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miR-195 is a key negative regulator of hepatocellular 
carcinoma metastasis by targeting FGF2 and VEGFA
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Abstract: Hepatocellular carcinoma (HCC) is the most common primary tumor of liver and the fifth most common 
cancer in the world. Lung is the most frequent site for extra hepatic metastasis from hepatocellular carcinoma, while 
the cause and mechanism of it is still poor understood. Here, we identify that the expression of miR-195 is markedly 
impaired in the lung metastasis cell lines of HCC. The result of Real-time PCR reveals the expression of miR-195 is 
significantly downregulated in 92 HCC tissues. Low expression of miR-195 is associated with tumor size, portal vein 
thrombosis, TNM stage and patients survival. Luciferase reporter and ELISA assay prove that hematogenous metas-
tasis related genes including FGF2 and VEGFA are the target genes of miR-195. Overexpression of miR-195 in HCC 
cell line BEL-7402 markedly inhibits the capability of migration and invasion. Taken together, our results suggest 
that miR-195, a tumor suppressor miRNA, contributes to the lung metastasis of HCC by negatively regulating FGF2 
and VEGFA, providing key implications of miR-195 for the therapeutic intervention of HCC.
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Introduction

Metastasis, the most deadly progress of can-
cer, is a process that cells break off from pri-
mary tumor and travel to other organ or part of 
body. Although treatments including surgery, 
radiosurgery, chemotherapy, biological therapy, 
hormone therapy are used to treat metastasis 
cancer, they are rarely able to cure metastasis 
cancer [1]. HCC, as one of the most frequent 
human malignancies, has several characters 
such as difficulty of early detection, chemore-
sistance, radioresistance and high activity of 
angiogenesis, which account for the rapid 
recurrence and poor survival [2]. A large num-
ber of investigation on HCC have identified a 
variety of molecules, such as p53, MMPs, 
VEGF, Ras, Wnt-1, which are associated with 
the metastasis of HCC [3-7]. However, protein 
and mechanism associated with lung metasta-
sis of HCC are still blurring.

microRNAs (miRNAs) are a class of small non-
coding RNA that regulate the expression of 
many target gene via mRNA degradation or 
translation inhibition [8]. miRNAs play impor-
tant role in processes such as differentiation, 

proliferation and apoptosis [9]. Emerging evi-
dence confirm that the key enzymes involved in 
the miRNA biosynthesis pathway and some 
specific miRNAs are widely deregulated in carci-
nogenesis and cancer progress. miRNAs such 
as miR-10a, miR-144 and miR-200 which are 
downregulated or deletion in cancers [10-12]. 
In contrast, oncogenic miRNAs including miR-
93, miR-183 and miR-224 are often overex-
pressed in many tumors [13-15]. Recently, 
there is a growing research interest on the role 
of miR-195 in tumorigenesis and cancer thera-
py. Some researchers prove that overexpres-
sion of miR-195 can markedly inhibit lung can-
cer proliferation, migration and invasion by tar-
geting myb [16]. In colorectal, miR-195 repress-
es cell proliferation, colony formation and inva-
sion through targeting CARMA3 [17]. In the 
recent studies, several target genes of miR-195 
associated with HCC have been identified: 
Wnt3a [18], Pcmt1 [19], VAV2, CDC42 and VEGF 
[20].

Angiogenesis is a complex process essential for 
the growth, invasion, and metastasis of various 
malignant cancers [21]. Tumor angiogenesis 
gives cancer cells more oxygen, nutrients and 
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survival factors and provide a route for tumor 
cell egress [22]. So controlling tumor-associat-
ed angiogenesis is a promising tactic in limiting 
cancer progression. FGF2 and VEGFA, as the 
most important angiogenic factors, are signifi-
cantly elevated in HCC tissues [23, 24]. 
Besides, high expression of them is correlating 
with tumor invasiveness and prognosis of 
patients [25, 26]. Antiangiogenesis drugs such 
as Bevacizumab and Gefitinib which have been 
widely used to treat cancer, are able to signifi-
cantly inhibit tumor growth and metastasis [27, 
28]. However, treatment with antiangiogenesis 
drugs for a period of time often results in drug 
resistance and cause treatment failure. 
Therefore, understanding the mechanism of 
angiogenesis and exploring novel compounds 
to overcome this resistance is urgently required 
[29, 30].

In this study, we identify miR-195 is important 
miRNA related with lung metastases HCC by 
analyzing miRNA microarray of lung metasta-
ses cell lines. We also detected the expression 
of miR-195 in 92 HCC tissues by Real-time PCR 
and identify the target genes by luciferase 
activity assay. In summary, our findings enrich 
the understanding of HCC metastasis and pro-
vide a novel direction for the HCC therapy.

Materials and methods

Tissue samples and cell lines

92 pairs of primary HCC tissues and matched 
normal liver tissues were obtained from 
patients in the First Affiliated Hospital of 
Zhengzhou University from 2008-2010. The 
clinicopathologic data of all patients including 
gender, age, hepatitis history, tumor size, lymph 
node stage, portal vein thrombosis, AFP level 
and TNM stage. All samples in this study were 
collected and snap-frozen immediately in liquid 
nitrogen and store at -80°C. Informed consent 
was obtained from all patients and protocols 
used for the tissue were approved by the Ethical 
Committee of the First Affiliated Hospital of 
Zhengzhou University. Human hepatocellular 
carcinoma cell lines BEL-7402 was purchased 
from the Cell Bank of Chinese Academy of 
Sciences. Cells were cultured in RPMI-1640 
medium (Invitrogen, USA) with 10% fetal bovine 
serum (FBS) (Hyclone, USA) at 37°C in 5% CO2 
incubator. To generate miR-195 overexpressing 
cell lines, cells were infected with lentivirus-
coated pre-miR-195 or negative control 
(Genechem, China) following the manufactur-
er’s instructions. After 3 days, positive cells 
were select with puromycin antibiotic (Sigma, 
USA).

RNA isolation and real-time PCR

microRNAs were extracted from tissues or cells 
using Trizol Agent (Invitrogen, USA) and mirVa-
na microRNA isolation system (Ambion, USA), 
according to the manufacturer’s instructions. 
The expression of miRNAs were determined by 
the TaqMan stem-loop RT-PCR method with 
mirVana miRNA Detection Kit and specific prim-
ers (Applied Biosystems, USA). The expression 
of miR-195 was calculated using comparative 
CT method and U6 small nuclear RNA as inter-
nal control. The changes ratio were calculated 
using the 2-ΔΔCT method [31].

Table 1. miRNAs differentially expressed in 
lung metastasis hepatocarcinoma cell lines 
and primary cell lines
miRNAs downregualted in 
metastasis cells (Top 20) p value Log FC

hsa-miR-518d 0.0000182 -8.555
hsa-miR-19a 0.0001138 -4.6105
hsa-miR-584 0.0002695 -8.6355
hsa-miR-630 0.0007755 -8.691
hsa-miR-21 0.0029415 -4.31
hsa-miR-29b 0.0033382 -3.0145
hsa-miR-195 0.004605 -3.1025
hsa-let-7g 0.0055515 -2.775
hsa-let-7f 0.0065571 -2.7305
hsa-miR-18b 0.006994 -3.042
hsa-miR-7 0.0105305 -3.5765
hsa-miR-15a 0.011107 -3.448
hsa-miR-20a 0.0134737 -3.0815
hsa-miR-26b 0.0156391 -3.6585
hsa-miR-374 0.0161879 -3.022
hsa-miR-18a 0.0178521 -3.2355
hsa-miR-19b 0.0255466 -3.776
hsa-miR-106b 0.0281044 -2.8175
hsa-miR-27a 0.0361368 -2.9455
hsa-miR-16 0.0370817 -2.6205
miRNAs upregualted  
in metastasis cells p value LogFC

hsa-miR-124a 0.0007219 9.3475
hsa-miR-184 0.026537 0.5265
hsa-miR-516-5p 0.038165 0.685
hsa-miR-632 0.0382034 0.9665
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Luciferase reporter assay

The wild type 3’-untranslated region (WT-UTR) 
and binding site mutation type 3’UTR (MT-UTR) 
of FGF2 and VEGFA were constructed in the 
pMIR-reporter vector (Ambion, USA). Cells (104/
well) were seeded in 24-well plates, and co-
transfected with 50 nM miR-195 mimics or 
miRNA control, 100 ng 3’UTR or empty vector 
and 10 ng pGL3-TK control vector (Promega, 
USA). 24 hours later, cells were lysed and the 
luciferase activity was measured with Dual 
Luciferase Reporter Assay kit (Promega, USA) 
following the manufacturer’s guideline.

Enzyme-linked immunosorbent assay (ELISA)

1×105 miR-195 overexpressing stable cell lines 
or control cells were seeded in 6-well plate. 
After 36 hours, cell supernatant were collected 

and centrifuged at 1000 rpm for 10 minutes at 
4°C to discard cell debris. The expression of 
FGF2 and VEGFA in 200 μl cell supernatant 
were detected with anti-human FGF2 ELISA kit 
and anti-human VEGFA ELISA kit (USCN, China). 
All the experiments were repeated three times 
in triplicates. 

Transwell cell migration and invasion assay

For cell migration assay, miR-195 or control 
stable cell lines (1×105) were resuspended in 
100 μl serum-free medium and added to the 
upper chamber of 24-well transwell insert 
(Corning Costar, USA). The lower chamber was 
filled with complete medium containing 10% 
FBS as chemoattractant. For invasion assay, 
cells were placed in the matrigel (BD, USA) 
coated (1:10 dilution) upper chamber. Cells 
were incubated for 24 h at 37°C, then cells 
were fixed with in ice-cold methanol for 15 min, 

Figure 1. The expression of miR-195 in HCC tissue. A. Levels of miR-195 in 92 primary HCC tissues compared with 
the adjacent normal tissues. B. The expression of miR-195 in different TNM stage (I+II VS III+IV). C. The different 
expression of miR-195 in tissues with and without portal vein thrombosis.
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and stained with 0.5% crystal violet solution for 
15 min. Cells on the upper surface of mem-
brane were removed with a cotton swap. Cells 
were captured by a microscope. Finally, the 
crystal violet was eluted with 33% acetic acid, 
and the OD of the stained cells was measured 
at 570 nm using a microplate reader. 

microRNA expression analysis

microarray data of parental HCC PLC, MHCC97H 
cell lines and lung metastases PLC, MHCC97H 
cell lines (GSE43445) was analyzed by GEO2R. 
The differential expression of microRNAs were 
selected based on a P<0.05.

Statistical analysis

The statistical analysis was performed using 
the SPSS 15.0 software. All data was repre-
sented with mean ± SD from at least three 

independent experiments. One way ANOVA was 
used to determine the association between the 
expression of miR-195 and the clinicopatho-
logical characters. Overall survival curve calcu-
lated according to the Kaplan-Meier method 
using log rank test. Difference between groups 
was determined by pair-sample t test. 
Significance was defined as *P<0.05.

Results

Expression profile of microRNA microarray 

microRNA microarray data of HCC metastasis 
was searched in the NCBI GEO database. 
Fortunately, one data GSE43445 which con-
tained two HCC cell lines and two lung metasta-
ses cell lines derived the former was found. The 
downregulated and upregulated miRNAs were 
observed after analyzing with GEO2R software. 
As shown in Table 1, the 20 downregulated 
microRNAs and whole 4 upregulated were list-
ed. From these results, we found miR-195 clus-
ter which contained miR-15, miR-16 and miR-
195 was significantly decreased in the lung 
metastases cell lines. So in this study, we 
focused our attention on miR-195.

Expression of miR-195 in HCC tissues

Expression of miR-195 in 92 pairs of HCC tis-
sues was analyzed by real-time PCR. The rela-
tive expression of miR-195 was calculated 
using 2-ΔΔCT method after normalizing with U6 
small nuclear RNA. As shown in Figure 1A, miR-
195 expression was significantly downregulat-
ed in tumor tissues comparing with the adja-
cent normal tissues (P<0.01).

Further analysis was performed in order to elu-
cidate the relationship between miR-195 
expression levels and clinicopathologic charac-
ters. Results revealed that expression of miR-
195 was negatively correlated with age, young 
patients had a lower level of miR-195 
(-4.07±4.35) comparing with the old (-2.22± 
3.26). Besides, the expression of miR-195 was 
also negatively with tumor size (P=0.048), por-
tal vein thrombosis (P=0.006) and TNM stage 
(P=0.001). In contrast, there was no correlation 
between miR-195 expression and gender, hep-
atitis history, lymph node metastases and AFP 
level (Table 2). Figure 1B and 1C showed the 
expression of miR-195 in differential status of 
portal vein thrombosis and TNM stage. 
Moreover, the 5-year overall survival of patients 

Table 2. Association between miR-195 expres-
sion and clinical characteristics of hepatocellular 
carcinoma

Clinical Characteristics NO Change Fold 
(Mean ± SD) P value#

Gender
    Male 69 -2.66±3.66 0.281
    Female 23 -3.64±4.14
Age
    ≥50 58 -2.22±3.26 0.022*
    <50 34 -4.07±4.35
Hepatitis History
    Yes 27 -3.12±4.30 0.722
    No 65 -2.81±3.58
Tumor Size
    ≥5 cm 45 -3.70±3.63 0.048*
    <5 cm 47 -2.14±3.81
LN metastasis
    Yes 15 -3.27±3.95 0.686
    No 77 -2.83±3.77
Portal Vein Thrombosis
    Yes 20 -4.93±5.47 0.006**
    No 72 -2.34±2.98
AFP
    High 46 -3.52±3.74 0.119
    Low 46 -2.29±3.77
TNM 
    I, II 41 -1.45±3.12 0.001**
    III, IV 51 -4.07±3.89
#One Way ANOVA was used, *P<0.05, **P<0.01.
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with a low level of miR-195 was markedly 
decreased, indicating miR-195 was a prognos-
tic factor of miR-195 (Figure 2).

Potential target genes of miR-195

To identify effectors of miR-195, two databases 
were used (TargetScan, MIRDB). Overlap analy-
sis between miR-195 target genes and angio-
genesis genes was performed, as shown in 
Figure 3A, FGF2 and VEGFA were identified. 
Figure 3B displayed the interaction model 
between miR-195 and FGF2 or VEGFA 3’UTR. 
These results indicating that miR-195 may par-
ticipate in lung metastases of HCC by regulat-
ing FGF2 and VEGFA.

FGF2 and VEGFA are the target genes of miR-
195

In order to confirm whether FGF2 and VEGFA 
were the target genes, luciferase reporter 
assay was performed. Figure 3C showed the 
putative binding sites of miR-195. Plasmids 
containing the wild type binding sites 3’UTR or 
mutated binding sites 3’UTR were clone into a 
luciferase reporter vector. HCC cell lines BEL-
7402 were used for analyzing luciferase activi-
ty. Results revealed that miR-195 mimics sig-
nificantly suppressed the luciferase activity of 
FGF2 WT-UTR. Luciferase activity of plasmids 
with one mutant binding site (FGF2 had two 
putative binding site, MT1 and MT2) only had 

was examined by Real-time PCR. Figure 4D 
confirmed miR-195 expression level was signifi-
cantly elevated in BEL-7402 miR-195 overex-
pressing cell lines. Then, the protein expression 
of FGF2 and VEGFA in cell supernant was exam-
ined using ELISA assay. The results showed 
that miR-195 overexpression markedly inhibit-
ed endogenous expression of FGF2 (Figure 4E) 
and VEGFA protein (Figure 4F). 

miR-195 inhibit the migration and invasion of 
BEL-7402 cell lines

To investigate the function of miR-195 in HCC, 
transwell assay was performed. Migration 
assay showed that overexpression of miR-195 
in BEL-7402 significantly inhibited cell migra-
tion (Figure 5A). Similarly, the invasion ability of 
BEL-7402 cell decreased after overexpressing 
miR-195 (Figure 5B). 

Discussion 

During the last past decades, a large number of 
studies have demonstrated that dysfunction of 
miRNAs can regulate tumor promotion and pro-
gression by leading to altered expression of 
tumor suppressors or oncogenes. Moreover, 
abnormal expression of miRNAs can serve as a 
prognostic indicator of patients’ survival [32]. 
Recently, researchers prove deregulation of 
miRNAs is associated with HCC metastasis by 
regulating epithelial to mesenchymal transition 

Figure 2. Kaplan-Meier survival curves of patients with HCC based on miR-
195 expression status. Patients with low expression of miR-195 have a poor 
prognosis compared with high expression group.

partly recovery. While, overex-
pression of miR-195 had no 
effect on the luciferase activity 
of MT-all-UTR in which all the 
binding sites were mutated 
(Figure 4A). Similarly, miR-195 
transfection also repressed 
the luciferase activity of VEGFA 
WT-UTR. When co-transfected 
with VEGFA MT-UTR, there was 
no reduction in luciferase 
activity was observed (Figure 
4B).

Next we gained miR-195 over-
expressing BEL-7402 cell lines 
by infecting cells with lentivirus 
coated pre-miR-195. Cells 
infection efficiency was detect-
ed by a fluorescence micro-
scope (Figure 4C), and the 
overexpression of miR-195 
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(EMT) [33, 34]. In this study, we identify many 
deregulated miRNAs in HCC lung metastases 

cells lines. miRNAs such as miR-518d, miR-21, 
miR-let-7, miR-15, miR-16 and miR-195 are 

Figure 3. Potential tar-
gets genes of miR-195. 
A. Genes overlap analysis 
between miR-195 target 
genes predicted by two pre-
diction algorithms and an-
giogenesis related genes 
reported by Qiagen Com-
pany (Angiogenesis PCR 
Array). B. Putative miR-195 
binding sites in the 3’UTR 
of FGF2 and VEGFA. C. 
The conserved miR-195 
binding sequence and the 
mutated sequence in the 
3’UTR of FGF2 and VEGFA.
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downregulated in lung metastases cell lines. 
Other miRNAs including miR-124a, miR-184, 
miR-516 and miR-623 are upregulated. 
Considering miR-15, miR-16 and miR-195 are 
belong to a microRNA cluster and miR-195 is 
conserved across mammalian [35], in this 
study, we focus on the potential cancer sup-
pressor miR-195. 

Previous studies have shown miR-195 acts as a 
tumor suppressor in several cancers including 

non-small cell lung cancer (NSCLC) [36], 
colorectal cancer [37], breast cancer [38], gas-
tric cancer [39] and HCC [19]. Overexpression 
of miR-195 in cancer cells can inhibit tumor 
proliferation and metastasis by targeting genes 
such as CCND1 [40], PIK3CA [16], CDC42 [41] 
and MYC [42]. However, miR-195 is increased 
in melanoma [43] and leukemia [44]. In this 
paper, we examine miR-195 expression in 92 
pairs HCC tissues. Results show that miR-195 
is significantly downregulated in tumor tissues 

Figure 4. FGF2 and VEGFA are the target of miR-195. A. miR-195 targets the wild type but not the mutant 3’UTR of 
FGF2. miR-195 mimics or control mimics are co-transfected with reporter vectors containing WT or MT FGF2 3’UTR 
in BEL-7402 cell lines. B. miR-195 targets the wild type but not the mutant 3’UTR of VEGFA. miR-195 mimics or con-
trol mimics are co-transfected with reporter vectors containing WT or MT VEGFA 3’UTR in BEL-7402 cell lines. C. The 
infection efficiency in BEL-7402 cell lines is examined by fluorescence microscope. D. Overexpression of miR-195 in 
stable cell lines is demonstrated by Real-time PCR. E. The protein expression of FGF2 in cell supernatant is detected 
by ELISA assay. F. The protein expression of VEGFA in cell supernatant is detected by ELISA assay.
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compared with the adjacent normal tissues. 
We also find aberrantly deregulated expression 
of miR-195 is associated with age, tumor size, 
TNM stage and survival rate. Transwell assay 
demonstrates that overexpressing miR-195 in 
HCC cell lines significantly repressed cancer 
migration and invasion. Moreover, our data 
reveals tissues with portal vein thrombosis 
have an obviously lower miR-195 expression 
level. These findings are consistent with the 
microarray results, indicating miR-195 is a cru-
cial regulator of HCC lung metastasis.

Angiogenesis plays a privotal role in the occur-
rence, development and metastasis of HCC 
[45]. Repressing angiogenesis with specific fac-
tors or drugs can markedly inhibit tumor metas-
tasis [46]. VEGFA is a crucial factor that specifi-
cally acts on endothelial cells and stimulate 
endothelial cell mitogenesis and cell migration. 
High expression of VEGFA is associated with 
the development and metastasis of cancers 
[47]. Silence of VEGFA expression in breast can-
cer markedly reduced cancer angiogenesis and 
metastasis [48]. FGF2 is a more potent angio-
genic factor than VEGF and PDGF by acting as a 

promotion of endothelial cell proliferation and 
the physical organization of endothelial cells 
into tube-lime structures. Recent studies show 
that miR-503 inhibits tumor angiogenesis and 
growth by targeting FGF2 and VEGFA [49]. In 
this study, we analyze the overlap genes 
between miR-195 target genes and angiogene-
sis related gens, and identify two important 
genes: FGF2 and VEGFA. These hypothesis are 
further confirmed by luciferase reporter assay 
and ELISA assay. 

In summary, our data suggest that miR-195 is a 
vital regulator in the lung metastasis of HCC. 
This function may be mediated by targeting 
angiogenesis related genes FGF2 and VEGFA. 
miR-195 has significant therapeutic potential 
as a molecular medicine for the treatment of 
HCC by regulating cancer angiogenesis.
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