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Abstract 

Secreted modular calcium binding protein-2 (SMOC2), a recently identified matricellular protein 
that belongs to the SPARC protein family, has been reported to be downregulated in various 
cancers. The purpose of this study was to investigate the clinical significance and biological function 
of SMOC2 in human hepatocellular carcinoma. Real-time quantitative PCR and western blotting 
analyses revealed that SMOC2 mRNA and protein levels were significantly downregulated in 
human HCC tissues compared to the matched adjacent normal tissues. Clinicopathological 
analysis indicated that SMOC2 expression was significantly associated with tumor size, number of 
tumors, tumor-node-metastasis (TNM) stage and distant metastasis. Kaplan–Meier survival 
analysis showed that high tumor SMOC2 expression was associated with improved overall survival 
and disease-free survival in patients with HCC. Functional analyses (cell proliferation and colony 
formation assays, cell migration and invasion assays, cell cycle and apoptosis assays) demonstrated 
that stable overexpression of SMOC2 using a lentiviral vector significantly inhibited cell 
proliferation, colony formation, migration and invasion, and induced G0/G1 phase arrest in HCC 
cells in vitro. In addition, experiments with a mouse model revealed the suppressed effect of 
SMOC2 on HCC tumorigenicity and metastases in vivo. These results suggest that SMOC2 
functions as a tumor suppressor during the development of HCC and may represent an effective 
prognostic factor and novel therapeutic target for HCC. 

Key words: SMOC2; hepatocellular carcinoma; prognosis; tumor suppressor. 

Introduction 
Hepatocellular carcinoma (HCC), the most 

common primary malignancy of the liver, is the sixth 
most frequently diagnosed cancer worldwide and one 
of the leading causes of cancer-related mortality in 
several countries [1-3]. Although the highest rates of 

liver cancer are reported in certain areas of Asia and 
Africa, the incidence of HCC is increasing in western 
countries including the United States [4-7]. Currently, 
surgical resection, radiofrequency ablation and liver 
transplantation are considered to be potentially 
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curative therapies that may provide long-term 
remission in early-stage HCC [8]. However, the utility 
of these modalities is limited in patients with 
symptomatic HCC with a large tumor burden and 
multifocality. Although many non-surgical modalities 
have been developed to treat HCC, the prognosis after 
aggressive therapy still remains poor [9]. Moreover, as 
HCC is characterized by high grade malignancy, 
rapid tumor cell proliferation, early hepatic metastasis 
and multidrug resistance, the 5-year survival rate is in 
the range of only 5% [10]. Furthermore, the molecular 
mechanisms of hepatocarcinogenesis have not yet 
been clarified. To confront this dire situation, it is 
crucial to identify novel molecular markers for early 
diagnosis as well as new therapeutic targets to 
improve the outcome of patients with HCC. 

The domain structure of secreted modular 
calcium binding protein-2 (SMOC2) contains two 
thyroglobulin-like domains, a follistatin-like domain, 
a novel domain, and the E–F hand calcium-binding 
domain common to the secreted protein acidic and 
rich in cysteines (SPARC) protein family [11,12]. The 
human SMOC2 gene is located on chromosome 6q27, 
a region that has been suggested to contain one or 
more tumor suppressor genes [13-15]. Quantitative 
reverse transcription PCR demonstrated SMOC2 is 
widely expressed in various human tissues, including 
skin, liver, muscle and lung [16]. The molecular 
function of SMOC2 has been partially identified. In 
vitro assays indicated that SMOC2 influences 
cell-cycle progression [17], regulated the mitogenic 
and angiogenic effects of growth factors [18], and 
mediated cell growth, proliferation [19,20] and cell 
attachment and migration [21]. However, the 
molecular function of SMOC2 in cancer is still poorly 
explored. Several recent microarray studies reported 
that SMOC2 was significantly downregulated in 
various tumors, including ovarian cancer [22], 
pancreatic cancer [23], uterine leiomyoma [24], breast 
cancer [25], ameloblastoma [26] and papillary thyroid 
carcinoma [27]. SMOC2 was also suggested to act as a 
tumor suppressor gene in ovarian cancer [28]. 
However, Shvab et al. [29] recently observed SMOC2 
was upregulated in human colorectal cancer (CRC) 
tissues and preferentially expressed in areas of tumor 
invasion, suggesting that SMOC2 may contribute to 
the development of aggressive CRC. Even though the 
function of SMOC2 has been investigated in several 
types of cancer, the detailed functional role of SMOC2 
in human HCC has not been reported. 

In the present study, we investigated the 
expression and prognostic value of SMOC2 in 
primary HCC. The biological function of SMOC2 in 
the progression of HCC was also explored using HCC 
cell lines.  

Materials and Methods 
Cell lines and culture conditions 

The human HCC cell line HepG2 and a human 
liver adenocarcinoma endothelial cell line, SK-Hep1, 
were obtained from the American Type Culture 
Collection (Manassas, VA, USA). The Bel-7402 and 
SMMC7721 cell lines were obtained from the 
Committee of Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). The normal 
hepatic cell line L02 was purchased from Biomics 
Biotechnologies (Nantong, China). All cell lines were 
cultured in RPMI 1640 (Gibco, Grand Island, NY, 
USA) supplemented with 10% fetal bovine serum 
(FBS; Gibco, Grand Island, NY, USA) and 100U/ml 
penicillin plus 100μg/ml streptomycin (Invitrogen, 
Grand Island, NY, USA)at 37°C in a humidified 
atmosphere of 5% CO2. 

Patients and tumor tissue samples 
Forty paired HCC tumor tissues and the adjacent 

non-cancerous liver tissue samples were obtained 
from patients undergoing surgical resection for HCC 
at Sun Yat-sen University Cancer Center (SYSUCC) 
between 2013 and 2015. After resection, the matched 
fresh tissues were immediately immersed in RNAlater 
solution (Ambion, Austin, TX, USA) to prevent RNA 
degradation, stored at 4°C overnight to allow 
RNAlater to fully penetrate into the tissues and then 
frozen at −80°C.  

In addition, 120 paraffin-embedded samples 
from patients with HCC who had undergone liver 
resection at the SYSUCC between 2008 and 2010 were 
randomly selected. All diagnoses were independently 
histologically confirmed by at least two experienced 
pathologists, primarily via examination of H&E 
stained sections. The histological cell type and tumor 
stage were assigned according to the World Health 
Organization (WHO) classification criteria and tumor 
node metastasis (TNM) staging system of the 
International Union Against Cancer. None of the 
patients received preoperative chemotherapy or 
radiotherapy. Before the study, informed consent was 
obtained from each patient. This investigation was 
approved by Ethics Committee of Sun Yat-sen 
University Cancer Center (SYSUCC; Guangzhou, 
China). 

RNA extraction and real-time quantitative 
polymerase chain reaction (RT-qPCR) 

Total RNA was extracted using TRIzol reagent 
(Invitrogen) according to the manufacturer’s protocol. 
RNA concentration and quantity were determined by 
measuring absorbance at 260 nm using a NanoDrop 
spectrophotometer (ND-1000; Thermo Scientific, 
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Wilmington, DE, USA). Reverse transcription (RT) 
was performed on 1μg of total RNA/sample using 
ReverTraAce reverse transcriptase reverse 
transcriptase (TOYOBO, Shanghai, China) according 
to the manufacturer’s instructions. Newly synthesized 
cDNA was amplified by real-time PCR to evaluate the 
relative expression levels of SMOC2 compared to the 
reference gene glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The primer sequences 
were as follows: GAPDH, forward 
5′-CTCCTCCTGTTCGACAGTCAGC-3′, reverse 
5′-CCCAATACGACCAAATCCGTT-3′; and SMOC2, 
forward 5′-AGGAAAAACAGTGATGCCGC-3′, 
reverse 5′-AACTGCCTTCGGGGTATGAG-3′. Each 
RT-qPCR reaction was performed in triplicate in final 
reaction volumes of 15μL, consisting of 7.5 μL of 2× 
SYBR Green master mix (Invitrogen), 2μL of each 5′ - 
and 3′ - primer (1.5pmol/μL), 1 μL of sample cDNA 
and 4.5μL of nuclease-free water. The cycling 
parameters began with 50°C for 2 minutes and 95°C 
for 2 minutes, and then 40 cycles of amplification at 
95°C for 15 seconds, 60°C for 30 seconds, and 72°C for 
20 seconds, followed by melting curve analysis. The 
crossing threshold (Ct) value of each sample was 
calculated during the exponential amplification phase 
using the instrument’s software (SDS v.2.3). The 
relative expression levels of the target gene were 
normalized to that of the internal control gene 
GAPDH. Data was analyzed using the comparative 
threshold cycle (2-ΔΔCT) method. All experiments were 
performed in triplicate and results were averaged and 
expressed in relative units after normalization. 

Protein extraction and western blotting 
Total proteins were extracted using 

Radio-Immunoprecipitation Assay (RIPA) Lysis 
Buffer (Beyotime, Shanghai, China) according to the 
manufacturer’s instructions. The concentration of 
total proteins was determined using the BCA Protein 
Assay Kit (Bio-Rad; Hercules, CA, USA). Equal 
amounts of protein (approximately 30μg per sample) 
were denatured prior to 12% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) 
electrophoreses, then electro-transferred onto a 
polyvinylidene fluoride (PVDF) membrane 
(Millipore, Billerica, MA, USA). After blocked with 
5% skimmed-milk in TBST for 60 min, the membranes 
were incubated overnight at 4°C with rabbit 
anti-SMOC2 (1:200 dilution; Abcam, Cambridge, MA, 
USA) and rabbit anti-GAPDH (1:8000 dilution; 
Proteintech, Chicago, IL, USA). Then, the membranes 
were washed four times for 10 min with TBST and 
incubated with horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit antibody (1:2000 
dilution; Cell Signaling Technology, Danvers, MA, 

USA) for 1h at room temperature. The membranes 
were washed four times with TBST and the 
immunoreactive proteins were visualized using an 
enhanced chemiluminescence system (Cell Signaling 
Technology). The band intensities were measured 
using Quantity One software (Bio-Rad Laboratories, 
Hercules, CA, USA) and target protein levels in each 
sample were expressed relative to GAPDH. 

Patient follow-up 
Patient post-operative follow-up was conducted 

regularly at the outpatient department or follow-up 
center of SYSUCC. Post-operative follow-up included 
clinical and laboratory examinations for all patients, 
which were carried out every three months for the 
first two years, every six months for the following two 
years, and annually for the next five years or until 
death, whichever was sooner. Overall survival (OS), 
which we employed as a primary measure of 
prognosis, was defined as the time from surgery to the 
date of death or last known follow-up. Disease-free 
survival (DFS) was calculated from the date of 
surgery to the date of progression, recurrence, death 
or final follow-up. Complete follow-up data was 
available for all patients in this research. 

Immunohistochemical staining and 
semi-quantitative analysis 

Paraffin sections were deparaffinized in 
dimethylbenzene and rehydrated in a graded ethanol 
series (100%, 95%, 90%, 80%, 70%) prior to heating for 
2 h at 60°C. After three washes in phosphate-buffered 
saline (PBS) for 3 min, the slides were boiled in 
citrate-hydrochloric acid (pH = 6.0) for 15 min in a 
microwave oven for antigen retrieval, then allowed to 
cool to room temperature. Endogenous peroxidase 
activity was blocked using 3% hydrogen peroxide at 
room temperature for 15 min. After three rinses in 
PBS for 5 min, non-specific binding was inhibited by 
incubation in 5% sheep serum albumin for 30 min. 
Then, the slides were incubated with a primary 
anti-SMOC2 antibody (1:100 dilution; Abcam, 
Cambridge, MA, USA) at 4°C overnight in a 
humidified chamber. After washed in PBS, the slides 
were incubated with HRP-conjugated secondary 
antibody (Envasion Detection kit; GK500705; 
Genentech, San Francisco, CA, USA) at room 
temperature for 30 min, and then washed five times 
with PBS for 5 min. The signal was visualized using 
3,3′-diaminobenzidine tetrahydrochloride (DAB), and 
then the sections were counterstained with 
hematoxylin. Finally, the sections were dehydrated, 
cleared and sealed before being evaluated by light 
microscopy. Negative controls were obtained by 
substituting the primary antibody with PBS. 
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The total SMOC2 immunostaining score was 
assessed by two authors who were blinded to the 
patients’ clinical outcome, as follows: the percentage 
of positive staining was defined as 0 (< 5%, negative), 
1 (5%–25%, sporadic), 2 (25%–50%, focal), or 3 (> 50%, 
diffuse); Staining intensity was classified as 0 (no 
staining), 1 (weak staining), 2 (moderate staining), or 3 
(well staining). The above two values were multiplied 
to give sum immunostaining scores ranging from 0 to 
9. Using the sum immunostaining scores, the 
expression of SMOC2 was defined as follows: “−” 
(score of 0–1), “+” (score of 2–3), “++” (score of 4–5), 
or “+++” (score > 6). Each patient was classified into 
the low SMOC2 expression group (SMOC2- or 
SMOC2+) and high SMOC2 expression group 
(SMOC2++ or SMOC2+++). 

Recombinant lentiviruses and cell infection 
Recombinant lentiviruses overexpressing 

SMOC2 (LV-SMOC2) and the negative control vector 
(LV-NC) were obtained from GenePharma (Suzhou, 
China). Lentiviral infection was performed by adding 
the virus solution to Bel-7402 and HepG2 cells in the 
presence of 5 μg/mL polybrene (Sigma-Aldrich, St. 
Louis, MO, USA). After 48 hours’ infection, the cells 
were selected by culture in media containing 5 μg/mL 
puromycin, and puromycin-resistant cells were 
pooled and cultured for further analysis. The 
resulting stable cell lines were designated as 
Bel-7402/LV-SMOC2, Bel-7402/LV-NC, HepG2/LV- 
SMOC2 and HepG2/LV-NC, respectively. 
Transfection efficiency was evaluated by western 
blotting. 

Proliferation assays 
Cell proliferation was measured using the 

colorimetric MST assay using methanethiosulfonate 
(MTS) reagent (Sigma Aldrich, St Louis, MO, USA). 
Briefly, the cells were collected and seeded into 
96-well plates in triplicate at 800 cells/well. After 24 h, 
20 μL of MTS (5 mg/mL) was added to quantify cell 
proliferation on seven consecutive days. The cells 
were incubated with MTS for 3 h and then the optical 
absorbance of each well was measured at 490 nm 
using a microplate reader. Cell growth curves were 
created by plotting the absorbance (ordinate) against 
time (abscissa). 

Colony formation assay 
To assess the viability of HCC cells following 

infection with LV-SMOC2 and LV-NC, the 
stably-infected cells were plated in 6-well plates (1000 
cells/well), cultured at 37°C for 12 days, then 
surviving cells were washed twice with PBS, fixed in 
75% ethanol for 15 min and stained with 0.5% crystal 
violet (Beyotime, Institute of Biotechnology, 

Shanghai, China) for 30 min. Colonies that contained 
more than 50 cells were counted. Colony-forming 
efficiency (CFE, %) was calculated using the following 
formula: CFE = (colony number/plated cell number) 
× 100%. These experiments were carried out three 
times independently. 

Cell migration and invasion assays 
Cell migration and invasion assays were 

performed using 8μm-pore-size polycarbonate 
membrane inserts (Corning, Corning, NY, USA) 
placed in 24-well cell culture insert companion plates. 
For the migration assays, cells (2 × 105) in 200μL RPMI 
1640 were seeded into the upper chamber without 
Matrigel; for the invasion assays, cells (3 × 105) in 
200μL RPMI 1640 were seeded onto the upper 
chamber of membranes pre-coated with a thin layer of 
0.5mg/mL Matrigel (BD Biosciences, Bedford, MA). 
For both assays, 500 μL RPMI 1640 containing 10% 
FBS was added to the lower wells. The plates were 
incubated for 24 h (migration) or 48 h (invasion), then 
cells that had migrated or invaded to the bottom of 
the upper membrane were fixed with 75% methanol 
for 30 min and stained with 0.5% crystal violet for 60 
min. Migration or invasion efficiency was determined 
via microscopy: the numbers of stained cells in 5 
random microscopic fields of view per membrane 
were counted. All assays were performed in triplicate.  

Cell cycle analysis 
Cell cycle analysis was carried out by flow 

cytometry (Beckman Coulter, Fullerton, CA, USA) 
after propidium iodide (PI) staining. In brief, stably 
infected HCC cells were routinely collected and 
centrifuged after 48 hours’ plating. The cells were 
washed twice with PBS, fixed in 75% ethanol at −20°C 
overnight. Then, the cells were washed in cold PBS 
twice and resuspended in 200 μL PBS containing 20 
μL RNase and incubated at 37°C for 30 min. 
Subsequently, the cells were incubated with 
propidium iodide (PI; Bestbio, Shanghai, China) in the 
dark at 4°C for 30 min. Cell cycle distribution was 
determined within one hour using a flow cytometer 
(Beckman Coulter; Fullerton, CA) according to the 
manufacturer’s instructions. All experiments were 
performed three times. 

Apoptosis assay  
Apoptosis assays were performed by flow 

cytometry analysis of cells stained with Annexin 
V-FITC and PI. Cells were collected and centrifuged 
after infection. After washing twice with cold PBS, the 
cells were resuspended in 400 μL of 1× binding buffer, 
then incubated with 5 μL Annexin V-FITC and 5 μL PI 
(Becton Dickinson) for 15 min in the dark at 4 °C. The 
stained cells were analyzed by flow cytometry 
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(Beckman Coulter, Fullerton, CA, USA). All 
experiments were performed for three times. 

In Vivo Study 
Tumorigenicity assays were performed 

essentially as previously described with 4- to 
5-week-old female BALB/c mice (Shanghai 
Laboratory Animal Company, SLAC, Shanghai, 
China). Briefly, for each cell line, 5×106 cells/100 μL of 
PBS (Gibco, Grand Island, NY, USA) were injected 
subcutaneously into the posterior flanks of the mice. 
Tumor volumes were then measured periodically. 
Tumor size was determined every 3 days by 
measuring the width and length of the formed 
tumors. The volume of the tumors was calculated 
with the following formula: tumor 
volume = (width2 × length) / 2. Metastasis assays were 
carried out using mouse xenograft models. Mice were 
injected with 2×106 cells /100 μl PBS (Gibco, Grand 
Island, NY, USA) into the lateral tail vein. At 
inoculation for 8 weeks, all the mice were sacrificed by 
cervical dislocation and the lungs were harvested. 
Subsequently, the lungs were embedded in paraffin 
and serial 2-μm-thick sections of whole lungs were 
obtained using H&E staining to identify the 
metastases of HCC cells in vivo. This study was 
approved by the laboratory animal ethics committee 
of Sun Yat-sen University. All the experimental 
procedures involving animals were performed in 
accordance with the Guide for the Care and Use of 
Laboratory Animals (NIH publications Nos. 80-23, 
revised 1996) and the institutional ethical guidelines 
for animal experiments. 

Statistical analysis 
Statistical analyses were carried out using SPSS 

statistical software package (version 21.0; SPSS, Inc., 
Chicago, IL, USA) and the Prism GraphPad 
(GraphPad Software, Inc., San Diego, CA, USA). 
Paired-sample t-tests were used to evaluate the 
differences in SMOC2 mRNA or protein expression 
levels between HCC tumor samples and the paired 
adjacent non-tumor tissue samples. The correlations 
between SMOC2 expression and the 
clinicopathological characteristics of the patients were 
analyzed using the Pearson’s chi-square test (χ2). 
Survival curves for OS and DFS were calculated using 
the Kaplan-Meier method and evaluated using the 
log-rank test. A Cox proportional hazards regression 
model was employed for univariate and multivariate 
analyses. A two-tailed unpaired Student t-test was 
used to assess differences in cell proliferation rates, 
colony formation, cell migration and invasion, cell 
cycle distribution and apoptotic frequency between 
LV-SMOC2 and LV-NC HCC cells. Statistical 

differences from at least three independent 
experiments were expressed as mean ± standard 
deviation (SD). A two-sided P-value < 0.05 was 
considered to be statistically significant. 

Results 
SMOC2 is downregulated in primary HCC 
tissue samples  

To assess SMOC2 mRNA and protein expression 
in primary HCC, 40 paired clinical samples from 
patients with HCC were subjected to real-time 
quantitative PCR and western blotting. Real-time 
quantitative PCR showed that SMOC2 mRNA was 
significantly downregulated in 35 of the 40 (87.5%) 
HCC tissues compared with the matched adjacent 
non-tumor tissues (P < 0.001; Fig. 1A). In general, 
higher RNA transcript levels lead to increased 
expression of the encoded protein. Western blotting 
analysis was conducted to verify this relationship for 
SMOC2. Consistent with the real-time quantitative 
PCR data, SMOC2 protein expression was 
downregulated in 29 of the 40 (68%) tumor tissue 
samples (P = 0.0252; Fig. 1C). 

Immunohistochemical analysis of SMOC2 
expression in clinical samples and its 
association with the clinicopathological 
characteristics of HCC 

In order to investigate whether the expression of 
SMOC2 is related to the clinical development and 
progression of HCC, paraffin-embedded tissue 
sections (n = 120) were examined using 
immunohistochemistry. SMOC2 positive staining was 
predominantly located in the cytoplasm and/or 
membrane of cells (Fig. 2). The 120 patients were 
classified into the SMOC2 high group (n = 71, 
SMOC2+++ or SMOC2++) or SMOC2 low group (n = 
49, SMOC2+ or SMOC2-). The detailed characteristics 
of the patients and the associations between SMOC2 
expression and the clinicopathological characteristics 
of HCC were listed in Table 1. Chi-square analyses 
suggested that SMOC2 expression was significantly 
associated with tumor size (P = 0.002), the number of 
tumors (P = 0.027) and TNM stage (P < 0.001). 
Moreover, distant metastases was significantly more 
frequent in the SMOC2 low group (P = 0.013). 
However, no other clinicopathological features were 
significantly associated with SMOC2 expression. 

Relationship between SMOC2 expression and 
patient survival in HCC 

In order to investigate the prognostic value and 
clinical significance of SMOC2 with respect to 
postoperative outcomes, the Kaplan-Meier survival 
analysis and Cox regression analyses for OS and DFS 
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were carried out. In this cohort, 44 patients died and 
33 patients had suffered recurrence at last follow-up. 
Kaplan-Meier analyses showed that patients in the 
SMOC2 low group had significantly poorer OS and 
DFS than those in the SMOC2 high group (P < 0.001; 
Fig. 3A, 3B). As shown in Table 2 and 3, high SMOC2 
expression appeared to be a significant positive 
prognostic factor in HCC in univariate Cox regression 
analysis of OS (P < 0.001) and DFS (P = 0.002). 
Furthermore, multivariate Cox regression analysis 
indicated that high SMOC2 expression was an 
independent favorable prognostic factor for OS (P = 
0.001) and DFS (P = 0.003). 

Subgroup analysis of the prognostic value of 
SMOC2 in HCC  

We next performed subgroup analysis based on 
several clinicopathological factors to confirm the 
prognostic value of SMOC2 in HCC. The prognostic 
value of SMOC2 expression was analyzed when 
patients were stratified according to TNM stage, 
serum AFP and tumor size. As shown in Fig. 4, the 
high and low SMOC2 groups had significantly 
different outcomes in the patient subgroup with 
serum AFP ≤ 25 ng/mL (P < 0.05; Fig. 4A, 4B) and 
subgroup with a tumor size < 5 cm (P < 0.05; Fig. 4C, 
4D). Similar results were obtained for the TNM stage 

I-II subgroup (P < 0.05; Fig. 4E, 4F). However, neither 
OS or DFS were significantly different between the 
SMOC2 high and low groups in the TNM stage III-IV 
subgroup (P > 0.05; Fig. 4G, 4H). Taken together, these 
results indicated that SMOC2 could help to evaluate 
the prognosis of patients with early stage HCC. 

Overexpressing SMOC2 inhibits the 
proliferation and colony formation ability of 
HCC cells  

Western blotting revealed SMOC2 protein 
expression was downregulated in five HCC cell lines 
tested (Bel-7402, HepG2, QGY-7701, SK-Hep1, 
SMMC-7721), compared to the normal hepatic cell 
line L02 (Fig. 1D). The relative expression levels of 
SMOC2 were lower in Bel-7402 and HepG2 cells than 
those in other HCC cell lines (Fig. 1E). Accordingly, 
Bel-7402 and HepG2 cells were infected with 
LV-SMOC2 to overexpress SMOC2 or the negative 
control LV-NC in order to investigate the functional 
role of SMOC2 in HCC. Expression of SMOC2 in the 
infected cells was confirmed by western blotting. 
SMOC2 protein expression was up-regulated after 
infection with LV-SMOC2 relative to cells infected 
with LV-NC in both cell lines (Fig. 5A, 5B). 

 

 
Figure 1. Expression of SMOC2 mRNA and protein in human primary HCC cell lines and surgical specimens as evaluated by RT-qPCR and western blotting A. 
RT-qPCR revealed the relative expression of SMOC2 was significantly lower in tumor tissues compared to the matched adjacent non-cancerous tissues (n = 40; P < 
0.001). B. Representative western blotting analysis of SMOC2 protein expression in eight paired HCC tissues and the matched adjacent non-cancerous tissues (N, 
matched non-cancerous tissues; T, HCC tissues). C. Relative SMOC2 protein expression was lower in tumor tissues than the matched adjacent non-tumor tissues 
(n = 40; P = 0.0252). D. Representative western blotting of SMOC2 protein expression in the normal hepatic cell line L02 and five HCC cell lines. E. SMOC2 protein 
levels were significantly lower in HepG2 and BEL-7402 cells than the normal liver cell line L02. 
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Figure 2. Immunohistochemical analysis of SMOC2 protein expression in primary human HCC surgical specimens. A, F and K. Strongly stained normal liver tissue 
distant from the tumor. B, G and L. Well-stained tumor tissues (SMOC2+++). C, H and M. Moderately-stained tumor tissues (SMOC2++). D, I and N. Weakly-stained 
tumor tissues (SMOC2+). E, J and O. Negatively-stained tumor tissues (SMOC2-). Scale bars: 100 μm. (A-E, ×100 magnification; F-J, ×200 magnification; K-O, ×400 
magnification). 

 
Figure 3. Kaplan-Meier analysis of overall survival (OS) and disease-free survival (DFS) for patients with primary HCC (n = 120) stratified by SMOC2 expression. A. 
The high SMOC2 group (n = 71) had significantly better overall survival than the low SMOC2 group (n = 49; P < 0.001). B. The high SMOC2 group (n = 71) had 
significantly better disease-free survival than the low SMOC2 group (n = 49; P = 0.001). 

 
To determine whether SMOC2 could affect 

tumor growth in vitro, we carried out cell proliferation 
and colony formation assays. Cell proliferation (P < 
0.05; Fig. 5C, 5D) and colony-formation ability (P < 
0.01; Fig. 5E, 5F) were significantly inhibited in 
HepG2 and Bel-7402 cells infected with LV-SMOC2 
compared to cells infected with LV-NC. 

SMOC2 does not induce apoptosis but alters 
cell cycle progression in HCC cells  

In order to explore the potential mechanism 
underlying the anti-proliferation effect of SMOC2, we 
carried out apoptosis and cell cycle analyses using 
flow cytometry. Apoptosis was analyzed using 

FITC-Annexin V/PI staining and flow cytometry. No 
significant differences in the numbers of apoptotic 
cells were observed between HCC cells 
overexpressing SMOC2 and those infected with the 
negative control LV-NC (P > 0.05; Fig. 6A, 6B). Cell 
cycle analyses were performed to determine the 
percentages of cells in each phase of the cell cycle. As 
shown in Fig. 8, HepG2 and Bel-7402 cells infected 
with LV-SMOC2 had significantly increased 
proportions of cells in the G0/G1 phase and 
significantly decreased proportions of S and G2/M 
phase cells compared to cells infected with the 
negative control LV-NC (P < 0.01; Fig. 7A, 7B). These 
results suggest that up-regulating the expression of 
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SMOC2 may arrest cell cycle progression in the 
G0/G1 phase and thus inhibit cell proliferation. 

 

Table 1. Relationships between SMOC2 expression and the 
clinicopathological features of the patients with HCC 

Variable Number SMOC2 expression X2 P-value 
Low (n = 
49) 

High (n 
=71) 

Age (years)    0.064 0.800 
< 50 58 23 35   
≥ 50 62 26 36   
Gender    0.530 0.467 
Male 110 46 64   
Female 10  3 7   
HBV    2.455 0.117 
Negative  17  4 13   
Positive 103 45 58   
Tumor size (cm)    9.156 0.002* 
< 5 49 12 37   
≥ 5 71 37 34   
Tumor number    4.896 0.027* 

Single 93 33 60   
Multiple 27 16 11   
Tumor 
encapsulation 

   4.758 0.093 

Complete 48 14 34   
Incomplete 39 20 19   
None 33 15 18   
Liver cirrhosis    3.566 0.059 
No 78 27 51   
Yes 42 22 20   
Serum AFP 
(µg/L) 

   2.657 0.103 

< 400 67 23 44   
≥ 400 53 26 27   
Histological 
grade 

   1.621 0.445 

Well  8  2  6   
Moderate 90 36 54   
Poor 22 11 11   
TNM stage    16.356 <0.001* 

I + II 77 21 56   
III + IV 43 28 15   
Vascular invasion    3.608 0.057 
No 106 40 66   
Yes  14 9  5   
Distant metastasis    6.141 0.013* 

No 106 39 67   

Yes  14 10  4   
AFP, alfa fetoprotein; TNM, tumor, node, metastasis; *P < 0.05 was considered statistically 
significant. 

 

Overexpression of SMOC2 attenuates the 
migration and invasion of HCC cells  

As previously described, SMOC2 expression was 
significantly associated with clinical stage and tumor 
metastasis in human HCC (Table 1). Hence, migration 
and Matrigel invasion assays were employed to 
determine the effects of SMOC2 expression on 
metastasis in HCC. Infection with LV-SMOC2 
significantly repressed the migration and invasion 
abilities of HepG2 and Bel-7402 cells compared to cells 
infected with the negative control LV-NC (P < 0.05; 
Fig. 8A, 8B, 8C, 8D). 

SMOC2 inhibits the growth and metastasis of 
HCC cells in nude mice 

In order to determine whether SMOC2 could 
affect tumor growth in vivo, HepG2 and Bel-7402 
infected with LV-SMOC2 and LV-NC were injected 
subcutaneously into nude mice. The results showed 
that SMOC2 overexpression in HepG2 and Bel-7402 
significantly delayed tumor growth compared with 
the negative control cells (Fig. 9A). Accordingly, the 
means and standard deviations of tumor volume in 
the SMOC2 overexpression group at the end of 
observation were significantly smaller than that of the 
control group (72.64±61.33 mm3 vs. 516.14±225.51 
mm3 for HepG2, 238.28±112.56 mm3 vs. 
1315.29±450.17 mm3 for Bel-7402; Fig. 9B). And the 
means and standard deviations of tumor weight in the 
SMOC2 overexpression group were markedly lower 
than those in the control group (0.0584±0.0458g vs. 
0.509±0.274g for HepG2, 0.266±0.147 vs.1.171±0.384 g 
for Bel-7402; Fig.9C). In order to determine the effect 
of SMOC2 on metastasis in vivo, Bel-7402 cells infected 
with LV-SMOC2 or LV-NC were injected into the tail 
veins of nude mice (n= 7 per group). After 8 weeks, 
we checked for lung micrometastases. We found that 
2 of the mice injected with control cells developed 
lung metastases, but none of the mice in the SMOC2 
overexpression group developed small metastases in 
the lungs (Fig. 10). 

Discussion 
Matricellular proteins are a class of 

non-structural ECM proteins that modulate 
cell-matrix interactions and cellular functions, such as 
growth factor signaling and cell migration [30, 31]. 
Uncontrolled matricellular protein activity can 
contribute to aberrant tissue microenvironment 
homeostasis, and promote a multitude of biological 
processes essential for tumorigenesis such as the 
epithelial-to-mesenchymal (EMT) transition, tumor 
cell motility, proliferation and invasion [30,32-34]. 
Therefore, matricellular proteins could potentially 
represent a group of effective biomarkers for cancer. 
SMOC2 is a recently identified matricellular protein 
that belongs to the SPARC protein family [16]. Several 
SPARC family members have been found to be 
involved in oncogenesis and tumor progression. For 
example, Catalina et al. reported overexpression of 
SPARC reduced tumor cell proliferation and 
migratory ability in HCC [35]. Another number of the 
SPARC family, Hevin, functions as a tumor 
suppressor in various types of cancer [36, 37]. SMOC2 
was identified as a candidate protein implicated in a 
number of processes in cancer [38], and has been 
demonstrated to be downregulated in various 
malignancies by microarray analysis [22-27]. Despite 
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this knowledge, the actual expression of SMOC2 and 
its correlation with the clinicopathological features 

and prognosis of human HCC have not been reported, 
and its biological role in HCC is poorly characterized.  

 

Table 2. Univariate and multivariate analysis of overall survival in HCC 

Variable Univariate analysis  Multivariate analysis 
HR (95% CI) P-value HR (95% CI) P-value 

Age 
(≥ 50 vs. < 50 years*) 

1.220 (0.669-2.225) 0.517  — — 

Gender 
(female vs. male*) 

0.687 (0.207-2.278) 0.540  — — 

HBV 
(positive vs. negative*) 

1.760 (0.629-4.928) 0.282  — — 

Tumor size 
(≥ 5 vs. < 5 cm*) 

1.980 (1.035-3.787) 0.039*  0.846 (0.369-1.943) 0.684 

Tumor number 
(multiple vs. single*) 

4.342 (2.368-7.963) <0.001*  2.841 (1.156-6.982) 0.023* 

Tumor encapsulation† 1.909 (1.323-2.756) 0.001*  1.188 (0.730-1.935) 0.488 
TNM stage 
(III + IV vs. I + II*) 

3.857 (2.093-7.106) <0.001*  1.097 (0.416-2.896) 0.851 

Liver cirrhosis 
(positive vs. negative*) 

0.893 (0.478-1.667) 0.723  — — 

Histological differentiation‡ 2.076 (1.156-3.729) 0.015*  2.149 (1.084-4.260) 0.028* 

Serum AFP 
(≥ 400 vs. < 400 µg/L*) 

2.078 (1.140-3.789) 0.017*  1.706 (0.887-3.282) 0.110 

SMOC2 (high vs. low*) 0.220 (0.116-0.419) <0.001*  0.296 (0.146-0.598) 0.001* 
Vascular invasion 
(positive vs. negative*) 

4.924(2.409-10.064) <0.001*  2.250 (0.853-5.933) 0.101 

Distant metastasis 
(positive vs. negative*) 

3.014 (1.471-6.174) 0.003*  2.011 (0.823-4.916) 0.125 

HR, hazard ratio; CI, confidence interval; AFP, alfa fetoprotein; TNM, tumor, node, metastasis *P < 0.05 was considered statistically significant. 
*, Reference group 
†, Tumor encapsulation was evaluated as an ordinal categorical variable according to the completeness of the tumor (1: complete; 2: incomplete; 3: none). 
‡, Histological differentiation was evaluated as an ordinal categorical variable according to the degree of tumor differentiation (1: well; 2: moderate; 3: poor). 

Table 3. Univariate and multivariate analysis of disease-free survival in HCC 

Variables Univariate analysis  Multivariate analysis 
HR (95% CI) P-value HR (95% CI) P-value 

Age 
(≥ 50 vs. 50 years*) 

1.046 (0.527-2.075) 0.898  — — 

Gender 
(female vs. male*) 

0.643 (0.154-2.688) 0.545  — — 

HBV 
(positive vs. negative*) 

1.255 (0.441-3.572) 0.670  — — 

Tumor size 
(≥ 5 vs. < 5 cm*) 

1.374 (0.676-2.795) 0.380  — — 

Tumor number 
(multiple vs. single*) 

1.342 (0.581-3.101) 0.492  — — 

Tumor encapsulation† 1.144 (0.754-1.736) 0.526  — — 
TNM stage 
(III + IV vs. I + II*) 

1.692 (0.846-3.384) 0.137  — — 

Liver cirrhosis 
(positive vs. negative*) 

1.021 (0.502-2.076) 0.954  — — 

Histological differentiation‡ 1.243 (0.619-2.498) 0.541  — — 

Serum AFP 
(≥ 400 vs. < 400 µg/L*) 

1.256 (0.628-2.510) 0.519  — — 

SMOC2 (high vs. low*) 0.334 (0.166-0.671) 0.002*  0.348 (0.172-0.703) 0.003* 
Vascular invasion 
(positive vs. negative*) 

3.157 (1.292-7.712) 0.012*  2.842 (1.150-7.023) 0.024* 

Distant metastasis 
(positive vs. negative*) 

1.594 (0.611-4.158) 0.340  — — 

HR, hazard ratio; CI, confidence interval; AFP, alfa fetoprotein; TNM, tumor, node, metastasis *P < 0.05 was considered statistically significant.  

*, Reference group 
†, Tumor encapsulation was evaluated as an ordinal categorical variable according to the completeness of the tumor (1: complete; 2: incomplete; 3: none). 
‡, Histological differentiation was evaluated as an ordinal categorical variable according to the degree of tumor differentiation (1: well; 2: moderate; 3: poor). 
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Figure 4. Kaplan–Meier analysis of OS and DFS in subgroups of patients with HCC stratified by SMOC2 expression. A, B. OS and DFS for the subgroup with serum 
AFP ≤ 25 ng/mL (n = 42). C, D. OS and DFS for the subgroup with a tumor < 5 cm (n = 49). E, F. OS and DFS for the subgroup with TNM stage I-II HCC (n = 77). 
G, H. OS and DFS for the subgroup with TNM stage III-IV HCC (n = 43). P-values were calculated using the log-rank test. 

 
In this study, we examined SMOC2 mRNA and 

protein expression in paired primary HCC tissue 
samples using real-time quantitative PCR and 
western blotting, respectively. SMOC2 was frequently 
downregulated at both the transcriptional and 
translational levels in primary HCC, which is 
consistent with a recent study of gallbladder 
carcinoma by Gu et al. [39]. Immunohistochemical 
staining confirmed SMOC2 expression was 
downregulated in most HCC tumor tissues compared 
with the corresponding non-tumor tissues. These 
observations support the hypothesis that SMOC2 may 
serve as a tumor suppressor in some types of cancer. 

To our knowledge, there are no previous reports 
on the relationship between SMOC2 expression and 
the clinicopathological features and prognosis of 
patients with cancer. This study reveals that a 
relationship exists between SMOC2 expression and 
the prognosis of patients with HCC. Low SMOC2 
expression was significantly associated with 
advanced TNM stage and distant metastasis in HCC, 
suggesting downregulation of SMOC2 may facilitate 
tumor cell migration and invasion. Additionally, low 
SMOC2 expression was significantly associated with 
larger tumors and a higher number of tumors, 
indicating downregulation of SMOC2 may promote 

tumor growth in HCC. Similarly, a recent microarray 
analysis identified downregulation of SMOC2 was 
associated with advanced tumor stage in breast cancer 
[40]. Moreover, Kaplan-Meier survival analysis 
revealed that patients with low SMOC2 expression 
had poorer OS and DFS after surgical resection. 
Furthermore, multivariate Cox regression analyses 
confirmed SMOC2 expression was an independent 
prognostic factor for OS and DFS. These results 
suggest SMOC2 may serve as a new prognostic factor 
to indicate the outcomes of patients with HCC after 
surgical resection. 

As far as we know, the cellular function of 
SMOC2 has been studied in several types of solid 
cancers. Hiroshi [41] found that SMOC2 was 
significantly upregulated in metastatic head and neck 
squamous cell carcinoma (HNSCC) cell lines 
compared with non-metastatic HNSCC cell lines 
using microarray analysis, and they identified 
SMOC2 as a candidate gene that regulates the 
pathways related to distant metastasis in HNSCC. 
Shvab [29] isolated Ls174T colorectal cancer (CRC) 
cell clones stably overexpressing SMOC2 to examine 
the effect of changes in SMOC2 levels on CRC cells 
and the molecular mechanisms whereby SMOC2 
confers its effects on CRC cells. They found that 
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SMOC2 overexpression promoted the motility, 
proliferation and metastasis of CRC cells and it 
promoted dispersed colony morphology by 
increasing the expression of Snail and reducing 
E-cadherin levels by amechanism involving ILK. 
Additionally, a similar result was found in lung 
adenocarcinoma. Jennifer knocked down SMOC2 in 
482N1 lung adenocarcinoma cells with two 
independent shRNAs and assessed cellular functions in 
vitro and metastatic ability in vivo. They found that 
SMOC2 knockdown inhibited clonal growth ability 
and it was required for efficient metastatic seeding in 
vivo, suggesting that Smoc2 is a pro-metastatic factor. 
In order to elucidate the potential mechanism by 
which SMOC2 contributes to the development of 
HCC, A recombinant lentivirus was used to 
overexpress SMOC2 in two HCC cell lines, i.e. HepG2 
and Bel-7402 cells, and cellular functions of SMOC2 

were also investigated in vitro and vivo using HCC cell 
lines. We found that SMOC2 overexpression 
significantly reduced cell proliferation, as indicated 
by colony formation and proliferation assays. 
Additionally, SMOC2 overexpression significantly 
suppressed the migration and invasion abilities of the 
HCC cell lines. Furthermore, SMOC2 overexpression 
in HCC cells significantly delayed tumor growth and 
metastasis in mice. Although these in vitro and vivo 
results were in consistent with the clinicopathological 
findings that low SMOC2 expression was significantly 
associated with distant metastasis and a larger tumor 
volume, several conflicting observations in other 
kinds of cancer have previously been reported. 
Therefore, our future work will focus on investigating 
the potential reasons leading to different findings and 
outcomes.  

 

 
Figure 5. Overexpression of SMOC2 inhibits the growth of HCC cells in vitro. A, B. Western blotting was used to confirm overexpression of SMOC2 in HepG2 (A) 
and Bel-7402 (B) cells infected with the LV-SMOC2 compared to cells infected with the LV-NC. C, D. Cell-proliferation assays showed overexpression of SMOC2 
suppressed the proliferation of HepG2 (C) and Bel-7402 (D) cells. E, F. Colony-formation assays indicated overexpression of SMOC2 reduced the growth of HepG2 
(E) and Bel-7402 (F) cells. All experiments were carried out in triplicate. Quantitative analyses of foci numbers are shown as mean ±  SD. P-values were calculated 
using the Student's t-test; *P < 0.05, **P < 0.01 and ***P < 0.001 versus negative control LV-NC. 
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Figure 6. SMOC2 has no effect on apoptosis in HCC cells. A, B. The numbers of apoptotic cells were not significantly between HepG2 (A) and Bel-7402 (B) cells 
infected with LV-SMOC2 to overexpress SMOC2 or the negative control LV-NC. P-values were calculated using the Student's t-test; *P < 0.05, **P < 0.01 and ***P 
< 0.001 versus negative control LV-NC. 

 
Figure 7. Overexpression of SMOC2 induces G0/G1 phase cell cycle arrest in HCC cells. A, B. Flow cytometric analysis of Annexin V/PI-stained cells. 
Overexpression of SMOC2 using LV-SMOC2 induced G0/G1 arrest in both HepG2 (A) and Bel-7402 (B) cells. P-values were calculated using the Student's t-test; *P 
< 0.05, **P < 0.01 and ***P < 0.001 versus negative control LV-NC. 
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Figure 8. Overexpression of SMOC2 inhibits the migration and invasion of HCC cells in vitro. A, B. Overexpression of SMOC2 using LV-SMOC2 inhibited the 
migration of HepG2 (A) and Bel-7402 (B) cells in the migration assay. C, D. Overexpression SMOC2 attenuated the invasion of HepG2 (C) and Bel-7402 (D) cells 
though Matrigel in the invasion assay. Representative images are shown on the left (×200 magnification) with quantification of the numbers of cells in ten 
randomly-selected fields shown on the right. Data are mean ± SD of three independent experiments. P-values were calculated using the Student's t-test; *P < 0.05, **P 
< 0.01 and ***P < 0.001 versus negative control LV-NC. 

 
Aberrant cell cycle regulation or defects in the 

mechanisms that induce programmed cell death 
(apoptosis) are strongly connected to the malignant 
proliferation of tumor cells [43, 44]. Therefore, we 
investigated whether the reduced proliferation 
observed in HCC cells overexpressing SMOC2 was 
linked to altered induction of apoptosis or cell cycle 
arrest. Overexpression of SMOC2 in HCC cell lines 
did not induce apoptosis. Consequently, we surmised 
that SMOC2 may inhibit HCC cell proliferation by 
inducing cell cycle arrest, and cell cycle analysis was 
employed to verify this hypothesis. Overexpression of 

SMOC2 significantly altered cell cycle distribution 
compared with vector control cells, indicating the 
growth-repressive effect observed in 
SMOC2-overexpressing cells was induced by cell 
cycle arrest at the G0/G1 phase.  

As HCC is typically diagnosed at an advanced 
stage when therapeutic options have only modest 
efficacy, identification of novel and specific 
prognostic biomarkers for early stage HCC could 
provide significant benefit [45, 46]. Aberrant serum 
AFP levels are characteristic of HCC. At present, AFP 
is widely used as a tumor-specific serological 
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diagnostic marker [47, 48]. However, fluctuating AFP 
levels can also reflect flares of HBV or HCV infection, 
exacerbation of underlying liver disease, pregnancy 
or the presence of germ cell tumors [49, 50]. In 
addition, the low sensitivity of AFP limits its use for 
the diagnosis and prognostication of HCC [51]. 
Subgroup analysis showed that patients with normal 
or low levels of AFP (≤ 25ng/mL) or other indicators 
of early-stage HCC demonstrating low levels of 
SMOC2 expression had poorer OS and a higher risk of 

recurrence. These results highlight the potential value 
of SMOC2 as a prognostic indicator in subgroups of 
patients with the clinicopathologic features of 
early-stage HCC. Moreover, we advocate that 
adjuvant therapy and more stringent follow-up after 
surgery may be required for patients with low 
SMOC2 expression, even though these patients may 
be classified as low-risk on the basis of conventional 
clinicopathologic features for HCC. 

 

 
Figure 9. Overexpression of SMOC2 suppresses the tumorigenicity of HCC in vivo. HepG2 or Bel-7402 cells infected with LV-NC and LV-SMOC2 were injected into 
nude mice, as described in the Materials and Methods section. A. The tumor growth curves for each group. The tumor growth rate was reduced in the tumors that 
overexpressed SMOC2. B. Photographs of dissected tumors from the nude mice. The final tumor volumes were smaller in the HepG2/LV-SMOC2 and 
Bel-7402/LV-SMOC2 groups than that in the control group. C. The tumor weights of each group. The final tumor weights were decreased in the tumors that 
overexpressed SMOC2. The data are presented as mean ± SD. P-values were calculated using the Student's t-test. *P < 0.05, **P < 0.01 and ***P < 0.001 versus 
negative control LV-NC. 
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Figure 10. Overexpression of SMOC2 suppresses the lung metastasis of HCC in vivo. Overexpression of SMOC2 decreased the rate of lung metastasis after tail-vein 
injection of Bel-7402/LV-SMOC2 or control cells. Representative histological images of lung sections were shown. Black arrow indicates the metastatic nodule. Scale 
bars: 100 μm. 

 
In conclusion, our present work demonstrated 

that SMOC2 was downregulated in human HCC and 
high SMOC2 expression was significantly associated 
with more favorable prognosis after surgery. 
Additionally, in vitro analysis indicated that SMOC2 
exhibited tumor suppressor activity by inhibiting cell 
cycle-modulated HCC cell proliferation and also 
influenced several cellular functions that are 
intimately linked to tumor aggressiveness. Taken 
together, this study indicated that SMOC2 could play 
an important role in the development of HCC and 
may represent an effective prognostic indicator and a 
novel therapeutic target for HCC. 
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