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ABSTRACT

Although previous studies showed that the principal oncoprotein encoded by Epstein-Barr virus, latent

membrane protein 1(LMP1), could induce the nasopharyngeal carcinoma cells in G2/M phase increased,

little is known about the target molecules and mechanisms. The present study demonstrated that LMP1

could induce the accumulation of p53 protein and upregulate its transactivity in a dose dependent manner,

which resulted in the decrease of the kinase activity of cdc2/cyclin B complex and inducing arrest at G2/M

phase through the activation of NF-κB and AP-1 signaling pathways, and the effect of NF-κB was more

obvious than that of AP-1. This study provided some significant evidence for further elucidating the molecu-

lar mechanisms that LMP1 had effects on the surveillance mechanism of cell cycle and promoting the

survival of transformed cells and tumorigenesis.
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INTRODUCTION

Epstein-Barr virus (EBV) is a human gamma

herpesvirus that is closely associated with several B-

cell and epithelial cell malignancies, including the

genesis of Burkitt's lymphoma, AIDS-associated

lymphomas, and undifferentiated nasopharyngeal

carcinoma (NPC)[1]. Among the products expressed

by EBV during latent infection, Epstein-Barr virus

encoded latent membrane protein 1(EBV-LMP1) is

regarded as the principal oncoprotein of EBV[2-3].

It has been reported that LMP1 participated in many

basic life activities of the cell, such as proliferation,

differentiation, transformation and apoptosis,

through the activation of many distinct signal trans-

duction pathways including the transcription factors

NF-kB, AP-1[4] and STAT[5-6].

Our previous work has demonstrated that in

nasopharyngeal carcinoma cell line, LMP1 could

upregulate the transcription of cyclin D1 via NF- B

signaling pathway[7], promoting the transition from

G1 to S phase, and leading to the cells' entering S

phase prematurely. On the other hand, LMP1 could

induce the cells arrested at G2/M checkpoint, and the

block of AP-1 transactivity would rescue the G2/M

arrest induced by LMP1 partly. However, the tar-

get molecules and the signaling pathways that par-

ticipated in the G2/M arrest induced by LMP1 re-

mained obscure.

Recently, much evidence implicated that p53

could control the entry into mitosis when cells enter

G2 phase with damaged DNA[8]. The main mecha-

nism by which p53 regulates the G2/M transition

involves the regulation of the cyclin B dependent

kinase cdc2, which is essential for entry into mitosis.

The p53 protein could repress the transcription of
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both the cyclin B and cdc2 genes. Also, several

transcriptional targets of p53 can inhibit cdc2, in-

cluding p21[9], which inhibits cdc2 directly, 14-3-3

, which anchors cdc2 in the cytoplasm where it can

not induce mitosis, and Gadd45, which dissociates

cdc2 from cyclin B.

The studies of p53 regulation demonstrated that

except for post-translational modifications and

ubiquitination, the transcription regulation of p53

gene is also a very important mechanism of p53

regulation. The NF- B and AP-1 binding sites in

p53 promoter region are particularly required for

efficient transcription of the p53 gene[10-11]. In

fact, our previous study has shown that LMP1 could

cause the accumulation of p53 protein in NPC cells

via transcription factor NF- B[12]. These triggered

our suspect that LMP1 may induce p53-dependent

G2/M arrest in NPC cells through the activation of

NF- B and/or AP-1 signaling pathways.

MATERIALS AND METHODS

Cell culture and treatment

MCF-7 (HTB-22; American Type Culture Collection) human

mammary gland cell line, which can express wt p53 protein, was

cultured in PRMI 1640-medium (Gibco Biocult, Paisley, UK),

supplemented with 10% fetal calf serum (Sino-American Bio-

technology Company, Luoyang, China). The Tet-on-LMP1-

HNE2 is a dual-stable LMP1 integrated NPC cell line and the

expression of LMP1 in which could be regulated by Tet system

[13]. It was cultured in RPMI 1640 medium with 100 μg/ml G418

and 50 μg/ml hygromycin, supplemented with 10% fetal calf

serum. Using the HNE2-LMP1 NPC cell line which can express

LMP1 stably[14], we established one stable cell line that expressed

the dominant negative mutant of IκBa(DNM IκBα) and the

transcriptional activity of NF-κB, which was inhibited efficiently,

and named HNE2-LMP1-DNM I κBα. This was cultured in RPMI

1640 medium with 100 μg/ml G418 and 2 g/ml pyromycin,

supplemented with 10% fetal calf serum. Furthermore, the

HNE2-LMP1-TAM67 nasopharyngeal carcinoma cell line, which

can express the dominant negative mutant of c-Jun (TAM67)

stabely and the transcriptional activity of AP-1, which was sup-

pressed efficiently, was established. All cell lines grew at 37oC

under 5% CO2, and 95% air at 99% humidity.

Plasmid

The dominant negative mutant of c-Jun, TAM67, deleted the

nucleotides that encoded amino acids 3-122 of c-Jun. The mu-

tant protein encoded by TAM67 thus retained the DNA-binding

and leucine zipper domains of c-Jun, but lacked most of the

amino-terminal end of the Jun protein, which contains the

transactivation domain. This mutant c-Jun protein can dimer-

ize and bind DNA, but failed to activate the transcription of an AP-

1-responsive gene[15]. The human K14 promoter driven mu-

tant c-Jun (TAM67) vector, which was constructed by inserting

the TAM 67 sequence into the vector pGem3z, and the AP-1

luciferase reporter plasmid[16], in which a sequence of the

collagnease promoter region (-73 to +67 bp) containing one AP-

1 binding site was inserted into a luciferase reporter vector pGL2-

basic, were all kindly provided by Dr Li JJ (National Medical

Center and Beckman Research Institute, USA). pRevTRE vec-

tor with a hygromycin resistance gene was obtained from

Clontech Company (Cat No. 6137-1). The p53-pGL3 luciferase

reporter plasmid, which contained the firefly luciferase gene

under the control of p53-responsive elements[17], was a gener-

ous gift of Prof. Yuan ZM (Department of Cancer Cell Biology,

Harvard University School of Public Health, USA).

Cell transfection and establishment of stable clones

Transfections were performed using SuperFect\bigcircR

Transfection Reagent (QIAGEN) method. Before transfection,

cells (2 106 per well) were seeded in 6-well plates overnight.

Plasmid DNA (2.0 g) and SuperFect Transfection Reagent (10

l), each were diluted in serum-free medium (100 l). DNA and

SuperFect\bigcircR Transfection Reagent were then mixed and

incubated for 15 min at room temperature to form transfection-

complex. Cells were rinsed twice with PBS. Add 600 l cell growth

medium (containing serum and antibodies) to the transfection

complexes. Mix and immediately transfer the whole volume to

the cells. After 3 h of incubation at 37oC in CO2 incubator, the

DNA-containing medium was replaced by fresh medium con-

taining 10% serum.

To establishment of stable clones, the TAM67 and pRevTRE

plasmids were co-transfected into HNE2-LMP1 cell lines as de-

scribed above. Two days after the transfection, the transfected

cells were distributed in 96-well plates and 50 g/ml Hygromycin

B (Calbiochem, San Diego, CA) was added to select stably trans-

fected clones. After selection with Hygromycin for 3 weeks, indi-

vidual clones were expanded to mass cultures and subsequently

assayed for the transactivity of AP-1 using luciferase activity

assay. The clone, which can express TAM67 plasmid stably and

effectively suppress the transactivation induced by AP-1, was

denominated HNE2-LMP1-TAM67 and maintained in culture

medium supplemented with 50 g/ml Hygromycin B.

Luciferase activity assay

Cells were co-transfected by the SuperFect Transfection

Reagent (QIAGEN) method using luciferase reporter DNA and

b-galactosidase reporter plasmids. The cells were lysed in Re-

porter Lysis Buffer (Promega, Madison, WI) 24 h after the

transfection. We mixed 20 μl of cell lysate with 100 μl Luciferase

Assay Reagent and the luciferase activity was measured by a

luminometer (BIOSCAN LUMI-SCINT v3.2a). An aliquot of

the same cell lysate of each cell line was used to measure β-

galactosidase activity as an indicator of the transfection

efficiency.

Cell lysate preparation
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Cells were harvested and washed twice in cold phosphate-

buffered saline (PBS), and then scraped into cell lysis buffer

containing 50 mM Tris, pH 7.5, 1 mM EDTA, 25% SDS, 5 mM

dithiothreitol, and 10 mM PMSF. The cells were incubated in lysis

buffer for 30 min on ice and centrifuged at 15,000 g for 15 min.

The supernatant was designed as the cell lysate.

Western blotting

Protein samples from the various cell preparations were

subjected to 10% SDS-polyacrylamide gel electrophoresis and

transferred onto nitrocellulose membrane. The membrane was

then soaked in a blocking solution containing 5% (w/v) non-fat

dry milk in phosphate-buffered saline containing 0.05% Tween

20 (PBST) for 1 h at room temperature. To assess p53 levels, the

soaked membrane was then incubated with p53 monoclonal an-

tibody (DO-1, catalog no. SC-126; Santa Cruz Biotechnology,

Santa Cruz, CA) for 8 h at room temperature and then washed

with PBST 3 times for 15 min each and incubated in horserad-

ish peroxidase-conjugated goat anti-mouse IgG antibody at room

temperature for 1 h. The membrane was washed 3 times with

PBST buffer for 15 min each. Immunobands were detected by

the enhanced chemiluminescence reaction (ECL PlusTM System,

PIERCE, USK). Equal loading was assessed by protein concen-

tration determinations using BCA Protein Assay Reagent Kit

(PIERCE, USA) and by Ponceau S staining of the membrane.

Quantification of immunoband intensities was determined by

densitometic scanning using ImageMasterTM software (Pharmacia

Biotechnology, USA).

cdc2 kinase assay

The cdc2 kinase activity was detected with MESACUP cdc2

Kinase Assay Kit (MBL, LTD. Japan, Code No.5230). We sus-

pended 2 107 cells in cold sample buffer (50 mM Tris, pH 7.5, 0.

5 M NaCl, 5 mM EDTA, 2 mM EGTA, 0.01 % Brij35, 1 mM PMSF,

0.05 mg/ml leupeptin, 50 mM 2-mercaptoethanol, 25 mM beta-

glycerophosphate, and 1 mM Na-orthovanadate). After sonicated,

cell extract was separated by centrifugation. We incubated 20 

l of HCK-gel suspension (MBL, Code No. 5236) with 300 l of cell

extract on ice for 1 h, followed by centrifugation and the pellets

obtained were used as the enzyme source. Add reaction reagents

into the HCK-gel pellets in the following order: 10 cdc2 Reac-

tion Buffer, Biotinylated MV Peptide, distilled water, and ATP.

Sample Buffer was used to substitute for HCK-gel pellet as the

negative control. Mix well the contents and incubate at 30oC for

30 min. Terminate the phosphorylation reaction and then de-

tect the cdc2 kinase activity with ELISA. Transfer terminal re-

action mixture to each microwell strip coated with Monoclonal

Antibody (4A4). Incubate the microwell at 25oC for 60 min, and

wash with Wash Solution. Then add POD conjugated Streptavidin

to each well, incubate the microwell at 25oC for 30 min and wash

5 times. At last, add POD Substrate Solution to each well, incu-

bate the microwell at 25oC for 5 min and add Stop Solution to each

well. Read the O.D. of each well at 490 nm with a microplate

reader (Bio-Tek Instruments, USA) immediately.

Cell cycle analysis

Cell cycle stage was analyzed by flow cytometry. Aliquots of 1

106 cells were harvested by centrifugation, washed in cold PBS,

fixed with ice-cold 70% ethanol and treated with 1 μg/ml DNase-free

RNase for 30 min. Propidium iodide (PI) was added to a final

concentration of 50 μg/ml. The samples were then analyzed on a

FACSort (Becton Dickinson, San Jose, CA), and cell cycle analy-

sis was done with CELLQuest (version 3.3) software.

RESULTS

Both the protein and transactivity of p53 were up-
regulated after the EBV-LMP1 expression

Twenty-four hours after treating the Tet-on-

LMP1-HNE2 cells with different doses of

doxycycline, the p53 protein levels increased in a

dose-dependent manner,  as  is  shown by

immunoblotting experiment (Fig 1). When the dose

of doxycycline was 0.6 μg/ml, p53 protein level was

the highest, reaching about 1.8 times of that in the

cells without doxycycline. To further investigate

whether EBV-LMP1 could up-regulate the

transactivity of p53 at the same time, the p53 lu-

ciferase reporter assay was performed. Parallel to

the increase of p53 protein, the transactivity of p53

was also up-regulated by EBV-LMP1 in a dose-de-

pendent manner (Fig 2). When the cells were treated

with 0.6 μg/ml doxycycline for 24 h, the transactivity

Fig 1.  LMP1 induced p53 accumulation in a dose-dependent

manner. The Tet-on-LMP1-HNE2 cells were harvested and

lysed after they were treated with different doses of doxycy-

cline for 24 h. Equal amounts of proteins were separated by

10% SDS-PAGE and blotted onto nitrocellulose membrane.

The p53 protein was detected by Western blot using the spe-

cific antibody DO-1. Quantification of immunoband intensi-

ties was determined by densitometry scanning using

ImageMasterTM software, and the amount of p53 protein ob-

tained from the Tet-on-LMP1-HNE2 cells growing in the ab-

sence of doxycycline was normalized to one. MCF-7 cells, which

can express wild type p53 protein, served as the positive control.
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of p53 protein was about 1.86 times of that in the

cells which was not treated with doxycycline. These

indicated that the expression EBV-LMP1 would in-

duce both the accumulation of p53 protein and up-

regulation of its transactivity.

Fig 2. The p53-luciferase reporter plasmid activity was

increased in a dose-dependent manner when the expression

of EBV-LMP1 was induced by different doses of doxycycline.

The Tet-on-LMP1-HNE2 cells were cotransfected with p53-

luciferase reporter plasmid and -galactosidase reporter

vector as an internal control. At 24 h after treating the cells

with different doses of doxycycline, cellular extracts were

prepared and assayed for luciferase and -galactosidase ac-

tivities as described in the Materials and Methods section.

Fold activation was determined by dividing the luciferase

activity of each sample by the basal luciferase activity in the

absence of doxycycline. Bars, means of triplicates SD.

EBV-LMP1 up-regualted p53 via NF-kB and AP-1
signal pathways

Our previous work has shown that EBV-LMP1

expression could activate the transcriptional activi-

ties of NF- B[18] and AP-1[19] in NPC cell lines.

Recently, it was reported that the NF- B and AP-1

binding sites in p53 gene promoter region were re-

quired for efficient transcription of the p53 protein

[10-11]. It was suspected that LMP1 might induce

the accumulation of p53 protein and up-regulate its

transactivity via NF- B and/or AP-1 signal trans-

duction pathways. Using the HNE2-LMP1-DNM I

B  and HNE2-LMP1-TAM67 NPC cell lines, in

which the transcriptional activity of NF- B or AP-

1 was efficiently suppressed, it could be explored

that whether NF- B and/or AP-1 participated in

the up-regulation of p53 protein induced by LMP1.

Comparison the p53 protein levels in the HNE2-

LMP1-DNM I B  cell line and HNE2-LMP1-

TAM 67 cell line with that in Tet-on-LMP1-HNE2

cells treated with 0.6 mg/ml doxycycline for 24 h

showed that block of the NF- B or AP-1 signal

transduction pathway resulted in the reduction of

p53 protein level to 17% and 65%, respectively (Fig

3). With the change of the protein levels, the

transactivities of p53 in the HNE2-LMP1-DNM I

B  and HNE2-LMP1-TAM67 cell lines also re-

duced to 26% and 54% of that in Tet-on-LMP1-

HNE2 cells treated with doxycycline, respectively (Fig

4). These data indicated that both the NF- B and

AP-1 signal transduction pathways participated in

the up-regulation of p53 induced by EBV-LMP1 and

the effect of NF- B on p53 was more notable than

that of AP-1.

LMP1 induced the p53-dependent G2/M arrest

Fig 3. Block of the AP-1 or NF-kB signaling pathways

resulted in the decrease of p53 protein. Tet-on-LMP1-HNE2

cells were treated with 0 g/ml or 0.6 g/ml doxycycline for

24 h. HNE2-LMP1-TAM67 (in which the transactivation

induced by intracellular AP-1 was suppressed effectively)

and HNE2-LMP1-DNM I B  (in which the transactivation

induced by intracellular NF- B was inhibited effectively)

cells were then washed and lysated with lysis buffer. Equal

amounts of proteins were separated by 10% SDS-PAGE and

blotted onto nitrocellulose membrane. The p53 protein was

detected by Western blot using the specific antibody DO-1.

Quantification of immunoband intensities was determined

by densitometry scanning. Relative correction was deter-

mined by dividing the intensity of each sample by the

amount of p53 protein obtained from Tet-on-LMP1-HNE2

cells growing in 0.6 g/ml doxycycline for 24 h. MCF-7 cells,

which can express wild type p53 protein, served as the posi-

tive control.

G2/M cell increased by EBV-LMP1 in nasopharyngeal carcinoma
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It is clear that p53 could induce G2/M arrest

through down-regulating the transcription of both

cdc2 and cyclin B directly and inhibiting the kinase

Fig 4. Block of the AP-1 or NF-κB signaling pathways resulted

in decrease of the transactivity of p53 protein. Tet-on-LMP1-

HNE2, HNE2-LMP1-TAM67 and HNE2-LMP1-DNM IκBα

cells were cotransfected with p53-luciferase reporter plas-

mid and β-galactosidase reporter vector as an internal control.

After transfection, the Tet-on-LMP1-HNE2 cells were tread

with 0  μg/ml or 0.6  μg/ml doxycycline for 24 h. Cellular

extracts were then prepared and assayed for luciferase and β-

galactosidase activities as described in the Materials and

Methods section. Bars, means of triplicates SD.

Fig 5. Decrease of cdc2 kinase activity induced by EBV-LMP1

and block of NF- B or AP-1 signaling pathway results in the

increase of cdc2 kinase activity partly. At 24 h after treating

the Tet-on-LMP1-HNE2 with 0   μg/ml or 0.6  μg/ml doxycycline,

cellular extracts from Tet-on-LMP1-HNE2, HNE2-LMP1-

TAM67 and HNE2-LMP1-DNM IkBa cells were prepared

and assayed for cdc2 kinase activity as described in Materials

and Methods. Bars, means of triplicates SD.

activity of cdc2/cyclin B complex indirectly[8]. After

we have discovered that EBV-LMP1 could induce

the accumulation of p53 protein and up-regulate its

transactivies via NF- B and AP-1 signal transduc-

tion pathways, we would like to further study

whether EBV-LMP1 could induce the p53-depen-

dent G2/M arrest in NPC cells through the activation

of NF-κB and AP-1.

Through detection of the kinase activity of cdc2/

cyclin B complex as described in the Materials and

Methods section, it was discovered that the O.D. at

Fig 6. EBV-LMP1 induced the NPC cell arrested at G2/M

checkpoint and blocking AP-1 or NF-kB signaling pathway

resulted in the rescue of G2/M arrest partly. At 24 h after

treating the Tet-on-LMP1-HNE2 with 0 g/ml or 6 g/ml

doxycycline, Tet-on-LMP1-HNE2, HNE2-LMP1-TAM67 and

HNE2-LMP1-DNM IkBa cells were harvested and fixed with

ethanol, and stained with propidium iodide, as described in

the Materials and Methods section. The data were presented

as number of cells (Y-axis) having a certain PI fluorescence

(DNA content; X-axis). The percentage of each cell cycle stage

was indicated in each panel.

Lin  DENG  et  al
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490 nm of the Tet-on-LMP1-HNE2 cells without

doxycycline treatment was 0.334 while that of the

Tet-on-LMP1-HNE2 cells treated with doxycycline

reduced to 0.003. Block of the NF-κB or AP-1 signal

transduction pathway caused the O.D. at 490 nm

to rise to 0.050 and 0.030, respectively, which im-

plied partial recovery of the kinase activity (Fig 5).

The results indicated that EBV-LMP1 could induce

the down-regulation of the kinase activity of cdc2/

cyclin B complex via activation of the NF-κB and

AP-1 signal transduction pathways. The effect of

NF-κB on cdc2/cyclin B was more apparent than

that of AP-1.

Further analysis of cell cycle distribution showed

that 9.27% of the cells stayed in G2/M phage when the

Tet-on-LMP1-HNE2 cells were treated with doxy-

cycline and only 2.04% of the cells in G2/M phage

without doxycycline treatment. As shown in the ki-

nase assay experiment, block of the NF-κB or AP-1

signal transduction pathway led to partial rescue of

the G2/M arrest induced by EBV-LMP1, the percent-

ages of cells staying in G2/M stage were 4.64% and 6.

16%, respectively (Fig 6).

From the above-mentioned experiments, it could

be concluded that EBV-LMP1 could induce the ac-

cumulation of p53 protein and up-regulate the

transactivity of p53, which resulted in the down-

regualtion of the kinase activity of cdc2/cyclin B com-

plex and induced NPC cell arrest at G2/M checkpoint,

through activation of the NF-kB and AP-1 signal

transduction pathways. Furthermore, the effect of

NF-κB on p53-dependent G2/M arrest induced by

EBV-LMP1 was more obvious than that of AP-1.

DISCUSSION

NPC is one of the most common malignant

tumors in Southern China. Genetic factors, and EBV

infection as well as environmental factors have been

reported to be associated with the etiology of NPC

[20-21]. However, the molecular mechanism for NPC

tumorigenesis remains unclear.

The p53 protein is associated with 50-70% of

human tumors[22-23]. There are at least 3500 kinds

of mutation in the p53 gene[24]. However, the fre-

quency of p53 gene mutation in NPC is lower than

10 percent[25-26]. Previous work has shown that

the mRNA[27]  and protein of  p53 were

overexpressed in NPC and it has been speculated

that the accumulation of p53 protein in NPC cells

may be related to the infection of EBV[28-30]. Our

previous study showed that the oncoprotein LMP1

encoded by EBV could cause the accumulation of p53

protein in NPC cells via transcription factor NF-

B[12]. In this study, we further confirmed that

LMP1 induced the accumulation of p53 protein and

up-regulated its transactivity at the same time.

Previous studies have indicated that EBV-LMP1

could activate the cell cycle regulators via NF-κB and

AP-1 signaling pathways, resulting in disturbance

of cell cycle and promoting proliferation of NPC cells

[31-33]. To further elucidate the mechanism under-

lying induction of p53 by LMP1, we established 2

stable cell lines, namely HNE2-LMP1-DNM IkBa

and HNE2-LMP1-TAM67, in which the dominant

negative mutant of IkBa (DNM I B ) or c-Jun

(TAM67) was expressed permanently by Western

blot(data not shown) and the transcriptional activ-

ity of NF- B or AP-1 has been inhibited efficiently.

At the same time, we used a dual-stable LMP1 inte-

grated NPC cell line Tet-on-LMP1-HNE2 cells, in

which the expression of LMP1 could be tightly regu-

lated by doxycycline in a dose dependent manner

[13]. Since the three kinds of cell line we used are

all established from the HNE2-LMP1 nasopharyn-

geal carcinoma cell line, comparison of the amounts

and transactivity of p53 protein, kinase activity of

cdc2/cyclin B complex and the distribution of cell

cycle stage in the HNE2-LMP1-TAM67 and the

HNE2-LMP1-DNM IkBa cell lines with those in Tet-

on-LMP1-HNE2 cells treated with doxycycline, can

indicate that EBV-LMP1 could induce the accumu-

lation of p53 and up-regulate its transactivity, which

resulted in the down-regulation of the kinase activ-

ity of cdc2/cyclin B complex and increased cells in G2/

M phase, via the activation of NF-κB and AP-1

signaling pathways. The effect of NF-κB was more

obvious than that of AP-1.

Many stimulation signals such as DNA damage,

hypoxia, ribonucleotide deletion and activation of

oncogene (adenovirus E1A, Ras, c-Myc et al) can

activate p53[34-37], followed by cell cycle arrest or

apoptosis. The studies of p53 regulation demon-

strated that except for post-translational modifica-

tions and ubiquitination, the transcriptional regula-

tion of p53 gene was also a very important mecha-

nism of p53 regulation. The NF-κB and AP-1 bind-

G2/M cell increased by EBV-LMP1 in nasopharyngeal carcinoma
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ing sites in p53 promoter region, which were local-

ized in -163  -155 bp and -288  -282 bp up-

stream from the transcriptional starting site, were

required for efficient transcription of the p53 pro-

tein[10]. A recent study also indicated that p53

transactivated its own promoter in a dose-depen-

dent manner while NF-κB had an additive effect on

p53 in HCT 116 (human colon carcinoma cells), SK-

OV-3 (human ovarian adenocarcinoma cells) and

Saos-2 (human osteogenic sarcoma cells), thus re-

sulting in a positive feedback of the p53 expression

[11].

This implied that the accumulation of p53 pro-

tein induced by LMP1 was mostly likely the result

from up-regulation of p53 transcription via NF- B

and AP-1, and the effect of NF-κB was more notable.

However, it is still possible that NF-κB and AP-1

signaling pathways have effect on the stabilization

and activity of p53 by other mechanisms.

G2/M checkpoint is a very important restriction

point before mitosis in eukaryotic cell, which is closely

associated with the genomic instability, tumorigen-

esis and treatment of tumor[38-42]. G2/M arrest

provides an essential period for DNA repair before

the segregation of chromosomes, which may decrease

the chromosomal aberrations, provent the failure in

mitosis and increase the tolerance to DNA damage

agents such as some chemotherapeutic compounds

and ionizing radiation.

Radiation therapy is the main treatment for NPC.

Our previous work has shown that while inducing

apoptosis of NPC cells, irradiation activated the ac-

tivity of NF- B at the same time which led to the

resistance to radiation and block of NF- B activity

through the introduction of the dominant negative

mutant of IkBa that can sensitize cells to the

radiation. The present study demonstrated that

LMP1 induce p53-dependent G2/M arrest via NF-kB

and AP-1 signaling pathways, and provided one of

the possible mechanisms underlying NPC cells' re-

sistance to ionizing radiation. This will help improve

the therapy strategy for NPC, although it need fur-

ther study to confirm the effectiveness.

The respective block of NF- B or AP-1 signal-

ing pathway just rescue the G2/M arrest induced by

LMP1 partly, which suggested that NF- B and AP-

1 signaling pathways may have synergetically to

mediated G2/M arrest induced by LMP1. Further

study may provide new clues for better understand-

ing of the distinct mechanism of how EBV-LMP1

participates in the disturbance of cell cycle and

tumorigenesis.
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