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Epstein-Barr virus (EBV) is associated with human can-
cers such as nasopharyngeal carcinoma, Burkitt’s lym-
phoma, Hodgkin’s disease, and gastric carcinoma (GC). 
EBV is associated with about 10% of all GC cases globally. 
EBV-associated GC has distinct features from EBV-ne-
gative GC. However, it is still unclear if EBV infection has 
any effect on GC chemoresistance. Cell proliferation assay, 
cell cycle analysis, and active caspase Western blot re-
vealed that the EBV-positive GC cell line (AGS-EBV) 
showed chemoresistance to docetaxel compared to the 
EBV-negative GC cell line (AGS). Docetaxel treatment in-
creased expression of Bax similarly in AGS and AGS-EBV 
cell lines. However, Bcl-2 induction was markedly higher in 
AGS-EBV cells, after docetaxel treatment. Although do-
cetaxel increased the expression of p53 to a similar extent 
in both cell lines, induction of p21 in AGS-EBV cells was 
lower than in AGS cells. Furthermore, expression of sur-
vivin was higher in AGS-EBV cells than in AGS cells fol-
lowing docetaxel treatment as well as at basal state. EBV-
lytic gene expression was induced by docetaxel treatment 
in AGS-EBV cells. The results suggest that EBV infection 
and lytic induction confers chemoresistance to GC, possi-
bly by regulating cellular and EBV latent and lytic gene 
expression. 
 
 
INTRODUCTION 
 
Epstein-Barr virus (EBV) is associated with human cancers 
such as nasopharyngeal carcinoma, Burkitt’s lymphoma, Hodg-
kin’s disease, and gastric carcinoma (GC) (Rickinson and Kieff, 
2001; Wolf et al., 1993). EBV shows three distinct latency types 
depending on the expression of EBV latent genes. EBV latency 
II and III tumors express well-known EBV oncogenes, such as 
latent membrane protein 1 (LMP1), Epstein-Barr virus nuclear 
antigen (EBNA) 2, EBNA3A, and EBNA3C (Bornkamm and 
Hammerschmidt, 2001). LMP1 behaves like an activated tumor 
necrosis factor (TNF) receptor and interacts with TNF receptor 
associated factors (TRAFs). LMP1 is essential for EBV-induced 
immortalization of B cells (Jeon et al., 2009; Peng and Lundgren, 
1992), and inhibits apoptosis by inducing Bcl-2 expression. 

EBNA2 is a transcriptional activator of viral and cellular genes. 
It is targeted to DNA by cellular J kappa recombination signal 
sequence binding protein. EBNA3A contributes to the initiation 
of cellular proliferation in EBV-infected B cells, while EBNA3C 
functions as a transcriptional activator of CD21 and LMP1, and 
modulates EBNA2 (Speck and Ganem, 2010). 

Many investigators have tried to find efficient methods to treat 
EBV-positive tumors. The presence of the EBV genome in 
EBV-associated tumors offers the potential for novel EBV-
targeted therapies. In one study, EBV-positive lymphoma was 
efficiently treated with ganciclovir (GCV) or azidothymidine (AZT) 
in vitro and in vivo following radiation-mediated lytic induction 
(Westphal et al., 2000). The EBV lytic cycle can be induced in 
EBV-infected cells by treatment with a variety of drugs, such as 
gemcitabine, doxorubicin, dexamethasone/rituximab, and val-
poric acid; subsequent treatment with GCV effectively induces 
apoptosis (Daibata et al., 2005; Feng et al., 2004; Jones et al., 
2010). The therapeutic efficacy can be increased by controlling 
the Akt or MEKK1 signaling pathway in addition to treatment 
with the aforementioned drugs (He et al., 2008).  

Even though the proliferation of EBV-positive C666-1 and 
C15 nasopharyngeal carcinoma (NPC) tumor cells can be ef-
fectively suppressed by doxorubicin, taxol, or cis-platinum 
treatment, effective induction of apoptosis is not achieved, while 
apoptosis is efficiently induced in C15 cells treated with doxo-
rubicin in combination with farnesyl-transferase inhibitor (Vicat 
et al., 2003). Other studies have described successful induction 
of the lytic cycle in EBV-positive GC cells by treatment with cis-
platinum, 5-fluorouracil (5-FU), trichostatin A (TSA), or 5-aza-2′-
deoxycytidine (5-aza-CdR), followed by the addition of GCV to 
kill the lytically activated cells (Feng et al., 2002; Jung et al., 
2007a). These studies highlight the importance of altered cellu-
lar and EBV protein expression after anti-cancer drug treatment 
in providing more effective therapy for EBV-associated GC.  

GC is one of the most common carcinomas globally, and re-
cent studies revealed the association of EBV with about 10% of 
GC cases worldwide (Burke et al., 1990; Shibata and Weiss, 
1992; Takada, 2000; van Beek et al., 2002). However, the in-
fluence of EBV infection on GC development and treatment is 
still unclear. EBV-positive GC presents histologically and 
pathologically different features from EBV-negative GC (Akiba  
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et al., 2008; Lee et al., 2004). EBV-positive GC exerts modu-
lated latency 1, expressing latent genes such as EBNA1, LMP2A, 
BamHI-A rightward frame 1 (BARF1), and EBV-encoded RNAs 
(EBERs) (Imai et al., 1994; Oh et al., 2004). EBV lytic genes 
such as BamHI-Z leftward and rightward reading frame 1 
(BZLF1 and BRLF1, respectively) are also expressed in EBV-
positive GC following anti-cancer drug treatment (Feng et al., 
2002; 2004; Jung et al., 2007b). Thus, EBV genes possibly play 
roles in conferring chemoresistance to EBV-associated GC. 

Docetaxel (DOC) is one of a widly used anti-mitotic chemo-
therapy medications classified as taxane. It inactivates anti-
apoptotic function of Bcl-2 by phosphorylating it, in addition to 
inhibiting mitosis by disrupting assembly and disassembly of 
microtubules. (Lyseng-Williamson and Fenton, 2005; Pathan et 
al., 2001; Yvon et al., 1999). We compared chemoresistance of 
EBV-positive and EBV-negative GC cells to docetaxel. Expres-
sions of apoptosis-related genes and cell cycle regulating 
genes as well as EBV latent and lytic genes were also ana-
lyzed after docetaxel treatment of the cells. 
 
MATERIALS AND METHODS 

 
Cell lines and anti-cancer drug  
AGS is an EBV-negative GC cell line, while AGS-EBV is an 
AGS cell line infected with a recombinant Akata virus (Shimizu 

et al., 1996). AGS was maintained in RPMI-1640 medium 
(Gibco BRL, USA) supplemented with 10% fetal bovine serum 
(FBS; Hyclone, USA) and antibiotics (penicillin 100 units/ml and 
streptomycin 100 μg/ml; Gibco BRL). AGS-EBV was cultured in 
RPMI-1640 supplemented with 10% FBS, antibiotics, and 400 
μg/ml G418 (Gibco BRL). Docetaxel (Aventis, France) was 
used as an anti-cancer drug. 
 
Cell viability assay  
Cell viability was analyzed using a Cell Counting Kit-8 (CCK-8; 
Dojindo Molecular Technologies, Japan). Each cell line (5 × 104 
cells/ml) was plated in a 96-well plate. After incubation for 24 h, 
cells were treated with the indicated concentrations of do-
cetaxel for 72 h. This was followed by addition of 10 μl of CCK-
8 solution to each well. After 3 h incubation, the absorbance 
was measured using a SoftMax apparatus (Molecular Devices, 
USA) at wavelength of 450 nm. 
 
Analysis of apoptosis  
Each cell line was treated with 30 nM docetaxel. After incubat-
ing for 72 h, cells were harvested, washed with cold phosphate 
buffered saline (PBS), and fixed in 70% ethanol at -20°C over-
night. The cells were then washed twice with PBS, and resus-
pended in PBS containing 10 μg/ml RNase A (Invitrogen, USA) 
and 50 μg/ml propidium iodide (Sigma-Aldrich, USA). The dis-
tribution of cells in each phase of the cell cycle was analyzed 
using a FACScaliber apparatus (Becton Dickinson, USA). 
 
Western blot  
To detect the expression of apoptosis-related genes and cell 
cycle regulating genes, anti-Bcl-2 (Santa Cruz Biotechnology, 
USA; 1:500), anti-Bax (Santa Cruz Biotechnology; 1:2000), 
anti-p53 (Santa Cruz Biotechnology; 1:1000), anti-p21 (Santa 
Cruz Biotechnology; 1:500), anti-poly ADP ribose polymerase 
(anti-PARP; Becton Dickinson; 1:500), anti-survivin (Santa Cruz 
Biotechnology; 1:1000), and anti-cleaved caspase-3 (Cell Sig-
naling Technologies, USA, 1:500) antibodies were used. To 
detect the expression of EBV lytic genes, anti-BZLF1 (Dako, 
Glostrup, Denmark, 1:500), anti-BRLF1 (Argene, France; 1:500), 
anti-BMRF1 (Novocastra, UK; 1:500), and anti-BHRF1 (3E8, 

1:250) (Chou et al., 2004) antibodies were used. To detect the 
expression of EBV latent genes, anti-LMP2A (Abcam, UK; 
1:1000) and anti-EBNA1 (a gift from Dr. Jaap Middeldorp, De-
partment of Pathology, VU University Medical Center, Amster-
dam, The Netherlands; 1:1000) antibodies were used. Anti-β-
actin (Sigma-Aldrich, 1:2000) and anti-α-tubulin (Calbiochem, 
USA; 1:1000) antibodies were also used to confirm comparable 
loading. 
 
Quantitative RT-PCR 
AGS and AGS-EBV cells were harvested and total RNA was 
extracted using RNAzol™ B reagent (Tel-Test, USA) according 
to the manufacturer’s instructions. cDNA was synthesized using 
1 μg total RNA, an oligo(dT) (Ahram Biosystems, Korea), and 
M-MLV reverse transcriptase (Invitrogen). Real-time PCRs for 
indicated genes were carried out using SYBR green qPCR kit 
(Takara, Japan) by a Mx3000P™ Real-Time PCR System 
(Stratagene, USA). Sequences of the primers were as follows: 
Bcl-2 5′-GAACTGGGGGAGGATTGTGG-3′ and 5′-CCGGTT 
CAGGTACTCAGTCA-3′, β-Actin: 5′-ATCATGTTTGAGACCTT 
CAA-3′ and 5′-CATCTCTTGCTCGAAGTCCA-3′. The PCR 
conditions were 95°C for 10 s, followed by 45 cycles at 95°C for 
5 s, 60°C for 20 s with a single fluorescence measurement. For 
the dissociation curve, reactions were incubated at 95°C for 10 
s, and ramped up from 55°C to 95°C with a heating rate of 
0.1°C/s and fluorescence was measured continuously. Relative 
gene expression was calculated according to the comparative 
Ct method using β-actin as an internal standard. 
 
Immunofluorescence assay  
To detect the expression of EBV lytic genes, anti-BZLF1 (Dako, 
1:50), anti-BRLF1 (Argene, USA; 1:100), and anti-BMRF1 (No-
vocastra; 1:200) antibodies were used. To detect the expres-
sion of EBV latent genes, anti-LMP2A (Abcam; 1:300) and anti-
EBNA1 (1:300) antibodies were used. Nuclei were stained with 
Prolong Gold Anti-fade Reagent (Invitrogen) containing 4′, 6-
diamino-2-phenylindole (DAPI). 
 
RESULTS 

 
Docetaxel chemoresistance of EBV-positive and  
EBV-negative GC cells  
To analyze the effect of EBV infection on chemoresistance, 
AGS cells (EBV-negative GC cells) and AGS-EBV cells (EBV-
positive GC cells) were treated with docetaxel, and cell viability 
and cell cycle phases were compared. Cell viability of AGS-
EBV cells were significantly higher than that of AGS cells 72 h 
after treatment with over 10 nM docetaxel (Fig. 1A). Cell cycle 
distribution of the cells treated with 30 nM docetaxel was ac-
cessed by fluorescent-activated cell sorting (FACS) after stain-
ing with propidium iodide (Fig. 1B). Following docetaxel treat-
ment, the sub-G1 peak of AGS cells was increased more than 
that of AGS-EBV cells. Figure 1C shows the average of the 
sub-G1 ratio of the two cell lines obtained from three independ-
ent experiments. When treated with docetaxel, the sub-G1 
population of AGS cells was significantly higher than that of 
AGS-EBV cells.  
 
Expression of apoptosis-related genes in AGS and  
AGS-EBV cells  
To check the relationship between apoptosis-related gene ex-
pression and chemoresistance to docetaxel, Western blots 
were performed for AGS and AGS-EBV cells. At the basal state, 
there was no noticeable difference between the two cells in the 
level of Bax (Fig. 2A). Bax expression was not affected by do- 
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cetaxel in both cell lines, either. In contrast, Bcl-2 showed 
slightly higher expression in AGS-EBV cells than in AGS cells 
at the basal state. Furthermore, Bcl-2 expression was in-
creased further in AGS-EBV cells than in AGS cells following 
docetaxel treatment. Cleaved caspase-3, which is an active 
form, was detected at a similar level in AGS and AGS-EBV 
cells at the basal state, but was increased more in AGS cells 

following docetaxel treatment. Expression levels of each gene 
from three independent experiments were normalized using the 
expression level of β-actin and mean values are shown in Fig. 
2B. The expression ratio of Bcl-2 to Bax showed higher ten-
dency in AGS-EBV cells than in AGS cells at both basal state 
and following docetaxel treatment (Fig. 2C). In addition, the 
level of Bcl-2 mRNA determined by real-time RT-PCR was

Fig. 1. Docetaxel chemosensitivity of AGS and

AGS-EBV cells. The cells were treated with the

indicated concentrations of docetaxel for 72 h. (A)

Cell number was estimated using CCK-8 reagent.

The results are expressed as percentages of cell

viability relative to that of the untreated control

cells. The results are presented as mean ± SD of

three independent experiments with triplicate sam-

ples. *p < 0.05; **p < 0.01. (B) Detection of apop-

tosis in AGS and AGS-EBV cells after docetaxel

treatment. The cells were treated with 30 nM do-

cetaxel for 72 h, stained with propidium iodide, and

analyzed by FACS. (C) The ratio of sub-G1 popu-

lation of AGS and AGS-EBV cells following do-

cetaxel treatment. The graph represents mean ±

SD of three independent experiments. 

Fig. 2. Effect of docetaxel on the expres-

sion of apoptosis-related genes in AGS

and AGS-EBV cells. Cells were treated

with 30 nM docetaxel for 72 h. (A) Cell

lysate (50 μg protein/lane) was analyzed

by Western blot using anti-Bcl-2 (1:500),

anti-Bax (1:2000), and anti-cleaved cas-

pase-3 (1:500) antibodies. Anti-β-actin

antibody (1:2000) was used to check the

loading amount. The expression ratio of

Bcl-2, Bax, or caspase-3 relative to that of

β-actin (B) and the expression ratio of Bcl-

2 to Bax (C) are also shown. The data are

presented as mean ± SD of three inde-

pendent experiments. (D) The level of Bcl-

2 mRNA expression was determined by

real-time RT-PCR following treatment with

30 nM docetaxel for 72 h. Data are shown

as mean ± SD of triplicate experiments. 
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Fig. 4. Induction of EBV lytic gene by docetaxel treatment. Cells were treated with indicated concentrations of docetaxel for 72 h. (A) Expres-

sion of EBV lytic genes was analyzed by immunofluorescence assay. Anti-BZLF1 (1:50), anti-BRLF1 (1:100), anti-BMRF1 (1:200), anti-

BHRF1 (1:100) antibodies, and Alexa Fluor 555-conjugated goat anti-mouse IgG (1:500, red) were used. Nuclei were stained with DAPI (blue). 

(B) Western blot was performed using anti-BZLF1 (1:500), anti-BRLF1 (1:500), anti-BMRF1 (1:500), anti-BHRF1 (1:250), and anti-β-actin 

(1:2000) antibodies. 
 
 
higher in AGS-EBV cells than in AGS cells at basal state and 
following docetaxel treatment (Fig. 2D).  
 
Expression of cell cycle-related proteins in AGS and  
AGS-EBV cells  
The effect of docetaxel treatment on the expression of proteins 
involved in cell cycle regulation was investigated by Western 

blot. First, the expression of PARP, which functions in DNA 
repair, was analyzed. At the basal level, the level of the un-
cleaved form of PARP was higher in AGS-EBV cells than in 
AGS cells, while the cleaved form of PARP was undetectable in 
both cell lines (Fig. 3A). When the cells were treated with do-
cetaxel, the cleaved form of PARP became detectable in both 
cells. The ratio of the cleaved to uncleaved forms of PARP was 

Fig. 3. Expression of cell cycle-related genes in

AGS and AGS-EBV cells. Cells were treated

with 30 nM docetaxel for 72 h. (A) Cell lysate

(50 μg protein/lane) was analyzed by Western

blot. Anti-p53 (1:1000), anti-p21 (1:500), and

anti-PARP (1:500) antibodies were used as pri-

mary antibodies. Anti-β-actin antibody (1:2000)

was used to check the loading amount. (B) The

expression ratios of cleaved PARP relative to

uncleaved PARP are shown. (C) The expres-

sion ratios of p53 and p21, and cleaved PARP

relative to that of β-actin are shown. (D) The

expression ratios of p21 relative to p53 are

shown. The data are presented as mean ± SD

of three independent experiments. 
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higher in AGS cells than in AGS-EBV cells but the difference 
was not statistically significant (Fig. 3B). The expression levels 
of p53 at the basal state as well as following docetaxel treat-
ment did not show significant differences between AGS and 
AGS-EBV cells. p21, which is induced by p53, was rarely de-
tectable at the basal state, but was induced following docetaxel 
treatment in both cell lines. Interestingly, the level of p21 induc-
tion in AGS-EBV cells was lower than in AGS cells. Band den-
sities of p53 and p21 obtained in three independent Western 
blot experiments were normalized using β-actin; the average 
values are plotted in Fig. 3C. The expression of p53 and p21 
increased significantly by docetaxel treatment in both cells, but 
the induction of p21 was less in AGS-EBV cells than in AGS 
cells (Fig. 3C). The ratio of p21 to p53 in AGS-EBV cells was 
lower than in AGS cells following 30 nM docetaxel treatment 
(Fig. 3D). 
 
EBV lytic gene induction by docetaxel treatment in  
AGS-EBV cells  
As several anti-cancer drugs have been reported to induce 
EBV lytic cycle, the effect of docetaxel on EBV lytic gene ex-
pression was analyzed in AGS-EBV. EBV lytic genes were 
undetectable at the basal state, but were readily detected fol-
lowing docetaxel treatment by immunofluorescence assay (Fig. 
4A). When the cells were exposed to docetaxel, dose-depen-
dent induction of BZLF1, BRLF1, BMRF1, and BHRF1 produc-
tion was confirmed by Western blot (Fig. 4B). 
 
Effect of docetaxel on the expression of EBV latent genes  
in AGS-EBV cells  
To determine whether EBV latent genes were also affected by 
anti-cancer drug treatment, the expression of EBNA1 and LMP2A 
was evaluated in AGS-EBV cells by immunofluorescence as-
say following docetaxel treatment. The expression of EBNA1 
and LMP2A was always detected in AGS-EBV cells before and 
after docetaxel treatment (Fig. 5A). In addition, the expression 
level of LMP2A analyzed by Western blot was constant regard-
less the concentration of treated docetaxel. In contrast, the level 
of EBNA1 expression decreased slightly at docetaxel concen-
trations exceeding 30 nM (Fig. 5B). Next, the expression of 
survivin was assessed by Western blot following docetaxel 

treatment, as survivin is known to be up-regulated by EBNA1 
and LMP2A (Fig. 5C). At the basal state, the expression level of 
survivin was noticeably higher in AGS-EBV cells than in AGS 
cells. The expression of survivin decreased following 30 nM 
docetaxel treatment in both cells, but the expression of survivin 
in AGS-EBV cells remained higher than in AGS cells. 
 
DISCUSSION 

 
Our data show that EBV-positive GC was more resistant to 
docetaxel than EBV-negative GC. This suggests that EBV con-
fers chemoresistance to GC cells. At basal state, Bcl-2 expres-
sion was slightly higher in AGS-EBV cells than in AGS cells 
when both mRNA and protein levels were analyzed. We also 
found that Bcl-2 expression increased at both mRNA and pro-
tein levels following docetaxel treatment in both EBV-positive 
and EBV-negative GC cells. Interestingly the induction of Bcl-2 
expression by docetaxel was more prominent in EBV-positive 
GC cells. Thus, some EBV lytic gene(s) expressed following 
docetaxel treatment may induce Bcl-2 expression to provide 
docetaxel chemoresistance to the cells. 

To check whether other pro-apoptotic members of the Bcl-2 
protein family that are regulated by p53 were involved in the 
chemoresistancy, we analyzed the expression of Noxa, Puma 
α, and Puma β. Our unpublished data showed higher expres-
sion of Noxa and Puma β in AGS-EBV cells than in AGS cells 
supporting that these proteins may also play a role in chemore-
sistancy (Hee Jong Shin et al., manuscript in preparation). 
However, their expression was not affected by docetaxel treat-
ment (data not shown). 

p21 functions in cell cycle arrest and is involves in apoptosis 
(Abbas and Dutta, 2009). The present data show comparable 
p53 induction following docetaxel treatment in the two cell lines, 
while p21 expression was lower in EBV-positive GC than in 
EBV-negative GC. In EBV-positive Hodgkin’s lymphoma, the 
expressions of p21 and caspase-3 were shown to be lower 
than in EBV-negative Hodgkin’s lymphoma due to EBER1 func-
tion, which resulted in decreased cell death (Liu et al., 2010). 
Thus, it is possibile that in EBV-positive GC cells, suppressed 
p21 expression by EBER1 might cause chemoresistance. 

Following anti-cancer drug treatment, latent gene continued 

Fig. 5. Effect of docetaxel on the expression

of EBV latent genes in AGS-EBV cells. Cells

were treated with indicated concentrations of

docetaxel for 72 h. (A) Immunofluorescence

assay was performed using anti-LMP2A

(1:300), anti-EBNA1 (1:300), Cy-3-conjuga-

ted goat anti-rat IgG (1:2000, red), and Cy-3-

conjugated goat anti-rabbit IgG (1:2000, red)

antibodies. Nuclei were stained with DAPI

(blue). (B) Western blot was performed using

anti-LMP2A (1:1000), anti-EBNA1 (1:1000),

and anti-α-tubulin (1:2000) antibodies. (C)

Cells were treated with 30 nM docetaxel for

72 h. Cell lysate (50 μg protein/lane) was

analyzed by Western blot. Anti-survivin anti-

body (1:1000) was used as a primary anti-

body and anti-α-tubulin (1:500) antibody was

used to check loading amount. 
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to be expressed and lytic gene expression was induced. These 
EBV genes may play roles in chemoresistance of EBV-positive 
GC. LMP2A activates signal transducer and activator of tran-
scription 3 (STAT3), which is known to up-regulate cell 
proliferation and survival genes and decrease the expression of 
p53 (Hino et al., 2009; Yu et al., 2007). However, AGS-EBV, 
which expresses LMP2A, showed a similar expression of p53 
with AGS.  

In our experiment, LMP2A and EBNA1 might have induced 
chemoresistance through up-regulation of survivin in EBV-
positive cells (Hino et al., 2008; Lu et al., 2011). Consistently, 
higher survivin expression was evident in EBV-positive GC cells 
than in EBV-negative GC cells, not only at basal level but also 
following 30 nM docetaxel treatment. As LMP2A expression 
was not significantly changed after docetaxel treatment, while 
EBNA1 expression decreased after 30 nM docetaxel treatment, 
we propose that EBNA1 is more closely associated with sur-
vivin expression than LMP2A in AGS-EBV cells. 

BHRF1 is an EBV lytic gene, but is also expressed in EBV-
positive GC cells (Luo et al., 2005). BHRF1 reduces apoptosis 
of primary T cell and B cell by inhibiting Bim (Desbien et al., 
2009). BHRF1 also inhibits apoptosis of NPC cells induced by 
radiation (Huang et al., 1999). The present results show that 
expression of BHRF1 increased rapidly after docetaxel treat-
ment, suggesting that BHRF1 may also confer chemoresis-
tance to EBV-positive GC cells. 

In summary, increased Bcl-2 and survivin as well as reduced 
p21 seem to play some role in docetaxel chemoresistance in 
EBV-positive GC cells. To accurately understand the chemore-
sistance mechanism of EBV-associated GC, further research is 
required. A recent report showed that when LMP1 was silenced 
in EBV-positive NPC cells, the cells became more sensitive to 
anti-cancer drugs (Mei et al., 2007). We may be able to improve 
the effect of anti-cancer drugs by clarifying the role of EBV or 
cellular genes involved in chemoresistance of EBV-associated 
GC. 
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