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Abstract. Liver cancer primarily accounts for the majority of 
malignancies of the liver. MicroRNAs (miRNAs) are endoge-
nous non‑coding RNAs, which are important in tumorigenesis. 
Abnormal expression of microRNA‑346 (miR‑346) has been 
demonstrated in various types of human cancer, however, its 
expression and potential molecular mechanism in liver cancer 
remains to be elucidated. Expression levels of miR‑346 in liver 
cancer cell lines were determined by quantitative polymerase 
chain reaction. The effect of miR‑346 on proliferation was 
evaluated by an MTT assay; cell migration and invasion were 
evaluated by Transwell migration and invasion assays and 
target protein expression was determined by western blotting. 
The present study observed that miR‑346 was upregulated 
in liver cancer cell lines. miR‑346 overexpression promoted 
cell proliferation, migration and invasion in liver cancer cells 
and conversely, inhibition of miR‑346 resulted in the opposite 
effects. Furthermore, F‑Box and leucine rich repeat protein 
(FBXL)2 was identified as a direct target of miR‑346. miR‑346 
promoted proliferation, migration and invasion of liver cancer 
via FBXL2. Overall, these findings demonstrated that miR‑346 
may act as a potential prognostic marker and therapeutic target 
against liver cancer in the future.

Introduction

Liver cancer is responsible for primary malignancy of the 
liver  (1‑3) and is currently the third pre‑eminent cause of 
cancer deaths around the world, with over 500,000 people 
affected by the disease (4,5). Liver cancer cases mostly occur 
in Africa and Asia, where the high number of hepatitis B 
and hepatitis C cases strongly predisposes to the develop-
ment of liver disease and the subsequent development of liver 

cancer (6,7). Consequently, comprehensive elucidation of the 
mechanisms governing recurrence of liver cancer and metas-
tasis are urgently needed.

MicroRNAs (miRNAs) are endogenous non‑coding 
RNAs, which play vital roles in tumor development and 
tumorigenesis (8‑10). In some human cancers, miRNAs are 
often unregulated and have an oncogenic function, while most 
miRNAs are downregulated and may possess a tumor‑suppres-
sive activity  (11‑13). Emerging evidence suggests that the 
abnormal expression of miRNAs is involved in the invasion 
and metastasis, during the progression of various human 
cancers (14,15). miR‑346 has been reported as an oncomir in 
various human cancers, including cutaneous squamous cell 
carcinoma  (16), cervical cancer  (17), prostate cancer  (18), 
nasopharyngeal carcinoma (19), lung cancer (20) and breast 
cancer (21).

The present study aimed to investigate the expression 
and the molecular regulatory mechanism of miR‑346 in liver 
cancer. We demonstrated that miR‑346 is upregulated in liver 
cancer cell lines. Furthermore, ectopic expression or inhibition 
of miR‑346 could accelerate or block proliferation, migra-
tion, and invasion abilities of liver cancer cells, respectively. 
Furthermore, we further identified FBXL2 as a functional 
target of miR‑346 and demonstrated FBXL2 involve in the 
effects of increased miR‑346 on promoting proliferation, 
migration, and invasion. Our findings, for the first time, suggest 
a fundamental role for miR‑346 in liver cancer.

Materials and methods

Cell lines and cell culture. Human liver cancer cell lines 
MHCC‑97H, SMMC‑7221 (22), HepG2, Huh‑7, and Hep3B, 
the normal liver cell lines THLE‑2 and THLE‑3 were obtained 
from the American Type Culture Collection (ATCC, Manassas, 
VA, USA). Cell lines were cultivated in Dulbecco's modified 
Eagle's medium (Gibco, USA) supplied with 10% fetal bovine 
serum (FBS, Gibco, USA) at 37˚C in a humidified atmosphere 
containing 5% CO2.

RNA extraction, reverse transcription and real‑time PCR. 
Total RNA from cultured cells was extracted using the Trizol 
reagent (Takara, Japan) according to the manufacturer's instruc-
tions. TaqMan microRNA assays (Applied Biosystems, Foster 
City, CA, USA) were used to determine the expression levels 
of miR‑346 after reverse transcribing by sequence‑specific 
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primers (Applied Biosystems), and U6 small nuclear RNA was 
used as an internal control. Three independent experiments 
were performed to analyze the relative gene expression.

Western blot analysis. Western blot was performed according 
to the method described previously  (23). The following 
antibodies were used for analysis: anti‑FBXL2 (1:1,000, 
ab17018, Abcam, Cambridge, MA, USA); GAPDH (1:5,000, 
HRP‑60004, Proteintech Group, Chicago, IL, USA) was 
served as the loading control.

MiR‑346 mimics and inhibitors. MiRNA‑346 mimics, 
miR‑346 inhibitors, small interference RNA for FBXL2, 
and their negative control RNA and their negative control 
RNA oligonucleotides were purchased from GenePharma 
(Shanghai, China). For overexpression experiments, the 
human FBXL2 cDNA were cloned into the pcDNA3.1 vector 
(Clonetech). The liver cancer cell line cells were transfected 
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instruction. Scramble siRNA 
were used as the control.

Cell proliferation assay. 1x104 cells per well were incubated in 
96‑well culture plates in 100 µl of medium. CCK‑8 (Dojindo 
Laboratories, Japan) was used according to the manufacturer's 
instructions. Plates were incubated at 37°C for 2 h, and the 
absorbance at 450 nm was then measured. Proliferation rates 
were determined at days 1, 2, 3, 4 and 5 post‑transfection.

Migration and invasion assay. Cells were seeded into 
Transwell chambers (Corning, Corning, NY, USA) in the 
upper chambers in medium containing 10% FBS. 16 h later, 
the filters were stained with crystal violet. For invasion assay, 
chambers were coated with Matrigel (BD Biosciences, San 
Jose, CA, USA). Cell migration and invasion were assessed by 
counting the number of cells that had penetrated through the 
filter. These experiments were repeated three times.

Statistical analysis. All statistical analysis were performed 
using SPSS17.0 (SPSS Statistics, Chicago, IL, USA) software. 
Data were expressed as mean ± SD and analyzed using the 
Student's t‑test. Paired t‑test was used for paired samples. P<0.05 
was considered to indicate a statistically significant difference.

Results

MiR‑346 is highly expressed in human liver cancer cell lines. 
To determine the role of miR‑346 in liver cancer, real‑Time 
PCR was performed to show that miR‑346 was overex-
pressed in five liver cancer cell lines, including MHCC‑97H, 
SMMC‑7221, HepG2, Huh‑7, and Hep3B, compared with the 
normal liver cell lines THLE‑2 and THLE‑3 (Fig. 1). This 
result demonstrated that, compared with normal human liver 
cells, miR‑346 was significantly upregulated in human liver 
cancer cell lines.

Overexpression of miR‑346 promotes the proliferation, 
migration, and invasion of liver cancer cells. We transfected 
miR‑346 mimics into HepG2 cells with lower expression of 
miR‑346 to investigate the role of miR‑346 (Fig. 2A). CCK‑8 

analysis showed that overexpression of miR‑346 significantly 
promoted the cell proliferation (Fig. 2B). Next, we explored 
the potential roles of miR‑346 in migration and invasion of 
HepG2 cells by using Transwell migration and invasion assays.  
miR‑346 overexpression significantly increased cell migration 
(Fig. 2C) and invasion (Fig. 2D) in HepG2 cell line. Together, 
these results indicated that miR‑346 overexpression promoted 
cell proliferation, migration, and invasion.

Downregulation of miR‑346 inhibits the proliferation, migra‑
tion, and invasion of liver cancer cells. Next, MHCC‑97H 
cells with higher expression of miR‑346 were successfully 
transfected with the miR‑346 inhibitors (Fig. 3A). The CCK‑8 
assay demonstrated that inhibition of miR‑346 significantly 
reduced the cellular growth of MHCC‑97H cells (Fig. 3B). 
Furthermore, MHCC‑97H cells were transfected with 
miR‑346 inhibitors and then analyzed for their metastatic 
potential using Transwell assays. Our results showed that the 
migration and invasion abilities in the miR‑346 downexpres-
sion group was significantly reduced when compared with the 
control group (Fig. 3C and D). These results demonstrated that 
downregulation of miR‑346 could inhibit the proliferative and 
metastatic potential of liver cancer cells.

FBXL2 was a direct and functional target of miR‑346 in 
liver cancer cells. FBXL2 was the theoretical target gene of 
miR‑346, determined by analysis using publicly available 
algorithm Target Scan. Western blot analysis indicated that 
overexpression of miR‑346 inhibited FBXL2 expression in 
HepG2 cells with lower expression of miR‑346 (Fig. 4A); in 
contrast, knockdown of miR‑346 increased FBXL2 expres-
sion in MHCC‑97H cells with higher expression of miR‑346 
(Fig. 4B). We found that FBXL2 silencing could promote cell 
proliferation, migration, and invasion in HepG2 (Fig. 4C‑E) 
and in Huh‑7 cells (Fig. 4F‑H). These results showed that 
FBXL2 has an opposite effect on cell proliferation, migration, 

Figure 1. miR‑346 was significantly upregulated in human liver cancer cell 
lines. Expression of miR‑346 in five liver cancer cell lines (3‑7) compared 
with two normal liver cell lines (1‑2). Data are presented as mean ± SD from 
three independent experiments.
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and invasion, compared to miR‑346, suggesting that it may be 
a functional target of miR‑346 in liver cancer cells.

miR‑346 promotes the proliferation, migration, and invasion 
of liver cancer cells via FBXL2. To verify whether miR‑346 
promotes proliferation and metastasis by targeting FBXL2, 
gain‑and‑loss assays were performed. We found that simul-
taneous inhibition of FBXL2 expression in MHCC‑97H cells 
with miR‑346 inhibition can restore their proliferation and 
metastatic capacity (Fig. 5A‑C), while simultaneous over-
expression of both FBXL2 expression in HepG2 cells with 
miR‑346 overexpression eliminated the role of miR‑346 in 
proliferation and metastasis (Fig. 5D‑F). These results indicate 

that miR‑346 may promote proliferation, migration, and inva-
sion via FBXL2.

Discussion

The molecular mechanisms underlying liver cancer develop-
ment, however, remain largely unknown (24,25). Increasing 
data findings have indicated miRNAs to be critical regula-
tors of cancer‑related processes, but it is still unknown the 
molecular mechanisms by which miRNAs modulate the 
behavior of cancer cells (26,27). miR‑346 has been reported 
as an oncomir because it facilitates cell growth and metastasis 
in various human cancers (16‑21). This is the first study that 

Figure 2. Overexpression of miR‑346 promotes the proliferation, migration, and invasion of liver cancer cells. (A) Confirmation of miR‑346 overexpression by 
qRT‑PCR in HepG2 cells transfected with miR‑346 mimics. (B) CCK‑8 assay was performed to evaluate the effects of miR‑346 mimics on cell proliferation 
in HepG2 cells. (C) Transwell‑migration assay was performed in HepG2 cells transfected with miR‑346 mimics or miR‑NC. (D) Transwell‑invasion assay was 
performed in HepG2 cells transfected with miR‑346 mimics or miR‑NC. All data are shown as mean ± SD from three independent experiments. **P<0.01 vs. NC.
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indicates that ectopically expressed miR‑346 can promote 
migration, proliferation, and invasion of liver cancer cells.

In the present study, we found that miR‑346 is upregulated 
in liver cancer cells; this suggests that it might contribute to 
the development and ultimately progression of liver disease. 
It was also found that overexpression of miR‑346 promoted, 
migration, proliferation, and invasion of the cells, whereas the 
knockdown of miR‑346 inhibited cell migration, proliferation, 
and invasion. miR‑346 promotes the proliferation, migration, 
and invasion of liver cancer cells via FBXL2 which is a tumor 
suppressor and is also a direct target of miR‑346.

FBXL2, which is an SCF (Skp1‑Cullin‑F‑box) E3 ligase 
component, was initially found as maintenance of cellular 
homeostasis  (28). Then, Chen et al suggested that FBXL2 
impaired cell proliferation by mediating cyclin D3 polyu
biquitination and degradation (29). Accumulating evidence has 

demonstrated that FBXL2 plays the tumor suppressor role in 
different kinds of cancers. For example, FBXL2 exerted human 
lung tumor suppressor‑like activity by ubiquitin‑mediated 
degradation of cyclin D3 resulting in cell cycle arrest (30). It 
also inhibited leukemic cell proliferation by targeting cyclin 
D2 (31). FBXL2 also decreased gastric cancer proliferation by 
promoting degradation of forkhead box M1 (32).

The present study, therefore, demonstrates that miR‑346 
is markedly upregulated in liver cancer cells. Also, FBXL2 
is a direct target gene of miR‑346 and overexpression of 
miR‑346 reduced the expression of FBXL2 and promoted the 
migration, proliferation, and invasion of liver cancer cells, 
whereas the downregulation of miR‑346 had the opposite 
effect. Further investigation is required to fully characterize 
the biological function of miR‑346 and its clinical relevance 
in the development of liver cancer. Although the particular 

Figure 3. Downregulation of miR‑346 inhibits the proliferation, migration, and invasion of liver cancer cells. (A) Confirmation of miR‑346 inhibition by 
qRT‑PCR in MHCC‑97H cells transfected with miR‑346 inhibitors. (B) CCK‑8 assay was performed to evaluate the effects of miR‑346 inhibitors on cell 
proliferation in MHCC‑97H cells. (C) Transwell‑migration assay was performed in MHCC‑97H cells transfected with miR‑346 inhibitors or miR‑NC. 
(D) Transwell‑invasion assay was performed in MHCC‑97H cells transfected with miR‑346 inhibitors or miR‑NC. All data are shown as mean ± SD from 
three independent experiments. **P<0.01; ***P<0.001 vs. NC.
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Figure 4. FBXL2 was a direct and functional target of miR‑346 in liver cancer cells. (A) Western blot analysis of FBXL2 expression in miR‑346‑transfected 
HepG2 cells. (B) Western blot analysis of FBXL2 expression in miR‑346 inhibitors‑transfected MHCC‑97H cells. CCK‑8 assay C), Transwell‑migration 
assay (D), Transwell‑invasion assay (E) were performed to evaluate the effects of FBXL2 siRNA on cell proliferation, migration, and invasion in HepG2 cells. 
CCK‑8 assay (F), Transwell‑migration assay (G), Transwell‑invasion assay (H) were performed to evaluate the effects of FBXL2 siRNA on cell proliferation, 
migration, and invasion in Huh‑7 cells. All data are shown as mean ± SD from three independent experiments. **P<0.01; ***P<0.001 vs. siControl.

Figure 5. miR‑346 promotes the proliferation, migration, and invasion of liver cancer cells via FBXL2. CCK‑8 assay (A), Transwell‑migration assay (B), 
Transwell‑invasion assay (C) were performed to evaluate the reversal by FBXL2 siRNA of miR‑346 inhibitors induced inhibition of cell proliferation, migra-
tion, and invasion in MHCC‑97H cells. CCK‑8 assay (D), Transwell‑migration assay (E), Transwell‑invasion assay (F) were performed to evaluate the reversal 
by FBXL2 overexpression of miR‑346 mimics induced increase of cell proliferation, migration, and invasion in HepG2 cells. All data are shown as mean ± SD 
from three independent experiments. **P<0.01.
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mechanisms are not yet fully understood, the present study 
suggests that miR‑346 may play a significant role in regulating 
the migration, proliferation, and invasion of liver cancer cells, 
and indicates that miR‑346 may represent a potential thera-
peutic target for liver cancer.
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