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Abstract. The gametocyte‑specific factor 1 (GTSF1) gene 
participates in DNA methylation and retrotransposon activation 
in germ cells, particularly during cell proliferation. The present 
study aimed to assess the level of GTSF1 gene expression in 
liver cancer tumor tissues, and its role in human hepatoma cell 
lines in vitro and in a nude mouse model in vivo. GTSF1 gene 
expression was detected in liver cancer tumor tissues, compared 
with in healthy controls, via reverse transcription quantitative 
polymerase chain reaction. An adeno‑associated virus vector 
was used to study tumor stem cell proliferation in vivo. A 
plasmid expressing GTSF1 was constructed and transfected 
into various human hepatoma cell lines, in order to analyze 
the cellular proliferation and apoptosis of liver cancer cells 
using small interfering (si)RNAs in vitro. In the present study, 
GTSF1 gene expression was detected in 18/24 (75.0%) liver 
cancer tumor tissues from patients with hepatocellular carci-
noma (HCC), and elevated GTSF1 expression was identified in 
the tissue of one of 32 healthy control samples (3.13%; P<0.05). 
Notably, the GTSF1 gene was expressed at a higher frequency 
in AFP‑positive HCC samples (14/16, 87.50%) compared 
with in AFP‑negative HCC samples (4/8, 50.0%; P=0.129). In 
addition, there was no statistical significance between GTSF1 
expression in non‑HBV‑infected (71.42%) and HBV‑infected 
HCC specimens (76.47%), as determined by a χ2 test (P=0.921). 
It was demonstrated that GTSF1 significantly increased the 
tumorigenicity of Ad‑shNC‑transfected (GTSF1‑positive) 

HepG2 cells in the nude mouse xenograft model, whereas the 
sizes and weights of the tumors in the GTSF1‑negative group 
were dercreased in comparison with the GTSF1‑positive group 
(P<0.05). Reduced levels of GTSF1 mRNA, along with fewer 
and smaller colonies, were identified in two groups of human 
liver cancer cells treated with with GTSF1‑targeting siRNA, 
when compared with cells without GTSF1 mRNA interference 
(P<0.05). In summary, the present study elucidated the GTSF1 
mRNA expression pattern in liver cancer, and investigated the 
potential role of GTSF1 in tumorigenesis. The data suggest an 
important role for the GTSF1 gene in the molecular etiology 
of hepatocarcinogenesis, and indicate a potential application 
of GTSF1 mRNA expression in liver cancer diagnosis and 
therapy.

Introduction

Cases of liver cancer may be divided into two categories, 
based on the primary tumor site: Primary liver cancer (PLC) 
and metastatic cancer of the liver (liver metastases). Among 
the various types of PLC, hepatocellular carcinoma (HCC) is 
the predominant histological form, accounting for the majority 
of PLC cases (1). An estimated 782,500 incident PLC cases 
and 745,500 mortalities occurred worldwide in 2012, with 
China alone reporting ~50% of the total number of cases and 
mortalities  (2). HCC development is a multi‑step process, 
and 80% of HCC develops in cirrhotic livers (3). HCCs are 
clinically heterogeneous and exhibit genetic alterations (4). 
At present, an early diagnosis of HCC, without pathological 
verification, is achieved by analyzing serum α‑fetoprotein 
(AFP) levels combined with imaging techniques (5). There 
is an urgent requirement to develop novel molecular tools for 
assisting early HCC diagnosis, prognosis and treatment strati-
fication. Molecular profiling of gene expression has improved 
the understanding of the mechanisms of HCC development, 
allowing the identification of biomarkers for HCC diagnosis 
and the stratification of patients with HCC for prognosis and 
therapy (6). Takuji Yoshimura et al (7) previously identified 
that the gametocyte specific factor 1 (GTSF1) gene, a member 
of the evolutionarily conserved UPF0224 family, is expressed 
predominantly in male germ cells. It has been suggested that 
the expression pattern of GTSF1 and its high conservation 
may serve an important role in germ cell development (8). A 
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meta‑analysis of gene expression data suggested that, as male 
GTSF1‑knockout mice are sterile owing to a large proportion 
of dead germ cells, aberrant overexpression of GTSF1 may 
have a role in the apoptosis resistance of Mycosis Fungoides 
(MF) (9). In the present study, screening of gene expression 
in liver cancer samples, all histologically HCC, revealed an 
association between GTSF1 expression and liver cancer cell 
proliferation and apoptosis. To the best of our knowledge, there 
have been no prior studies examining GTSF1 gene expression 
and its association with liver cancer.

Materials and methods

Samples. A total of 24 patients with liver cancer and 32 normal 
liver controls were retrospectively included in the present 
study at the Songjiang Hospital Affiliated to The Shanghai 
First People's Hospital (Shanghai Jiaotong University, 
Shanghai, China) from April 2009 to December 2014. 
Normal liver tissues were collected from patients undergoing 
resection of hepatic hemangiomas. Paired liver cancer and 
adjacent non‑tumor liver tissues (≥1‑cm from the tumor edge) 
were obtained from patients undergoing resection of liver 
cancer tumors. The clinicopathological data of the patients 
were collected retrospectively from the Songjiang Hospital 
Affiliated to The Shanghai First People's hospital databases. 
No local or systemic treatment had been administered to these 
patients prior to surgery. The characteristics of patients with 
and without liver cancer are summarized in Table I.

Samples of the resected tumor specimens and the normal 
liver controls were stored immediately in liquid nitrogen at 
‑196˚C until analysis. Genomic DNA was obtained by diges-
tion with recombinant polymerase chain reaction (PCR)‑grade 
proteinase K (Roche Diagnostics, Basel, Switzerland). Liver 
samples were pulverized in liquid nitrogen at ‑196˚C for 10 sec 
prior to incubation in tail‑buffer (Roche Diagnostics, Basel, 
Switzerland). In total, 750 µl Tris‑EDTA buffer (Invitrogen; 
Thermo Fisher Scientific, Inc.) with RNase A (20 µg/ml) were 
added to the digested tails and incubated for 10 min at room 
temperature. The samples were subsequently centrifuged at 4˚C 
for 10 min at 10,000 x g. Supernatant containing the genomic 
DNA (600 µl) was transferred into a 2‑ml reaction tube and 
precipitated by adding 60 µl 3 M NaAc and 1,200 µl 100% 
EtOH. Total RNA was isolated from each of the frozen samples 
with an RNeasy® Mini kit (Qiagen Benelux B. V., Venlo, The 
Netherlands), according to the manufacturer's protocol. Ethical 
approval was granted by the Institutional Review Board of the 
Songjiang Hospital Affiliated to The Shanghai First People's 
Hospital, (Shanghai Jiaotong University), and written and 
informed consent was obtained from all patients.

Serum AFP and hepatitis B virus (HBV) detection. Serum 
samples were analyzed using an Architect AFP assay 
(Abbott Pharmaceutical Co., Ltd., Lake Bluff, IL, USA) 
and results were calculated using the conversion equation 
as follows: Conversion factor, 0.83 kU/l=1 µg/l. The results 
for AFP levels were provided by the Clinical Laboratory of 
Songjiang Hospital Affiliated to The Shanghai First People's 
Hospital, Shanghai Jiaotong University, Shanghai, China. In 
order to detect hepatitis B virus (HBV), serological markers 
of HBV were quantified using an enzyme immunoassay kit 

(Abbott Pharmaceutical Co., Ltd.). HBV DNA was detected 
with a Cobas TaqMan HBV test version 2.0 (lower limit of 
detection, 20 IU/ml; Roche Diagnostics).

R NA /DNA ext ract ion and reverse t ranscr ipt ion 
(RT)‑quantitative (q)PCR. Total RNA and genomic DNA 
from human tissue samples cells were obtained from the 
pathology department (Songjiang Hospital Affiliated to 
The Shanghai First People's Hospital, Shanghai, China) 
and were extracted using a GeneJET RNA Purification kit 
(cat. no. K0731; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. Concentrations were quanti-
fied using a NanoDrop 1000 (Thermo Fisher Scientific, 
Inc.). An RT reaction was performed using 1 µg total RNA 
with a High Capacity cDNA Reverse Transcription kit 
(cat. no.  4368814, Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The mRNA levels of GTSF1 were deter-
mined by qPCR using a SYBR® Green Master Mix kit and 
an ABI 7500 Real‑Time PCR System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The primer sequences were 
as follows: β‑actin forward, 5'‑AAG​ATG​ACC​CAG​ATC​ATG​
TTT​GAG‑3' and reverse, 5'‑GCA​GCT​CGT​AGC​TCT​TCT​
CCA​G‑3'; and GTSF1 forward, 5'‑CAC​AAG​CAT​CCT​GTC​
TCA​TGT​G‑3' and reverse, 5'‑CTA​CAC​TTC​TGG​TCT​GGG​
ATT​AC‑3'. β‑actin was used as an internal control, and rela-
tive quantification was conducted using the comparative cycle 
threshold method (10); the method was used to analyze the 
relative changes in GTSF1 expression from the qPCR experi-
ments. All PCR reactions were performed under the following 
conditions: Initial denaturation at 95˚C for 30 sec, followed by 
annealing for 30 sec at 55˚C and extension of DNA for 1 min 
at 74˚C. These steps were repeated 25‑30 times prior to final 
extension for 5 min at 74˚C. The experiments were performed 
in triplicate.

Vector construction and tumorigenicity assays in nude mice. 
To construct the GTSF1 expression vector (pcDNA3.0‑GTSF1), 
a gene fragment encompassing the full‑length GTSF1 
sequence and its 5'‑ and 3'‑flanking regions was amplified and 
then cloned into the BamHI and EcoRI sites in pcDNA3.0 
(Invitrogen; Thermo Fisher Scientific, Inc.). Amplification 
of DNA fragments corresponding to amino acids 1‑167 of 
the GTSF1 sequence was performed via PCR with primers 
5'‑CAC​AAG​CAT​CCT​GTC​TCA​TGT​G‑3' and 5'‑GGC​AGG​
GTA​TCA​TCT​TTC​TAT​TC‑3'. The PCR was performed at 
95˚C for 5 min, then 94˚C for 1 min, 65˚C for 50 sec and 72˚C 
for 40 sec, for 30 cycles. Extension was performed at 72˚C 
for 10 min and 4˚C for 10 min, using Phusion PCR Master 
Mix (Thermo Fisher Scientific, Inc.). GTSF1 DNA was cloned 
into the pcDNA3.0 expression vector. Digestion products were 
purified using a NucleoSpin® extract II kit (Macherey‑Nagel, 
Hœrdt, France) and visualized with ethidium bromide, prior 
to ligation using T4 DNA Ligase (Invitrogen; Thermo Fisher 
Scientific, Inc.) overnight at 16˚C. The purified plasmid 
DNA was verified by DNA sequencing using the Sanger 
sequencing method performed on 3730XL sequencers (Data 
Collection v3.0 and Sequencing Analysis v5.2; Thermo 
Fisher Scientific, Inc.). The sequence blast was processed 
using Blast software (BLAST+, v2.0.0, https://blast.ncbi.nlm​
.nih.gov/Blast.cgi; Shanghai Sangong Pharmaceutical Co., 
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Ltd., Shanghai, China). All experimental procedures were in 
accordance with the Guide for the Care and Use of Laboratory 
Animals, Songjiang Hospital Affiliated to The Shanghai First 
People's Hospital Ethical Guidelines for Animal Experiments. 
HepG2 cell lines (Shanghai Chinese Academy of Sciences, 
Shanghai, China) were transfected with pcDNA3.0‑GTSF1 
[named Ad‑shNC (GTSF1‑positive)] or pcDNA3.0 empty 
vector [named Ad‑shGTSF1 (GTSF1‑negative control)] 
using Lipofectamine™ 2000 Transfection Reagent (cat. 
no. 11668027; Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocols. Transfected 
pcDNA3.0‑GTSF1‑transfected cells were incubated at 
37˚C for 1‑2 days and these cells (2x106) were suspended 
in 100 µl PBS prior to being injected subcutaneously into 
either side of the posterior flank of each 5‑6‑week‑old male 
BALB/c athymic nude mouse. A total of 12 mice were 
divided into two groups (Shanghai Chinese Academy of 
Sciences, Shanghai, China). A total of 6 mice were injected 
with Ad‑shNC (GTSF1‑positive)‑transfected HepG2 cells 
(total of 2x106 targeted cells) and the other group was injected with 
Ad‑shGTSF1 (GTSF1‑negative control)‑transfected HepG2 
cells. The mice were housed in polypropylene cages under 
standard experimental conditions (20‑22˚C, 55% humidity, 
food and water ad libitum, 12 h light/dark cycle) and checked 
at least once a week until tumors became palpable. Mice were 
sacrificed using 20‑30% CO2 gas flow. Tumor sizes did not 
exceed 20 mm (2.0 cm) in any direction in an adult mouse 
and tumor growth was observed for >8 weeks (pre‑determined 
end‑point). The tumor dimensions were measured every 3 days 
using a digital caliper and the tumor volume was calculated 
using the following formula: V=π/6 x (larger diameter) 
x (smaller diameter)2.

RNA oligoribonucleotides and cell t ransfect ions. 
The small interfering RNA (siRNA) targeting human 
GTSF1 mRNA (NM_144594.2; https://www.ncbi.nlm​
.nih.gov/nuccore/NM_144594.2; accessed October 
27, 2017; NC_000081.6; ht tps://www.ncbi.nlm.nih​
.gov/nuccore/NC_000081.6; accessed November 10, 2017) 
were designated as siRNA1 (5'‑UUC​UCC​GAA​CGU​
GUC​ACG​UdT​dT‑3') and siRNA2 (5'‑ACG​UGA​CAC​
GUU​CGG​AGA​AdT​dT‑3'). The two siRNAs against 
GTSF1 were designed using the Whitehead Institute Web 
Server (http://jura.wi.mit.edu/bioc/siRNAext/) and were 
chemically synthesized by Shanghai GenePharma Co., Ltd. 
(Shanghai, China) to target GTSF1 mRNA. The control RNA 
duplex (NC) for siRNA1 and siRNA 2 was non‑homologous 
to any human genome sequences. For the in vivo tumorige-
nicity assay, all pyrimidine nucleotides in the NC or siRNA1 
and siRNA2 duplex were substituted with their 2‑O‑methyl 
analogs to improve RNA stability. The anti‑GTSF1 mRNA 
with the following sequences: siRNA1 (228‑250) forward, 
5'‑GGC​UAC​UUG​UCC​CUU​CAA​UDT​DT‑3' and reverse, 
5'‑AUU​GAA​GGG​ACA​AGU​AGC​CDT​DT‑3'; and siRNA2 
(478‑500) forward, 5'‑CCU​GCG​AGC​AAC​AUA​GUU​AdT​
dT‑3' and reverse, 5'‑UAA​CUA​UGU​UGC​UGC​AGG​dTd​T‑3', 
were 2‑O‑methyl‑modified oligoribonucleotides designed as 
an inhibitor of GTSF1 mRNA. All RNA oligoribonucleotides 
were purchased from GenePharma (Shanghai GenePharma 
Co., Ltd., Shanghai, China). Reverse transfection of RNA 

oligoribonucleotide(s) was performed using Lipofectamine 
RNAiMAX® (Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The transfection 
efficiency, examined by fluorescein amidite‑conjugated 
siRNA and fluorescence‑activated cell sorting analysis, was 
~75% in PLC/PRF/5 and Huh‑7 cell lines (Shanghai Chinese 
Academy of Sciences). A total of 50 nmol/l RNA duplex and 
200 nmol/l miRNA inhibitor were used for each transfection. 
The above siRNAs were transfected into HCC PLC/PRF/5 and 
Huh‑7 cell lines. In total, 3x103 cells from each cell line were 
seeded onto 96‑well plates. The siRNA oligomer was diluted 
in 50 µl Opti‑MEM® I Reduced Serum medium without serum 
(with a final RNA concentration of 40 nM), prior to being 
diluted 1 µl in 50 µl OptiMEM® I Reduced Serum medium, 
mixed gently and incubated for 5 min at room temperature. 
Following incubation, the diluted oligomer was combined with 
the diluted Lipofectamine™ 2000, mixed gently and incubate 
for a further 20 min at room temperature. The cells were then 
incubated at 37˚C in a 5% CO2 incubator for 24‑96 h until 
subsequent experimentation. Subsequently, 24 h following 
the siRNA transfection of HCC PLC/PRF/5 and Huh‑7 cells, 
the cells were transfected with 200 ng plasmid in a 24‑well 
plate using Lipofectamine 2000® (Invitrogen; Thermo Fisher 
Scientific, Inc.).

Cell growth and colony formation assay. Cell growth was 
determined by using an MTS assay (Promega Corporation, 
Madison, WI, USA). Brief ly, siRNA‑transfected HCC 
PLC/PRF/5 and Huh‑7 cells transfected with either 
empty vectors or 3xFlag‑tagged Gls2 expressing vectors 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) were 
cultured at 37˚C in a 96‑well plate in complete Dulbecco's 
modified Eagle's medium (DMEM; Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C for 2 weeks. This MTS Cell Proliferation 

Table I. Patients characteristics with or without HCC.

Clinical	 Liver	 Normal
parameters	 cancer (n=24)	 controls (n=32)	 P‑value

Age (years), mean 	 63.1±9.9	 51.6±12.7	 0.654
± SD			 
Sex (%)			 
  Male	 18 (75.0)	 21 (65.6)	 0.642
  Female	 6 (25.0)	 11 (34.4)	 0.591
AFP level (%)			 
  Normal	 8 (33.3)	 30 (93.8)	 0.001a

  Abnormal	 16 (66.7)	 2 (6.2)	 0.001a

HBV infection (%)			 
  Positive	 17 (70.8)	 3 (9.4)	 0.001a

  Negative	 7 (29.2)	 29 (90.6)	 0.001a

aP<0.01. Statistical differences between the HCC and healthy control 
groups were evaluated using the χ2

 test for qualitative variables and 
the unpaired Student's t‑test for quantitative variables. HCC, hepato-
cellular carcinoma; AFP, α‑fetoprotein; HBV, hepatitis B virus; SD, 
standard deviation.
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assay is based on the reduction of MTS tetrazolium compound 
by viable cells to generate a colored formazan product that is 
soluble in cell culture media. The quantity of formazan dye 
produced by viable cells can be quantified and measured at 
450 nm absorbance after 1 h of incubation at 37˚C with CellTiter 
96® Aqueous One Solution Reagent (Promega Corporation, 
Madison, WI, USA, according to the manufacturer's protocol. 
Following 24 h of transfection at 37˚C, 3x103 siRNA‑trans-
fected HCC PLC/PRF/5 and Huh‑7 cells were placed in a 
fresh 6‑well plate and maintained in DMEM containing 10% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) for 
2 weeks. Colonies were fixed at room temperature for 30 min 
in 1% methanol and stained at room temperature with 0.1% 
crystal violet in 20% methanol for 15 min.

Statistical analysis. The numerical data are expressed 
as the mean  ±  standard deviation. Differences in propor-
tion were analyzed by the χ2 test or an unpaired Student's 
t‑test and one‑way analysis of variance (ANOVA) with a 
Student‑Newman‑Keuls (S‑N‑K) post hoc test, as required. 
The odds ratios and 95% confidence intervals were calculated 
along with Fisher's exact P‑values, where appropriate. All 
calculations were performed with SPSS software version 19.0 
(SPSS Inc., Chicago, IL, USA). All experiments were repeated 
at least three separate times. P<0.05 was considered to indicate 
a statistically significant difference.

Results

GTSF1 mRNA expression in human liver cancer tissues and 
its association with AFP levels. The GTSF1 mRNA expres-
sion profiles of 32 normal liver and 24 primary liver cancer 
samples, which were histologically HCC, were analyzed. 
When comparing the 24 samples from patients with liver 
cancer and their adjacent tissues, 22 exhibited significant 
differential expression of GTSF1 mRNA in liver cancer tissues 
(Fig. 1). Only 1/32 healthy controls exhibited GTSF1 expres-
sion, with a complete lack of expression being observed in the 
other 31 healthy subjects and in the adjacent non‑cancerous 
liver tissues of the 24 patients with liver cancer. A higher 
frequency of GTSF1 mRNA expression was observed in the 
samples from patients with HCC, compared with the healthy 
control samples, as determined using an unpaired Student's 
t‑test (P<0.05). To examine the association between AFP 
levels and GTSF1 mRNA expression, the χ2 test was used to 
analyze the potential clinical implications of GTSF1 mRNA 
expression. A total of 4/8 (50%) samples with negative AFP 
levels exhibited GTSF1 mRNA expression, and 14/16 (87.5%) 
samples with positive AFP levels exhibited GTSF1 mRNA 
expression (Fig. 1A and B). Although the ratio analysis of 
the AFP‑positive liver cancer samples (87.5%) was higher 
compared with the AFP‑negative liver cancer samples (50%), 
no statistical significance between these two groups was 
observed using a χ2 test (P=0.129). In addition, GTSF1 expres-
sion was also compared in Hepatitis B virus (HBV)‑infected 
HCC samples and non‑HBV‑infected patient specimens to 
examine the association between HBV infection and GTSF1 
mRNA expression. A total of 5/7 (71.42%) samples that were 
HBV‑negative exhibited GTSF1 mRNA expression, and 13/17 
(76.47%) samples that were HBV‑positive exhibited GTSF1 

mRNA expression. No statistical significance between these 
two groups was observed, using a χ2 test (P=0.921).

Vector  cons t ruc t ion  a nd GTSF1 mR NA ra ises 
tumorigenicity in  vivo. The significant overexpression of 
GTSF1 in liver cancer samples prompted an examination of 
the potential biological significance of GTSF1 in tumorigen-
esis. In order to confirm the function of GTSF1 mRNA in 
liver cancer tumorigenicity, an Ad‑shNC vector, which was 
GTSF1‑expressing (positive), was constructed using GTSF1 
mRNA gene sequencing. A negative control without the GTSF1 
vector sequence, termed Ad‑shGTSF1 (GTSF1‑negative 
control), was also constructed. As an initial step, the capacity 
of colony formation was evaluated in the HepG2 cells, which 
were transfected with the Ad‑shNC vector (GTSF1‑positive) 
or the Ad‑shGTSF1 (GTSF1‑negative) control duplex. 
Ad‑shNC vector‑ and Ad‑shGTSF1‑transfected HepG2 cells 
(5x106 in 100 µl) were injected subcutaneously into 6 nude 
mice. As demonstrated in Fig. 2A, the tumor became visible 
at 10‑30 days in the mice injected with Ad‑shNCtransfected 
(GTSF1‑positive) HepG2 cells, and grew from 10‑700 mm3 
by the end of the observation period (30 days; mean size, 
686±107 mm3 at the end of observation). By contrast, tumors 
appeared at the injection sites of the mice treated with 
Ad‑shGTSF1‑transfected (GTSF1‑negative control) HepG2 
cells, and grew from 10‑450 mm3 by the end of the observa-
tion period (30 days; mean size, 448±92 mm3 at the end of 
observation). A total of 30 days following injection, the sizes 
of the tumors produced in the flanks of mice injected with 
GTSF1 was increased compared with in those mice treated 
with Ad‑shGTSF1 (GTSF1‑negative control) (P<0.05). 
Consistently, the tumor weight in mice following injection with 
Ad‑shNC‑transfected (GTSF1‑positive) HepG2 cells grew from 
430‑810 µg (mean weight, 610±98 µg by the end of observa-
tion), whereas mice treated with the Ad‑shGTSF1‑transfected 
(GTSF1‑negative control) HepG2 cells exhibited tumors 
weighing 190‑450 µg (mean weight, 308±73 µg by the end 
of observation) (Fig.  2B; P<0.05). There were significant 

Figure 1. Expression levels of GTSF1 mRNA in 24 paired liver cancer and 
adjacent non‑tumor tissues, evaluated via reverse transcription quantitative 
polymerase chain reaction. (A) Analysis of GTSF1 mRNA expression levels 
in HCC tissue samples from 16 AFP‑positive patients. (B) Analysis of GTSF1 
mRNA expression levels from 8 patients with AFP‑negative liver cancer 
tissues. β‑actin served as the internal control. N, adjacent noncancerous liver; 
C, HCC tissue; AFP, α‑fetoprotein; GTSF1, gametocyte‑specific factor 1 
gene.
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differences in the sizes and weights of tumors between those 
mice injected with GTSF1 and those without it, as determined 
by a Student's t‑test.

Expression of GTSF1 mRNA is a prerequisite for proliferation in 
hepatoma cell lines. In order to investigate the function of GTSF1 
mRNA, two siRNA (GTSF1‑siRNA1 and GTSF1‑siRNA2) 
targeting GTSF1 were designed to analyze the mRNA expres-
sion levels in PLC/PRF/5 and Huh‑7 cell lines. As an initial 
step in this protocol, the GTSF1 mRNA levels in PLC/PRF/5 
and Huh‑7 cells were examined, subsequent to transfection with 
siRNA1‑GTSF1, siRNA2‑GTSF1 and GTSF1 mRNA (si‑NC). 
Using qPCR, reduced levels of GTSF1 mRNA were identified 
in human liver cancer cells in the two groups with siRNA 
targeting GTSF1, compared with the GTSF1 mRNA (si‑NC). 
As indicated in Fig. 3A and B, a 7 day‑long regimen of GTSF1 
mRNA si‑NC transfection was used to achieve a sustained 
increased level of GTSF1 mRNA expression in the PLC/PRF/5 
and Huh‑7 cell lines, without two siRNAs, and analyzed using 
a Student's t‑test (P<0.01). To investigate the potential role of 
GTSF1 in tumor proliferation, colony formation assays were 
used to measure the proliferation of PLC/PRF/5 and Huh‑7 cells 
transfected with siRNA1‑GTSF1 in duplicate, siRNA2‑GTSF1 
in duplicate, GTSF1 mRNA (si‑NC) or with no transfection. 
Notably, siRNA1‑GTSF1 or siRNA2‑ GTSF1‑transfected cells 
exhibited fewer and smaller colonies compared with GTSF1 
mRNA‑transfected and non‑transfected cells from days 4‑6, as 
determined using a Student's t‑test (P<0.05), as demonstrated 
in Fig. 3C and D. This result suggests that the GTSF1 gene 
serves an important role in the proliferation of liver cancer 
cells. Notably, these results were confirmed by one‑way 
ANOVA followed by an S‑N‑K post‑hoc test. Consistent with 
the outcomes of the Student's t‑tests, there were significant 
differences between GTSF1 mRNA expression levels and cell 
proliferation when comparing the GTSF1‑transfected cells with 
the siRNA1 or siRNA2‑ GTSF1‑transfected cells (P<0.05); no 
significant difference was present between the siRNA1‑ and 
the siRNA2‑GTSF1‑transfected cells (P>0.05), as evaluated 
using ANOVA and S‑N‑K analysis. These data indicate a 
growth‑proliferation role for GTSF1 mRNA expression, and 
suggest that it is a prerequisite for the proliferation of hepatoma 
cell lines.

Discussion

Hepatocarcinogenesis is a complex and multistep process that 
involves the accumulation of genetic and epigenetic alterations 
in regulatory genes. The identification of cancer‑associated 
molecules may lead to the development of novel molecular 
targets for treatment, and of biomarkers for predicting prog-
nosis (11). The various etiological factors of HCC, including 
HBV infection and hepatitis C virus infection, may affect 
different signaling pathways (12). Therefore, multiple genetic 
and epigenetic factors may affect HCC development (13). It 
has previously been reported in several studies that the GTSF1 
gene participates in DNA methylation and retrotransposon 
activation in germ cells, particularly in cell proliferation, 
and that it is present in MF tumor samples, suggesting that 
it may serve a role in the apoptosis resistance of MF (7,9,14). 
Therefore, it may be concluded that the GTSF1 gene may serve 
a role as a proliferation factor during various physiological 
processes, including growth, development, differentiation and 
reproduction in animals and plants. In terms of liver cancer, 
there have been numerous studies regarding the molecular 
markers associated with the development of liver cancer, 
and gene signatures with diagnostic and prognostic potential 
have been identified by the gene expression profiling of tumor 
tissues  (15‑17). In the present study, it was identified that 
GTSF1 mRNA expression in liver cancer tissue samples was 
increased compared with its expression in adjacent non‑tumor 
liver tissues and healthy control liver tissues. Due to a statisti-
cally significant difference between the patients with liver 
cancer and the healthy controls (P<0.05), GTSF1 expression 
levels may be a potential biomarker for liver cancer diagnosis. 
AFP is a glycoprotein known to be expressed in HCC and is 
secreted into the blood of ~70% of patients with liver cancer. 
Therefore, serum AFP levels are useful for the early detec-
tion and differential diagnosis of HCC (18). For patients who 
undergo curative hepatectomy for localized HCC, AFP levels 
are also useful for the detection of recurrence, and are associ-
ated with prognosis (19‑21). Based on the data of the present 
study, GTSF1 mRNA was expressed in 87.5% of AFP‑positive 
samples, but only in 50% of AFP‑negative samples. Although 
there was no statistically significant difference between these 
two groups (χ2 test, P=0.129), the proportion of samples that 

Figure 2. Effect of GTSF1 on tumor cell growth in  vivo. (A)  Effect of GTSF1 on tumor volume in a nude mouse xenograft model. GTSF1‑ and 
Non‑GTSF1‑transfected HepG2  cells (5x105 or 1x106, respectively) were injected subcutaneously into either posterior flank of the nude mice. (B) Effect 
of GTSF1 on tumor weight in nude mice. Images illustrate the representative features of tumor growth 5‑6 weeks following inoculation. Ad‑shGTSF1 
(GTSF1‑negative), negative control; GTSF1, gametocyte specific factor 1 gene; Ad‑shNC (GTSF1‑positive).
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were GTSF1‑positive was almost equivalent to the number 
that were AFP‑positive. Notably, GTSF1 expression was 
identified in AFP‑negative liver cancer tissue samples, 
and may be a potential biomarker for diagnosis in patients 
with AFP‑negative liver cancer. In addition, there was no 
statistical significance between GTSF1 expression in the 
non‑HBV‑infected liver cancer samples and the HBV‑infected 
liver cancer specimens observed. It may be hypothesized that 
GTSF1 expression in liver cancer samples is irrelevant to 
HBV infection. Notably, GTSF1 expression was significantly 
upregulated in the majority of liver cancer tissues examined, 
but was not expressed in the adjacent non‑tumor normal liver 
tissue. These results suggest that increased GTSF1 expression 
is a frequent event in human liver cancer tissues and may be 
involved in hepatocarcinogenesis.

During tumor progression, the number, type, distribution 
and expression levels of tumor markers in patients with liver 
cancer exhibit variations that are closely associated with the 
occurrence, development, metastasis, treatment response and 
prognosis of tumors and patients (22). Few data are available 
concerning the molecular mechanisms by which mRNAs 

modulate the process of tumorigenesis and the behavior 
of cancer cells. To explore the roles of GTSF1 in the liver 
in vivo, transfected HepG2 cells were generated and injected 
to a mouse model using a clone of a constructed GTSF1 
gene plasmid. In agreement with previous observations that 
GTSF1 was frequently upregulated in hepatoma cell lines, 
and that GTSF1 may increase colony formation in vitro, it was 
demonstrated that GTSF1 promoted tumor growth in vivo. 
All these data emphasize a fundamental role of GTSF1 in 
tumorigenesis, particularly in the development of liver cancer. 
The present study revealed that GTSF1 significantly increased 
tumorigenicity in Ad‑shNC‑transfected (GTSF1‑positive) 
HepG2 cells in a nude mouse xenograft model, whereas the 
absence of GTSF1 inhibited increases in the size and weight of 
the tumors. Therefore, GTSF1 expression may serve a critical 
role in the proliferation of HCC tumor cells in vivo. Notably, 
the HepG2 cell line, originally thought to be an HCC cell 
line, was identified as a hepatoblastoma cell line (23). This is 
important, as differences exist between HepG2 cells and native 
human hepatocytes, including in the drug‑processing proteins 
in liver tissues and the genetic changes that occur in HCC; 

Figure 3. Analysis of GTSF1 mRNA expression levels in human liver cancer cell lines following transfection with two siRNA molecules targeting GTSF1. 
(A) Silencing of relative GTSF1 mRNA expression in PLC/PRF/5 cell lines using siRNA1 and siRNA2. Error bars denote the standard deviation, and 
calculated **P<0.01 compared with siNC. (B) Silencing of relative GTSF1 mRNA expression in Huh‑7 cell lines using siRNA1 and siRNA2. (C) The relative 
cellular proliferation level of GTSF1‑siNC‑, GTSF1‑siRNA1‑ and GTSF1‑siRNA2‑transfected PLC/PRF/5 cells from days 1‑6. The level of relative prolifera-
tion was measured at 450 nm absorbance after 1 h of incubation. The relative proliferation of PLC/PRF/5 cells was significantly decreased from days 3‑6, 
when compared with the GTSF1‑siNC and siRNA groups. Cell growth assays were performed in 96‑well microtiter plates and all assays were performed 
in triplicate. GTSF1 expression without siRNA interference (GTSF1‑siNC) was used as the positive control. (D) The relative cellular proliferation level of 
Huh‑7 cells following GTSF1‑siNC, GTSF1‑siRNA1 and GTSF1‑siRNA2 interference. **P<0.01 (relative GTSF1 mRNA expression in GTSF1‑siNC groups 
compared with GTSF1‑siRNA1 groups and in GTSF1‑siNC groups compared with GTSF1‑siRNA2 groups). *P<0.05 (relative proliferation in GTSF1‑siRNA1 
and GTSF1‑siRNA2 groups compared with the GTSF1‑siNC group). NC, negative control; GTSF1, gametocyte specific factor 1; si, small interfering.
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these changes can affect protein concentrations and the copy 
number (24‑26). Conversely, genetic changes involved in the 
development of liver cancer, the cancer protein secretomes and 
the biological significance of human leucocyte antigen expres-
sion in HCC tumors closely resemble those of the HepG2 cells 
observed in previous studies (27‑29).

Compared with previous studies, the results of the present 
study indicated that GTSF1‑transfected HepG2 cells injected 
into mice produced tumors larger in size (mean, 686±107 mm3) 
and weight (mean, 610±98 µg) compared with the tumors 
observed in the mice injected with GTSF1‑negative HepG2 
cells (mean size, 448±92 mm3; mean weight, 308±73  µg; 
Fig. 2A and B). Therefore, the tumors were bigger and heavier in 
the model that used GTSF1‑transfected HepG2 cells, compared 
with in those cells transfected with the negative control, 
which confirmed that the introduction of GTSF1 significantly 
increases tumorigenicity in vivo. Although the misidentified 
hepatoblastoma HepG2 cell line was used in the present study, 
this is unlikely to have affected the ability of GTSF1 to initiate 
tumor growth in vivo when using HepG2 cells as the vector. 
Due to the limitations of using the HepG2 cell line, these 
results may indicate that GTSF1 significantly promoted in vivo 
tumorigenicity in malignant liver tumors in general, rather than 
in HCC specifically. The mechanism for this apparent GTSF1 
gene proliferation function in HCC in vivo should be elucidated 
using verified HCC cell lines in the future.

To validate the effects of the GTSF1 gene on cell 
proliferation and growth, siRNA protocols were used in 
the present study. As it is possible to generate siRNAs and 
miRNAs targeted against any cellular RNA, these molecules 
may be used to downregulate the expression of almost any 
disease‑causing gene  (30‑32). The in  vitro data obtained 
during the present study indicated that GTSF1 knockdown by 
siRNA1 or siRNA2 significantly reduced the proliferation of 
PLC/PRF/5 and Huh‑7 cells. The cell proliferation, as evaluated 
by colony formation, of liver cancer cell lines without GTSF1 
siRNA was significantly decreased in HCC cells. In addition, 
the levels of GTSF1 expression were significantly decreased 
following GTSF1 knockdown in PLC/PRF/5 and Huh‑7 cells. 
Therefore, it was hypothesized that the result of interfering 
with the expression of GTSF1 in PLC and HepG2 cells may 
be due to GTSF1 overexpression in the tissues of patients with 
liver cancer, and that this result may be associated with the 
observations concerning HCC tumor size and weight from the 
mouse model. These results suggest that the overexpression of 
GTSF1 is involved in regulating liver cancer proliferation. The 
use of siRNA/miRNA is considered to have great therapeutic 
potential, as it is possible to generate siRNA/miRNA‑based 
silencing of any gene implicated in HCC  (33). Notably, 
GTSF1 mRNA expression was significantly upregulated in the 
majority of the cancer cell lines and cancer tissues examined, 
and that GTSF1 not only increased colony formation in vitro 
but also tumorigenicity in vivo.

In summary, the present study revealed the GTSF1 mRNA 
expression profile in liver cancer, and examined the potential 
role of GTSF1 in tumorigenesis. The data suggest an important 
role for the GTSF1 gene in the molecular etiology of hepato-
carcinogenesis, and suggest the potential application of GTSF1 
mRNA expression in liver cancer diagnosis and therapy. Due 
to the limitations associated with the small number of cases 

involved, the absence of data on hepatoblastoma tissues 
derived from patients, and the patient cohort all originated 
from a single region in the present study, the function of 
GTSF1 mRNA and protein expression in liver cancer requires 
additional study.
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