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Abstract. Friend leukemia virus integration 1 (Fli‑1) is a 
newly identified ETS protein, and has critical roles in many 
malignancies. However, the physiological characters and 
potential mechanisms of Fli‑1 in hepatocellular carcinoma 
(HCC) progression remains unclear. In the present study, Fli‑1 
was highly expressed in HCC samples and tumor cell lines. 
knockdown of Fli‑1 with small interfering (si)RNAs signifi-
cantly reduced the colony formation and metastasis capacity 
of HCC cell lines in vitro. Subsequent investigation identified 
that Fli‑1 functioned as an oncogene in HCC carcinogenesis 
and it exerted its promoting metastatic effect primarily by 
modulating the matrix metalloproteinase (MMP)2 signaling 
pathway. Collectively, these data provide a novel insight into 
the mechanism of Fli‑1/MMP2 signaling pathway in the 
pathogenesis of HCC, and Fli‑1 may serve as a novel thera-
peutic target for HCC.

Introduction

Hepatocellular carcinoma (HCC) is the third most common 
cancer‑caused death in the worldwild (1). Despite significant 
therapeutic improvement in clinical treatment, long‑term 
therapeutic efficacy of HCC patients remains poor (2), mainly 
because of regional invasion and frequent metastasis. However, 
mechanisms underlying HCC metastasis are not clearly under-
stand, thus it is urgent to identify key biochemical pathways in 
metastasis to provide new therapeutic targets for HCC.

E26 transformation‑specific (ETS) represent a family of 
highly conserved transcription factors that regulate diverse 
cellular processes, including proliferation, apoptosis and 
migration  (3). Previous studies have proved that aberrant 

expression of ETS was involved in various cancers and played 
critical roles in regulation of tumorigenesis. Enhanced expres-
sion of ETS1 and ETS2 contribute to malignant progression 
in breast cancer (4,5). In addition, ETS1 promotes invasive 
potential and lymph node metastasis in human oral squamous 
cell carcinoma (6).

Friend leukemia virus integration 1 (Fli‑1), a newly identi-
fied member of the ETS family, was first isolated in friend 
murine leukemia virus (F‑MuLV) caused erythroleukemia (7). 
It emerged as a transcriptional activator or repressor in 
embryonic development, hematopoiesis, aberrant vasculogen-
esis (8‑10).

Emerging evidences have shown that dysregulation of Fli‑1 
is a feature of many malignancies, such as breast cancer (11), 
melanoma  (12), Ewing's sarcoma  (13,14), Nasopharyngeal 
carcinoma (15). It modulates different pathological process 
and functions as an oncogene or tumor suppressor in different 
tissue types. However, studies on elucidating the potential 
role of Fli‑1 in HCC progression are rare. In this study, we 
studied the expression level of Fli‑1 in HCC. Furthermore, we 
examined the effects of Fli‑1 on HCC tumorigenesis and the 
underlying mechanisms.

Materials and methods

Patients and tissue specimens. A total of 50 matched speci-
mens of cancer‑adjacent tissue and HCC tissue, including 
20 females and 30  males (mean age, 58.9±0.14 years) were 
obtained from patients who underwent surgical resection at 
the Guangdong General Hospital (Guangzhou, China). Each 
matched cancer‑adjacent tissue was obtained at least 10 cm 
from the tumor margin. All the samples enrolled in this study 
were histologically confirmed by pathologists, and none of the 
patients had received chemotherapy or radiotherapy before the 
surgery.

This study was approved by the Research Ethics Committee 
of Guangdong General Hospital and written informed consent 
was obtained from each patient.

Cell lines. The human HCC cell line BEL7402, PLC/PRF/5, 
SMMC7721, MHCC97H and a normal human liver cell line 
HL‑7702 were obtained from the Cell Bank of the Chinese 
Academy of Science (Shanghai, China) and maintained in 
DMEM (Gibco, Grand Island, NY, USA) supplemented with 
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10% fetal bovine serum (Gibco) in a humidified chamber with 
5% (v/v) CO2 at 37˚C.

Construction of plasmid or small interfering (si)RNA sequences 
and transfection. The full‑length Fli‑1 cDNA was amplified and 
cloned into the pcDNA3.1 expression vector (Cyagen Biosciences 
Inc., Guangzhou, China). The expression plasmid and control 
plasmid were transfected respectively into SMMC7721 and 
MHCC97H cells with Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) following the protocol of the manufacturer.

Primer sequences used for PCR were: Sense, 5'‑AAA​
CGA​GGG​AAA​TGG​GAG‑3' and antisense, 5'‑TAC​CAA​CGG​
TGT​CAA​CCT​G‑3'. The sequences of siFli‑1 were as follows: 
siFli‑1 #1, 5'‑AGG​AGU​GGA​UCA​AUC​AGC​CAG​UGA​G‑3'  
and siFli‑1  #2, 5'‑GGG​AAA​GUU​CAC​UGU​UGG​CCU​A 
UA​A‑3'. Negative control (siNC) was: 5'‑CAG​UAC​UUU​UGU​G 
UA​GUA​CAA‑3'. All sequences were synthesized by Invitrogen. 
The transfection of siFli‑1 and siNC was performed with 
RNAiMAX transfection reagent.

RNA extraction and quantitative PCR. Total RNA extractions 
from cells and tissue specimens were performed using the 
TRIzol reagent (Invitrogen) according to the manufacturer's 
instructions. Then the RNA was reversely transcribed to 
cDNA with the cDNA synthesis kit (Takara Bio, Inc., Otsu, 
Japan) using 1 µg RNA as template. Real‑time PCR primers 
were synthesized by Invitrogen. GAPDH was used as the refer-
ence for mRNAs. Specific primers used were: Fli‑1 forward, 
5'‑CAG​TCG​CCT​AGC​CAA​CCC​TG‑3' and reverse, 5'‑GCA​
ATG​CCG​TGG​AAG​TCA​AAT‑3'; GAPDH forward, 5'‑GCA​
CCG​TCA​AGG​CTG​AGA​AC‑3' and reverse, 5'‑TGG​TGA​AGA​
CGC​CAG​TGG​A‑3'.

Colony formation assay. For colony formation assays, 
1,000 cells/well were seeded onto 6‑well plates and incubated 
at 37˚C in a humidified incubator for 2 weeks. When the 
colonies were visible, fixed with 4% paraformaldehyde and 
stained with 1% crystal violet. Finally, the numbers of colonies 
were calculated.

Migration and invasion assay. Cell migration and invasion 
assay were performed with Transwell chambers (Corning 
Incorporated, Corning, NY, USA). For invasion assay, the upper 
chamber was pre‑coated with Matrigel. Cells [5x104 (for migra-
tion assay) or 1x105 (for invasion assay)] were resuspended in 
serum‑free DMEM and 200 µl was added to the upper chamber. 
DMEM (600 µl) supplemented with 10% FBS was added to the 
lower chamber. After 12 h incubation at 37˚C, the membrane 
was fixed with methanol and stained by crystal violet, the 
number of migrating cells was counted under the microscope.

Wound‑healing assay. For wound healing assay, tumor cells 
were seeded in 12‑well plates (12,000 cells per well), scratch 
wounds were made using a sterilized 200 µl plastic pipette 
tip in the middle of the cell monolayer. The width of wounds 
was measured under the microscope and wound‑healing 
percentage was calculated.

Western blotting. Total protein was extracted using the lysis 
buffer (Beyotime Institute of Biotechnology, Haimen, China). 

Next, proteins were quantified with the Bradford assay 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA), 20 µg of 
different proteins were subjected to 12% sodium dodecy-
lsulfate polyacrylamide gel electrophoresis (SDS‑PAGE) 
and transferred to the polyvinylidene difluoride (PVDF) 
membranes (EMD Millipore, Billerica, MA, USA). After 
blocking in 5% skim milk at room temperature for 2 h, the 
membranes were incubated with primary antibodies over-
night at 4˚C and followed by matched horseradish peroxidase 
(HRP)‑conjugated second antibody at room temperature for 
1 h. Protein staining was measured by chemiluminescence (GE 
Healthcare Life Sciences, Little Chalfont, UK). The antibodies 
used were as follows: Rabbit anti‑Fli‑1 pAb (11347‑1‑AP; 
1:1,000; ProteinTech Group, Inc., Chicago, IL, USA), rabbit 
anti‑matrix metalloproteinase (MMP)2 mAb (#4022; 1:1,000; 
Cell Signaling Technology, Inc., Danvers, MA, USA), GAPDH 
rabbit mAb (#2118; 1:2,000; Cell Signaling Technology, Inc.) 
was used as an internal control protein.

Statistical analysis. Statistically analysis between the two 
groups was calculated using Student's t‑test and one‑way 
ANOVA followed by Scheffe test (post hoc) was used for 
multiple groups. Correlations between FLI‑1 expression level 
and clinicopathological data were analyzed using Chi‑square 
test. Data are shown as means ± standard deviation (SD) from 
at least three independent experiments, P<0.05 was considered 
statistically significant.

Results

Fli‑1 was overexpressed in human HCC tissues and cell lines 
and was associated with metastasis. Abnormally Fli‑1 expres-
sion has been reported in many malignancies, but whether Fli‑1 
deregulation also exists in HCC remains unknown. Therefore, 
quantitative real‑time PCR (qRT‑PCR) analysis was first 
carried out to examine the expression of Fli‑1 in 50 matched 
HCC and cancer‑adjacent tissues. As shown in Fig. 1A, Fli‑1 
mRNA level was dramatically elevated in the majority of 
HCC tissues compared to cancer‑adjacent tissues (P<0.001). 
We next determined the expression pattern of Fli‑1 in 5 paired 
HCC samples and adjacent normal tissues by western blotting 
(Fig. 1B). Western blot analysis also showed overexpression 
of Fli‑1 in HCC tissues examined, compared with matched 
noncancerous samples. We next examined the correlation 
between FLI‑1 mRNA expression and clinicopathologic 
characteristics in 50 HCC patients, the results were shown 
in Table I. However, no statistically significant association 
were found between FLI‑1 expression and clinicopathologic 
features except for metastasis.

In order to further validate our finding, we then confirmed 
the expression of Fli‑1 in HCC cell lines. Western blot analysis 
showed a significant upregulation of Fli‑1 in all HCC cell 
lines, compared with normal liver cell line (Fig. 1C). Besides, 
RT‑PCR analysis was performed to detect whether high 
expression of Fli‑1 was also occurred at transcriptional level. 
Data in Fig. 1D showed that Fli‑1 mRNA expression also 
elevated in all HCC cell lines compared with normal liver cell 
line.

Additionally, among the 4 HCC cell lines, Fli‑1 expres-
sion was much higher in SMMC7721 cells than that in other 
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HCC cell lines, whereas MHCC97H showed less Fli‑1 level. 
Besides, SMMC‑7721 and MHCC97H cell lines showed high 
migratory potential. Thus, SMMC‑7721 and MHCC97H cell 
lines were chosen for subsequent study.

Silence of Fli‑1 suppresses clone formation of HCC cells. 
The above data suggest that Fli‑1 deregulation may play a 
physiological role in HCC tumorigenesis. To ascertain the 
link between Fli‑1 expression and tumor progression, we 
reduced Fli‑1 expression in SMMC7721 cells and enhanced 
Fli‑1 expression in MHCC97H cells. Fig. 2 indicated each 
individual siRNA (siRNA #1 or siRNA #2) markedly reduced 
Fli‑1 mRNA expression, compared with siNC (Fig.  2A). 
Knockdown efficiency was further verified at the protein level 
(Fig. 2C). Similarly, Fli‑1 level was increased in MHCC97H 
cells after transfection with pcDNA3.1‑Fli‑1 plasmid at both 
mRNA (Fig. 2B) and protein level (Fig. 2D).

Since tumor cells growth and clone formation play crucial 
roles in tumor metastasis progression (16), clone formation 
assay was performed to examine the role of Fli‑1 in HCC cell 
growth. Seven days after siRNA transfection, we fixed and 
stained the colonies. As shown in Fig. 2E, knockdown of Fli‑1 
sharply suppressed the number and size of colonies, compared 

with control. As expected, Fli‑1 overexpression in MHCC97H 
cells led to a significant enhancement of clone formation 
(Fig. 2F).

Knockdown of Fli‑1 inhibits HCC cell migration and invasion. 
To investigate the role of Fli‑1 in tumor cells migration, 
wound‑healing assay was performed. We observed that knock-
down of Fli‑1 expression dramatically inhibited wound closure 
in SMMC7721 cells (Fig. 3A). Moreover, Transwell assay also 
demonstrated that the migratory capacity was dramatically 
decreased in siFli‑1‑transfected cells (Fig. 3B).

To further confirm this conclusion, we conducted a Transwell 
assay with Matrigel pre‑coated to detect the cell invasion. 

Figure 1. Fli‑1 is upregulated in HCC samples and cell lines. (A) The average 
expression level of Fli‑1 was measured in 50 human HCC tissues and matched 
tumor‑adjacent tissues by real‑time PCR. (B) Expression of Fli‑1 in 5 pairs of 
matched primary tumors (T) and adjacent non‑tumor tissue (N) by western 
blot analysis. GAPDH was used as loading control. (C) Fli‑1 was overexpressed 
in HCC cell lines at protein level. GAPDH was used as the internal control. 
(D) Fli‑1 was overexpressed in HCC cell lines at mRNA level. Data are shown 
as mean ± standard deviation; *P<0.05; **P<0.01; ***P<0.001 vs. control. Fli‑1, 
friend leukemia virus integration 1; HCC, hepatocellular carcinoma.

Table I. Correlation between Fli‑1 level and clinicopathologic 
characteristics.

		  Fli‑1 expression
		  (mean)
	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 patients	 Low	 High	
Characteristics	 (n=50)	 (n=12)	 (n=38)	 P‑value

Sex				    0.362
  Male	 40	 8	 32	
  Female	 10	 4	 6
Age (years)				    0.639
  ≤50	 30	 6	 24	
  >50	 20	 6	 14
AFP (ng/ml)				    0.296
  ≤400	 37	 7	 30	
  >400	 13	 5	 8
T classification				    0.410
  T1‑2	 26	 5	 21	
  T3‑4	 24	 7	 17
TNM				    0.417
  Ⅰ+Ⅱ	 32	 6	 26	
  Ⅲ+Ⅳ	 18	 6	 12
Cirrhosis				    0.137
  Yes	 39	 7	 32	
  No	 11	 5	 6
Distant metastasis				    0.028
  Yes	 22	 2	 20	
  No	 28	 10	 18

Fli‑1, friend leukemia virus integration 1.
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Compared with the NC group, the number of migrating cells 
in Fli‑1 knockdown group was sharply decreased (Fig. 3C). 
In contrast, enhanced Fli‑1 expression highly promoted 
MHCC97H cell migration and invasion (Fig. 3D‑F).

Overall, these results revealed that Fli‑1 significantly 
promoted cell migration and invasion in vitro.

Decreasing Fli‑1 expression alters MMP2 expression. Given that 
MMPs were closely associated with tumor cells metastasis, We 
next investigated whether Fli‑1 mediated metastasis promoting 
effect was related to MMPs. MMP2 expression was examined 
after transfection with siRNA or pcDNA3.1‑Fli‑1 plasmid. 
As shown in Fig. 4A, downregulating Fli‑1 expression was 
accompanied by decreased MMP2 mRNA level, as compared 
to the control group. This result was also reproducible at protein 
level (Fig. 4B). In the contrast, enhanced MMP2 expression 
was observed in Fli‑1 overexpressed SMMC7721 cells (Fig. 4C 
and D). Consistently, Fli‑1 overexpression obviously increased 
MMP2 level in MHCC97H cells (Fig. 4E).

Discussion

Fli‑1 is a newly identified ETS family member and localized 
on human chromosome 11q23 (8). It was first discovered in 

mouse erythroleukemia, while in human, EWS/Fli‑1 fusion 
oncogene became characteristic of Ewing sarcoma because 
of a t(11;22) (q24;q12) chromosomal translocation (13). Fli‑1 
plays vital roles in various biological processes. Aberrant 
activation of Fli‑1 is associated with inhibition of erythroid 
differentiation and apoptosis, and leads to an increase in 
proliferation of erythroblasts (8), whereas loss of Fli‑1 could 
impair vascular homeostasis in endothelial cells (17). Besides, 
aberrant expression of Fli‑1 has been demonstrated in various 
malignancies, such as breast cancer (11), nasopharyngeal carci-
noma (NPC) (15), colon cancer (18) and osteosarcoma (19). 
High expression of Fli‑1 contributes to the metastasis and 
tumorigenesis of cancer (11,15), while inhibition of Fli‑1 leads 
to growth suppression and apoptosis of colon tumor cells (18), 
indicating that Fli‑1 may play a critical role in tumor progres-
sion. However, the physiological function and the underlying 
mechanism of Fli‑1 in HCC tumorigenesis remain unclear.

In the present study, we demonstrated that Fli‑1 is upregu-
lated both in HCC cancer cell lines and in primary HCC cancer 
tissues, suggesting that Fli‑1 is involved and may function as 
an oncogene in HCC progression.

To further elucidate the role of Fli‑1 in HCC progres-
sion, increase and depletion experiments were respectively 
conducted in MHCC97H and SMMC7721 cells. Loss of Fli‑1 

Figure 2. Inhibition of Fli‑1 suppresses clone formation of HCC cells. (A) SMMC7721 cells were transfected with scrambled siRNA (Sc), Fli‑1‑siRNA#1 (Si#1), 
siRNA#2 (Si#2). Fli‑1 expression was measured by real‑time PCR. Data are shown as mean ± SD; **P<0.01 vs. control. (B) Fli‑1 mRNA level in MHCC97H 
after transfection with pcDNA3.1‑Fli‑1 plasmid. Data are shown as mean ± SD; **P<0.01 vs. control. (C) Fli‑1 protein level in SMMC7721 cells following 
transfection with scrambled siRNA (Sc), Fli‑1‑siRNA#1 (Si#1), siRNA#2 (Si#2). (D) Fli‑1 protein level in MHCC97H after transfection with pcDNA3.1‑Fli‑1 
plasmid. (E) Silence of Fli‑1 inhibited colony formation in SMMC7721 cells. (F) Enhanced FLI‑1 expression increased colony formation in MHCC97H 
cells. Representative pictures of clone formation assay as showed. Fli‑1, friend leukemia virus integration 1; HCC, hepatocellular carcinoma; siRNA, small 
interfering RNA; SD, standard deviation.
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Figure 3. Knockdown of Fli‑1 inhibits HCC cell migration and invasion. (A) Wound healing assay was performed in SMMC7721 cells 24 h after transfection with 
scrambled siRNA (Sc), Fli‑1‑siRNA#1 (Si#1), siRNA#2 (Si#2). Data are shown as mean ± SD; **P<0.01 and ***P<0.001 vs. control. (B) Cell migration was further 
detected with Transwell assays. Data are shown as mean ± SD; **P<0.01 vs. control. (C) Invasion analysis was evaluated with matrigel pre‑coated, the number of 
migrating cells was counted under the microscope. Data are shown as mean ± SD; **P<0.01 vs. control. (D) Wound healing assay was conducted in MHCC97H 
cells after transfection with pcDNA3.1‑Fli‑1 plasmid. Data are shown as mean ± SD; *P<0.05 vs. control. (E) Enhanced expression of Fli‑1 promoted cell migra-
tion in MHCC97H cells. Data are shown as mean ± SD; *P<0.05 vs. control. (F) Fli‑1 promoted cell invasion in MHCC97H cells. Data are shown as mean ±SD; 
**P<0.01 vs. control. Fli‑1, friend leukemia virus integration 1; HCC, hepatocellular carcinoma; siRNA, small interfering RNA; SD, standard deviation.
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WANG et al:  FLI-1 PROMOTES METASTASIS IN HEPATOCELLULAR CARCINOMA 1991

suppresses the invasion and metastasis of SMMC7721 cells 
in vitro, whereas ectopic overexpression of Fli‑1 facilitates 
metastasis, which is consistent with the effect of Fli‑1 in breast 
cancer and NPC (11,15) and further support our notion that 
Fli‑1 is involved in HCC malignant transformation.

Metastasis is a heterogeneous process including cyto-
skeletal changes, integrin based adhesion, cell‑extracellular 
matrix (ECM) interactions, localized proteolysis, actin‑myosin 
contractions, and focal contact disassembly  (20), in which 
active angiogenesis and disruption of the ECM were the 
two crucial steps. Aberrant activation of MMPs have been 
reported to be involved in the degradation of ECM and the 
basal membrane, which assists the migration and invasion of 
tumor. MMPs are a family of ECM proteases (21,22), They 
can modulate tumor spread and metastasis by facilitating 
ECM degradation, remodeling ECM, maintaining the tumor 
micro‑environment and generating ECM‑linked growth 
factors. In the MMPs family, MMP2 belongs to a group of 
gelatinases. It is a key mediator in ECM degradation and is 
involved in angiogenesis and metastasis in various malignan-
cies (23,24), including HCC (25,26).

This promoted us to investigate the link of MMP2 with 
Fli‑1 in the metastasis of HCC. Here, we found that knock-
down of Fli‑1 with siRNAs significantly repressed MMP2 
expression, and inhibited invasion and metastasis of tumor 
cells in vitro. Accordingly, enhanced expression of Fli‑1 is 
associated with increased level of MMP2, accompanied 
with increased invasion and migration of tumor cells. It is 
suggested that Fli‑1 exerts its promoting metastatic effect in 
HCC through the activation of MMP2 signaling. However, the 
potential molecular mechanism of Fli‑1 exerts its modulation 
effect on the expression of MMP2 is still not known, needs to 
be further explored.

In conclusion, our results demonstrated that high expres-
sion of Fli‑1 in HCC was associated with tumor metastasis, 

and involved in the HCC tumor progression. These data 
suggest that Fli‑1 functions as an oncogene in HCC carci-
nogenesis in vitro, although its anticancer effect needs to be 
further verified in vivo. Our data provide novel insight into 
the mechanism of Fli‑1/MMP2 pathway in the pathogenesis of 
HCC. Furthermore, Fli‑1 and relevant downstream signaling 
may serve as new therapeutic targets for HCC.
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