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Epstein — Barr virus (EBV) is etiologically associated
with several human malignancies, such as nasopharyn-
geal carcinoma (NPC), Burkitt’s lymphoma, Hodgkin’s dis-
ease, lung cancer, gastric carcinoma etc [1]. LMP1 en-
coded by EBV BNLF-1 open reading frame, is a 62 kD
integral membrane protein containing six transmembrane
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To elucidate the anti-apoptotic mechanism of Epstein — Barr virus-encoded LMP1, we investigated whether LMP1
regulated the expression of survivin through NFkB and AP-1 signaling pathways using a tetracycline-regulated
LMP1-expressing nasopharyngeal carcinoma (NPC) cell line (Tet-on-LMP1-HNE2), NPC cell line expressing
dominant negative ²êÂ mutant (DIkB-HNE2), and NPC cell lines expressing various LMP1 mutants — LMP1 del
CTARl (carboxyterminal activating region)-HNE2, LMP1 del CTAR2-HNE2, LMP1 del CTAR1 and CTRA2-
HNE2. We have shown that the expression of survivin, NFkB activity and AP-1 activity increased after inducible
expression of LMP1 with Doxycycline in a dose-dependent manner. LMP1 mutant HNE2 cell lines had different
expression levels of survivin. The survivin expression in the cell line expressing wild-type LMP1 was higher than in
LMP1 mutant cell lines. After introduction of the dominant-negative mutant of ²êÂ (DIkB) or the dominant-
negative mutant of AP-1 (c-Jun) (TAM67) into Tet-on-LMPl-HNE2 cells, expression of survivin RNA and protein
reduced slightly. After introduction of the dominant-negative mutant of AP-1 (c-Jun) in DIkB-HNE2 cells, survivin
expression was significantly inhibited. The results indicated that in NPC cells, LMP1 might trigger the expression
of survivin at the RNA and the protein levels via NFkB and AP-1 signalling pathway.
Key words: Epstein — Barr virus, LMP1, survivin, NFkB, AP-1.

Äëÿ âûÿñíåíèÿ ìåõàíèçìà àíòèàïîïòè÷åñêîãî äåéñòâèÿ áåëêà LMP1 âèðóñà Ýïøòåéíà — Áàðð áûëè ïðîâåäåíû
ýêñïåðèìåíòû íà ìîäåëüíûõ ëèíèÿõ êëåòîê íàçîôàðèíãåàëüíîé êàðöèíîìû (NPC), à èìåííî:  NPC, â êîòîðûõ
ýêñïðåññèÿ LMP1 èíäóöèðóåòñÿ òåòðàöèêëèíîì (Tet-on-LMP1-HNE2); NPC, ýêñïðåññèðóþùèå äîìèíàíòíî
íåãàòèâíûé ìóòàíò ²êÂ (DIkB-HNE2); NPC, ýêñïðåññèðóþùèå ðàçëè÷íûå ìóòàíòû LMP1 — LMP1 del CTARl-
HNE2, LMP1 del CTAR2-HNE2, LMP1 del CTAR1 è CTRA2-HNE2. Óñòàíîâëåíî, ÷òî ýêñïðåññèÿ ñóðâèâèíà è
àêòèâíîñòè NFkB è AP-1 âîçðàñòàåò ïðè èíäóêöèè ýêñïðåññèè LMP1 äîêñèöèêëèíîì â äîçîçàâèñèìîì ðåæèìå.
Êëåòî÷íûå ëèíèè, ìóòàíòíûå ïî LMP1, õàðàêòåðèçîâàëèñü ðàçëè÷íûìè óðîâíÿìè ýêñïðåññèè ñóðâèâèíà, áîëåå
íèçêèìè, ÷åì òàêîâûå â èñõîäíîé êëåòî÷íîé ëèíèè. Ââåäåíèå äîìèíàíòíî-íåãàòèâíîãî ìóòàíòà ²êÂ (DIkB) èëè
äîìèíàíòíî-íåãàòèâíîãî ìóòàíòà AP-1 (c-Jun) (TAM67) â êëåòêè Tet-on-LMPl-HNE2 ïðèâîäèëî ê íåçíà÷èòåëüíîìó
ñíèæåíèþ ýêñïðåññèè ñóðâèâèíà íà óðîâíå áåëêà è ìÐÍÊ; â òî æå âðåìÿ ââåäåíèå äîìèíàíòíî-íåãàòèâíîãî
ìóòàíòà AP-1 (c-Jun) â êëåòêè DIkB-HNE2 ïðèâîäèëî ê çíà÷èòåëüíîìó èíãèáèðîâàíèþ ýêñïðåññèè ñóðâèâèíà.
Ðåçóëüòàòû ïðîäåìîíñòðèðîâàëè, ÷òî â êëåòêàõ NPC áåëîê LMP1 ìîæåò ðåãóëèðîâàòü ýêñïðåññèþ ñóðâèâèíà íà
óðîâíå ìÐÍÊ è áåëêà, èñïîëüçóÿ ñèãíàëüíûå ïóòè NFkB è AP-1.
Êëþ÷åâûå ñëîâà: âèðóñ Ýïøòåéíà — Áàðð, LMP1, ñóðâèâèí, NFkB, AP-1.

segments and cytoplasmic aminoterminal and the carboxy-
terminal domains. There are two carboxyterminal activat-
ing regions (CTAR) in LMP1 carboxyterminal domain,
CTAR1 and CTAR2, which play an important role in trig-
gering signal pathways. LMP1 has properties of the clas-
sical oncogene, which can transform rodent fibroblast cell
line as assayed by tumorigenicity in nude mice and foci
formation [2, 3]. In Burkitt’s lymphoma cells, LMP1 can in-
duce villous projection, growth in a tight clump, and the
expression of activation markers (CD23 and CD40), ad-
hesion molecules (ICAM1, LFA, and LFA3), and bcl-2 pro-
to-oncogene and can inhibit p53-triggered apoptosis.
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LMP1 activates both nuclear factor kÂ (NFkB) and activa-
tor protein (AP-1) transcription via CTAR1 and CTAR2,
which are key modulators of cell growth and might also be
relevant to the role of EBV in some malignant tumors [4].

Among the various transcription factors, AP-1 and
NFkB have been extensively investigated since they
appear to be critically involved in regulation of the ex-
pression of a variety of genes that participate in growth
processes. NFkB is a dimeric transcription factor com-
posed of members of the Rel family. In resting cells, NFkB
is sequestered by a series of inhibitory molecules named
IkBs through the interaction of their Rel homology do-
main with the ankyrin repeat domain of IkBs, thus mas-
king the nuclear localization signal and the DNA binding
domain. NFkB-inducing signals trigger a cascade of
events resulting in the phosphorylation of ²êÂ.

Consequently, NFkB is released and translocates to
the nucleus where it binds to its cognate sequence within
the promoter or regulatory region of many genes [5, 6].
AP-1 is another important nuclear transcription factor,
which is encoded by two families of genes regulated to
the proto-oncogene, c-fos and c-Jun, the products of
which associate to form a variety of homo- and hetero-
dimers that bind to a common site resulting in transcrip-
tion of a number of genes involved in cell proliferation [7,
8]. Furthermore, subunits of AP-1 and NFkB are able to
cross-talk, and both factors may play a role in cell trans-
formation [9]. Our previous studies have shown that
LMP1 functionally activates NFkB and AP-1 in nasopha-
ryngeal carcinoma cell, and low-level expression of
LMP1 increased cells proliferation and anti-apoptosis
and high-level expression of LMP1 induced apoptosis.

Recently, survivin has been described as a structurally
mammalian IAP molecule with a strictly regulated expres-
sion during tumorigenesis, as shown in mice and humans.
In contrast to other IAPs, survivin is detectable in a variety
of human tumors including colon, breast, prostate, pan-
creatic, and gastric carcinomas as well as in high-grade
lymphomas and neuroblastoma. In the recently published
extensive analysis of human transcripts, survivin transcripts
attracted notice by their strong association with the tumor
tissue [10, 11]. NFkB can regulate the inhibitors of apopto-
sis protein (IAP) c-IAPl and c-IAP2 [12]. Survivin is a mem-
ber of the IAP family. There are binding sites of AP-1 and
NFkB in the survivin promoter. We postulated that LMP1
might regulate the expression of survivin through activa-
tion of NFkB and AP-1 signaling pathways.

In present study we analyzed whether survivin could
be regulated by the oncogenic EBV protein LMP1 in NPC
cells using a dual-stable LMP1 integrated NPC cell line
regulated by the Tet-on system (Tet-on-LMPl-HNE2).

MATERIALS AND METHODS

Plasmid. LMP1 plasmid, containing wild type LMP1
derived from B95-8 EBV strain, LMP1 del CTAR1 plas-
mid, in which CTAR1 was deleted in wild type LMP1 at
position 187-351, LMP2del CTAR1 plasmid in which
CTAR2 was deleted in wild type LMP1 at position 1-
231, LMP1 del CTAR1 and CTAR2 plasmid, in which
CTAR1 and CTAR2 deleted in wild type LMP1 at posi-
tion 1-185 were used. Expression plasmid for domi-

nant negative mutant of ²êÂ (DIkB) has a deletion of
71 AAs at the N terminus, which competitively inhibits
activation of NFkB. Expression plasmid for dominant
negative mutant of AP-1 (TAM67) has a deletion of
12-123 AAs at the N terminus which does not have an
activation domain.

Cell culture. The EBV-negative poorly differenti-
ated NPC cell line HNE2 and the dual-stable LMP1
integrated NPC cell line Tet-on-LMPl-HNE2, in which
the expression of EBV LMP1 is regulated by tetracy-
cline and its derivatives, were established by Cancer
Research Institute, Hunan Medical University (Hunan,
China) [13, 20]. pLMPI, pLMPldelCTARl, pLMPldelC-
TAR2, pLMPldelCTARl and CTAR2 and pDIkB were
transfected individually into HNE2 cell. Positive cell
clones were selected with the use of G418. Anti-G418
clones were analyzed using PCR with special primers
to plasmids. The cells were grown at 37 °C in RPMI1640
(Gibco BRL, USA) containing 15% of fetal calf serum
(FCS) and 100 U/ml penicillin/streptomycin. Tet-on-
LMPl-HNE2 cells were treated with doxycycline (Dox)
at the doses 0, 0.006, 0.06, 0.6, 6.0 µg/ml.

Western blot analysis. Whole-cell extracts were
prepared essentially as described previously. After
treatment with various doses of Dox, the cells were
washed with ice-cold PBS and lyzed by 10 min incu-
bation on ice with lysis buffer (10 mM Tris-Cl, pH 8.0,
I mM EDTA, 20% SDS, 5 mM DTT, 10 mM PMSF).
The lysate was centrifuged for 5 min at 14 000 rpm.
After protein quantification by the BCA Assay Reagent
(Pierce Chemical, Inc, UK), 100 µg aliquots of protein
lysates were mixed with sample buffer and boiled for
5 min. The samples were then resolved on the 5% and
20% polyacrylamide gel containing SDS, and trans-
ferred to nitrocellulose membrane by electroblotting.
The membrane was incubated in blocking buffer (TBS
containing 5% skim milk and 0.01% Tween-20) for 2 h,
followed by incubation with primary antibody diluted in
the same buffer. Monoclonal antibody to survivin (Santa
Cruz, Inc, USA) was diluted 2 : 100. The membrane
was washed in TBS containing 0.1% Tween-20. Spe-
cifically bound antibody was detected using peroxi-
dase-conjugated anti-goat IgG at 1 : 200.

Transient transfection. 1 · 105 Tet-on-LMPl-
HNE2 cells were seeded in culture dishes 24 h prior to
transfection. Transfections were performed by lipo-
fectamine according to the instruction of manufacturer
(Gibco BRL, USA). For each transfection, 10 µg of
pLM-PI, pLPMldelCTARl, pLMPldelCTAR2, pLM-
PldelCTARlandCTAR2, pDlkB or TAM67 were diluted
by 200 µl of serum-free medium, and 10 µl lip-
fectamine — by 200 µl of serum-free medium. The two
solutions were combined, mixed gently and incubated
at room temperature for 30 min; 400 µl of the mixture
and 600 µl of serum-free medium were added into 50 ml
culture bottle. The cells were incubated at 37 °C for 5 h
and then the transfection media were replaced with
fresh complete growth media.

RT-PCR. Using TRIZOL Reagent (Gibco BRL,
USA), total RNA was isolated from cell lines according
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to the instructions of manufacturer. RNA concentration
was determined by spectrophotometry and adjusted to
1 µg/ml. For reverse transcription, 2 µl of random hexa-
mers (Gibco BRL, USA) were used. Incubation was per-
formed at 37 °C for 30 min, and 94 °C for 5 min. cDNA
were then amplified by PCR using PCR buffer (10 mM
Tris-HCl, pH 9.0, 1.5 mM MgCl2, 200 µM dNTPs, 5
units of Taq DNA polymerase (Promega, USA). On the
basis of the nucleotide sequence of Survivin, 5′-
gcacggggacagctgggaagt-3′ was used as the sense
primer and 5′-cactcctggccactggttcatcac-3′ was used
as anti-sense primer. Cycling conditions were as fol-
lows: initial denaturation at 94 °C for 5 min, followed by
35 cycles at 94 °C for 30 s, 68 °C for 30 s, 72 °C for
40 s, and, finally, 72 °Ñ for 5 min. PCR product is
196 bp. Identical PCR conditions were used to amplify
the GAPDH cDNA that was used as an internal control;
the sense primer used for GAPDH was 5′-ccacccatg-
gcaaattccatggca-3′; and the anti-sense primer was 5′-
tctagacggcaggtccacc-3′. PCR amplification was per-
formed in duplicate using independent cDNAs prepa-
ration. PCR product is 495 bp. Amplified cDNA were
separated on 1% agarose gels, and the bands were
visualized by ethidium bromide and photographed.

RESULTS

LMPl expression, NFkB and AP-1 activities in-
duced by Dox. Firstly, to determine validity of Tet-on-
LMPI HNE2 expressing LMP1, the expression of LMP1
in Tet-on-LMPI HNE2 treated by Dox at different con-
centrations was tested. The results showed that the ex-
pression of LMP1 increased in correlation with Dox con-
centration as well as NFkB and AP-1 activities mea-
sured by means of Dual-reporter system (Fig. 1, 2).

Expression of  survivin in Tet-on-LMPI HNE2
with different levels of LMP1. To determine whether
LMP1 concentration affects survivin expression, we
have applied the LMPl-inducible cell line, Tet-on-LMP1
HNE2 as the model. Upon the treatment with Dox, LMP1
expression was induced in those cells at different le-
vels. Simultaneously, survivin expression on mRNA and
protein levels was examined by RT-PCR and Wes-

tern-blot analysis, respectively. As shown in Fig. 3, sur-
vivin mRNA expression level increased along with in-
crease of Dox concentration in the range 0–0.6 µg/ml.
However, endogenous survivin expression at low level
in Tet-on -LMP1 HNE2 was registered in the absence
of Dox. As shown in Fig. 4, the expression patterns of
survivin protein were similar to those of survivin mRNA
at doses of Dox 0–6 µg/ml. At doses of 0–6 µg/ml LMP1
caused the increase of survivin expression at the RNA
and the protein levels (see Fig. 3, 4) thus triggering the
expression of survivin.

Survivin expression in LMP1 and LMP1 mutant
cell line. We further determined the functional region of
LMP1 that is responsible for triggering of survivin ex-
pression. The LMP1 and LMP1 mutant cell lines (LMPl
wild-HNE2, LMPldelCTARl-HNE2, LMPldelCTAR2-
HNE2, LMPldelCTARl and CTAR2-HNE2) were used
as cell models. We performed RT-PCR and Western
blot analysis to examine the expression of survivin on
mRNA and protein levels. As shown in Fig. 5 and 6, the
expression of survivin mRNA in LMP1 wild-HNE2 was
higher than that in LMPl mutant-HNE2 cell lines. Sur-
vivin RNA and protein expression levels were equal in
LMPldelCTARl HNE2 and LMPldelCTAR2-HNE2 cells
and were higher than those in LM-PldelCTARl and
CTAR2-HNE2 cells, suggesting that CTAR1 and CTAR2
domains participate in LMP1-dependent increase of
survivin expression (see Fig. 5, 6).

Fig. l. Western blot analysis of LMP1 expression in Tet-onLMPI
HNE2 cells

Fig. 3. Survivin mRNA expression in Tet-on-LMPI HNE2 cells

Fig. 4. Western blot analysis of survivin expression in Tet-on-
LMPI HNE2 cells

Fig. 5. Survivin mRNA expression in experimental cell models
HNE2-LMP1 (1), HNE2-LMPldelCTARl (2), HNE2-LMPldelC-
TAR2 (3), HNE2-LMPldelCTARl and CTAR2 (4), HNE2-PSG (5)

Fig. 6. Survivin expression in experimental cell models HNE2-
PSG (1), HNE2-LMPldelCTARl (2), HNE2-LMPldelCTAR2 (3),
HNE2-LMP1 (4), HNE2-LMPldelCTARl and CTAR2 (5)
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Inhibition of survivin mRNA and protein expres-
sion by DIêÂ and TAM67. To determine the signaling
pathway of LMP1 that triggered survivin expression,
we introduced pDIkB and TAM67 into Tet-on-LMPl
HNE2 to inhibit activation of NFkB and AP-1. Really,
the activities of NFkB and AP-1 in Tet-on-LMPI HNE2
were inhibited, and expression of the survivin mRNA
and protein was reduced. This indicates that LMP1 may
trigger survivin expression via NFkB and AP-1 signa-
ling pathways. Further, we introduced TAM67 into DIkB-
HNE2 cells to inhibit the activation of AP-1, obtained
the cell line with stable expression of DIkB, DIkB-HNE2,
and registered survivin expression when AP-1 and
NFkB were both inhibited. As shown in Fig 8 and 9,
expression of the survivin mRNA and protein was re-
duced significantly, but there was still some basal level
of survivin expression (Fig.7–9). Together, these data
indicate that LMP1 triggers survivin expression at the
RNA and the protein level via NFkB and AP-1 signa-
ling pathways and that the cross-talk between those
pathways occurs.

DISCUSSION

Apoptosis plays an important physiological role du-
ring embryonic development and in the maintenance of
tissue homeostasis. Deregulation of apoptosis has been
implicated in carcinogenesis abnormally prolonging cell
survival and promoting resistance to immunosurveillance
[16]. Apoptosis pathways are effectively blocked by pro-

tein that belongs to the IAP family that directly inhibit
caspases and procaspase molecules [12].

Recently, the gene for a novel member of the IAP
family, survivin, was found by hybridization sreening of
human PI genomic library with the cDNA of effector cell
protease receptor-1 (EPR-1). Survivin gene is located
on chromosome 17q25. There are four exons and three
introns beginning with CGGCATGG initiator at position
2811 [10]. Survivin promoter has three potential cell-
dependent elements (sequence GGCGG at positions
-6, -1, -171) and one CHK (sequence ATTTGAA at
position -42), G1 transcriptional repressor elements
which control cell-cycle periodicity via expression of
various G2/M-regulatory genes [11]. Survivin protein is
structurally unique among mammalian IAPs, containing
only a single baculovirus IAP repeat (BIR) and lacking
the COOH-terminal RING finger domain. Survivin in-
hibits processing of procaspase-3 and procaspase-7
and specifically binds to both active caspases in vitro.

Survivin expression has been observed in the ma-
jority of human cancers, including carcinomas of the
lung, stomach, colon, breast and prostate as well as
high-grade-non-Hodgkin’s lymphoma [10, 18]. Our
previous study has demonstrated that survivin was ex-
pressed in NPC. It was shown that there is a correla-
tion between the expression of survivin and clinically
unfavorable course of disease [19].

Recent studies have demonstrated that the tran-
scription factor NFkB is activated by a variety of extra-
cellular factors, including LMP1, and regulates the ex-
pression of genes involved in the control of the ba-
lance between normal cell cycle, apoptosis and
oncogenesis. Aberration leading to persistent NFkB ac-
tivation could rescue cells from apoptosis which is es-
sential to oncogenesis [6]. NFKB activates the inhibitor
of apoptosis proteins (IAP), c-IAPl and c-IAP2 [12].
Survivin is a member of the IAP family; does NFkB ac-
tivate survivin expression?

Using Internet databases, we found out that there are
binding sites for AP-1 and NFkB in the survivin promoter
region. Firstly, we determined the relationship between
LMP1 and survivin expression using cell model pTet-on-
LMPI HNE2 that express LMP1 at different levels, and ob-
served survivin expression that depends from LMP1 ex-
pression. Thus, LMP1 may trigger endogenous survivin
expression. Further, to determine the functional region of
LMP1 involved in the induction of survivin expression, LMP1
and LMP1 mutant cell lines containing respectively LMP1
mutant (delCTARl, delCTAR2, delCTARl and CTAR2) were
used. The results showed that survivin expression in cells
expressing wild-type LMP1 was higher than that in the
cells expressing mutant LMP1. In delCTAR1 and delC-
TAR2 cell lines, survivin expression was higher than that in
cells with both CTAR1 and CTAR2 deletions. Thus, CTAR1
and CTAR2 domains of LMP1 play an important role in the
triggering of survivin expression.

Finally, we introduced respectively DIkB and TAM67
in pTet-on-LMP cells and observed the decrease in
survivin expression, suggesting that LMP1 regulates
survivin expression through AP-1 and NFkB signaling

Fig. 8. Survivin mRNA expression in cell models Tet-on-LMPI
HNE2 (1), Tet-on-LMPl HNE2 transfected with TAM67 (2), Te-
ton-LMPI HNE2 transfected with DIkB (3), HNE2- DIkB trans-
fected with TAM67 (4); M — molecular weight markers

Fig. 9. Western blot analysis of survivin expression in experi-
mental cell models Tet-on-LMPI HNE2 (1), Tet-on-LMP1 HNE2
transfected with TAM67 (2), Tet-on-LMP1 HNE2 transfected with
D²êÂ (3), HNE2- DIkB treated with Dox at 0.6 µg/ml (4)
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pathway. Next, DIkB-HNE2 cells were transfected with
TAM67; there the deleted ²êÂ was stably expressed, both
AP-1 and NFkB were inhibited as well as survivin ex-
pression.  However, survivin expression on low level was
still registered. Those data point to existence of another
pathway that regulates expression of survivin. Probably,
the involvement of EB virus in carcinogenesis may be
associated with LMP1 triggering of survivin expression.
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