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Latent membrane protein 2A (LMP2A) blocks B-cell receptor signal transduction in vitro by binding the Syk
and Lyn protein tyrosine kinases. As well as blocking B-cell signal transduction, LMP2A has been shown to
activate the phosphatidylinositol 3-kinase (PI3-K)/Akt pathway, which acts as a survival signal in both B cells
and epithelial cells. Transforming growth factor �1 (TGF-�1) is a multifunctional cytokine that plays impor-
tant roles in regulating cell growth and differentiation in many biological systems. The loss of the growth-
inhibitory response to the TGF-�1 signal is found in many cancers and is widely thought to promote tumor
development. In this study, we found that LMP2A induced the phosphorylation of Akt (serine 473) in Burkitt’s
lymphoma cell line Ramos and in gastric carcinoma cell line HSC-39 and partially enhanced cell viability
following TGF-�1 treatment. In addition, LMP2A partially inhibited TGF-�1-induced DNA fragmentation and
cleavage of poly(ADP-ribose) polymerase (PARP). In the presence of LY294002, an inhibitor of PI3-K, the
LMP2A-mediated inhibitory effects on TGF-�1-induced DNA fragmentation and cleavage of PARP were
alleviated. Furthermore, LMP2A did not alter the levels of expression of type I and type II TGF-�1 receptors.
Taken together, these results suggest that LMP2A may inhibit TGF-�1-mediated apoptosis through activation
of the PI3-K/Akt pathway.

Epstein-Barr virus (EBV) ubiquitously infects the majority
of humans and is the causative agent of infectious mononucle-
osis. EBV infection has been closely linked to various lymphoid
and epithelioid malignancies (22). Primary human B lympho-
cytes infected in vitro with EBV become immortalized, estab-
lishing lymphoblastoid cell lines. Within these cells, the EBV
genome expresses nine EBV-encoded latent proteins, six in the
nucleus (EBV nuclear antigens) and three in the membrane
(latent membrane protein 1 [LMP1], LMP2A, and LMP2B),
and two small viral RNAs (22, 30). The very strong association
between EBV and nasopharyngeal carcinoma is well estab-
lished (22), and there is a growing body of evidence showing an
association of EBV with other epithelioid malignancies, such
as gastric carcinoma (17, 46, 48). Analysis of EBV DNA, which
shows clonality in gastric carcinoma cells, has shown that tu-
mors arise from a single EBV-infected cell, suggesting that
EBV infection occurs in the very early stages of tumor devel-
opment (19). Among the 11 EBV genes expressed in lympho-
blastoid cell lines, the LMP2A gene is expressed in vivo in
humans with latent infections and most EBV-related malig-
nancies, with the exception of Burkitt’s lymphoma (BL) (22,
30, 51). Due to this persistent expression, LMP2A is thought to
play a key role in ensuring EBV latency and may be an impor-
tant risk factor in EBV-associated diseases.

In addition, while LMP2A is capable of blocking signaling
through the B-cell receptor by binding the protein tyrosine
kinases Syk and Lyn (32), LMP2A also activates the phospha-

tidylinositol 3-kinase (PI3-K)/Akt pathway, which acts as a cell
survival signal through these same protein tyrosine kinases in
B-cell lines (49). LMP2A appears to be a key determinant in
the alteration of epithelial cell growth by activating Akt and
c-Jun in epithelial cells and leading to an enhancement of cell
growth (7, 44). In addition, LMP2A expression is important in
epithelial cell clone outgrowth following infection of epithelial
cells (35). Thus, the emerging importance of LMP2A in both
B-cell and epithelial cell growth regulation led us to investigate
the effect of LMP2A on transforming growth factor �1 (TGF-
�1) signaling.

TGF-� is a multifunctional cytokine that plays important
roles in regulating cell growth and differentiation in many
biological systems (31). In the immune system, TGF-� acts as
a potent immunosuppressive cytokine that inhibits the prolif-
eration of activated B and T lymphocytes induced by various
stimuli, including interleukins 2 and 4 (27). TGF-� can induce
immunoglobulin A class switching and plays an important role
in differentiation, growth, matrix formation, and the regulation
of immune and inflammatory responses (28, 47). Recent stud-
ies revealed that the levels of TGF-� are significantly increased
in the sera of patients with EBV-associated nasopharyngeal
carcinoma, BL, and chronic active EBV infection and correlate
positively with EBV-specific immunoglobulin A titers, suggest-
ing a role for this cytokine in the pathogenesis of these diseases
(52). Also, gastric carcinoma cells express a number of growth
factors, gastrointestinal hormones, and cytokines that may en-
hance the growth of these tumor cells through potential auto-
crine and paracrine pathways (50). For example, elevated lev-
els of TGF-� have been reported in patients with gastric cancer
(33, 37). TGF-�1 is an inducer of apoptosis in BL and some
gastric carcinoma cell lines (18, 20, 23, 55). In addition, recent
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studies have revealed that PI3-K and its downstream target
Akt are responsible for the antiapoptotic activity of these fac-
tors against TGF-� (5, 6).

To determine the effect of LMP2A on the cellular response
to apoptotic stimuli, LMP2A was expressed in BL cell line
Ramos and in gastric carcinoma cell line HSC-39, and apopto-
sis following TGF-�1 treatment was monitored. LMP2A inhib-
ited TGF-�1-induced DNA fragmentation and cleavage of
poly(ADP-ribose) polymerase (PARP) in both cell lines tested,
and the LMP2A-specific effect on TGF-�1 signaling was de-
pendent on the activation of the PI3-K/Akt pathway by
LMP2A. These studies are the first indication that LMP2A has
an effect on the growth of BL cells in cultures and provide
additional clues with regard to the role of LMP2A in EBV-
associated proliferative disorders, such as gastric carcinoma
and Hodgkin’s disease.

MATERIALS AND METHODS

Cell culture and antibodies. All cell lines were grown in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine serum (FBS), 1,000 U of
penicillin/ml, and 1,000 �g of streptomycin/ml at 37°C in a humidified atmo-
sphere of 5% CO2. Ramos (24) is an EBV-negative BL cell line. HSC-39 (54), a
human signet ring cell gastric carcinoma cell line, was kindly provided by K.
Yanagihara.

TGF-�1 was purchased from Pepro Tech EC Ltd. Rat monoclonal antibody
against LMP2A (14B7-1-1) was described previously (16). Anti-phosphorylated
Akt (serine 473) antibody and anti-Akt antibody were purchased from New
England Biolabs. Anti-PARP antibody was purchased from Pharmingen, San
Diego, Calif. Anti-TGF-� type I receptor (RI) (V-22) and anti-TGF-� type II
receptor (RII) (H-567) antibodies were purchased from Santa Cruz Biotechnol-
ogy, Inc. Anti-rat, anti-rabbit, and anti-mouse antibodies conjugated to horse-
radish peroxidase were purchased from Amersham, New England Biolabs, and
Santa Cruz Biotechnology, respectively. Anti-rabbit antibody conjugated to flu-
orescein isothiocyanate (FITC) was purchased from Pharmingen. The pan-spe-
cific caspase inhibitor zVAD-fmk was purchased from Calbiochem. LY294002, a
PI3-K-specific inhibitor, was obtained from Cell Signaling Technologies.

Production of recombinant retroviruses. GP293 cells were transiently trans-
fected with 2 �g of vector pBAMHYGRO (56) or pMP2LMP2A (29) and with
2 �g of vesicular stomatitis virus glycoprotein G envelope. At 48 h transfection,
culture supernatant was harvested and filtered through a 0.45-�m-pore-size
filter. Ramos and HSC-39 cells were transduced by incubation with retrovirus-
containing GP293 supernatant and Polybrene at 4 �g/ml overnight. Following
transduction, cells were split into 96-well plates containing selection medium
with hygromycin at 0.4 mg/ml. Seven single clones were isolated after 2 to 3
weeks.

Cell viability. Viability was assayed by the incorporation of 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrasodium bromide (MTT) dye (Sigma). Cells were
washed with phosphate-buffered saline (PBS) and used to seed 96-well plates at
3 � 104 cells/100 �l per well. Following 1 h of serum starvation, cells were
preincubated for 1 h with or without LY294002 (50 �M) and then incubated with
or without TGF-�1 (10 ng/ml). After 24 h or 48 h of incubation, 10 �l of MTT
solution (5 mg/ml) was added to each well, and the plates were incubated for 4 h
at 37°C. One hundred microliters of isopropanol with 0.04 N HCl was added to
each well and mixed by repeated pipetting. The absorbance was measured at 570
nm with a microplate reader (SPECTRA MAX 190; Molecular Devices).

Western blotting. Cells were lysed in buffer containing 50 mM Tris-HCl (pH
7.5), 150 mM NaCl, 1% Triton X-100, 0.1% sodium dodecyl sulfate (SDS), 10%
glycerol, 10 mM NaF, 1 mM Na3VO4, 2 mM EDTA, 0.5 mM phenylmethylsul-
fonyl fluoride, 10 �g of pepstatin/ml, and 10 �g of leupeptin/ml. Protein levels
were quantitated with a Dc protein assay (Bio-Rad, Hercules, Calif.). Equivalent
amounts of proteins were subjected to heat denaturation at 70°C for 10 min.
Proteins were resolved by SDS-polyacrylamide gel electrophoresis, transferred to
Immobilon-P (Millipore, Bedford, Mass.), and blocked with 4% skim milk at
room temperature for 1 h. Membranes were incubated with 10 mM Tris-HCl
(pH 7.5)–150 mM NaCl–0.05% Tween 20 and primary antibodies for 2 h and
then with appropriate horseradish peroxidase-conjugated secondary antibodies
for 1 h. Following incubation, the membranes were visualized by using an ECL
detection kit (Amersham Pharmacia Biotech).

Flow cytometry. Cells were incubated with primary antibodies and then incu-
bated with FITC-labeled secondary antibodies on ice for 15 min. Cells were
washed with cold staining buffer (PBS, 10 mM HEPES, 1% FBS, 0.1% sodium
azide) and analyzed by flow cytometry (FACSCalibur; Becton Dickinson, San
Jose, Calif.) with CellQuest software (Becton Dickinson).

Fluorescence-activated cell sorting analyses for cell cycle and apoptosis. Anal-
yses for cell cycle and apoptosis were carried out with an Apo-Direct kit obtained
from Pharmingen. Briefly, cells were washed with PBS, fixed in 1% paraformal-
dehyde for 15 min, and stored in 70% ethanol at �20°C until staining and
analysis. Cells were labeled with FITC-dUTP and propidium iodide according to
the manufacturer’s instructions and analyzed by flow cytometry (FACSCalibur)
with CellQuest software.

RESULTS

Phosphorylation of Akt in LMP2A-expressing Ramos and
HSC-39 cells. LMP2A activates the PI3-K/Akt pathway in B
cells and epithelial cells (44, 49). To further investigate the
importance of this activation, Ramos and HSC-39 cells were
retrovirally transduced with an LMP2A expression vector and
a vector control. Following transduction, hygromycin-resistant
stable transfected clones were selected and verified for
LMP2A expression and Akt phosphorylation by Western blot
analysis (Fig. 1A). Parental Ramos and HSC-39 cells and cells
transduced with the vector control (vector control cells) exhib-
ited low levels of Akt phosphorylation under serum starvation
conditions. Elevated Akt phosphorylation was detected in
LMP2A-positive Ramos and HSC-39 clones (Cl-1, Cl-2, and
Cl-3) (Fig. 1A).

We next addressed the serum dependence of Akt phosphor-
ylation (Fig. 1B). The cells were serum starved for 0.5 to 24 h.
A reduction in Akt phosphorylation was seen with serum star-
vation in parental and vector control Ramos cells. Significant
attenuation of Akt phosphorylation with serum starvation also
was observed in parental and vector control HSC-39 cells. The
levels of Akt phosphorylation were reduced at 0.5 h and
reached a minimum at 1 h in both parental and vector control
Ramos and HSC-39 cells. In contrast, the levels of Akt phos-
phorylation in LMP2A-expressing cells appeared to be almost
entirely unaffected by serum starvation.

LMP2A enhances cell viability in the presence of TGF-�1
treatment in Ramos and HSC-39 cells. Several lines of evi-
dence indicate that activation of the PI3-K/Akt pathway can
block various stimuli, including TGF-�1 (1, 6, 57). To explore
the role of activation of the PI3-K/Akt pathway by LMP2A in
TGF-�1-induced cell death, we examined the effect of TGF-�1
on cell viability in parental, vector control, and LMP2A-ex-
pressing Ramos and HSC-39 cells by using an MTT assay (Fig.
2). To clarify the activation of Akt-mediated cell survival by
LMP2A, tests were done under serum starvation conditions.
TGF-�1-inhibited viability of parental and vector control
Ramos and HSC-39 cells was explored either 24 or 48 h fol-
lowing TGF-�1 treatment. TGF-�1 treatment resulted in ap-
proximately 40 and 30% viability of parental and vector control
Ramos cells relative to untreated cells (set at 100%) at 24 and
48 h posttreatment, respectively (Fig. 2A). TGF-�1 treatment
resulted in approximately 60 and 40% viability of parental and
vector control HSC-39 cells relative to untreated cells at 24 and
48 h posttreatment, respectively (Fig. 2B). For both cell lines,
the expression of LMP2A resulted in an approximate 20%
increase in cell viability at both times following TGF-�1 treat-
ment (Fig. 2).
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LMP2A does not affect the level of expression of TGF-�
receptors. Resistance to TGF-�1 can correlate with decreased
expression or a lack of expression of TGF-� receptors in BL
cell lines, EBV-transformed B-lymphoblastoid cell lines (21),
and gastric carcinoma cell lines (39, 53). Western blot and flow
cytometric analyses were performed to examine whether the
increase in cell viability observed in Ramos and HSC-39 cells
with LMP2A expression in the presence of TGF-�1 treatment
was due to a loss of or a reduction in TGF-� receptors. Figure
3A shows that parental Ramos and HSC-39 cells as well as
selected clones with or without LMP2A expression contained
similar amounts of type I and II TGF-� receptors, as deter-
mined by Western blot analysis. The cell surface expression of
type I and II TGF-� receptors in parental, vector control (Cl-2
or Cl-1), and LMP2A-expressing (Cl-2 or Cl-3) clones of
Ramos or HSC-39 cells also was detected at similar levels by
flow cytometric analysis (Fig. 3B).

LMP2A inhibits TGF-�1-induced apoptosis and cleavage of
PARP. We next examined whether LMP2A inhibits TGF-�1-

induced apoptosis under serum starvation conditions by flow
cytometry with parental, vector control (Cl-2), and LMP2A-
expressing (Cl-2) clones of Ramos cells and parental, vector
control (Cl-1), and LMP2A-expressing (Cl-3) clones of
HSC-39 cells (Fig. 4). First, we investigated the effect of serum
starvation on cell cycle and apoptosis in these cells. For paren-
tal, vector control, and LMP2A-expressing Ramos cells, 24 h of
serum starvation resulted in G1 arrest (G1 populations of 52.0,
55.3, and 58.3%, respectively) and partial induction of apopto-
sis, as evidenced by a significant increase in the percentage of
cells in the sub-G1 fraction (sub-G1 populations of 12.6, 12.9,
and 8.9%, respectively) (Fig. 4A). LMP2A slightly inhibited
apoptosis (about 4%) induced by serum starvation in Ramos
cells. For parental, vector control, and LMP2A-expressing

FIG. 1. LMP2A induces the phosphorylation of Akt in Ramos and
HSC-39 cells. (A) Ramos and HSC-39 cells were stably retrovirally
transduced with LMP2A and vector control expression constructs.
After 24 h of serum starvation, whole-cell extracts were separated by
SDS-polyacrylamide gel electrophoresis. The levels of expression of
LMP2A (54 kDa) and phosphorylated Akt (serine 473) (P-Akt) (60
kDa) in parental (P), vector control (V), and LMP2A-expressing
Ramos and HSC-39 cells were determined by immunoblotting. LCL,
lymphoblastoid cell line. LCL was used as the positive control for
LMP2A and Akt phosphorylation. (B) Effect of serum starvation on
the phosphorylation of Akt in LMP2A-expressing Ramos and HSC-39
cells. Parental (P), vector control (V), and LMP2A-expressing Ramos
and HSC-39 cells were switched to RPMI 1640 medium without FBS
(�), harvested at the indicated times, and analyzed by immunoblotting
for P-Akt. The lower panels show equal loading of proteins and the
expression of total Akt (T-Akt) (60 kDa). FIG. 2. LMP2A enhances Ramos and HSC-39 cell viability in the

presence of TGF-�1 treatment. Parental (P), vector control (V), and
LMP2A-expressing Ramos (A) and HSC-39 (B) cells were seeded at 3
� 104 cells/100 �l per well with serum-free medium. Following 1 h of
serum starvation, the cells were left untreated (control) or were treated
with 10 ng of TGF-�1/ml for 24 or 48 h. Cell viability was measured
with an MTT assay. Results are the means and standard deviations for
five experiments.
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HSC-39 cells, 24 h of serum starvation also induced G1 arrest
(G1 populations of 66.1, 63.9, and 61.9%, respectively) and
slight induction of apoptosis in parental and vector control
cells (about 2%); however, there was no difference in LMP2A-
expressing cells (Fig. 4B). Under serum starvation conditions,
TGF-�1 induced apoptosis in parental and vector control
Ramos cells (sub-G1 populations of 27.0 and 25.8%, respec-
tively) and HSC-39 cells (sub-G1 populations of 37.6 and
38.8%, respectively) at 24 h (Fig. 4). LMP2A inhibited TGF-
�1-mediated apoptosis in both Ramos cells (a �2-fold reduc-
tion in apoptotic cells; 25.8 to 10.1%) and HSC-39 cells (a
�3-fold reduction in apoptotic cells; 38.8 to 12.6%).

Caspase activation is an important element in the apoptotic
signaling pathway (14). Thus, experiments were performed to
characterize the role of caspase activation by using a pan-
specific inhibitor of caspase activity, zVAD-fmk. This com-
pound effectively blocked TGF-�1-induced apoptosis in paren-

tal and vector control Ramos cells (sub-G1 populations of 3.9
and 3.5%, respectively) and HSC-39 cells (sub-G1 populations
of 7.6 and 6.8%, respectively), although the cells were still
arrested in G1 (G1 populations of 62.7 and 66.7% and of 69.6
and 68.0%, respectively) (Fig. 4). The activation of caspase 3 is
increased markedly in many cells undergoing apoptosis, and
the cleavage of one of its substrates, PARP, has been used as
an indicator of its activity (26). We found a correlation be-
tween the appearance of the 89-kDa C-terminal PARP frag-
ment and the appearance of the sub-G1 fraction in flow cytom-
etry analyses (Fig. 4 and 5). TGF-�1 induced the cleavage of
PARP in parental and vector control Ramos and HSC-39 cells
(Fig. 5). LMP2A dramatically blocked the TGF-�1-induced
cleavage of PARP in both Ramos and HSC-39 cells (Fig. 5). In
the Ramos cell line, the expression of LMP2A had a modest
effect on PARP cleavage, whereas PARP cleavage was blocked
almost entirely in LMP2A-expressing HSC-39 cells.

LY294002 inhibits LMP2A-mediated antiapoptotic effects.
Several studies have demonstrated that, under many circum-
stances, PI3-K transmits a survival signal to rescue cells from
apoptosis (5, 6, 10, 25). LY294002, a specific inhibitor of PI3-K,
was used to determine the involvement of PI3-K in the anti-
apoptotic effects of LMP2A. The specificity of Akt phosphor-
ylation downstream of PI3-K activation was confirmed by the
inhibition of serine 473 phosphorylation after treatment with
LY294002 at 50 �M for 1 h. LY294002 almost completely
inhibited Akt serine 473 phosphorylation in all LMP2A-ex-
pressing Ramos and HSC-39 cell clones (Fig. 6).

LY294002 alone partially inhibited the viability of LMP2A-
expressing Ramos and HSC-39 cell clones and increased the
susceptibility to TGF-�1-induced toxicity in those cells at 24
and 48 h (about 50 and 40% and about 40 and 20%, respec-
tively) (Fig. 7A). In agreement with the results of the cell
viability assay, apoptosis was partially induced in LMP2A-ex-
pressing Ramos and HSC-39 cells (sub-G1 populations of 18.3
and 12.6%, respectively) (Fig. 7B). In addition, LY294002 in-
creased the susceptibility to TGF-�1-induced apoptosis and
the cleavage of PARP in LMP2A-expressing Ramos and
HSC-39 cells (Fig. 7B and C).

DISCUSSION

This study has demonstrated that LMP2A effectively sup-
presses TGF-�1-induced apoptotic death of B cells and gastric
carcinoma cells. The LMP2A-mediated antiapoptotic effect
was not mediated through decreased expression of TGF-�
receptors. A specific inhibitor of PI3-K, LY294002, blocked the
antiapoptotic effect of LMP2A, implicating that LMP2A uti-
lizes the PI3-K signaling pathway in mediating this effect. In
cells expressing LMP2A, phosphorylation of Akt at serine 473
increased, and LY294002 almost completely inhibited Akt
serine 473 phosphorylation.

Akt is one of the PI3-K effectors that play an important role
in mediating the transformation and antiapoptotic effects of
PI3-K (3, 13, 15). Akt itself is a serine/threonine kinase that
phosphorylates and regulates the activities of the cell cycle
regulatory proteins glycogen synthase kinase 3 and cyclin D (9,
36) and of the cell death-related proteins Bad and pro-caspase
9 and Forkhead transcription factors (2, 4, 34). It appears that
survival signaling may utilize different mechanisms in different

FIG. 3. Determination of expression of TGF-� receptor type I and
receptor type II in LMP2A-expressing Ramos and HSC-39 cells.
(A) Immunoblot analysis. Parental (P), vector control (V), and
LMP2A-expressing Ramos and HSC-39 cells were analyzed by immu-
noblotting. The positions of TGF-� receptor type I (53-kDa) (R I) and
type II (70-kDa) (R II) bands are indicated at the right. The amount
of protein loaded in each lane was assessed by rehybridization of the
filter with a specific antibody for human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). (B) Flow cytometric analysis. The broken
line represents a negative control. The solid line represents cells
stained with anti-TGF-� receptor type I or type II antibody and FITC-
conjugated secondary antibody. The data are representative of three
experiments.
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cells. LMP2A induces the activation of the PI3-K/Akt pathway
in both B cells and epithelial cells; however, LMP2A has not
been shown to induce the transformation of B cells in cultures
(49). An important functional finding from this study is that
LMP2A can affect the regulation of apoptosis of B cells in
cultures. This finding may provide an important tool for study-
ing the effect of LMP2A on B cells in cultures. Previous studies
were unable to discern any growth advantage in EBV LMP2A-
expressing Akata cell clones compared to vector control cells
(44, 49). Previous studies already had indicated an important

role for LMP2A in the regulation of the growth of epithelial
cells in cultures (35, 44).

Members of the caspase family of proteases have been
shown to be key executioners in the apoptotic process in many
cell types in response to diverse apoptotic stimuli (8, 14).
TGF-�1 induces apoptosis in Ramos and HSC-39 cells through
the activation of caspases (38, 41), and the caspase family of
proteases is involved in TGF-�-induced apoptosis (20, 45). We
demonstrated that DNA fragmentation was dependent on
caspase activity in both Ramos and HSC-39 cells, since it was

FIG. 4. LMP2A inhibits TGF-�1-induced DNA fragmentation in Ramos and HSC-39 cells. Parental (P), vector control (V), and LMP2A-
expressing Ramos (A) and HSC-39 (B) cells (106/ml) were cultured for 1 h with or without serum. Cells were preincubated for 1 h without or with
zVAD-fmk (50 �M) before incubation without or with TGF-�1 (10 ng/ml). After 24 h of incubation, cells were analyzed for DNA content by
propidium iodide (PI) staining and flow cytometry. Gates used to ascertain cell cycle distribution and the percentage of cells with sub-G1 (�G1)
and G2/M DNA contents are shown. The data are representative of three experiments.
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reduced greatly when cells were pretreated with zVAD-fmk, a
broad caspase inhibitor. For the caspase-dependent apoptotic
pathway, several studies have shown that caspase 3 may be
activated by mitochondrion-dependent or -independent path-
ways (40). These different pathways leading to caspase 3 acti-
vation have been explored extensively with various stimuli (42,
43). Previous studies showed that TGF-�1 induces apoptosis in
Ramos and HSC-39 cells through caspase 3-like activity (38,
41). In addition, the PI3-K/Akt pathway has been shown to
suppress the apoptotic signaling of TGF-�1 by blocking its
induction of caspase 3-like activity (6). For this reason, we
tested whether LMP2A inhibits TGF-�1-induced cleavage of
PARP as an indicator for caspase 3-like activity in Ramos and
HSC-39 cells. Interestingly, PARP cleavage was blocked only
modestly by LMP2A expression in Ramos cells, but LMP2A
expression almost completely blocked PARP cleavage in
HSC-39 cells. In the parental and vector control HSC-39 cells,
the cleavage of PARP was complete. These results suggest an
important role for LMP2A in gastric carcinoma. LMP2A may
be particularly important in suppressing the effects of TGF-�
on tumor cells.

The roles of LMP2A activation of the PI3-K/Akt pathway
and the subsequent inhibition of caspase 3 remain to be elu-
cidated further. Other caspases may be involved. For example,
Akt was recently shown to be capable of phosphorylation of
procaspase 9 (4) and Bad (11, 12), thereby preventing the

caspase 9-dependent apoptotic pathway and Bad from associ-
ating with BcL-XL. BcL-XL is then free to resume its activity as
a suppressor of apoptosis (58). It is likely that the PI3-K/Akt
pathway protects Ramos and HSC-39 cells from apoptotic
death induced by TGF-�1 through such mechanisms. In the
presence of zVAD-fmk, TGF-�1-induced cleavage of PARP
also was inhibited in Ramos and HSC-39 cells. LMP2A par-
tially inhibited DNA fragmentation and cleavage of PARP in
Ramos and HSC-39 cells, and these LMP2A-mediated anti-
apoptotic effects were alleviated by a PI3-K-specific inhibitor,
LY294002. Taken together, these results suggest that LMP2A
partially inhibits TGF-�1-induced caspase activity and apopto-
sis through activation of the PI3-K/Akt pathway in Ramos and
HSC-39 cells.

LMP2A not only alters cell growth in epithelial cells (35, 44)
but also inhibits TGF-�1-induced apoptosis through activation
of the PI3-K/Akt pathway in the gastric carcinoma cell line
HSC-39. In particular, EBV-associated gastric carcinoma cells
express a limited number of EBV genomes, including EBV
nuclear antigen 1, EBV-encoded small RNAs, BARF0, and
LMP2A (19, 48). One can hypothesize that LMP2A-mediated
cell transformation and resistance to TGF-�1-induced apopto-
sis through activation of the PI3-K/Akt pathway may be im-
portant for the development of EBV-associated gastric carci-
noma. In addition, activation of the PI3-K/Akt pathway by
LMP2A may maintain EBV persistence and latency rather
than cell transformation in B cells, suggesting a possible dual
role of LMP2A in EBV pathogenesis.

In summary, these results suggest that the inhibition of ap-
optosis by LMP2A disrupts the normal cellular surveillance
mechanism for removing damaged cells, thereby providing a
clonal selective advantage for B cells and epithelial cells ex-
pressing the LMP2A gene during the early stage of tumor
development in EBV-associated lymphoid and epithelioid ma-
lignancies.

FIG. 5. LMP2A inhibits TGF-�1-induced cleavage of PARP. Pa-
rental (P), vector control (V), and LMP2A-expressing Ramos (A) and
HSC-39 (B) cells (106/ml) were cultured for 1 h with or without serum.
Cells were preincubated for 1 h without or with zVAD-fmk (50 �M)
before incubation without or with TGF-�1 (10 ng/ml). After 24 h of
incubation, PARP cleavage was analyzed by immunoblotting with a
specific anti-PARP antibody. The full-length 113-kDa and cleaved
89-kDa (fragment) PARP proteins are indicated at the right. The
amount of protein loaded in each lane was assessed by rehybridization
of the filter with a specific antibody for human glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH).

FIG. 6. Effect of LY294002 on Akt phosphorylation in LMP2A-
expressing Ramos and HSC-39 cells. LMP2A-expressing Ramos
(A) and HSC-39 (B) cells were cultured for 1 h without serum. Cells
were incubated for 1 h with LY294002 (50 �M). Levels of P-Akt (60
kDa) were determined by immunoblotting. The lower panels show
equal loading of proteins and the expression of total Akt (T-Akt) (60
kDa).
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