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Abstract. Hepatocellular carcinoma (HCC) is a commonly 
occurring malignant tumor, with a high incidence rate. The 
present study aimed to investigate the effect of knocking 
down the N‑glycosyltransferase‑V (GnT‑V) protein on the 
proliferation, migration and invasion of the human HCC 
drug‑resistant cell line, SMMC7721/R. SMMC7721/R cells with 
GnT‑V‑knockdown (SMMC‑7721/R‑GnT‑V) were constructed 
using the method of lentiviral transfection. The expression of 
GnT‑V was assessed using reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) and western blot-
ting. Cell proliferation was determined using an MTT assay, 
and the extent of cellular apoptosis was assessed using flow 
cytometric analysis. Additionally, the metastatic ability of the 
cells in vitro was analyzed using cell adhesion and invasion 
assays. Western blotting was used to investigate the protein 
expression levels of caspase‑3, caspase‑9, Bcl‑2, Bax, matrix 
metalloproteinase (MMP)‑2 and MMP‑9, and RT‑qPCR was 
used to determine the mRNA expression levels of the genes for 
the breast cancer resistance protein and P‑glycoprotein in the 
SMMC‑7721/R cells. Taken together, the results of the present 
study revealed that the knockdown of GnT‑V significantly 
suppressed the proliferation, migration and invasion (P<0.05) 
of the SMMC‑7721/R cells. Furthermore, the possible mecha-
nism underlying these phenomena may be associated with the 
induction of mitochondria‑mediated apoptosis, inhibition of 
the degradation of the extracellular matrix and an enhance-
ment of the drug‑sensitivity. GnT‑V‑knockdown may therefore 
be used to treat drug‑resistant HCC in the future.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumor types, with a rate of incidence that is increasing 
worldwide (1). According to the ‘Word Cancer Report 2014’ of 
the Word Health Organization, new cases reported of HCC 
and the mortality rate in China are the highest worldwide, with 
an incidence rate of ~25.7/100,000 individuals (2). Previous 
studies reported that the predominant risk factor of HCC in 
China is chronic infection by hepatitis B virus, although other 
major risk factors include infection with the hepatitis C virus, 
an excessive alcohol consumption, tobacco smoking and afla-
toxins (3‑5). At present, observable symptoms of HCC at an 
early stage are lacking, and therefore clinically symptomatic 
HCC is often only identified when the disease is already well 
advanced in patients, which makes treatment difficult, and the 
prognosis is poor (1). In common with a number of other types 
of tumor, distant metastasis is the major cause of mortality 
for patients with HCC. Therefore, the ability to control the 
dissemination of cancer cells at an early stage is the focus of 
numerous studies.

N‑glycosyltransferase‑V (GnT‑V), as a key member of the 
glycosyltransferase family, is closely associated with the prolif-
eration, migration and invasion of cancer cells (6‑7). Previous 
studies reported that GnT‑V is commonly overexpressed in 
various advanced tumor types, including prostate cancer, oral 
squamous cell carcinoma, colorectal and breast cancer, gastric 
cancer cells and ovarian mucinous cancer  (8‑13). Notably, 
previous studies identified that the downregulation of GnT‑V 
markedly suppressed the proliferation and migration of tumor 
cells, and induced cell apoptosis (11,14,15). Preliminary exper-
iments in our laboratory demonstrated that GnT‑V is highly 
expressed in SMMC7721 cells (unpublished data), although 
the effect of reducing the expression of GnT‑V on the prolifera-
tion, migration and invasion of SMMC7721/R cells remains to 
be fully elucidated.

In the present study, the role of GnT‑V‑knockdown on 
the growth of human HCC was investigated. The expres-
sion of GnT‑V was suppressed in SMMC7721/R  cells 
using short hairpin (sh)RNA analysis, and the effects of 
GnT‑V‑knockdown on the proliferation, adhesion, inva-
sion and apoptosis of the SMMC7721/R cells in vitro were 

Effect of GnT-V knockdown on the proliferation, migration 
and invasion of the SMMC7721/R human hepatocellular 

carcinoma drug-resistant cell line
BO LI*,  SONG SU*,  MENG‑YU ZHANG,  LEI HE,  QING‑DA WANG  and  KAI HE

Department of Hepatobiliary Surgery, The Affiliated Hospital of Sichuan Medical University, 
Luzhou, Sichuan 646000, P.R. China

Received February 11, 2015;  Accepted September 24, 2015

DOI: 10.3892/mmr.2015.4492

Correspondence to: Dr Kai He, Department of Hepatobiliary 
Surgery, The Affiliated Hospital of Sichuan Medical University, 
8 Taiping Street, Luzhou, Sichuan 646000, P.R. China
E‑mail: hekailzyy@163.com

*Contributed equally

Key words: hepatocellular carcinoma, SMMC-7721/R  cell, 
N‑glycosyltransferase-V, migration, invasion



LI et al:  EFFECT OF GNT-V KNOCKDOWN ON HUMAN HEPATOCELLULAR CARCINOMA470

examined. Furthermore, the potential mechanisms underlying 
the observed effects were investigated using western blotting 
and reverse transcription‑quantitative polymerase chain reac-
tion (RT‑qPCR).

Materials and methods

Reagents and cell lines. The human SMMC7721 HCC 
cell line was obtained from the Shanghai Cell Bank of 
the Chinese Academy of Sciences (Shanghai, China). The 
human HCC drug‑resistant cell line (SMMC7721/R) was 
developed from the SMMC7721 cell line using continuous 
exposure to adriamycin, as previously described  (16). 
The  3‑(4,5‑dimethylthiazol-2-yl)‑2,5‑diphenyltetrazolium 
bromide (MTT), 0.25%  trypsin solution, sodium dodecyl 
sulfate (SDS), phosphate‑buffered saline (PBS) and Giemsa 
stain were obtained from Sigma‑Aldrich (St. Louis, MO, USA). 
The annexin  V/fluorescein isothiocyanate (FITC) kit and 
Matrigel™ were purchased from BD Biosciences (San Jose, CA, 
USA), and Transwell® culture chambers were purchased from 
Corning Costar, Inc. (Corning, NY, USA). Propidium iodide 
(PI) was purchased from Beyotime Institute of Biotechnology 
(Jiangsu, China). Rabbit GAPDH polyclonal antibody (cat 
no. sc-25778; 1:200 dilution), rabbit B-cell lymphoma 2 (Bcl-2) 
polyclonal antibody (cat no. sc-492; 1:200 dilution), rabbit Bcl-2-
associated X protein (Bax) polyclonal antibody (cat no. sc-493; 
1:200 dilution), rabbit matrix metalloproteinase (MMP)-2 
polyclonal antibody (cat no. sc-10736; 1:200 dilution), rabbit 
MMP-9 polyclonal antibody (cat no. sc-10737; 1:200 dilu-
tion) and goat-anti-rabbit horseradish-peroxidase-conjugated 
secondary antibody (cat no. sc-2004; 1:10,000 dilution) were 
obtained from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA). Rabbit polyclonal antibody to active caspase-3 (cat no. 
ab2302; 1:200 dilution) and rabbit polyclonal antibody to active 
caspase-9 (cat no. ab2324; 1:200 dilution) were obtained from 
Abcam (Cambridge, MA, USA). The enhanced chemilumines-
cence (ECL) reagent was provided by Beyotime Institute of 
Biotechnology (Haimen, China).

Cell culture and transient transfection. The SMMC7721/R cells 
were cultured in Gibco BRL® RPMI‑1640 medium, 

supplemented with 10% fetal bovine serum (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) and 1% penicillin and 
streptomycin (Beyotime Institute of Biotechnology) at 37˚C in 
a 5% CO2 humidified atmosphere.

The expression of GnT‑V was knocked down using 
short‑hairpin (sh)RNAs in a pGenesil‑4  shRNA lentiviral 
vector provided by Wuhan Cell Marker and Machine 
Technology Co., Ltd. (Wuhan, China). The recombinant 
lentiviruses were transfected into SMMC7721/R cells using 
Invitrogen® Lipofectamine  2000 reagent (Thermo Fisher 
Scientific, Inc.). The stably transfected cells were selected 
in RPMI‑1640 medium, containing G418, and were termed 
SMMC7721/R‑GnT‑V and SMMC7721/R‑GnT‑V/NC, (signi-
fying treatment with control vector, or as a control group, 
respectively).

RT‑qPCR. The mRNA expression levels of GnT‑V, the 
breast cancer resistance protein (BCRP) and P‑glycoprotein 
[also termed the ATP‑binding cassette, subfamily B protein 
(ANCB1)] were quantified using SYBR Green‑based 
RT‑qPCR analysis (Bio‑Rad Laboratories, Shanghai, China). 
The primer sequences are listed in Table I (17,18). The total 
RNA from cells was isolated using RNAiso Plus extraction 
reagent (Takara Biotechnology Co., Ltd., Dalian, China). 
Subsequently, cDNA was synthesized from 1 µg total RNA 
using PrimeScript™ RT reagent kits (Takara Biotechnology 
Co., Ltd.). The cDNAs were amplified using SYBR Green 
mixture on a CFX96 Touch Real‑Time PCR Detection system 
(Bio‑Rad Laboratories). The cycle threshold values were 
normalized against the amplification of GAPDH, and the rela-
tive mRNA expression levels of GnT‑V, BCRP and ABCB1 
were assessed using 2‑∆∆Cq relative quantitative analysis of each 
sample. All samples were analyzed in triplicate.

Western blot analysis. The cells were lysed using western 
blotting and an immunoprecipitation cell lysis buffer kit 
(Sangon Biotech Co., Ltd., Shanghai, China) and the total 
proteins were quantified using a bicinchoninic acid protein 
assay reagent kit (Sangon Biotech Co., Ltd.). The total protein 
(20 µg) was loaded onto SDS‑polyacrylamide electrophoresis 
gels (Bio‑Rad Laboratories) , and subsequently transferred 

Table I. Primers for reverse transcription‑quantitative polymerase chain reaction used in the present study.

Gene	 Sequence (5'‑3')	 Amplicon size (bp)	 Reference

GAPDH	 Forward: GACCCCTTCATTGACCTCAAC	 219	 (17)
	 Reverse: CTTCTCCATGGTGGTGAAGA		
GnT‑V	 Forward: GAAAATGGAATCTGAACCCTCA	 160	 (11)
	 Reverse: ACTTTGCCATACACAAGGGACT		
BCRP	 Forward: CACCACCTCCTTCTGTCATCAA	 127	 (17)
	 Reverse: GGCACCTATAACCAGTCCCAGTA		
ABCB1	 Forward: CCCATCATTGCAATAGCAGG	 158	 (18)
	 Reverse: TGTTCAAACTTCTGCTCCTGA	

GADPH, glyceraldehyde‑3‑phosphate dehydrogenase; ABCB1, ATP‑binding cassette, subfamily B protein (or P‑glycoprotein); BCRP, breast 
cancer resistance protein; GnT‑V, N‑glycosyltransferase‑V.
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onto a nitrocellulose filter membrane (Bio‑Rad Laboratories) 
. Anti‑Bcl2, Bax, caspase‑3, caspase‑9, MMP‑2, MMP‑9 and 
GAPDH antibodies were used to assess the corresponding 
protein expression at 4˚C for 12 h. The horseradish‑perox-
idase‑conjugated anti‑rabbit and anti‑rat immunoglobulins 
were used as secondary antibodies, and the immunoreactive 
bands were visualized using ECL‑detecting reagents.

MTT assay. A total of 5x103 cells/well were seeded into 96‑well 
plates, and following an incubation for 0, 12, 24 or 48 h, the 
proliferation of the cells was determined using an MTT assay, 
according to the manufacturer's protocol. Subsequently, 
the optical density values were measured at 490 nm using 
a 96‑well plate reader (Thermo Scientific® Multiscan MK3; 
Thermo Fisher Scientific, Inc.).

Apoptosis assay using flow cytometric analysis. The extent 
of cell apoptosis was analyzed using an Annexin V-FITC kit 
(BD Biosciences) according to the manufacturer's instruc-
tions. In brief, cells were harvested following an overnight 
incubation in serum-free medium and 5x104 cells were washed 
with PBS and stained PI and Annexin V for flow-cytometric 
analysis on a FACSCalibur flow cytometer (BD Biosciences). 
The percentage of cells undergoing early-stage apoptosis 
was determined by quantifying the Annexin V-positive and 
the PI-negative cell population, whereas the percentage of 
cells undergoing late-stage apoptosis was determined by 
quantifying the Annexin V-positive and the PI-positive cell 
population. Finally, data were analyzed using FlowJo 7.6 soft-
ware (FlowJo, LLC, Ashland, OR, Canada).

Cell adhesion assay. Matrigel™‑coated 12‑well plates 
were used to assess cell adhesion. Prior to use, the cells 
were grown until they reached 90% confluence on 12‑well 
plates, and they were subsequently cultured in serum‑free 
RPMI‑1640 medium for 24  h. The cells were harvested 
following an overnight incubation in serum-free medium and 
subsequently suspended in RPMI‑1640 medium containing 
10%  fetal bovine serum (FBS), prior to adding the cells 
to 12‑well plates that were pre‑coated with Matrigel™ 

(2x104 cells/well). Following an incubation for 1 h at 37˚C in 
5% CO2, the unattached cells were removed by washing the 
cells twice with warmed PBS, and the number of adhering 
cells was determined using the Giemsa staining method for 
10 min. The stained cells were observed under an optical 
microscope (IX53; Olympus, Tokyo, Japan).

In vitro invasion assay. The invasive ability of the cells was 
measured using Transwell culture chambers with Matrigel™. 
Briefly, the cells were grown until they reached 90% conflu-
ence on 24‑well plates, and they were subsequently cultured 
in the serum‑free RPMI‑1640 medium for 24 h prior to use. A 
series of 24‑well plates and Transwell well culture chambers 
pro‑coated with Matrigel™ were washed in PBS for 5 min, 
and dried immediately. Aliquots of 0.75  ml  RPMI‑1640 
medium supplemented with 10%  FBS were added to the 
upper chamber and 0.5 ml cells (at a density of 1x105/ml) in 
RPMI‑1640 medium, containing 1% FBS, were placed in 
the upper chamber. Following incubation for 48 h at 37˚C 
in 5% CO2, the number of cells which had invaded through 
the Matrigel™‑coated polyvinylidene fluoride filter was deter-
mined by counting the cells stained with 0.5% crystal violet 
solution. The stained cells were observed under an optical 
microscope (IX53; Olympus).

Statistical analysis. The data are expressed as the 
mean ± standard deviation. The data analysis was performed 
using the SPSS 19.0 statistical software package (IBM SPSS, 
Armonk, NY, USA), and one‑way analysis of variance was 
used to compare the means between two groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Expression of GnT‑V in SMMC7721/R  cells following 
transfection. Following transfection, the expression of 
GnT‑V in the SMMC7721/R  cells was determined using 
RT‑qPCR and western blotting. As shown in Fig. 1A, the 
gene expression of GnT‑V was markedly downregulated in 
the SMMC‑7721/R‑GnT‑C cells compared with the control 

Figure 1. Expression of GnT‑V in SMMC7721/R cells following transient transfection. (A) The effect of GnT‑V‑knockdown on the mRNA expression levels 
of GnT‑V was determined by RT‑qPCR. (B) The effect of GnT‑V‑knockdown on the protein expression levels of GnT‑V was determined by western blotting.  
**P<0.01, compared with the SMMC7721/R cells; ∆∆P< 0.01, compared with the SMMC7721/R‑ GnT‑V/NC group. GnT‑V, N‑glycosyltransferase‑V; GAPDH, 
glyceraldehyde‑3‑phosphate dehydrogenase; SMMC7721/R‑GnT‑V/NC, cells treated with control vector; SMMC7721/R‑GnT‑V, SMMC7721/R cells with 
GnT‑V‑knockdown.
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and mock groups. This trend was also observed in the protein 
expression level of GnT‑V following transfection (Fig. 1B). 
These results indicated that GnT‑V‑knockdown in the 
SMMC‑7721/R cells was successful.

GnT‑V‑knockdown inhibits the proliferation of the 
SMMC7721/R cells. The proliferation of the SMMC‑7721/R 
cells was assessed using an MTT assay following transfection. 
As shown in Fig. 2, compared with the two control cell groups, 
the proliferation of the SMMC‑7721/R‑GnT‑C cells decreased 
significantly at 12, 24 and 48  h following transfection 
(P<0.01 for all the time points). However, no significant differ-
ences were identified between the untreated SMMC‑7721/R 
and the SMMC‑7721/R‑GnT‑V/NC groups (P>0.05). These 
results therefore revealed that GnT‑V‑knockdown significantly 
inhibited the proliferation of the SMMC‑7721/R cells.

Downregulation of GnT‑V enhances cell apoptosis. The 
extent of cell apoptosis was analyzed using flow cytom-
etry to investigate whether the antiproliferative effect of 
GnT‑V downregulation was associated with apoptosis in the 
SMMC‑7721/R cells. As shown in Fig. 3, the apoptosis rate 
of the GnT‑V knockdown group was significantly higher 
compared with that in the untreated SMMC‑7721/R cells and 
the SMMC‑7721/R‑GnT‑V/NC group (43.5, 4.2 and 6.3%, 
respectively), which indicated that decreasing the expression 
of GnT‑V may markedly increase the levels of apoptosis in the 
SMMC‑7721/R cells.

Downregulation of GnT‑V inhibits cell adhesion and invasion 
in vitro. To determine the role of GnT‑V on the in vitro adhe-
sion and invasion of the SMMC‑7721/R cells, cell adhesion 
and invasion assays were performed. As shown in Fig. 4A, 
compared with the untreated cells and the mock group, cell 
adhesion was significantly inhibited by GnT‑V‑knockdown in 
the SMMC‑7721/R cell line. Notably, the results of the cell 
invasion assay were similar to those of the cell adhesion assay 
(Fig. 4B). The results of these experiments revealed that down-
regulating the expression of GnT‑V clearly suppressed the 
adhesion and the invasion of the SMMC‑7721/R cells in vitro.

Protein expression levels of caspase‑3, caspase‑9, Bcl‑2, Bax, 
MMP‑2 and MMP‑9. Thus far, the experiments performed in 
the present study revealed that GnT‑V‑knockdown may inhibit 
the proliferation, adhesion and invasion of the SMMC‑7721/R 
cells in vitro. To further investigate the possible mechanisms 
underlying these changes, the protein expression levels of 
caspase‑3, caspase‑9, Bcl‑2, Bax, MMP‑2 and MMP‑9 were 
assessed by western blotting. As shown in Figs.  5‑7, no 
significant differences were observed between the untreated 
SMMC‑7721/R cells and the SMMC‑7721/R‑GnT‑V/NC group 
with respect to the expression levels of any of the proteins. 
Notably, compared with the untreated SMMC‑7721/R cells and 
the SMMC‑7721/R‑GnT‑V/NC group, the protein expression 
levels of caspase‑3, caspase‑9, Bcl‑2, MMP‑2 and MMP‑9 were 
clearly decreased in the GnT‑V knockdown group, whereas the 
protein expression of Bax was markedly upregulated.

mRNA expression levels of BCRP and ANCB1. To 
further examine whether GnT‑V‑knockdown affected the 

drug‑sensitivity of the SMMC‑7721/R cells, the mRNA 
expression levels of BCRP and ABCB1 were assessed by 
RT‑qPCR. As shown in Fig. 8, the expression levels of these 
genes were markedly reduced in the GnT‑V‑knockdown cells 
compared with the untreated SMMC‑7721/R cells and the 
SMMC‑7721/R‑GnT‑V/NC group.

Discussion

In the present study, GnT‑V knockdown in vitro was revealed 
to markedly decrease the proliferation, migration and inva-
sion of human HCC drug‑resistant SMMC‑7721/R cells. In 
addition, the inhibitory effects may be involved in inducing 
apoptosis of the cells, in inhibiting the degradation of the 
extracellular matrix (ECM) and in restoring drug‑sensitivity. 
Previous studies reported that protein glycosylation exerts a 
crucial role in cell growth, differentiation and tumor metas-
tasis, and β1,6‑branched oligosaccharides are key compounds 
associated with the process of malignant transforma-
tion (6,19,20). A previous study demonstrated that GnT‑V is 
an important glycosyltransferase, which promotes this malig-
nant transformation process by catalyzing the formation of 
β1,6‑branched oligosaccharides (19). Furthermore, GnT‑V 
is overexpressed in various malignant tumor types, thereby 
promoting the malignant transformation process  (21,22). 
Therefore, it was hypothesized that reducing the expression 
of GnT‑V may provide a suitable strategy for ameliorating 
the progression of certain tumor types. To determine the 
effect of downregulating the expression of GnT‑V on the 
progression of HCC, a GnT‑V‑knockdown cell model was 
successfully constructed by transferring short hairpin (sh)
RNA into SMMC‑7721/R cells.

As demonstrated by preliminary in vitro experiments 
in our group, GnT‑V‑knockdown markedly decreased 
the proliferation, migration and invasion of human HCC 
drug‑resistant SMMC‑7721/R  cells (unpublished data). 
Notably, increased levels of apoptosis were also observed 
in the GnT‑V‑knockdown cells. According to these results, 
the antiproliferative effects of GnT‑V‑knockdown on 
SMMC‑7721/R cells may be closely associated with the 

Figure 2. Assessment of cell proliferation using a 3‑(4,5‑dimethylthi-
azol‑2‑yl)‑2,5‑diphenyltetrazolium bromide assay. Following transient 
transfection, cell proliferation was determined at 12, 24 or 48 h (n=3). 
*P<0.05; **P<0.01, compared with the SMMC7721/R cells; ΔP<0.05; 
ΔΔP<0.01, compared with the SMMC7721/R-GnT-V/NC group. OD, optical 
density; GnT‑V, N‑glycosyltransferase‑V.
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increased apoptosis that is induced by the downregulation 
of the expression of GnT‑V. Apoptosis, or programmed cell 
death, is a complex biological process, which is important for 
the development and maintenance of cells. It was reported 
that caspases exert a crucial role during cell apoptosis (23). 
Among them, caspase‑3 is an important effector of cell 

mortality, whereas caspase‑9 functions as a crucial upstream 
activator  (23). In the present study, the protein expres-
sion levels of caspase‑3 and caspase‑9 were significantly 
upregulated in the GnT‑V‑knockdown SMMC‑7721/R cells, 
which was consistent with the results of a previous study 
performed in H7721 human HCC cells (21). Furthermore, the 
proteins Bcl‑2 and Bax are also essential for cell apoptosis, 
functioning as the predominant controller and mediator 
of apoptosis, respectively, and the ratio of Bcl‑2 to Bax is 
a key factor determining whether the switch to apoptosis is 
made (24,25). The results of the present study demonstrated 
that the protein expression level of Bcl‑2 was downregu-
lated, whereas that of Bax was upregulated. Furthermore, 
GnT‑V‑knockdown may increase the expression of Bcl‑2, 
whereas the protein expression of caspase‑3, caspase‑9 and 
Bax were decreased. Therefore, inhibiting the expression of 
GnT‑V promoted mitochondrial‑associated apoptosis, which 
is mediated by caspase‑3, caspase‑9, Bcl‑2 and Bax.

Furthermore, previous studies demonstrated that GnT‑V 
exerts an important role in the metastasis/invasion of various 
types of tumor. For example, a close association was iden-
tified between GnT‑V activity and tumor invasiveness in 
the sera of patients with HCC (19). Additionally, in vitro 
GnT‑V‑knockdown may decrease the invasive ability of the 
BGC823 gastric cancer cell line (11). Notably, the present 
results demonstrated that suppressing the expression of 
GnT‑V markedly reduced cell‑to‑cell adherence and the 
invasive abilities of the SMMC‑7721/R cells. Cellular 
metastasis and invasion is a complex and crucial process 
in cancer. It is well known that cell‑to‑cell adherence and 
invasion of the ECM is responsible for malignant neoplasms, 
and ECM and basement membranes are predominantly 
degraded by MMPs (26). MMP‑2 and MMP‑9 exert key roles 
in degrading the ECM components, and are also important in 

Figure 3. Cell apoptosis, as determined using flow cytometric analysis. **P<0.01, compared with the SMMC7721/R cells; ∆∆P<0.01, compared with the 
SMMC7721/R‑GnT‑V/NC group. GnT‑V, N‑glycosyltransferase‑V; SMMC7721/R‑GnT‑V/NC, cells treated with control vector; SMMC7721/R‑GnT‑V, 
SMMC7721/R cells with GnT‑V‑knockdown.

Figure 4 Effect of downregulating the expression of GnT‑V on cell adhesion 
and invasion in vitro. The results of (A) the cell adhesion assay and (B) the inva-
sion assay in vitro are shown. **P<0.01, compared with SMMC7721/R cells; 
∆∆P<0.01, compared with the SMMC7721/R‑GnT‑V/NC group. GnT‑V, 
N‑glycosyltransferase‑V; SMMC7721/R‑GnT‑V/NC, cells treated with control 
vector; SMMC7721/R‑GnT‑V, SMMC7721/R cells with GnT‑V‑knockdown.

  A

  B



LI et al:  EFFECT OF GNT-V KNOCKDOWN ON HUMAN HEPATOCELLULAR CARCINOMA474

tumor progression, as demonstrated by their overexpression 
in advanced tumor types (27,28). The mRNA expression of 
MMP‑2 and MMP‑9 were demonstrated to be upregulated 

in HCCs, although they were expressed with different inten-
sities, and had a different cellular origin (29). The mRNA 
expression of MMP‑9 was higher in HCCs with capsular 
infiltration compared with HCCs that lacked capsular infil-
tration, whereas the mRNA expression of MMP‑2 exhibited 
no marked difference between tumorous and non‑tumorous 
tissues (30). In the present study, the protein expression levels 
of MMP‑2 and MMP‑9 were markedly decreased in the 
SMMC‑7721/R‑GnT‑V cells. According to these results, the 
reduced invasive ability of the SMMC‑7721/R‑GnT‑V cells 
is closely associated with the downregulation of the protein 
expression of MMP‑2 and MMP‑9.

In addition, multidrug resistance (MDR), resulting from 
the overexpression of MDR proteins, is a major obstacle 
in cancer chemotherapy. A number of previous studies 
revealed that MDR proteins are predominantly encoded by 
ATP‑binding cassette (ABC) families, which may mediate 
drug efflux to the cytomembrane, leading to lower levels 
of chemicals in the plasma (31,32). BCRP and ABCB1, as 
members of the ABC transporter family of proteins, are 
important mediators of MDR in cancer cells (33‑35). The 
overexpression of BCRP and ABCB1 was frequently identi-

Figure 8. mRNA expression of BCRP and ABCB1 in the SMMC7721/R, 
SMMC7721/R‑GnT‑V/NC and SMMC7721/R‑GnT‑C  cells. The mRNA 
expression of BCRP and ANCB1 in the cells was determined by western 
blotting. **P<0.01, compared with the SMMC7721/R cells; ∆∆P<0.01, com-
pared with the SMMC7721/R‑ GnT‑V/NC group. ABCB1, ATP‑binding 
cassette, subfamily  B; BCRP, breast cancer resistance protein; GnT‑V, 
N‑glycosyltransferase‑V; SMMC7721/R‑GnT‑V/NC, cells treated with control 
vector; SMMC7721/R‑GnT‑V, SMMC7721/R cells with GnT‑V‑knockdown.

Figure 6. Expression of Bcl‑2 and Bax in the SMMC7721/R, 
SMMC7721/R‑GnT‑V/NC and SMMC7721/R‑GnT‑C  cells. The protein 
expression levels of Bcl‑2 and Bax in the cells was determined by western 
blotting. GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; GnT‑V, 
N‑glycosyltransferase‑V; SMMC7721/R‑GnT‑V/NC, cells treated with control 
vector; SMMC7721/R‑GnT‑V, SMMC7721/R cells with GnT‑V‑knockdown.

Figure 7. Expression of MMP‑2 and MMP‑9 in the SMMC7721/R, 
SMMC7721/R‑GnT‑V/NC and SMMC7721/R‑GnT‑V  cel ls. The 
protein expression levels of MMP‑2 and MMP‑9 in the cells was deter-
mined by western blotting. GAPDH, glyceraldehyde‑3‑phosphate 
dehydrogenase; GnT‑V, N‑glycosyltransferase‑V; MMP, matrix metal-
loproteinase; SMMC7721/R‑GnT‑V/NC, cells treated with control vector; 
SMMC7721/R‑GnT‑V, SMMC7721/R cells with GnT‑V‑knockdown.

Figure 5. Expression of caspase‑3 and caspase‑9 in the SMMC7721/R, 
SMMC7721/R‑GnT‑V/NC and SMMC7721/R‑GnT‑C  cells. The protein 
expression levels of caspase‑3 and caspase‑9 in the cells was determined by 
western blotting. GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; GnT‑V, 
N‑glycosyltransferase‑V;. SMMC7721/R‑GnT‑V/NC, cells treated with control 
vector; SMMC7721/R‑GnT‑V, SMMC7721/R cells with GnT‑V‑knockdown.
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fied in various tumor types, including HCC, ovarian tumor 
and breast cancer (36‑39). In the present study, the mRNA 
expression of BCRP and ANCB1 was notably reduced in 
the GnT‑V‑knockdown SMMC‑7721/R cells, indicating that 
GnT‑V‑knockdown may improve the sensitivity of the human 
HCC drug‑resistant cell line, SMMC7721/R, to chemothera-
pies.

In conclusion, GnT‑V‑knockdown inhibited the prolifera-
tion, migration and invasion of human HCC drug‑resistant 
SMMC7721/R cells in vitro. The underlying mechanisms 
may be associated with the induction of mitochondrial‑medi-
ated apoptosis, a suppression of the degradation of ECM 
components of the basement membrane, and a strengthening 
of the drug sensitivity of the cells.
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