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Expression of LMP and EBNA genes in Epstein-Barr
virus-associated lymphomas in Hu-PBL/SCID mice
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Abstract. Transplantation of peripheral blood lymphocytes
(PBLs) from healthy humans with latent Epstein-Barr virus
(EBV) infection into severe combined immunodeficiency
(SCID) mice results in development of EBV-associated human
B-cell lymphoma. However, the expression of EBV genes in
relation to lymphoma development has not been reported. We
investigated latent membrane protein (LMP) and EBV nuclear
antigen (EBNA) gene expression in PBLs from EBV-positive
blood donors and induced-lymphoma cells from SCID mice
to elucidate the functions and effects of the EBV genome in
the occurrence and development of lymphoma. PBLs were
isolated from 9 healthy blood donors and transplanted into
SCID mice. Gene expression levels of LMP-1, LMP-2A,
and LMP-2B and EBNA-1, EBNA-2, EBNA-3A, EBNA-3B,
EBNA-3C and EBNA-LP were monitored by real-time quan-
titative-polymerase chain reaction (QRT-PCR) in cells from
nine EBV-induced lymphomas and in matched lymphocytes
from healthy subjects. LMP-1, EBNA-1 and EBNA-2 protein
levels were detected by western blotting. As a result, LMP-1,
LMP-2A and LMP-2B mRNA levels were upregulated 256-,
38- and 331-fold, respectively, in the EBV-induced lymphoma
cells compared with the controls, while EBNA-1 and EBNA-3A
mRNA levels were upregulated 1157- and 1154-fold, respec-
tively. EBNA-2, EBNA-3B, EBNA-3C and EBNA-LP mRNAs
were detected in lymphoma cells, but not in lymphocytes from
EBV-positive blood donors. LMP-1 and EBNA-2 proteins were
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not expressed in lymphocytes from EBV-positive blood donors,
according to western blotting. Weak EBNA-1 expression was
observed in lymphocytes from blood donors with latent EBV
infection, while LMP-1, EBNA-1 and EBNA-2 protein levels
were significantly upregulated in EBV-induced lymphoma
cells, consistent with mRNA expression levels detected by
gRT-PCR. In conclusion, LMP-1, LMP-2A, LMP-2B, EBNA-1
and EBNA-3A were upregulated in EBV-induced lymphoma
cells, while EBNA-2, EBNA-3B, EBNA-3C and EBNA-LP
were absent in lymphocytes from humans with latent EBV
infection, but were positively expressed in EBV-induced
lymphoma cells.

Introduction

Epstein-Barr virus (EBV) is a human lymphotrophic
double-stranded y-DNA herpes virus. EBV infection is
common within the global population, with ~90% of adults
testing positive for serum viral capsid antigen (VCA)-IgG
antibody. Latent EBV usually persists after infection, and
may lead to malignant transformation of host cells. EBV has
been found to be involved in the occurrence and progression
of nasopharyngeal carcinoma, lymphoma, gastric cancer,
and other malignancies, and is considered as a human tumor
virus (1). EBV infection of resting B lymphocytes in vitro may
induce cell activation and proliferation, potentially resulting
in the establishment of immortalized lymphoblastoid cell
lines (LCLs). These LCLs express virally-encoded proteins,
including 6 EBV nuclear proteins (EBNAs), EBNA-1, -2, -3A,
-3B, -3C and -LP, and 3 latent membrane proteins (LMPs),
LMP-1, -2A and -2B (2,3), associated with cell proliferation
and tumorigenesis.

We previously confirmed that transplantation of peripheral
blood lymphocytes (PBLs) from healthy human subjects with
latent EBV infection into severe combined immunodeficiency
(SCID) mice induced EBV-associated human-origin B-cell
lymphoma (4,5). However, there has been no comprehensive
and systematic evaluation of viral LMP and EBNA gene
products in EBV-associated lymphomas. In the present study,
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we evaluated EBV gene and protein expression levels in
EBV-induced lymphoma cells in SCID mice using quantitative
real-time polymerase chain reaction (QRT-PCR) and western
blotting, and compared them with matched lymphocytes from
healthy human blood donors with latent EBV infection to
reveal the changes in EBV gene expression profiles associated
with EBV-induced lymphoma.

Materials and methods

Materials. Peripheral venous blood (300-400 ml) from nine
healthy blood donors was provided by Hengyang Blood Center.
SCID-Beige mice were purchased from Beijing Weitong Lihua
Experimental Animal Technology Co., Ltd. (Beijing, China).
The present study protocol was approved by the Medical
Ethics Committee of the University of South China.

Methods

Detection of the EBV infection status of blood donors. Plasma
EBV VCA-IgG was detected using an EBV-VCA-IgG ELISA
kit (ADL Embedded Solutions Inc., San Diego, CA, USA). The
presence of EBV DNA in the donor blood cells was detected
by extraction of DNA from whole blood, followed by PCR
amplification of the 82-bp LMP-1 gene sequence (GI: 896226,
forward, 5'-CTGCTCATCGCTCTCTGGAA-3' and reverse,
5'-AGACAAGTAAGCACCCGAAGATG-3") (2,3). The PCR
reaction conditions were as follows: a 4-min pre-denaturation
at 94°C, a 30-sec denaturation at 94°C, a 30-sec annealing at
52°C, a 30-sec extension at 72°C, for 30 cycles, followed by a
5-min extension at 72°C. The size of the amplified product was
82 bp. The PCR products were identified using 2% agarose
gel electrophoresis, with LMP-1 amplification results observed
under UV using a gel-imaging and analysis system.

Construction of Hu-PBL/SCID chimeric mice. Hu-PBL/SCID
chimeric mice were constructed by inoculation of SCID mice
with lymphocytes isolated from the peripheral blood of human
donors with latent EBV infection. PBLs were isolated using
lymphocyte separation medium (Tianjin Hao Yang Biological
Manufacture Co., Ltd., Tianjin, China) from peripheral venous
blood of healthy adults with latent EBV infection, diluted to
8-10x107/ml using RPMI-1640 culture medium without fetal
bovine serum. Each SCID mouse was inoculated intraperitone-
ally with 1 ml PBL suspension under aseptic conditions. PBLs
from each blood donor were used to inoculate 3 or 4 SCID
mice. After inoculation, each SCID mouse was administered
cyclosporin A (Sandoz Co., Novartis, Switzerland) via intra-
peritoneal injection at 10 mg/kg/day for 2 consecutive days.
The dose was adjusted to 15 mg/kg every other day from the
third day, for a total of 11 doses.

Development and pathological examination of EBV-induced
tumors in SCID mice. Hu-PBL/SCID chimeric mice
were maintained in a laminar-air-flow rack under specific
pathogen-free conditions. The mice were euthanized to reduce
suffering in the event of death or sickness, and surviving mice
were sacrificed 4 months after PBL inoculation. All mice
were subjected to detailed autopsy. The abdominal and medi-
astinal cavities and vital organs were examined, and tumor
shape, size, color, texture, and invasion of adjacent organs
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were examined. Each induced tumor was divided into two
parts: one part was frozen in liquid nitrogen for RNA, DNA,
or protein extraction; the other part was fixed in 10% neutral
formalin, embedded in paraffin, and sliced into 4-ym serial
sections for routine hematoxylin and eosin or immunohisto-
chemical staining.

Immunohistochemical staining was performed using
antibodies against human leukocyte common antigen CD45
(LCA), B-cell markers (CD20 and CD79a), and T-cell markers
(CD45RO and CD3) (Maixin Biotech. Co., Ltd., Fuzhou,
China). The SP immunohistochemistry and DAB kits were
purchased from Fuzhou Maixin Biotechnology Co., Ltd.
(China). Staining was carried out according to the manufac-
turer's instructions. Phosphate-buffered saline replaced the
primary antibody as a negative control.

PCR detection of human-specific Alu sequence in induced
tumors in SCID mice. DNA was extracted from tumors
induced in SCID mice and the 221-bp human-specific Alu
sequence was amplified using PCR (5). The sequence of the
human Alu primer was as follows: forward, 5'-CACCTGTAA
TCCCAGCAGTTT-3' and reverse, 5-CGCGATCTCGGCTC
ACTGCA-3". The PCR product was identified by 1.5% agarose
gel electrophoresis and observed under UV light using a
gel-imaging analysis system.

Determination of EBV gene expression in induced tumors by
qRT-PCR. Total RNA was extracted and purified and used to
synthesize cDNA. An RNA extraction kit (Omega Bio-Tek
Inc., Doraville, GA, USA) was used to extract total RNA
from induced tumor tissues and matched lymphocytes from
‘normal’ donors, with Bys ¢ cells as a positive control (Bys_g
cells were derived from marmoset leukocytes transformed
by EBV). The quality and quantity of the RNA samples were
determined using a UV spectrophotometer (Perkin-Elmer,
Fremont, CA, USA), followed by storage at -80°C. In accor-
dance with the instructions of the reverse transcription kit
(Promega Corporation, Madison, WI, USA), 2 ug RNA from
each sample was used for cDNA synthesis. mRNA expres-
sion was detected by qRT-PCR using SYBR Premix Ex Taq
reagent (Takara, Dalian, China). qRT-PCR was carried out
in a 96-well plate using an ABI 7700 Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA). The primers
used are listed in Table I.

RNA from By ¢ cells was used as a template to obtain cDNA
for qRT-PCR. A standard curve was established based on the
initial cDNA duplication number and CT value for real-time
fluorescent quantitative detection of By, g cells. The template
content in the sample was determined by relative quantitation
using the AACT method, standardized by the duplication
number of the housekeeping gene glyceraldehyde 3-phosphate
dehydrogenase. Each sample was tested in triplicate.

Determination of EBV protein expression in the induced
tumors by western blotting. Total protein was extracted from
sodium dodecyl sulfate (SDS) lysates (SDS lysis buffer;
Beyotime, China) of induced tumor tissues and matched
‘normal’ lymphocytes. Proteins were quantified using a BCA kit
(Enhanced BCA protein assay kit; Beyotime). Protein samples
(50 pg) were separated using 8-12% SDS-polyacrylamide gel
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Table I. Primer sequences of QRT-PCR (5'-3").
Gene name Forward primer Reverse primer Size (bp)
LMP-1 CTGCTCATCGCTCTCTGGAA AGACAAGTAAGCACCCGAAGATG 82
LMP-2A CGTCACTCGGACTATCAACCAC CTTCCTCTGCCCGCTTCTT 149
LMP-2B CGCCGTTTGACTGTTTGTG AGCAGCAGCGTCATGGAA 125
EBNA-1 GTTCCTCGCCTTAGGTTGTA AGCTCTCCTGGCTAGGAGTC 124
EBNA-2 GTCTGGCACATGCAAGACA TCTGCCACCTGCAACACTAA 154
EBNA-3A CTAATGGCCTGTCGAATGG TTTCAGCGCATCGACACA 103
EBNA-3B GGATCGTCACCACCATTGT GGTGGGATCTGAGCCTATTT 159
EBNA-3C GGCACATTGTCTTCCGTGTC TACAGACTACCGGCGAGCAT 220
EBNA-LP TCCCCTCGGACAGCTCCTA CCACTTACCACCTCCCCTTCT 117
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA 138

600 bp
500 bp
400 bp

300 bp
200 bp

GAPDH 395 bp

100 bp
LMP-182 bp

Figure 1. Agarose gel electrophoresis of the PCR amplification products of
the LMP-1 gene (82 bp). Lane M, marker; lane 1, positive control (B,s_g cells);
lane 2, ddH,O negative control; lanes 3, 4, 5, whole blood cells from blood
donors.

electrophoresis and electrotransferred to polyvinylidene diflu-
oride membranes (Millipore Corporation, Boston, MA, USA).
Membranes were blocked in Tris-buffered saline containing
5% skimmed milk (TBST; 25 mm Tris-HCI, 150 mM NacCl,
pH 7.5 and 0.05% Tween-20) for 4 h, followed by the addition
of the following diluted primary antibodies containing 5%
skimmed milk: EBNA-1 (mouse monoclonal anti-EBNA-1;
Santa Cruz Biotechnology, Santa Cruz, CA, USA), EBNA-2
(rat monoclonal anti-EBNA-2; Millipore Corporation) and
LMP-1 (mouse monoclonal anti-EBV LMP-1; Dako, Glostrup,
Denmark), with rat anti-human (-actin (anti-p-actin mouse
monoclonal antibody; Beijing ComWin Biotech, China) as
an internal control, at 4°C overnight. The TBST membrane
was rinsed four times for 10 min each. The corresponding
secondary antibodies were then added (Beijing ComWin
Biotech), followed by incubation for 2 h at room tempera-
ture. The membrane was then rinsed another four times for
10 min each. ECL Plus luminescence reagent (Pierce ECL
Western Blotting Substrate; Pierce, Rockford, IL, USA) was
then dripped onto the membrane, followed by pressing, image
developing, and fixing in an X-ray machine, and image collec-
tion using a fluorescence image-analysis system. Each sample
was tested in triplicate.

Statistical analysis. All experimental data are presented
as mean + standard deviation. Induced lymphoma cells and
matched ‘normal’ lymphocytes were compared by t-tests,

using SPSS13.0 software. A value of P<0.05 was considered to
indicate statistical significance.

Results

EBV-infection status of the blood donors. All 9 blood donors
tested positive for latent EBV infection according to both
EBV-VCA-IgG detection and PCR amplification of the LMP-1
gene of EB virus (Fig. 1).

Tumorigenesis in the SCID mice. Tumors were formed in the
mediastinum and intraperitoneal cavity of the SCID mice.
The induced tumors appeared nodular, gray, or gray-red to the
naked eye (Fig. 2A), with a fish-like texture in cross-section.
Under light microscopy, the tumor cells demonstrated mixed
morphology resembling plasmacytoid lymphocytes, centro-
blastic cells and immunoblasts (Fig. 2B). Immunohistochemical
staining of the induced tumors was negative for T-cell markers
(CD3 and CD45RO) (Fig. 2C) and positive for LCA B-cell
markers (CD20 and CD79a) (Fig. 2D), and consistent with the
pathological diagnosis of diffuse large B-cell lymphoma.

Determination of the induced tumor origin using Alu PCR.
DNA was extracted from the tumor tissues, followed by PCR
amplification of the 221-bp human-specific Alu sequence,
which confirmed that the induced lymphomas were human in
origin (Fig. 3).

LMP and EBNA mRNA expression in induced lymphomas.
mRNA expression levels of the three LMPs were detected in
induced-lymphoma cells from nine Hu-PBL/SCID chimeric
mice and matched PBLs from donors by fluorescence
quantitative PCR (Table II). LMP-1 gene expression in the
induced-lymphoma cells was increased 256-fold compared
with the expression level in the ‘normal’ lymphocytes (P<0.05),
LMP-2A was upregulated 38-fold (P<0.05), and LMP-2B was
upregulated 331-fold (P<0.05).

mRNA expression levels of the six EBNA genes
were also detected by fluorescence quantitative PCR in
induced-lymphoma cells and matched PBLs (Table III).
EBNA-1 expression in the induced-lymphoma cells was
upregulated 1,157-fold compared with the expression level
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Figure 2. Pathological examinations of induced tumors in the SCID mice. (A) Tumors appeared gray or gray-red. (B) Under light microscopy, the cells dem-
onstrated mixed morphology including plasmacytoid lymphocytes, cells with small cleaved nuclei, large cleaved nuclei, small and large cells without cleaved
nuclei, and immunoblasts. (C) Cells tested negative for T-cell markers (CD3); (D) and positive for B-cell markers (CD20).

M P N 1 2 3 4 5 6

500 bp

250 bp

200 bp 221 bp

50 bp

Figure 3. PCR amplification of Alu sequence (221 bp) by agarose gel elec-
trophoresis. Lane M, marker; lane P, positive control (human lymphocytes);
lane N, negative control (mouse liver tissue); lanes 1-6, induced lymphoma in
Hu-PBL/SCID chimeric mice.

in the ‘normal’ lymphocytes (P<0.05), and EBNA-3A was
upregulated 1,154-fold (P<0.05). EBNA-2, EBNA-3B,
EBNA-3C and EBNA-LP were not expressed in the ‘normal’
lymphocytes, but were significantly expressed in the induced-
lymphoma cells.

Detection of LMP-1, EBNA-1 and EBNA-2 protein expres-
sion by western blotting. LMP-1, EBNA-1 and EBNA-2

Table II. Expression of LMPs in the EBV-induced lymphoma
cells and normal human lymphocytes (relative mRNA).

Normal EBV-induced
lymphocytes lymphoma
(mean = SD)x10*  (mean + SD)x10*  P-value
LMP-1 2.414+1.080 617.402+122.101  <0.05
LMP-2A 2.975+1.640 112.101+8.382 <0.05
LMP-2B 0.640+0.304 211.603+48.420 <0.05

Note: Comparison between EB V-induced lymphoma cells and normal
lymphocytes (n=9).

protein expression levels in the EBV-induced lymphoma
cells and matched ‘normal’ lymphocytes were detected by
western blotting. LMP-1, EBNA-1 and EBNA-2 protein
levels were significantly upregulated in the EBV-induced
lymphomas (Fig. 4), consistent with the mRNA expression
trends demonstrated by fluorescence quantitative PCR. The
EBNA-2 protein level was also increased in the EBV-induced
lymphoma cells compared with that in the matched ‘normal’
lymphocytes before transplantation.

Discussion

EBYV is an important human tumor virus, the oncogenic effect
of which is mainly realized through viral gene transcription
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Table I1I. Expression of EBNAs in the EB V-induced lymphoma
cells and normal human lymphocytes (relative mRNA).

Normal EBV-induced
lymphocytes lymphoma
(mean = SD)x10* (mean + SD)x10* P-value
EBNA-1 0.318+0.034 368.041+33.502 <0.05
EBNA-2 0.000+£0.011 56.680+19.867 <0.05
EBNA-3A 0.324+0.046 374.033+£116.041 <0.05
EBNA-3B 0.000+£0.012 248.107+193.501  <0.05
EBNA-3C 0.000+0.007 339.413+195.020 <0.05
EBNA-LP 0.000+0.003 322.105+84.801 <0.05

Note: Comparison between EB V-induced lymphoma cells and normal
lymphocytes (n=9).

and the effects of the encoded proteins on the biological
behavior of the infected cells. It is therefore necessary to
understand the process of EBV genome transcription and
expression during tumorigenesis, as well as its functional
activity in its host cells (6-8).

LMP-1 has been considered to be the most important
oncogenic EBV gene, able to mediate cell proliferation and
inhibit apoptosis. Using qRT-PCR and western blotting,
we showed that LMP-1 expression was upregulated in the
EBV-induced lymphoma cells compared with the expression
level in the original ‘normal’ lymphocytes with latent EBV
infection, confirming and supporting the role of LMP-1 in
EBV-associated lymphomas. Zhang et al constructed trans-
genic mice expressing LMP-1 and confirmed its important
role in B-cell proliferation and transformation (9). Increased
expression of LMP-1 protein promoted cell proliferation in
NK/T cell lymphoma (10). Previous studies also showed that
LMP-1 activated B-catenin through the phosphatidylinositol
3-kinase/Akt signaling pathway, associated with the prolif-
eration of EBV-infected B cells (11). LMP-1 could regulate
DAPKI1 expression and activate NF-kB signaling in LCLs (12).
Transcription products of LMP-2A could be sustainably
detected in EBV-associated malignant tumors, suggesting
that LMP-2A may play an important role in persistent in vivo
viral infection and EBV-associated diseases (13). LMP-2A
gene expression was upregulated 38-fold in EBV-induced
lymphoma cells compared with ‘normal’ lymphocytes,
according to qRT-PCR (P<0.05), while LMP-2B was upregu-
lated 331-fold (P<0.05). These results suggest that LMP-2A and
LMP-2B are also involved in the occurrence and development
of EBV-induced lymphomas. Previous studies reported that
LMP-2A could promote the malignant transformation of cells
and the survival and activation of B cells by increasing the
expression of genes associated with cell cycle induction and
apoptosis inhibition, together with LMP-1 (14,15). Through
regulating tumor necrosis factor receptor-associated factor 2
expression, LMP-2A regulates NF-kB signaling pathway
activation mediated by LMP-1 (16,17), thus helping lymphoma
cells to escape apoptosis. LMP-2B regulates the function of
LMP-2A (13), preventing the potential lysis of EBV, while high
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EBNA-2 75 kDa
EBNA-1 80 kDa
LMP-1 60 kDa
B-actin 43 kDa

Figure 4. Determination of LMP-1, EBNA-1 and EBNA-2 protein expres-
sion levels by western blotting. LMP-1 and EBNA-2 were not expressed in
‘normal’ human lymphocytes with latent EBV infection, while weak EBNA-1
expression was observed. LMP-1, EBNA-1 and EBNA-2 protein levels were
significantly increased in EBV-induced lymphoma cells. Lane 1, matched
‘normal’ lymphocytes; lane 2, EBV-induced lymphoma cells.

levels of LMP-2B expression also accelerate the transition
from latent to proliferative EBV infection.

EBNA-1 appears to be expressed in all EBV-associated
tumors, with significant implications for the stability of the
EBV genome in the host cells (18), which is in turn crucial
for the maintenance, replication, and transcription of the EBV
episome (19). EBNA-1, LMP-1 and LMP-2A may participate
in the progression of a variety of human malignant tumors
induced by EBYV, and expression of these genes in the infected
cells thus indicates a potential risk of cancer (20). Our
gRT-PCR and western blotting results showed that EBNA-1
was upregulated in EBV-induced lymphoma cells compared
with the level in the ‘normal’ lymphocytes. In addition to
helping to maintain the viral episome, EBNA-1 can also
control viral replication and gene expression. Acting via a
hidden cis-acting mechanism, EBNA1 can help virus-carrying
host cells to escape the host immune system (21).

EBNA-2 is one of first viral gene products to be expressed
in host cells after EBV infection and plays a key role in the
immortalization of infected B cells (22). EBNA-2 is directly
responsible for initiating the transcription of EBV-related
proteins during the type III incubation period, resulting in
excessive growth of LCLs (23). After binding to CBF1/RBP-JK,
EBNA-2 promotes the expression of EBNA genes and LMP-1
protein, thus promoting cell growth and proliferation (24).
EBNA-2 can also activate the signal transduction pathway
mediated by JAK-STAT, leading to continuous proliferation of
lymphocytes (25). The present study demonstrated high levels
of EBNA-2 expression in induced-lymphoma cells, suggesting
that it may play an important role in the pathogenesis of
EBV-associated lymphomas.

EBNA-3 consists of three subtypes EBNA-3A, EBNA-3B
and EBNA-3C associated with gene regulation. Young et al
(26) found that EBNA-3A induced the re-distribution of heat
shock protein 70 in immortalized EBV-induced B lympho-
cytes in vitro, promoting the expression of chaperone and
co-chaperone proteins in the host cells. Although EBNA-3B
is not essential for B-cell immortalization, its expression
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plays an important role in the proliferation and initiation of
EBV-infected B lymphocytes (27). No previous studies have
reported on the expression of EBNA-3 and EBNA-LP genes
in tumor cells, and their roles and functions remain unknown.
However, the present study found that EBNA-3A gene expres-
sion was upregulated in EBV-induced tumor cells compared
with this level in the ‘normal’ lymphocytes. EBNA-3B,
EBNA-3C and EBNA-LP genes were not expressed in ‘normal’
cells, but were positively expressed in EBV-induced lymphoma
cells. Further studies are needed to clarify the roles of EBNA-3
and EBNA-LP. Tursiella et al (28) inhibited EBNA-3A
expression by transfection of EBNA-3A-specific shRNA
and observed that the cell cycle in Wp-R BL Sal cells and
LCLs stopped at G,/G,, with growth inhibition and increased
apoptosis, together with upregulation of p21WAFC™P! and Bim
expression. Wp-R BL Sal cells may suppress the expression
of Bim through EBNA-3A, inhibiting Bim-mediated apoptosis
and thus affecting the oncogenic potential. EBNA-3C is one
of the essential antigens required for in vitro primary B-cell
transformation. EBNA-3C acts as a transcriptional co-regu-
lator by interacting with various cellular and viral factors (29).
EBNA-LP and EBNA-2 were found to be co-expressed in
EBV-infected B lymphocytes and to play a critical role in the
survival and growth of lymphoblastoids (30). EBNA-LP is also
a co-activator of EBNA-2, which can enhance B-cell trans-
formation mediated by EBNA-2 (31). Furthermore, EBNA-LP
and EBNA-2 can induce the activation of cellular and viral
genes, including LMP-1 and cyclin D2 (32). The above results
suggest that EBNA-3 and EBNA-LP may be important onco-
genic factors involved in the malignant transformation of
lymphocytes by EBV.

The results of the present study showed that LMP and EBNA
gene expression levels were upregulated in an EBV-associated
Ilymphoma model, suggesting that their products may play
important roles in the malignant transformation of lympho-
cytes. Further studies are needed to explore the mechanisms
responsible for the actions of these EBV genes.
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