Luciferase 
vector and designated as pGL‑BMP2‑3'UTR and pGL‑mBMP2‑3'UTR, 
respectively. HepG2 cells were co‑transfected with pGL‑BMP2‑3'UTR, 
pGL‑mBMP2‑3'UTR, miR‑129‑5p mimics and pRL‑TK. (B) Relative lucif‑
erase activities. After 48 h of transfection, luciferase activity was determined 
using a dual luciferase reporter assay system. Data are presented as the 
mean ± SD from ≥3 independent experiments. **P<0.01. miR, microRNA; 
UTR, untranslated region; BMP2, bone morphogenetic protein 2.
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Negative correlation between miR‑129‑5p and BMP2 
expression levels in human HCC. The important role of 
BMP2 in tumor proliferation, invasion and metastasis has 
been reported in previous studies (39‑44). To determine the 
clinical significance of BMP2, the mRNA expression level 
of BMP2 was examined in 45 pairs of liver tumoral tissues. 
BMP2 was highly expressed in 31/45 cases of liver tumoral 
tissues, which had different degrees of increase compared 
with the matched peritumoral tissue, while the expression 

of BMP2 was reduced to different degrees in the remaining 
14 cases (Fig. 6A and B).

Discussion

HCC is one of the most aggressive tumor types worldwide (1‑3). 
Due to the high rate of intrahepatic and extrahepatic metas‑
tasis, patients with HCC often have a poor prognosis and high 
recurrence possibility (45). Proliferation and metastasis are the 

Figure 5. mRNA and protein expression levels of BMP2 after transfection with miR‑129‑5p mimics in Huh7 and HepG2 cells. (A) Reverse transcription‑quan‑
titative PCR was performed to detect the mRNA expression levels of BMP2 after transfection with miR‑129‑5p mimics in Huh7 and HepG2 cells. (B) Western 
blotting was performed to detect the protein expression levels of BMP2 after transfection with miR‑129‑5p mimics in Huh7 and HepG2 cells. (C) Analysis 
of gray values of BMP2 protein expression. Data are presented as the mean ± SD from ≥3 independent experiments. *P<0.05, **P<0.01 and ***P<0.001. miR, 
microRNA; NC, negative control; BMP2, bone morphogenetic protein 2.

Figure 6. Expression of BMP2 mRNA in tumoral and peritumoral tissue from patients with hepatocellular carcinoma. (A) Tumoral tissues presenting lower 
levels of BMP2 than the peritumoral tissue. (B) Tumoral tissues presenting higher levels of BMP2 than the peritumoral tissue. Expression of BMP2 mRNA 
expression was normalized to β‑actin. BMP2 was highly expressed in 31/45 cases of liver cancer tissues, which had different degrees of increase compared 
with the matched peritumoral tissue, while the expression levels of BMP2 were reduced to different degrees in the remaining 14 cases. BMP2, bone morpho‑
genetic protein 2.
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most important characteristics of cancer and contribute to the 
high mortality of malignant tumors, especially HCC (46‑48). 
Advancement in the research of miRNAs, as a regulatory basis 
behind HCC, has provided novel insights into the development 
of HCC. It has been revealed that miRNAs, such as miR‑320 
and miR‑107, play an important regulatory role in the prolif‑
erative and metastatic potential of HCC (49,50). miR‑129‑5p 
exhibits a regulatory effect on the onset and progression of 
various tumor types by regulating the cell cycle, prolifera‑
tion, apoptosis, migration, invasion and angiogenesis, as well 
as other physiological and pathological processes (25). In 
neuroblastomas, miR‑129 inhibits tumor growth by targeting 
MYO10 (35). Furthermore, miR‑129‑5p enhances cell prolif‑
eration and invasion; and inhibits apoptosis by regulating 
SOX4 in renal cell carcinoma (26). A previous study reported 
that miR‑129‑5p is a biomarker of single ventricular heart 
failure (36). miR‑129 expression may be an independent 
prognostic marker for BCR‑free survival in patients with pros‑
tate cancer and the overexpression of miR‑129 significantly 
attenuates prostate cancer cell proliferation by regulating cell 
cycle‑regulated protein expression levels (27). However, to the 
best of our knowledge, there are no reports on miR‑129‑5p and 
HCC, and thus, the aim of the present study was to investigate 
the effect of miR‑129‑5p on the proliferation and invasion of 
HCC cells.

In the present study, Huh7 was selected as a typical HCC 
cell line and HepG2 was chosen as another liver cancer cell 
line for the in vitro investigation into HCC. Although HepG2 
has been shown to be a hepatoblastoma in recent years, 
>9,000 articles have used HepG2 as hepatocarcinoma or 
hepatoma from 1979 to March 2009. In 2019 (51), previous 
studies (52‑55) have used HepG2 as a HCC cell line. The aim 
of the present study was to examine the effect of miR‑129‑5p 
on the proliferative and metastatic abilities of HCC. The exact 
properties of HepG2 cells was not the focus of this study and 
the use of HepG2 did not affect the purpose and the results of 
the present study (51,56,57).

In the present study, it was found that 35/45 tumoral tissue 
samples had a decrease in miR‑129‑5p expression levels, 
suggesting that miR‑129‑5p was involved in the progression 
of liver cancer. Moreover, upregulation of miR‑129‑5p levels 
was identified in 22.22% of tumoral tissue samples. However, 
the mechanism of action responsible for the regulation of 
miR‑129‑5p in liver cancer requires further investigation. 
Previous studies have reported that miRNAs are involved in the 
regulation of signal transduction pathways in HCC tumorigen‑
esis and metastasis (49,50,58). In the current study, miR‑129‑5p 
was found to be involved in all stages of liver cancer and its 
involvement in the proliferation, invasion and migration of liver 
cancer was demonstrated. Furthermore, miR‑129‑5p was used 
to effectively distinguish 16 cases of non‑metastatic/invasive 
HCC from 29 cases of metastatic/invasive HCC. Collectively, 
the present results suggested that miR‑129‑5p was involved in 
the invasion and metastasis of liver cancer.

BMP, a member of the TGF‑β superfamily, plays an 
important role in cell proliferation, differentiation, apoptosis 
and morphogenesis of various tissues and organs in the 
body (59,60). BMP2 is expressed in several tumor types, such 
as osteosarcoma, pancreatic cancer and breast cancer, and has 
notable effects on cell proliferation and metastasis (26,36). 

Although the relationship between BMP2 and various tumors, 
as well as the relevant mechanism of action, has been previously 
reported (26,36,59,60), the effects of BMP2 on the develop‑
ment of HCC remains unknown. The present study identified 
the potential target gene of miR‑129‑5p as BMP2 through 
bioinformatics database analysis and found that miR‑129‑5p 
can bind to a target site on the BMP2 3'UTR, using luciferase 
reporter detection technology. In addition, BMP2 was demon‑
strated to be the target gene of miR‑129‑5p by detecting the 
mRNA and protein expression levels of BMP2 in cells after 
transfection with miR‑129‑5p mimics. BMP2 expression was 
post‑transcriptionally regulated by miR‑129‑5p. Furthermore, 
miR‑129‑5p expression levels were found to be negatively 
correlated with BMP2 expression levels in liver tumoral tissue 
samples. It was also found that BMP2 was highly expressed 
in 31/45 cases of liver tumoral tissues, which had different 
degrees of increased expression compared with the matched 
para‑carcinoma tissue, while 14 cases had different degrees of 
reduced expression levels. The last new finding of the present 
study is that miR‑129‑5p may facilitate HCC pathogenesis 
through the BMP2. The newly identified miR‑129‑5p/BMP2 
axis provides new insight into the pathogenesis of HCC. In 
conclusion, the present results demonstrated that miR‑129‑5p 
may promote the proliferation, migration and invasion of HCC 
cells, and play an important role in the cellular processes 
behind the development of HCC, by targeting BMP2.
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