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Abstract. Octamer‑binding transcription factor 4 (Oct4) has 
been identified as a novel transcription factor associated with 
tumorigenesis, acquisition and maintenance of cancer stem 
cell characteristics and poor prognosis in tumors. However, the 
role of Oct4 in tumorigenesis and progression of hepatocel-
lular carcinoma (HCC) has not yet been fully elucidated. In 
our present study, we observed that the Oct4 expression level 
was upregulated in HCC specimens as well as in different 
HCC cell lines. In in vitro experiments, decreased expres-
sion of Oct4 by shRNA inhibited the viability and mobility 
of HCC cells. Furthermore, the loss of Oct4 inhibited HCC 
cell malignant progression accompanied by downregulated 
expression of the survivin/signal transducer and activator of 
transcription 3 (STAT3) pathway. Liver cancer patients with 
high expression of Oct4 exhibited significantly shorter overall 
and disease‑free survival. These findings demonstrated that 
Oct4 plays a vital role in the malignant progression of HCC 
cells through the survivin/STAT3 signaling pathway, and it 
may prove to be a novel biomarker associated with patient 
prognosis and survival.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors worldwide, with relatively high incidence 
and mortality rates, particularly in Africa and Southeast 
Asia (1). Surgical resection remains the first choice for the 
treatment of early‑stage HCC. However, despite a variety of 
comprehensive treatment strategies for patients with advanced 
liver cancer, the prognosis remains poor due to intrahepatic 

and distant metastasis. Metastasis and recurrence of HCC is 
a multistep, complex process involving numerous regulatory 
factors (2). The identification of novel biological regulating 
factors of HCC recurrence and metastasis is crucial for the 
targeted treatment of HCC patients.

Octamer‑binding transcription factor 4 (Oct4) is a member 
of the POU transcription factor family that plays a key role 
in the development of almost all organisms (3). A number of 
studies have suggested that Oct4 may maintain the character-
istics of cancer stem cells (4) and mediate the development 
of chemoresistance in tumor cells (5,6). The aberrant expres-
sion of Oct4 is implicated in the initiation and development 
of several malignant tumors, such as esophageal, gastric 
and breast, non‑small‑cell lung and prostate cancer and oral 
squamous cell carcinoma (7‑13). However, little is known on 
the mechanisms underlying the involvement of Oct4 in the 
malignant progression of HCC.

Survivin is a new member of the apoptosis suppressor 
protein family. Survivin is only expressed in tumors and 
embryonic tissues, and is closely associated with differen-
tiation, proliferation, cell cycle regulation, neovascularization, 
resistance to radiotherapy and chemotherapy, and infiltration 
and metastasis of tumor cells (14‑19). In view of the above-
mentioned biological characteristics of survivin, it is likely to 
become a broad‑spectrum cancer marker for diagnosis and 
clinical treatment.

The Janus kinase/signal transducers and activators of 
transcription (JAK/STAT) pathway represents a fast signal 
transduction pathway from the cytoplasm to the nucleus. 
Recent studies have demonstrated that the activation of the 
JAK/STAT signaling pathway, particularly of STAT3, has a 
major effect on cell growth, proliferation, transformation, 
resistance to chemotherapy‑induced apoptosis and chemosen-
sitivity in several tumors (20‑24).

Oct4 has been found to exert important anti‑apoptotic 
effects on embryonic stem cells under survival stress, and it 
has been suggested that these effects may be regulated by the 
survivin/STAT3 signaling pathway (25). Based on previous 
and the present findings, we hypothesized that Oct4 may be 
associated with malignant progression and poor prognosis 
in HCC through the survivin/STAT3 signaling pathway. 
By performing a series of in vitro and ex vivo experiments 
presented in this study, we demonstrated that Oct4 is involved 
in the malignant progression of HCC cells and poor prognosis 
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of HCC patients, and its effects are likely mediated through 
the survivin/STAT3 signaling pathway.

Materials and methods

Patients and samples. Tissues from 53 patients with primary 
HCC treated at the Wujiang No. 1 People's Hospital (Jiangsu, 
China) between June 1, 2009 and December 31, 2011 were 
included in this study. These patients included 39 men and 
14 women with a median age of 50 years (range, 36‑67 years). 
The HCC tissues were obtained from patients who received 
hepatectomy and the diagnosis was pathologically confirmed. 
Long‑term follow‑up was conducted and the median time was 
39.0 months (range, 5‑60.0 months). The study protocol was 
approved by the Ethics Committee of Wujiang No. 1 People's 
Hospital and all patients signed a written informed consent 
form.

Cell lines and cell culture. The human normal liver cell line 
LO2 and the HCC cell lines SMMC‑7721, Huh‑7, MHCC97H, 
PLC/PRF/5 and Hep3B were purchased from the Cell Bank of 
Type Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). All cells were routinely maintained as 
a monolayer in high‑glucose Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS), 100 mg/ml streptomycin and 100 IU/ml penicillin G.

Immunohistochemical staining. All patient tissues were 
obtained from the specimens resected during surgery. 
Paraffin‑embedded consecutive sections (4‑µm) were exam-
ined for Oct4, survivin and phosphorylated STAT3 (pSTAT3) 
expression. The primary antibodies were as follows: mouse 
anti‑human Oct4 (dilution 1:100; cat. no. sc‑5279; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA), rabbit anti‑human 
survivin (71G4B7) (dilution 1:200; cat. no. 2808) and p‑STAT3 
(Tyr705; dilution 1:100; cat. no. 9145; both from Cell Signaling 
Technology, Inc., Danvers, MA, USA). The MaxVision™ 
HRP‑polymer anti‑mouse/rabbit IHC kit (Kit‑5010; Fuzhou 
Maixin Biotechnology Development, Co., Ltd., Fuzhou, 
China) was used. The evaluation criteria included the number 
and proportion of positive cells. Five random high‑power fields 
were examined and the evaluation of staining reaction was 
performed with the immunoreactive score (26). A score of >4 
was considered to indicate high expression.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from tissue samples 
and cell lines using TRIzol (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The RNA concentra-
tion was assessed using a UV spectrophotometer (Ultrospec 
2,100 pro; Amersham; GE Healthcare, Chicago, IL, USA). 
RNA (0.8 µg) was reversely transcribed into cDNA using the 
PrimeScript RT reagent kit (Takara Bio, Inc., Otsu, Japan) 
according to the manufacturer's instructions. The qPCR was 
performed using SYBR® Premix Ex Taq (Takara Bio, Inc.) on 
the Applied Biosystems 7500 Real‑time PCR System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), with GAPDH used 
as an internal control. The primers used were as follows: Oct4 
forward, 5'‑AGG​GCT​TCT​CCT​TCT​GGG​TCT‑3' and reverse, 
5'‑TGA​GAA​AGG​AGA​CCC​AGC​AG‑3'; GAPDH forward, 

5'‑TGAC​TTC​AAC​AGC​GAC​ACC​CA‑3' and reverse, 5'‑CAC​
CCT​GTT​GCT​GTA​GCC​AAA‑3'. The pre‑amplification PCR 
was performed at one cycle 95˚C for 5 min, 30 cycles at 95˚C 
for 30 sec, 55˚C for 30 sec and then 72˚C for 30 sec. The product 
was stored at 4˚C until needed. All reactions were performed 
in triplicate and the relative expression of Oct4 mRNA was 
calculated using the 2‑ΔΔCq method (24).

Construction and transfection of shRNA vectors. The 
Oct4‑shRNA and the control vector were purchased from 
Santa Cruz Biotechnology, Inc. (sc‑36123‑SH). HCC cells were 
transfected with shRNA vectors at a concentration of 4 µg/105 
cells using the Lipofectamine  2000 transfection reagent 
(Invitrogen Corp., Shanghai, China). Following routine culture 
for 48 h after transfection, the cells were harvested for further 
experiments.

Cell viability assay. The proliferation of Hep3B cells with 
different pretreatment was detected using the MTT assay. 
Hep3B cells were cultured in 96‑well plates at a density of 
5,000 cells/well and transfected with shRNA vector as afore-
mentioned. MTT (5 mg/ml) was added into each well after 
transfection for 48  h and continuously incubated for 4  h. 
Finally, 150 µl dimethyl sulfoxide (DMSO) was added into 
each well and the absorbance was measured at 490 nm using 
a microplate reader.

Soft agar colony formation assay. A soft agar colony forma-
tion assay was used to evaluate cell growth capacity. HCC cells 
were collected and counted after transfection, and 1x104 cells 
were mixed with agar solution (0.6%) in high‑glucose DMEM 
containing 20% fetal bovine serum and layered on top of an 
agar layer (1.2%) in 6‑well plates. Cells were continuously 
incubated for 2‑3 weeks in a 5% CO2 humidified incubator 
at 37˚C until colonies were formed. High‑glucose DMEM 
supplemented with 10% FBS was added to the culture every 
3‑4 days. Each colony was defined as a spheroid containing 
>50 cells.

Cell mobility assays. The Transwell chamber assay (pore size 
8 µm; EMD Millipore, Billerica, MA, USA) was used to eval-
uate the mobility of HCC cells according to the manufacturer's 
instructions. The cell migration assay was performed with 
an 8‑µm Transwell chamber and the cell invasion assay was 
performed with a Transwell chamber pre‑coated with Matrigel 
(1:6; BD Biosciences, Franklin, Lakes, NJ, USA). HCC cells 
were collected and counted after transfection for 48 h, and 
5x104  cells were seeded into the upper chamber, whereas 
DMEM with 20% FBS was placed into the lower chamber. 
After incubation for 24 h, HCC cells that migrated through 
the membranes were fixed using 90% ethanol and stained with 
crystal violet solution (0.1%). Five random fields were selected 
and the cells were counted under a microscope.

Western blotting. HCC cells were collected and counted after 
transfection for 48 h. Approximately 1x106 cells were lysed 
using RIPA lysis buffer (cat. no. P0013C; Beyotime Institute of 
Biotechnology, Jiangsu, China). The enhanced BCA protein assay 
kit (cat. no. P0010S; Beyotime Institute of Biotechnology) was 
used to quantify protein concentration. The primary antibodies 
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were as follows: anti‑survivin (71G4B7) (dilution 1:1,000; 
cat. no. 2808; Cell Signaling Technology), Oct4 (dilution 1:500; 
cat. no. sc‑5279; Santa Cruz Biotechnology), STAT3 (124H6) 
(dilution 1:1,000; cat. no. 9139) and pSTAT3 (Tyr705) (1:1,000; 
cat. no. 9145; both from Cell Signaling Technology). The results 
were visualized using an enhanced chemiluminescence reagent 
(PerkinElmer, Inc., Shanghai, China). The resultant film images 
were analyzed by Quantity One analysis software (Bio‑Rad 
Laboratories, Hercules, CA, USA).

Immunofluorescence staining. HCC cells transfected with 
Oct4‑shRNA were grown on coverslips in 6‑well dishes. 
After transfection for 48 h, the HCC cells were rinsed with 
phosphate‑buffered saline (PBS) twice, then fixed with 15% 
formaldehyde and permeabilized with 1% Triton X‑100. Next, 
the cells were blocked by incubation with non‑immune animal 
serum at room temperature for 1 h, followed by incubation 

with one of the primary antibodies (dilution 1:200) at 4˚C 
overnight. The following day, the cells were washed and incu-
bated in the dark for 1 h with Alexa Fluor Cy3‑conjungated 
goat anti‑mouse (cat. no. A0521), Alexa Fluor 488‑conjungated 
goat anti‑rat (cat. no. A0428) and Alexa Fluor 647‑conjungated 
goat anti‑rabbit IgG secondary antibodies (dilution 1:400; 
cat.  no.  A0468) (Beyotime Institute of Biotechnology) at 
room temperature, and then co‑stained with DAPI (1 µg/ml; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). Images 
of the immunostained cells were obtained using a fluorescence 
microscope (magnification, x200).

Statistical analysis. All presented data are expressed as the 
median ± standard deviation and were compared with the 
Student's t‑test or one‑way analysis of variance (ANOVA) 
using SPSS software, version 19.0 for Windows (SPSS, Inc., 
Chicago, IL, USA). Multigroup comparisons of the means 

Figure 1. Oct4 is overexpressed in HCC samples and cell lines. (A) RT‑qPCR was applied to examine Oct4 expression in HCC samples and adjacent normal 
liver tissues (n=53, P<0.001). The upper and lower horizontal lines indicate standard deviation. The middle horizontal line indicates the mean value. (B) Oct4 
protein expression in HCC tissues was also assessed by western blotting (n=8). (C) The mRNA expression of Oct4 in HCC cells and normal liver cells was 
evaluated by RT‑qPCR (*P<0.05). (D) The protein expression of Oct4 in HCC cells and normal liver cells was examined by western blotting (*P<0.05). Oct4, 
octamer‑binding transcription factor 4; HCC, hepatocellular carcinoma; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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were carried out by ANOVA test with post hoc contrasts by 
Student‑Newman‑Keuls test. The association between the 
Oct4 expression level and the clinicopathological factors was 
analyzed using Pearson's χ2 test. Survival time analysis was 
performed using the Kaplan‑Meier survival method. P<0.05 in 
the univariate analyses were further tested using the multivar-
iate Cox proportional hazards model. P<0.05 was considered 
to indicate statistically significant differences.

Results

Oct4 is overexpressed in HCC tissues and cell lines. In the 
present study, Oct4 mRNA expression was determined in HCC 
tissues and adjacent liver tissues using RT‑qPCR. As shown 
in Fig. 1A, the relative expression levels of Oct4 were higher 
in HCC tissues compared with those in adjacent normal liver 
tissues (n=53, P<0.001). Furthermore, the expression levels of 
the Oct4 protein were higher in tumors compared with those in 
the corresponding non‑malignant liver tissues (Fig. 1B, n=8).

In addition, Oct4 expression was assessed in HCC cell 
lines  (SMMC‑7721, Huh‑7, MHCC97H, PLC/PRF/5 and 
Hep3B) and in the normal liver cell line LO2. Similar to the 
expression pattern in HCC tissues, the expression of Oct4 at 
the mRNA and protein levels was upregulated in HCC cell 
lines compared with normal liver cells (Fig. 1C and D; P<0.05). 
We also found that Oct4 was expressed at different levels 
in the HCC cell lines. These data revealed that the aberrant 
expression of Oct4 may affect HCC initiation and progression. 
Hep3B cells, which exhibited the highest expression of Oct4, 
were selected for subsequent experiments.

The loss of Oct4 inhibits HCC cell viability and mobility 
in vitro. We evaluated three time‑points (24, 48 and 72 h) 
following transfection of Hep3B cells with Oct4‑shRNA. 
The results revealed that Hep3B cells transfected with 
Oct4‑shRNA exhibited significantly decreased viability 
compared with those transfected with Ctrl‑shRNA (Fig. 2A; 

P<0.05). Furthermore, we also evaluated the rate of colony 
formation of Hep3B cells at 2 weeks after transfection. Our 
results revealed that Hep3B cells transfected with Oct4‑shRNA 
formed fewer colonies compared with those transfected with 
Ctrl‑shRNA (Fig. 2B, P<0.05).

To assess the effect of Oct4‑shRNA on cell motility, Hep3B 
cells underwent migration and invasion assays following trans-
fection. The results confirmed that the number of migratory 
and invasive cells in the Oct4‑shRNA transfected Hep3B cell 
group was markedly decreased compared with that in the 
Ctrl‑shRNA group (Fig. 2C, P<0.05). These results revealed 
that the downregulation of Oct4 contributed to the inhibition 
of migration and invasion of Hep3B cells in vitro. Therefore, 
Oct4 may play a key role in the regulation of Hep3B cell 
motility, including invasion and metastasis.

Depletion of Oct4 affects the survivin/STAT3 signaling 
pathway. In this study, western blotting and cell immuno-
fluorescence assays were used to investigate Oct4‑related 
signaling pathway proteins. The results of the immunofluores-
cence assay revealed that Oct4‑depleted HCC cells exhibited 
notably decreased survivin and p‑STAT3 expression levels 
at the same time (Fig. 3). Western blot analysis confirmed 
these results. The protein levels of survivin and p‑STAT3 
were decreased following downregulation of Oct4 (Fig. 3), 
suggesting that Oct4 depletion adversely affects the activation 
of the survivin/STAT3 signaling pathway, which may play an 
important role in the malignant progression of HCC cells.

Associations of Oct4 expression in HCC with clinicopatho‑
logical factors. Oct4 is mainly expressed in the nuclei and 
survivin/STAT3 are mainly distributed in the cytoplasm of 
tumor cells (Fig. 4). A score of >4 was considered to indicate 
high expression. The 53 patients were divided into two groups, 
namely the Oct4‑high and Oct4‑low groups. The clinico-
pathological variables in these two groups are compared in 
Table I. Our results revealed that the Oct4‑high subtype was 

Table I. Associations of Oct expression with clinicopathological features in 53 HCC patients.

Variables	 Total (n=53)	 Oct4‑high (n=36)	 Oct4‑low (n=17)	  P‑value

Age (≤50/>50 years)	 16/37	 11/25	 5/12	 0.933
Sex (male/female)	 39/14	 28/8	 11/6	 0.314
Hepatitis (HBV/HCV/none)	 31/9/13	 21/6/9	 10/3/4	 0.991
Serum AFP (≤400/>400 ng/ml)	 25/28	 15/21	 10/7	 0.243
Liver cirrhosis (yes/no)	 43/10	 30/6	 13/4	 0.551
BCLC stage (0‑A/B/C)	 38/9/6	 24/7/5	 14/2/1	 0.484
Tumor size (≤5.0/>5.0 cm)	 26/27	 14/22	 12/5	 0.031
Tumor number (single/multiple)	 37/16	 23/13	 14/3	 0.172
TNM stagea (I/II/III)	 18/23/12	 8/19/9	 10/4/3	 0.029
Tumor encapsulation (yes/no)	 28/25	 16/20	 12/5	 0.075
Vascular invasionb (yes/no)	 33/20	 26/10	 6/11	 0.010

aThe sixth edition of the International Union Against Cancer (UICC) tumor‑node‑metastasis (TNM) staging system (2002). bDefined by find-
ings on final pathological analysis. Oct4, octamer‑binding transcription factor 4; HCC, hepatocellular carcinoma; AFP, α‑fetoprotein; HBV, 
hepatitis B virus; HCV, hepatitis C virus.
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significantly correlated with tumor size (P=0.031), TNM stage 
(P=0.029) and vascular invasion (P=0.010). The associations 
are detailed in Table II and Oct4 expression was found to be 
positively correlated with survivin (r=0.299, P=0.031) and 
pSTAT3 expression (r=0.349, P=0.012).

Oct4‑high HCC subtype has a poor prognosis. As shown 
in Fig.  5, HCC patients with Oct4‑high tumors had a 
significantly shorter overall survival time (P=0.023, Fig. 5) 
and recurrence‑free survival time (P=0.0182, Fig. 5) compared 
with those with Oct4‑low tumors. Through univariate analysis, 
5 clinicopathological variables were selected to be further 
investigated by multivariate analysis  (Table  III). The data 
revealed that Oct4 overexpression was one of the potential 
independent prognostic factors for overall and recurrence‑free 
survival, although not as significant as were advanced TNM 
stage and vascular invasion (Table III).

Figure 2. Downregulation of Oct4 significantly inhibits viability, proliferation and mobility of HCC cells in vitro. (A) Cell viability was analyzed by MTT 
assay. Hep3B cells were transfected with Oct4‑shRNA for 24, 48 and 72 h, which led to significant inhibition of cell viability compared with the blank and 
Ctrl‑shRNA groups (*P<0.05). (B) The proliferation ability of Hep3B cells transfected with Oct4‑shRNA was assessed by soft agar colony formation assay 
(*P<0.05). (C) The migration and invasion abilities of Hep3B cells transfected with Oct4‑shRNA were assessed using Transwell and Matrigel assays, respec-
tively. Data are presented as the mean ± standard deviation, as derived from three independent experiments. *P<0.05 vs. the other groups. Magnification, x100. 
Oct4, octamer‑binding transcription factor 4; HCC, hepatocellular carcinoma.

Table  II. Association of Oct4 with survivin/pSTAT3 expres-
sion in 53 HCC patients.

	 Oct4
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 High	 Low	 r	 P‑value

Survivin
  High	 26	   7	 0.299	 0.031
  Low	 10	 10
pSTAT3
  High	 24	   5	 0.349	 0.012
  Low	 12	 12

Oct4, octamer‑binding transcription factor  4; HCC, hepatocellular 
carcinoma. STAT3, survivin/signal transducer and activator of tran-
scription 3; pSTAT3, phosphorylated STAT3.
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Figure 4. Oct4 and survivin/STAT3 expression change in HCC tissues. (A) Representative immunohistochemical images of paraffin‑embedded sections 
of human HCC tissues and adjacent normal liver tissues for detection of Oct4, survivin and p‑STAT3. PBS instead of the primary antibodies was used as 
a negative control. The positive cells were counted within 10 high‑power fields by two independent researchers. Scale bar, 50 µm (*P<0.05 vs. the other 
groups). (B) Quantification of A. Oct4, octamer‑binding transcription factor 4; STAT3, signal transducer and activator of transcription 3; HCC, hepatocellular 
carcinoma; PBS, phosphate‑buffered saline.

Figure 3. Decreased expression of Oct4 suppresses survivin/STAT3 signaling pathway in HCC cells. (A) Oct4, survivin and p‑STAT3 expression were detected 
using immunofluorescence. Scale bar, 50 µm. (B) The protein expression of Oct4, survivin, STAT3 and p‑STAT3 in Hep3B cells transfected with Oct4‑shRNA 
were evaluated using western blot analysis (*P<0.05 vs. the other groups). Oct4, octamer‑binding transcription factor 4; STAT3, signal transducer and activator 
of transcription 3; HCC, hepatocellular carcinoma.
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Figure 5. Upregulation of Oct4 is associated with poor prognosis in HCC patients. Overall survival and disease‑free survival rates based on Oct4 expression 
in 53 patients who underwent hepatectomy for HCC. Upregulated expression of Oct4 was associated with poorer overall and recurrence‑free survival rates 
(P=0.023 and P=0.0182, respectively). Oct4, octamer‑binding transcription factor 4; HCC, hepatocellular carcinoma.

Table III. Univariate and multivariate analyses of the factors associated with survival and recurrence in 53 HCC patients.

	 OS	 RFS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 Univariate	 Multivariate	 Univariate	 Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑   
Factors	 P‑value	 HR (95% CI)	 P‑value	 P‑value	  HR (95% CI)	 P‑value

Age
  (≤50 vs. >50 years)	 0.564		  NA	 0.961		  NA
Sex
  (male vs. female)	 0.699		  NA	 0.963		  NA
Hepatitis history
  (Yes vs. no)	 0.173		  NA	 0.278		  NA
Serum AFP
  ≤400 vs. >400 ng/ml	 0.076		  NA	 0.197		  NA
Liver cirrhosis
  (Yes vs. no)	 0.189		  NA	 0.223		  NA
BCLC stage
  (0‑A vs. B‑C)	 0.019	 1.027	 0.953	 0.001	 1.423	 0.378
		  (0.427‑2.469)			   (0.645‑3.177)
Tumor size
  (≤5.0 vs. >5.0 cm)	 0.086		  NA	 0.129		  NA
Tumor number
  (single vs. multiple)	 0.063		  NA	 0.074		  NA
TNM stage
  (I vs. II‑III) 	 <0.001	 4.665	 0.041	 <0.001	 3.018	 0.036
		  (1.068‑20.376)			   (1.075‑8.472)
Tumor encapsulation
  (yes vs. no)	 0.001	 0.554	 0.205	 0.003	 0.774	 0.522
		  (0.222‑1.381)			   (0.353‑1.697)
Vascular invasion
  (yes vs. no)	 <0.001	 3.756	 0.044	 <0.001	 2.609	 0.049
		  (1.037‑13.606)			   (1.005‑6.772)
OCT4
  (high vs. low)	 0.023	 1.890	 0.218	 0.018	 1.503	 0.329
		  (0.687‑5.201)			   (0.663‑3.407)

Univariate analysis, Kaplan‑Meier method; multivariate analysis, Cox proportional hazards regression model. HCC, hepatocellular carcinoma; 
OS, overall survival; 95% CI, 95% confidence interval; RFS, recurrence‑free survival; HR, hazard ratio; AFP, α‑fetoprotein; NA, not adopted.
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Discussion

Despite the significant improvements in early diagnosis and 
treatment strategies for hepatocellular carcinoma (HCC) 
in recent years, postoperative recurrence and metastasis 
occur frequently, and the survival time and prognosis of 
HCC patients remain unsatisfactory (27). Therefore, novel 
treatment modalities and sensitive prognostic markers 
that can decrease the mortality rate of HCC are required. 
HCC is a complex and heterogeneous tumor with multiple 
genetic aberrations. Recent research revealed that accumu-
lation of genetic and epigenetic changes leads to the clonal 
selection of cancer cells harboring malignant behavior 
potential. Aberrant expression of cancer‑related genes is 
one of the hallmarks of cancer cells and plays a key role in 
hepatocarcinogenesis (28).

Oct4 is a transcription factor that has been reported to play 
a vital role in pluripotency maintenance of embryonic cells 
and tumor cells. Accumulating studies have suggested that 
Oct4 is indispensable for the development of drug resistance 
in prostate and liver cancer (5,6). According to these studies 
and our previous study, we hypothesized that Oct4 may be 
implicated in hepatocarcinogenesis and malignant progression 
of HCC cells. First, we analyzed Oct4 mRNA and protein 
expression in HCC tissues and cell lines. Our results revealed 
that Oct4 expression at the mRNA and protein level was 
significantly higher in HCC tissues compared with that in the 
corresponding non‑malignant liver tissues (Fig. 1A and B). 
The results from the HCC cell lines were consistent with those 
from the clinical samples (Fig. 1C and D).

Furthermore, Oct4‑shRNA was used in our study to 
investigate its effects on the biological behavior of HCC 
cells. The results indicated that downregulation of Oct4 
expression in HCC inhibited cell viability and mobility 
in  vitro  (Fig.  2). Latest research has demonstrated that 
Oct4 may be detected in a number of solid tumors, 
including HCC, and has a major effect on patient prog-
nosis (7‑13). The biological function of Oct4 may regulate 
several signaling pathways, such as the Wnt/β‑catenin, 
TGF‑β/Smad, JAK/STAT and survivin/STAT3 signaling 
pathways (25,29,30). Upon examination of the expression 
of signaling pathway‑related proteins in clinical samples, 
we observed that the protein expression of survivin and 
phosphorylated STAT3 was increased, which was associ-
ated with Oct4 overexpression  (Fig. 4). Western blotting 
results and cellular immunofluorescence analysis revealed 
that downregulating Oct4 expression decreased the expres-
sion of survivin and the phosphorylation of STAT3 in HCC 
cells, which were consistent with the results from clinical 
samples  (Fig.  3). Our data revealed that silencing Oct4 
exerted a stronger inhibitory effect on HCC cell viability 
and mobility in vitro. Furthermore, we observed that the 
involvement of Oct4 in the malignant progression of HCC 
cells may be through the survivin/STAT3 pathway.

Next, to determine the clinical significance of Oct4 in HCC 
patients, we analyzed the association of the expression of Oct4 
with surgical outcome and clinicopathological characteristics. 
Our data revealed that patients with high Oct4 expression 
had a worse prognosis compared with those with low Oct4 
expression. When comparing the two groups, patients with 

Oct4‑high HCC exhibited shorter overall and recurrence‑free 
survival time (Fig. 5). In addition, increased expression of 
Oct4 in HCC patients was found to be significantly associated 
with vascular invasion (P=0.010), TNM stage (P=0.029) and 
tumor size (P=0.031). Multivariate and univariate analyses 
revealed that the overexpression of Oct4 was found to be 
associated with patient prognosis, although not as significantly 
as advanced TNM stage and vascular invasion (Table III). 
In subsequent studies, we aim to expand the sample size to 
confirm this result.

The present study suggested that aberrant expression of 
Oct4 was crucial for the viability, migration and invasion of 
HCC cells, possibly through the survivin/STAT3 signaling 
pathway. The clinical findings revealed that overexpression 
of Oct4 was associated with poor patient prognosis, and 
Oct4 was considered as an independent factor for predicting 
overall survival time. These results revealed that Oct4 may be 
promising as a novel therapeutic target for HCC. However, the 
molecular mechanisms underlying the function of Oct4 in the 
survivin/STAT3 signaling pathway remain to be fully under-
stood. Further studies are required to elucidate the genetic 
characteristics of Oct4 and its potential as a target in anti‑HCC 
therapy.
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