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Abstract. Aberrant expression of Abelson interactor 1 (ABI1) 
has been reported in multiple cancers. However, its clinical 
significance and potential biological roles in hepatocellular 
carcinoma (HCC) have not been fully elucidated. In this 
study, we found that ABI1 was obviously upregulated in 
HCC tissues compared with non-tumor tissues. Moreover, 
high ABI1 expression was significantly correlated with tumor 
size (P=0.041), tumor number (P<0.001), tumor encapsula-
tion (P<0.001) and BCLC stage (P=0.010). Importantly, 
Kaplan-Meier survival analysis showed that increased ABI1 
expression predicted shorter overall survival time (P<0.001) 
and a higher tendency of tumor recurrence (P=0.001) in 
HCC patients. Multivariate Cox regression analysis further 
confirmed high ABI1 expression was an independent predictor 
for both overall survival (HR=1.795, P=0.025) and early 
recurrence (HR=1.893, P=0.012) after surgical resection. 
Furthermore, in vitro studies indicated that overexpression 
of ABI1 induced an increase in cell proliferation, migration 
and invasion of HCC cells, whereas knockdown of ABI1 did 
the opposite. Xenograft mouse models verified the promoting 
effects of ABI1 on HCC growth and lung metastasis in vivo. 
Collectively, our findings indicated that ABI1 contributes to 
the development and progression of HCC as an oncogene and 
may serve as a valuable prognostic marker for HCC patients.

Introduction

Hepatocellular carcinoma (HCC) is one of the most preva-
lent malignant tumors, especially in China, and has become 
the second leading cause of cancer-related death (1,2). The 
lack of effective early detection and high frequency of post-
operative metastasis and recurrence resulted in a very low 
5-year survival rate (3). Thus, it is essential to clarify the 
underlying mechanism of HCC progression, which may 
contribute to identification of novel targets for effective 
intervention.

Abelson interactor 1 (ABI1), also known as E3B1, was 
originally identified as Abl kinase associating protein 1 (4) 
and later confirmed to be one of the Bcr-Abl interactors (5). 
ABI1 regulated cell proliferation via the Ras small G-protein 
and affect actin remodeling, cell adhesion, and cell migration 
via Rac activation (6,7). It also plays a central role in holding 
multiprotein complexes together (ABI-WAVE complex and 
Sos1-Eps8-ABI1 complex) (8,9), which mediate a number 
of pathways related to cell spreading and migration (10-12). 
For the crucial role of ABI1 in actin reorganization and cell 
migration, homozygous loss of this protein leads to embry-
onic lethality in mice (9,13). In cancers, previous studies 
showed that ABI1 participated in both tumor progression 
and tumor suppression. Initially, ABI1 has been proposed 
as a potential tumor suppressor based on the evidence that 
ABI1 gene is deleted in prostate cancer and decreased in 
gastric cancer and some types of leukemia (14-17). ABI1 
has been reported to be overexpressed and correlated with 
poor prognosis in a wide variety of tumors, such as breast 
cancer, BCR-Abl-induced leukemia, colon cancer, HCC and 
ovarian cancer (18-25). These studies suggested that ABI1 
may play a diverse role during cancer progression under 
various circumstances. Although Liu et al (25) determined 
the expression of ABI1 in 40 HCC specimens, the role of 
ABI1 in regulating HCC progression as well as its clinical 
significance remain largely unexplored.

In this study, we investigated the expression of ABI1 both 
in human HCC tissues and cell lines. The prognostic value of 
ABI1 in HCC patients after curative resection was also valu-
ated. Furthermore, we established ABI1 overexpression and 
knockdown stable clones in HCC cell lines and for the first 
time explored the functions of ABI1 in HCC cells both in vitro 
and in vivo assays.
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Materials and methods

Tissue samples. Paraffin-embedded HCC samples used in our 
study were obtained from 124 HCC patients who underwent 
hepatic resection at the Second Xiangya Hospital of Central 
South University between March 2009 and October 2011. The 
main clinicopathologic variables are shown in Table Ⅰ. Tumor 
stage was determined according to Barcelona Clinic Liver 
Cancer (BCLC) staging classification. Tumor differentiation 
was graded by the Edmondson grading system. Among these 
patients, 23 matched fresh HCC tissues and adjacent non-tumor 
tissues were collected for qRT-PCR and western blot analysis. 
Written informed consent was obtained from all the patients. 
None of the patients received any chemotherapy or radiotherapy 
before surgery. The study was approved by the Ethics Committee 
of the Second Xiangya Hospital of Central South University.

Follow-up. The follow-up was conducted by telephone or 
outpatient visits regularly, every 3 months in the first three years 
after operation and twice a year later. Recurrence or metastasis 
were monitored by clinical examination, alpha-fetoprotein 
(AFP) levels and ultrasonography, sometimes high-resolution 
contrast-enhanced computed tomography (CT) or magnetic 
resonance imaging (MRI) if necessary. Overall survival (OS) 
was calculated from the date of surgery to the date of death or 
the last follow-up. Time to recurrence(TTR) was calculated 
from the date of surgery to the date of diagnosis of any type of 
relapse (26). Patient follow-up was terminated on November 10, 
2015. The median follow-up time was 23.5 months, ranging 
from 1 to 68 months.

RNA isolation and quantitative real-time PCR analysis. 
TRIzol reagents (Invitrogen, Carlsbad, CA, USA) was used for 
isolating total RNA from cell lines or tissues. cDNA was 
generated and quantitative real-time PCR was performed 
using a standard protocol from the SYBR Green PCR kit 
(Toyobo, Osaka, Japan). Each sample was analyzed in tripli-
cate. The Primers of ABI1 were as follows: 5'-CGAATAT 
GGAGCGCCCTGTA-3' (forward); 5'-AGGACTTGGCGGT 
TTCTGAGT-3' (reverse). GAPDH was used as an internal 
control with the following primers: 5'-CTGGTAAAGTGGAT 
ATTGTTGCCAT-3' (forward); 5'-TGGAATCATATTGGAA 
CATGTAAACC-3' (reverse). The 2-∆∆Ct method was used to 
analyze the qRT-PCR results.

Western blot analysis. Total protein was extracted using RIPA 
lysis buffer supplemented with 1% Phenylmethanesulfonyl 
(PMSF). After separated by SDS-PAGE, the protein was 
transferred onto PVDF membranes. Then the membranes 
were blocked with 5% skimmed milk followed by an over-
night incubation with primary antibodies against ABI1 (1:100, 
Santa Cruz Biotechnology, Santa Cruz, CA, USA) and β-actin 
(1:1000, Sigma, St. Louis, MO, USA) at 4˚C. After washing, 
membranes were incubated with appropriate secondary anti-
bodies conjugated to HRP (1:10000, Zhongshan Goldenbridge 
Biotechnology, Beijing, China). Signals were detected using the 
ECL detection systems (Thermo Scientific, Rockford, IL, USA).

Immunohistochemistry (IHC). Tissue sections (4 µm) from 
124 HCC samples were deparaffinized in xylene and rehydrated 

with graded ethanol, then antigen retrieval with 0.01 M sodium 
citrate buffer (pH 6.0). The endogenous peroxidase was inac-
tivated with 0.3% hydrogen peroxide, next with 10% goat 
serum blocking for 30 min. ABI1 antibody (1:50, Santa Cruz 
Biotechnology) was incubated overnight at 4˚C in a humidi-
fied chamber and negative control slides were incubated with 
PBS. Then followed by HRP conjugated secondary antibody 
(Zhongshan Goldenbridge Biotechnology) incubation for 

Table I. Correlations between ABI1 expression and clinico-
pathologic characteristics of 124 HCC patients.

	 Tumor ABI1 expression
Clinicopathological	 ---------------------------------------------
variables	 Low (49)	 High (75)	 P-value

Gender			   0.967
  Male	 43	 66
  Female	   6	   9

Age			   0.752
  <50	 28	 45
  ≥50	 21	 30

AFP			   0.146
  <20 ng/ml	 11	 26
  ≥20 ng/ml	 38	 49

HBsAg			   0.640
  Negative	 10	 18
  Positive	 39	 57

Liver cirrhosis			   0.998
  Absent	 17	 26
  Present	 32	 49

Tumor size			   0.041
  ≤5 cm	 21	 19
  >5 cm	 28	 56

Tumor number			   <0.001
  Single	 32	 23
  Multiple	 17	 52

Tumor encapsulation			   <0.001
  Absent	 25	 62
  Present	 24	 13

Edmondson grade			   0.199
  Ⅰ-Ⅱ	 28	 34
  Ⅲ-Ⅳ	 21	 41

Microvascular invasion			   0.101
  Absent	 34	 41
  Present	 15	 34

BCLC stage
  0-A	 16	 10	 0.010
  B-C	 33	 65

HBsAg, hepatitis B surface antigen; AFP, α-fetoprotein; BCLC, 
Barcelona Clinic Liver Cancer. Bold, P<0.05.
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30 min at room temperature. Antibody binding was detected 
by DAB. Tissue sections were dehydrated in graded ethanols 
and mounted.

All the immunostained sections were evaluated by two 
investigators in a blinded manner. Both the staining intensity 
and percentage were assessed. Staining intensity was graded 
on a 0 to 3 scale: 0 (absence of staining), 1 (weakly stained), 
2 (moderately stained), and 3 (strongly stained). The percent 
positivity was scored as 1 (0-25%), 2 (26-50%), 3 (51-75%) 
and 4 (≥75%). A final score was obtained for each case by 
multiplying the percentage and the intensity score. Therefore, 
tumors with a multiplied score exceeding 4 were deemed to be 
high ABI1 expression; all other scores were considered to be 
low ABI1 expression.

Cell culture. The human HCC cell lines (Hep3B, HepG2, 
MHCC97H and SMMC7721) and normal liver cell line L02 
were purchased from the Shanghai Institute of Cell Biology. 
The cells were maintained in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% fetal bovine 
serum(FBS) (Gibco, Australia) and 100  U/ml penicillin-
streptomycin mixture at 37˚C in 5% CO2.

Construction of stable cell lines. Human Lenti-ABI1-GFP and 
three Lenti-shABI1-GFP as well as their negative control 
lentiviruses were designed and purchased from GenePharma 
Technologies (Shanghai, China). The transfection was 
performed according to standard procedures. Following lenti-
viral infection, single-cell clonal isolates were selected in the 
presence of puromycin for 2-4 weeks. The 3 candidate hairpin 
sequences for ABI1 were as follows: 5'-GGAGTCTTCCAT 
CAATCATAT-3' (shRNA-1); 5'-GGTATATTCGGAAAC 
CTATCG-3' (shRNA-2); 5'-GCACACTGTCGAGAACAA 
ATC-3' (shRNA-3); The efficiency of ABI1 overexpression or 

knockdown was confirmed by qRT-PCR and western blotting 
after transfection, respectively.

Cell Counting Kit-8 assay and Colony formation assay. Cell 
proliferation was determined by the Cell Counting Kit-8 
method (Dojindo Laboratories, Kumamoto, Japan) according 
to the manufacturer's instructions. The cell proliferation 
curves were plotted using the absorbance at each time point. 
Experiments were performed in triplicate.

For colony formation assay, 5x102 cells were seeded in each 
well on 6-well plates and incubation for 14 days, then cells were 
washed twice with PBS, fixed with methanol and stained with 
crystal violet. The number of colonies >40 µm in diameter was 
counted after the dishes were captured with a camera.

EdU incorporation assay. EdU incorporation assay was 
carried out using the Cell-Light EdU imaging kit (RiboBio, 
Guangzhou, China) according to the manufacturer's protocol. 
Briefly, 5x103 cells were seeded in each well on 96-well plates. 
After adherence, we added EdU labeling medium and incu-
bated for approximately 60 min. Then cells were fixed with 4% 
formaldehyde for 15 min and successively treated with 0.5% 
Triton X-100 for 10 min, Apollo reaction cocktail for 30 min 
and Hoechst 33342 (5 µg/ml) for 30 min. The results were 
visualized under a florescent microscope. For quantification 
of HCC cell proliferative rate, five randomly selected views 
from each sample image were used to calculate the relative 
EdU-positive ratio.

Wound healing assay. Cells (1x105) were seeded in each well 
on 6-well plates and when the cell confluence reached approxi-
mately 90%, a line was scraped using the fine end of a 10 µl 
pipette tip. Serum-free medium with Mitomycin-C (10 µg/ml) 
was used to suppress cell proliferation (27). Wound healing 

Table II. Univariate and multivariate analysis of prognostic factors associated with OS in 124 HCC patients.

	 OS
	 ---------------------------------------------------------------------------------------------------------------------------------------------------
	 Univariate analysis	 Multivariate analysis
	 ---------------------------------------------------------------------	 --------------------------------------------------------------------
Clinicopathological variables	 HR	 95% CI	 P-value	 HR	 95% CI	 P-value

Gender (male vs. female)	 0.912	 0.456-1.826	 0.796			   NA
Age (<50 vs. ≥50)	 0.761	 0.482-1.200	 0.240			   NA
AFP (<20 vs. ≥20 ng/ml)	 0.775	 0.482-1.244	 0.291			   NA
HBsAg (negative vs. positive)	 1.390	 0.793-2.438	 0.250			   NA
Liver cirrhosis (absent vs. present)	 0.807	 0.511-1.274	 0.357			   NA
Tumor number (single vs. multiple)	 2.112	 1.329-3.358	 0.002	 1.721	 1.060-2.793	 0.028
Tumor size (≤5 vs. >5 cm)	 1.609	 0.982-2.635	 0.059			   NA
Tumor encapsulation (present vs. absent)	 1.570	 0.927-2.660	 0.093			   NA
Tumor differentiation (I-II versus III-IV)	 1.650	 1.060-2.567	 0.026			   NS
Microvascular invasion (absent vs. present)	 2.098	 1.349-3.264	 0.001	 1.906	 1.214-2.993	 0.005
BCLC stage (0-A vs. B-C)	 1.897	 1.026-3.508	 0.041	 2.058	 1.103-3.841	 0.023
ABI1 expression (low vs. high)	 2.327	 1.428-3.792	 0.001	 1.795	 1.077-2.990	 0.025

HBsAg, hepatitis B surface antigen; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; NA, not applicable; NS, not significant.
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within the scrape line was observed and photographed every 
12 h. Each experiment was repeated three times. 

Transwell invasion assay. For the cell invasion assay, Transwell 
chambers (Corning, 8-µm pore size) were coated with 200 µl 
Matrigel at 200 µg/ml and incubated overnight. Cells (1x105) 
were suspended in serum-free DMEM and plated into the 
upper chamber. The lower chamber was filled with DMEM 
containing 10% FBS. After a 48 h incubation in 5% CO2 at 
37˚C, the cells in the upper chamber were removed and the 
bottom surface of the polycarbonate membranes was stained 
using 0.1% crystal violet dye. Cell invasion was determined 
by counting six random fields under a microscope. All assays 
were carried out in triplicates.

Immunofluorescence (IF). For immunofluorescence of 
cytoskeleton, cells were fixed in 4% paraformaldehyde, 
permeabilized using 0.5% Triton X-100 and incubated with 
Phalloidin (Sigma) according to the manufacturer's protocol. 
The coverslips were counterstained with DAPI and imaged 
with an inverted microscope.

Subcutaneous and lung metastasis tumor models in nude 
mice. All the animal experiments were performed in accor-
dance with the guidelines of the Laboratory Animal Ethics 
Committee of Central South University. For the in  vivo 
tumorigenesis model, cells (5x106) resuspended in 100 µl of 
PBS were injected subcutaneously to the left side of nude mice 
(4 mice/per group). Four weeks later, the subcutaneous tumors 
were resected, and tumor size was monitored by digital caliper 
and tumor volume was calculated with the following formula: 
1/2 length x width2.

For the in vivo lung metastasis model, cell suspension at a 
concentration of 1x107 cells ml-1 was injected into nude mice 
through tail veins (4 mice/per group). Six weeks later, the mice 
were sacrificed, and the numbers of lung metastatic nodules 
were carefully examined and counted under a microscope.

Statistical analysis. Statistical analysis was performed using 
SPSS18.0 (IBM, Chicago, IL, USA). All quantified data are 
presented as the mean ± SD. Two-tailed Student's t-test was 
used for comparisons of two independent groups. The asso-
ciation between ABI1 and clinicopathological features were 
analyzed using the Chi-square method. Kaplan-Meier curves 
were constructed, and the log-rank test was used for analyzing 
the survival data. Univariate and multivariate analyses were 
based on the Cox proportional hazards regression model. 
P<0.05 was set as the statistical significance.

Results

ABI1 is significantly upregulated in human HCC tissues. 
To clarify the underlying role of ABI1 in HCC progression, 
we first retrieved the expression of ABI1 from Oncomine 
Database (www.oncomine.org). Data showed that the level of 
ABI1 mRNA was significantly upregulated in HCC tissues 
relative to normal liver tissues in both Roessler liver 1 and 2 
dataset (Fig.  1A1 and  A2). Convincingly, similar results 
were also observed in Chen liver dataset, Mas liver dataset 
and Wurmbach liver dataset, while P-values were 1.31E-5, 

1.120E-5 and 5.10E-5, respectively (Fig. 1A3-A5). To further 
confirm the above findings, quantitative real-time PCR 
(qRT-PCR) and western blot were performed to detect the 
expression of ABI1 in 23  fresh-frozen HCC samples. As 
shown in Fig. 1B and C, both the mRNA and protein levels 
of ABI1 were significantly higher in HCC tissues compared 
with the matched non-tumor tissues (P<0.001). Furthermore, 
we performed immunohistochemistry (IHC) to examine the 
expression of ABI1 protein in 124 paraffin-embedded HCC 
samples. Representative images of ABI1 staining are shown in 
Fig. 1D. The positive signal for ABI1 was observed primarily 
in the cytoplasm of hepatic cells. Of the 124 HCC specimens, 
75 (60.5%) displayed high ABI1 expression and 49 (39.5%) 
had low ABI1 expression. However, in adjacent non-tumor 
tissues, only 37 (29.8%) exhibited high ABI1 expression. The 
expression levels of ABI1 were significantly increased in 
HCC tissues relative to matched non-tumor tissues (P<0.001; 
Fig. 1E). Taken together, the above results suggest that ABI1 
is significantly upregulated in HCC tissues and may play an 
important role in HCC development.

High ABI1 expression associates with malignant clinico-
pathological features and predicts poor prognosis in HCC 
patients. To illustrate the clinical significance of ABI1 expres-
sion in HCC, we first analyzed the correlation between ABI1 
expression and clinicopathological features of HCC patients. 
As shown in Table Ⅰ, high ABI1 expression was significantly 
correlated with tumor size (P=0.041), tumor number (P<0.001), 
tumor encapsulation (P<0.001), and BCLC stage (P=0.010), but 
did not correlate with other clinicopathologic characteristics 
including age, gender, serum AFP level, HBsAg, liver cirrhosis, 
tumor differentiation and microvascular invasion. Importantly, 
Kaplan-Meier analysis revealed that patients with high ABI1 
expression had shorter overall survival time (median OS 25.7 
vs. 40.2 months, P< 0.001) and a higher tendency of tumor 
recurrence (median TTR 23.4 vs. 37.0 months, P=0.001) than 
those with low ABI1 expression (Fig. 2A and B). Strikingly, 
as shown in Tables Ⅱ and Ⅲ, multivariate analysis further 
confirmed that high ABI1 expression was an independent 
predictor for both OS (hazard ratio 1.795, 95% confidence 
interval 1.077-2.990, P=0.025) and TTR (hazard ratio 1.893, 
95% confidence interval 1.152-3.109, P=0.012). These results 
indicate that ABI1 may be a very promising prognostic indi-
cator for patients with HCC.

Construction of stable cell lines displaying ABI1 over
expression or knockdown. We next analyzed the expression 
of ABI1 in four different human HCC cell lines (HepG2, 
Hep3B, SMMC7721 and MHCC97H) and immortalized 
hepatocytes (L02). Results showed that both levels of ABI1 
mRNA and protein in HCC cell lines were evidently higher 
than those in L02 (Fig. 3A and B). Noteworthy, we found 
that the highly metastatic cell line (MHCC97H and Hep3B) 
exhibited stronger signals of ABI1 than the lowly metastatic 
cell line (HepG2 and SMMC7721). To further elucidate the 
biological function of ABI1 in HCC cells, we chose HepG2 
and MHCC97H cells for further research, which expressed 
the lowest and highest levels of ABI1 among the four exam-
ined cell lines, respectively. Then we stably overexpressed 
ABI1 in HepG2 and silenced ABI1 in MHCC97H cells by 
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lentivirus transfection. After transfection, qRT-PCR and 
western blot were used to evaluate the efficiency of ABI1 
overexpression or knockdown in HCC cells. Results showed 
that transfection of ABI1 expressing lentiviral plasmid 
increased the expression of ABI1 in HepG2 cells (Fig. 3C 
and D). Among the three shRNAs, ABI1 was significantly 

knocked down by shRNA-2 (Fig.  3E and F), which was 
chosen for further study. 

ABI1 promotes HCC cell growth in  vitro and in  vivo. To 
evaluate the function of ABI1 on cell proliferation in HCC, 
Cell Counting Kit-8 assay, clone formation and EdU assays 

Figure 1. ABI1 is significantly upregulated in human HCC tissues. (A1-5) The mRNA level of ABI1 is significantly increased in five cohorts of HCC patients, 
(detailed information in Oncomine database) by Roessler in 2010 (A1-2), Chen in 2002 (A3), Mas in 2008 (A4) and Wurmbach in 2007 (A5), respectively. 
(B) The relative expression level of ABI1 mRNA in 23 paired HCC tissues and matched non-tumor tissues (NTs). (C) Representative western blot results of 
the amounts of ABI1 in HCC tissues and NTs. β-actin was used as the loading control. (D) ABI1 protein expression was examined by immunohistochemical 
analysis in 124 HCC samples and the representative results are shown. (E) The numbers and percentages of high and low expression of ABI1 in HCC tissues 
and NTs.

https://www.spandidos-publications.com/10.3892/ijo.2017.3920
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in vitro were performed. The results of CCK8 assay and clone 
formation assay showed that overexpression of ABI1 in HepG2 
cells significantly promoted cell viability and colony formation 
compared with HepG2vector cells, whereas knockdown of ABI1 
in MHCC97H cells had the opposite effect (Fig. 4A and B). In 
addition, similar results were observed in EdU incorporation 
assays (Fig. 4C).

To further verify the growth-enhancing effect of ABI1 
in vivo, HepG2ABI1, MHCC97HshABI1 and their control cells 
were injected subcutaneously into nude mice for xenotrans-
plantation. Data showed that ABI1 overexpression in HepG2 
cells resulted in a marked increase in tumor size compared 
with the control transfectants. Conversely, ABI1 knockdown 
in MHCC97H cells decreased the tumor size (Fig. 4D). These 

Figure 2. Prognostic significance of ABI1 was assessed by Kaplan-Meier analysis and log-rank tests. HCC patients with high ABI1 expression presented with 
poor overall survival (A) and high cumulative recurrence rates (B).

Figure 3. Expression and transfection efficiency of ABI1 in HCC cell lines. (A and B) qRT-PCR and western blot analysis of ABI1 expression in the normal 
liver cell line L02 and 4 HCC cell lines (HepG2, SMMC7721, MHCC97H and Hep3B). (C and D) qRT-PCR and western blot analysis showed that HepG2 
cells stably overexpressed ABI1 after infected with lentivirus carrying the ABI1 gene. (E and F) shRNA against ABI1 stably decreased the expression of ABI1 
in MHCC97HshABI1 cells compared with MHCC97HshCtl cells by qRT-PCR and western blotting. All results are from three independent experiments. *P<0.05, 
**P<0.01, ***P<0.001.
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results provided evidence that ABI1 accelerates HCC cell 
proliferation both in vitro and in vivo.

ABI1 enhances HCC cell migration, invasion and lung 
metastasis. In order to investigate the effects of ABI1 on 
HCC cell motility, wound healing and Transwell invasion 
assays were performed. The results showed that HepG2ABI1 
cells had significantly higher percentage of wound closure 
compared with the control cells (Fig.  5A). Moreover, 
HepG2ABI1 cells also showed a high degree of invasion 
through Matrigel (Fig.  5B). By contrast, silencing ABI1 
markedly decreased the percentage of wound closure and 
number of invasion cells in MHCC97H (Fig. 5A and B). 
Since previous studies showed that ABI1 plays an important 
role in the cell cytoskeleton rearrangements (28,29), which is 
crucial for the invasive and metastatic spread of tumor cells, 

we performed rhodamine‑phalloidin fluorescent staining to 
examine morphologic changes of HCC cells. As shown in 
Fig. 5C, ectopic expression of ABI1 in HepG2 cells displayed 
fibroblast-like spindle shape with long stretched F-actin 
fibers. However, silenced ABI1 in MHCC97H cells exhibited 
cobblestone-like appearance with shrunken F-actin fibers.

To verify these findings in  vivo, we generated lung 
metastasis model in nude mice by injecting HepG2ABI1, 
MHCC97HshABI1 and their parental control cells intravenously 
in the tail vein. Six weeks later, the mice were sacrificed and 
the metastatic nodules in the lungs were counted. The repre-
sentative images of lungs with/without metastasis are shown 
in Fig. 5D. Hematoxylin and eosin (H&E) staining confirmed 
that the nodules in the lungs were metastatic tumors (Fig. 5E). 
Further analysis showed that nude mice inoculated with 
HepG2ABI1 cells displayed more micrometastatic lesions in 

Figure 4. ABI1 promotes proliferation of HCC cells both in vitro and in vivo. (A) CKK-8 analysis of the proliferation ability of HCC cells transfected with 
ABI1, shABI1 or control. (B) Representative micrographs (left) and quantification (right) of HCC cell colonies determined by colony formation assay. (C) EdU 
staining patterns (left) and the relative EdU-positive cells ratio (right) of the indicated HCC cell lines. Magnification, x200. (D) Representative images (upper) 
and size (lower) of the xenograft tumor in different groups. *P<0.05, **P<0.01, ***P<0.001.

https://www.spandidos-publications.com/10.3892/ijo.2017.3920
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lungs as compared with HepG2vector cells. However, nude mice 
in MHCC97HshABI1 groups exhibited less micrometastatic 
lesions than MHCC97HshCtl groups (Fig. 5F). Hence, these 
observations suggest that ABI1 is crucial for promoting HCC 
invasion and metastasis.

Discussion

The major obstacle for improving the outcome of cancer patients 
is recurrence and metastasis. Given that actin polymerization 

and lamellipodia formation are critical steps in cell migration 
during metastasis (30), while ABI1 was initially reported to 
exert its regulatory role in actin reorganization and lamelli-
podia formation, the function of ABI1 in cancer development 
have attracted increased attention. Accumulating evidence has 
indicated that ABI1 was frequently dysregulated in the devel-
opment of cancer, however, it remains controversial whether 
ABI1 acts as a tumor promoter or suppressor. On the one hand, 
some studies reported that ABI1 overexpression was closely 
associated with tumor progression in breast cancer (20), colon 

Figure 5. ABI1 enhances HCC cell migration, invasion and lung metastasis. (A) The migration property of HCC was assessed by wound healing assay. 
Representative images (left, x200) and quantitative data (right) of wound healing assay are shown. (B) The invasion properties of HCC cells were determined 
by Transwell invasion assay. Representative images (left, x200) and quantification of the five randomly selected fields (right) are shown. (C) The effects of 
ABI1 on cytoskeletal rearrangement in HCC cells. (D) The effects of ABI1 on HCC metastasis in vivo was determined by lung metastasis model in nude 
mice. Representative images show lungs with/without metastatic HCC tumors. Arrows indicated tumor nodules at the surface of the lungs. (E) Representative 
images of hematoxylin and eosin (H&E) sections derived from lung tissues with/without metastasis (left: magnification, x100; right: magnification, x400). 
(F) Numbers of metastatic nodules in the lungs from the ABI1-interfered HCC cells are shown. The are data shown as the mean ± SD of three independent 
experiments. **P<0.01, ***P<0.001.
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cancer  (22,23), HCC (25) and ovarian cancer  (24). which 
revealed a potential carcinogenic role of ABI1 in cancers. 
However, some other studies showed that ABI1 expression 
was decreased in human prostate cancer, gastric cancer and 
some types of leukemia (14-17) compared to corresponding 
normal tissues. These contradictory results indicated that the 
ABI1 function as oncogenes or tumor suppressor genes was 
context dependent. However, there are limited studies on the 
expression, significance, and function of ABI1 in HCC.

In this study, we for the first time evaluated the ABI1 
expression and clinical significance in a large cohort of HCC 
patients. Before the experiments started, we first collected 
ABI1 information through bioinfomatic analysis from 
Oncomine database and found that the levels of ABI1 mRNA 
were significantly increased in five independent liver cancer 
datasets. Next, our results in 23 paired HCC samples further 
confirmed the upregulation of ABI1 in HCC tissues. When 
evaluated the level of ABI1 protein by IHC in an expanded 
population with 124 pairs of HCC samples, we also observed 
that the ABI1 protein was increased in 60.5% of paraffin-
embedded HCC tissues, which was predominantly detected in 
the cytoplasm of HCC cells. Our findings are consistent with 
the result from Liu et al in 40 HCC samples (25) but more 
convincing. Collectively, our results unambiguously confirmed 
that ABI1 is overexpressed in HCC tissues, which may be an 
oncogene in HCC.

Moreover, several pieces of evidence in this study support 
a close association between ABI1 expression and HCC 
progression. Firstly, we provided evidence that increased 
expression of ABI1 was significantly associated with invasive 
characteristics of HCC, including multiple tumor nodes, larger 
tumor size, lack of tumor encapsulation and advanced BCLC 
stage. Secondly, survival analysis demonstrated that HCC 
patients with high ABI1 expression had significantly shorter 

OS time and TTR than did patients with low ABI1 expression. 
Moreover, multivariate analyses disclosed that ABI1 expres-
sion level was an independent risk factor for poor survival 
of HCC patients after curative resection. These clinical data 
strongly suggest that ABI1 contributes to the malignant 
progression of HCC, thus making it a useful prognostic 
biomarker. Actually, our results are consistent with previous 
studies in other cancers. Wang et al (20) performed IHC in 
a tissue microarrays including 988 invasive breast carcinoma 
patients and found that tumors expressing high levels of ABI1 
were significantly associated with early recurrence and worse 
survival. Steinestel et al (22,23) reported ABI1 overexpres-
sion in primary human colorectal carcinoma associated with 
an infiltrative phenotype and high-grade tumor cell budding. 
Zhang et al (24) observed that upregulation of ABI1 predicted 
poor outcome in epithelial ovarian cancer.

Although previous studies found that overexpression of 
ABI1 promotes cell proliferation, migration, and invasion in 
some cancer types (18,19,21), Kumar et al recently reported 
that ABI1 negatively regulated Tyr251 phosphorylation of 
Crk and inhibited invasive behavior of glioblastoma cells (31). 
Thus, these characteristics of ABI1 are further needed to 
confirm in HCC cells for detailed phenotypes. Firstly, we 
determined the expression pattern of ABI1 in HCC cell lines 
and manipulated the expression of ABI1 in HCC cells by lenti-
virus transfection. Moreover, we explored the potential roles 
of ABI1 in tumor cell proliferation, migration and invasion. 
In our study, we found that ABI1 overexpression significantly 
promoted HCC cell proliferation, migration and invasion 
in vitro. Otherwise, ABI1 knockdown prominently reduced 
them. Furthermore, the mouse model experiments revealed 
that ABI1 not only promoted HCC growth, but also enhanced 
metastatic potential. Altogether, dysregulation of ABI1 may 
play a fundamental role in tumor growth and metastasis. To 

Table III. Univariate and multivariate analysis of prognostic factors associated with TTR in 124 HCC patients.

	 TTR
	 ---------------------------------------------------------------------------------------------------------------------------------------------------
	 Univariate analysis	 Multivariate analysis
	 ---------------------------------------------------------------------	 --------------------------------------------------------------------
Clinicopathological variables	 HR	 95% CI	 P-value	 HR	 95% CI	 P-value

Gender (male vs. female)	 0.793	 0.369-1.590	 0.514			   NA
Age (<50 vs. ≥50)	 0.850	 0.540-1.335	 0.480			   NA
AFP (<20 vs. ≥20 ng/ml)	 0.810	 0.501-1.311	 0.391			   NA
HBsAg (negative vs. positive)	 1.725	 0.950-3.130	 0.073			   NA
Liver cirrhosis (absent vs. present)	 0.774	 0.491-1.219	 0.269			   NA
Tumor number (single vs. multiple)	 1.937	 1.223-3.070	 0.005			   NS
Tumor size (≤5 vs. >5)	 1.351	 0.839-2.174	 0.216			   NA
Tumor encapsulation (present vs. absent)	 1.310	 0.793-2.165	 0.292			   NA
Tumor differentiation (I-II vs. III- IV)	 1.770	 1.130-2.772	 0.013	 1.629	 1.035-2.567	 0.035
Microvascular invasion (absent vs. present)	 2.190	 1.401-3.423	 0.001	 2.050	 1.298-3.237	 0.002
BCLC stage (0-A vs. B-C)	 1.947	 1.051-3.605	 0.034	 1.982	 1.054-3.730	 0.034
ABI1 expression (low vs. high)	 2.142	 1.318-3.479	 0.002	 1.893	 1.152-3.109	 0.012

HBsAg, hepatitis B surface antigen; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; NA, not applicable; NS, not significant.

https://www.spandidos-publications.com/10.3892/ijo.2017.3920
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our knowledge, this is the first study exploring the biological 
function of ABI1 in HCC. However, the potential mechanism 
by which ABI1 affects HCC progression remains elusive and 
will require future investigation.

In conclusion, our study revealed that ABI1 was frequently 
upregulated in HCC tissues and significantly associated 
with disease progression and poor post-operative outcome 
of HCC patients. Functionally, ABI1 promoted HCC growth 
and metastasis both in vitro and in vivo. Thus, ABI1 acts as 
an oncogene in HCC progression and is a novel prognostic 
molecular marker for patients with HCC.
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