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Abstract

Background and Objectives: Epstein-Barr Virus (EBV) Latent Membrane Protein 1 (LMP1) is linked to a variety of
malignancies including Hodgkin’s disease, lymphomas, nasopharyngeal and gastric carcinoma. LMP1 exerts its transforming
or oncogenic activity mainly through the recruitment of intracellular adapters via LMP1 C-terminal Transformation Effector
Sites (TES) 1 and 2. However, LMP1 is also reported to elicit significant cytotoxic effects in some other cell types. This
cytotoxic effect is quite intriguing for an oncogenic protein, and it is unclear whether both functional aspects of the protein
are related or mutually exclusive.

Methodology and Principal Findings: Using different ectopic expression systems in both Madin-Darby canine kidney
(MDCK) epithelial cells and human embryonic kidney HEK-293 cells, we observe that LMP1 ectopic expression massively
induces cell death. Furthermore, we show that LMP1-induced cytotoxicity mainly implies LMP1 C-terminal transformation
effector sites and TRADD recruitment. However, stable expression of LMP1 in the same cells, is found to be associated with
an increase of cell survival and an acquisition of epithelial mesenchymal transition phenotype as evidenced by
morphological modifications, increased cell mobility, increased expression of MMP9 and decreased expression of E-
cadherin. Our results demonstrate for the first time that the cytotoxic and oncogenic effects of LMP1 are not mutually
exclusive but may operate sequentially. We suggest that in a total cell population, cells resistant to LMP1-induced
cytotoxicity are those that could take advantage of LMP1 oncogenic activity by integrating LMP1 signaling into the pre-
existent signaling network. Our findings thus reconcile the apparent opposite apoptotic and oncogenic effects described for
LMP1 and might reflect what actually happens on LMP1-induced cell transformation after EBV infection in patients.
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Introduction

Latent Membrane Protein 1 (LMP1) from Epstein-Barr virus
(EBV) is thought to be the major oncogene accounting for most of
EBV-related malignancies, including Burkitt lymphoma, Hodgkin
disease, gastric carcinoma and nasopharyngeal carcinoma (NPC)
[1]. This protein has been extensively demonstrated to transform
B lymphocytes [2], T lymphocytes [3], monocytes [4] and
fibroblasts [5].

LMP1 is a 63-kDa plasma membrane protein with a short N-
terminal hydrophilic region, six transmembrane domains and a
long C-terminal cytoplasmic region which is responsible for most
of LMP1-induced biological effects. The latter is actually endowed
with two critical signaling sites, named Transformation Effector
Sites-1 and-2 (TES1 and TES2), that recruit a similar set of
proximal intracellular adaptors as Tumor Necrosis Factor
Receptor (TNFR) [6,7], including TNFR-associated factors
(TRAFs) and the TNFR-associated death domain protein
(TRADD). LMP1 acts in a ligand-independent manner to activate
several pathways including phosphatidylinositol 3-kinase (PI3K)
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[8], czJun N-terminal kinase (JNK) [9], p38 MAPK [10] and NF-
kB [11], which lead to the expression of genes involved in cell
survival, proliferation and migration [12,13,14].

However, several studies have reported that LMP1 also exerts
cytotoxic properties. For instance, high levels of LMP1 have been
described to be toxic [15]. Moreover, LMP1 is able to trigger cell
death in an NF-xB-dependent manner [16]. The pro-apototic
effect of LMP1 has been observed in various cell types, including
lymphoblastoid cell lines [17,18,19], monocytes [20] and epithelial
cells [21,22,23].

Although the antagonistic actions of LMP1 have been observed
in different cell types, it is unclear if the both actions are mutually
exclusive or functionally related in the context of a heterogeneous
cellular population. The conclusions of a study performed by Kim
and colleagues [24], and our own previous observations provide a
first clue. On one hand, the formers have shown that MDCK cells
become able to scatter and form tubules as a result of stable LMP1
expression, both phenotypes being related to LMP1 oncogenic
properties. However, when we tried to establish MDCK cells
stably expressing LMP1 by transfecting cells with LMP1-express-
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Figure 1. Ectopic expression of LMP1 in MDCK cells induced cell death. (A) MDCK cells were transfected with increasing amounts (0-1 pg)
of LMP1 vector. Cells were then permeabilized with ethanol and labelled with propidium iodide (PI). Cell cycle distribution was analyzed using flow
cytometry. TRADD-expressing cells were used as a control of cell death induction. LMP1 expression was analyzed by Western blot. Actin was used as a
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loading control. (B) MDCK cells were transfected with a doxycyline (Dox)-inducible vector (pRT1-LMP1) endowed with a bidirectional promoter which
drives the expression of both LMP1 and a truncated version of NGF receptor (NGFRt) serving as a reporter gene. The detection of NGFRt at the surface
of cells implies that these cells also express LMP1. Cells were treated (+Dox) or not (- Dox) with Dox (2 pg/ml) for 24 hours, stained with Pl and PE-
conjugated antibodies directed against NGFRt, and then analyzed by flow cytometry. Percentages of cells in each cell population (R1: negative NGFRt
labelling; R2: low NGFRt labelling; R3: high NGFRt labelling) and corresponding propidium iodide positive cells (Pl+) (i.e dead cells) are indicated.

Parental MDCK cells were used as a control.
doi:10.1371/journal.pone.0060743.g001

ing vectors, we found that the majority of cells were committed to
death. This work was thus designed to better clarify the apparent
opposite cytotoxic and oncogenic effects of LMP1 in the context of
cancer development. We observed that massive cell death before
the establishment of cells stably expressing LMP1 is a common
process. We suggest that in a total cell population, cells resistant to
LMP1-induced cytotoxicity are those that could take advantage of
LMP1 oncogenic activity by integrating LMP1 signaling into the
pre-existent signaling network. Our findings thus reconcile the
apparent opposite apoptotic and oncogenic effects described for
LMP1 and might reflect what actually happens on LMP1-induced
cell transformation after EBV infection in patients.

Results and Discussion

LMP1 induces cell death in MDCK epithelial cells.

To assess the impact of LMP1 expression, we transiently
transfected MDCK cells with increasing amounts of a vector
encoding LMP1 (but equal amounts of DNA in total), and then
performed cell cycle analysis by flow cytometry (Fig 1A). The
percentage of cells in sub GO/GIl (loss of DNA content) is
indicative of dead cells. Empty vector transfected cells exhibited
15% of cell death, LMP1 induced cell death in a dose-dependent
manner, attaining almost half of the cell population when 1 pg of
vector encoding LMP1 ¢cDNA was used. MDCK cells ectopically
expressing the death-inducing TRADD protein were used as a
positive control.

To further confirm the ability of LMP1 to evoke cell death,
MDCK cells were stably transfected with a bidirectional, Tet-On
inducible plasmid encoding a truncated version of NGF receptor
(NGFR) and LMP1. As NGFR-expressing cells inevitably express
LMPI1, NGFR expression is used here for the tracking of LMP1-
expressing cells. Cells were treated for 24 h with doxycycline to
induce gene expression, labeled with both anti-NGFR antibodies
and propidium iodide, and then analyzed using flow cytometry to
assess cell death. As expected, non transfected parental MDCK
cells did not express NGFR and only 2% of them were positive for
PI staining (i.e dead) (Fig 1B). Surprisingly, in the absence of
doxycycline, 32% of transfected cells were NGFR-positive (R2),
meaning that LMP1 was also expressed in these cells. However,
this leak of LMPI1 expression was associated with a slightly
increased proportion of dead cells (from 2% to 5%), indicating that
the majority of LMPI-expressing cells were alive. Doxycycline
treatment induced an increase of LMP1 expression as revealed by
the appearance of a subpopulation expressing high levels of LMP1
(R3) and an increase of cells expressing more moderate levels of
LMP1 (R2). Contrary to results obtained in the absence of
doxycyclin induction, it seemed that almost all the cells induced to
express LMPI1 finished by dying: an increase of moderately
expressing LMP1 cells (from 32% to 39%) was correlated with the
same increase of dead cells (from 5% to 12%); most significant was
the dramatic death rate (99%) for cells expressing very high levels
of LMP1 (R3).

Therefore, using the both transient and stable expression
systems, we found that LMP1 was cytotoxic to MDCK cells when
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expressed at relatively high levels. Moreover, the cytotoxic effect
was associated with levels of its expression. Thus, even in MDCK
cells, which have been reported to be transformed by LMP1 [24],
LMP1 can exert also a cytotoxic action.

The C-terminal tail is involved in LMP1-induced cell death

LMP1 contains two Transformation Effector Sites (TES1 and
TES2) that are able to recruit different proteins known to initiate
various signaling pathways [6]. Therefore, these regions of the
protein are considered to account for most of LMPI-associated
biological responses. To assess whether or not TES1 and/or TES2
are critical in LMP1-induced cell death, MDCK normal epithelial
cells and and human embryonic kidney HEK-293 cells were
transfected with vectors expressing different versions of LMP1: the
wild-type protein (WT) or modified versions in which either TESI
(T1Mut), TES2 (I2Mut) or both (T'l, 2Mut) are altered. Cells
were then cultured in presence of G418. As the vector also encodes
the gene (neo) that confers resistance against G418, only cells
efficiently transfected are expected to survive the treatment, unless
they ectopically express a cytotoxic product. As shown in Fig 2,
WT LMPI-transfected cells formed less clones and exhibited a
strong decrease of cell number when compared to empty vector-
transfected cells. Disruption of TES1 or TES2 partially restored
clone formation and cell growth, indicating that both TES1 and
TES2 are involved in LMP1-induced cytotoxicity. However, this
meaned also that other domains of the protein might be required.
Accordingly, it has been previously reported that the transmem-
brane domains can exert cytostatic activities [25]. Interestingly,
when protein expression was analysed using Western blot (Fig 2C
and I), we observed that after two weeks of antibiotic selection,
WT LMP1 levels were strongly reduced compared to the other
variants. This indicated that selected cells were not only resistant
to antibiotic but also expressed a low level of LMPI, further
confirming the cytoxicity of WI' LMP1 when expressed at high
level. Of note, LMP1 cytotoxic effect was also observed in cancer
cells including Hela (data not shown) and Jurkat (Fig S1 and File
S1) cell lines.

The clonogenic assay also revealed that both TESI and TES2
are involved in mediating colony formation, with a stronger
involvement of the TES1 domain in MDCK cells and of the TES2
domain in HEK293 cells. It is possible that at least one signaling
pathway induced by these two domains contributes both to cell
death and colony formation. This discrepancy could be due to
differential adapter protein equipment in these two cell lines.

LMP1-induced cell death implies the recruitment of
TRADD

TESI and TES2 are known to bind the same proximal adaptors
as the TNF Receptor (ITNFR) [6,7], including TRAFs and
TRADD, which results in the activation of signaling pathways
such as NF-xB [11]. We then investigated which TES-associated
adaptors could be recruited in the cytotoxic context and convey
the signal to cell death. For this, we co-transtected MDCK cells
with a vector expressing LMPI, vectors expressing dominant
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Figure 2. LMP1 induced cell death through its C-terminal tail. MDCK (A to C) and HEK-293 (D to F) cells were transfected with a empty
vector (-) or a vector driving the expression of different versions of LMP1: the wild-type protein (WT) and versions of LMP1 in which either TES1
(T1Mut), or TES2 (T2Mut) or both (T1,2Mut) are altered. Two days later, cells were split into 5 dishes and cultured for 11 days in the presence of G418
to favor the selection of transfected cells. (A, D) Pictures of cells stained with Giemsa. (B, E) Cell counting. Results are represented as the mean of
three different dishes, and given as a percentage of cells transfected with the empty plasmid (100%). Standard deviations are shown. *p-value of
<0.05, compared to the WT LMP1 expressing vector (WT), two-sample t test (two-tailed). (C, F) Whole cell extracts from cells cultured for 3 days or 11

days in the presence of G418 were prepared. Proteins were resolved by 10% SDS-PAGE and analyzed by Western blot using antibodies directed
against LMP1 or ERK2 (used as a loading control).
doi:10.1371/journal.pone.0060743.9g002
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negative versions of either TRADD (TRADDmut) or TRAF2
(TRAF2mut) and a vector encoding the Renilla luciferase. As the
normalizing pRLnull luciferase reporter vector does not contain
any promoter or enhancer element, the basal luciferase activity
reflects only transfected living cells, whatever cellular context. This
reporter system was thus used to overcome the limit of cell death
detection by direct IP staining, which did not allow us to
distinguish transfected cells from non-transfected ones (Fig 3A). As
shown in Figure 1B, massive cell death was induced by LMP1 in
MDCK cells, since less than 20% of cells expressed luciferase.
TRADDmut (Fig 3C) decreased LMP1-induced cell death in a
dose-dependent manner, with an increase of about 40% of viable
cells compared to those expressing only LMP1. On the contrary,
the co-expression of TRAF2mut did not affect cell viability. These
constructs are functional, as revealed by their ability to decrease
NF-kB activation (Fig 3D). The partial inhibitory effect may be
explained by the fact that other adaptors are also involved in the
activation of NF-kB. TRADD and TRAF2 are key adaptors of
TNFR-associated biological responses and are known to promote
either survival or cell death depending on the cellular context. Our
data showed that TRADD, but not TRAF2, is involved in LMP1-
mediated cytotoxicity.

Stably LMP1 expressing MDCK cells exhibit epithelial
mesenchymal transition phenotype and enhanced
survival

Although LMP1 clearly exerted cytotoxic effect in different cell
types, cells expressing low to moderate amounts of the protein
could still survive (Fig 1B; Fig 2). We tried to generate stable
MDCK cell lines using a vector (pSTAR) allowing inducible gene
expression by doxycycline treatment [26]. The induction system
was chosen to allow for the study of clones suffering from LMP1
cytotoxic effects as well as clones able to express LMP1 without
dying. Although the used plasmid was designed to prevent
transgene expression before any doxycycline supplementation (i.e
a similar number of clones was expected to emerge whether cells
contained the transgene or not), only a few clones carrying it went
through the antibiotic selection and could be further characterized
for LMP1 expression (clones C9, C15 and C27) (Fig 4A). Two
control clones (empty pSTAR, clones V1 and V20) were also
analyzed. Surprisingly, doxycycline treatment did not increase
LMP1 expression in the three selected clones (Fig 4A). However,
this expression system has been successfully used by us to express
adaptor signaling proteins such as IkBoa, STAT 1o, STAT1 and
LMPI1-DN [18,27]. Herein, it is possible that induction of LMP1
expression might rapidly and massively induce death of cells
without expression leak, thus eliminating any LMP1 overexpress-
ing cells. Meanwhile, low or moderate levels of LMP1 due to
expression leak in a subpopulation of cells could allow them to
avoid death; further increase of LMP1 levels upon doxycycline
induction should become fatal for these cells, as evidenced in
Fig 1B. The final outcome of such a selection is the elimination of
inducible clones with or without expression leak of LMP1.

Importantly, we found that cells stably expressing LMP1 were
more scattered compared to control cells (Fig 4B). This
phenomenon was accompanied by an increased expression of
MMP9 and a decreased expression of E-cadherin (Fig 4C),
indicating the acquisition of epithelial mesenchymal transition
phenotype. Our findings are in agreement with the well described
transforming ability of LMPI1 in various cell types including
MDCK cells [24,28,29]. We then determined the resistance of
LMP1 expressing cells to anisomycin stress, an inhibitor of protein
synthesis known to induce apoptosis. Compared to control cells
(V20), LMP1 expressing clones (C15 and C27) were less detached
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from culture dishes (Fig 5A) and exhibited lower caspase 3
activation (Iig 5B). In addition, C27 clone expressing higher levels
of LMPI was more resistant to anisomycin-induced cell detach-
ment and caspase 3 activation compared to C15 clone. Using
another cell model HEK-293, we confirmed the anti-apoptotic
effect of LMP1, as stable LMP1 expression in these cells reduced
caspase 3 activation by staurosporin (Fig 5C). These results
indicated that LMP1 could protect cells from cell death induction,
which is ultimately consistent with the biological properties usually
described for LMP1 as an oncogene [2,7].

Conclusion

LMP1 is the major oncogene of Epstein-Barr Virus and is found
expressed in most EBV-associated malignancies. This protein has
indeed been shown to transform B lymphocytes, T lymphocytes,
monocytes, fibroblasts and also epithelial cells. Paradoxically,
LMP1 has also been reported to promote or sensitize cells to
apoptosis in various cell types, such as monocytes, lymphoblastoid
cell lines and epithelial cells. Thus, LMP1 is interestingly endowed
with two distinct, opposed facets depending on the cellular context
in which the protein is expressed. In this work, we found that
ectopic expression of LMP1 massively induced cell death. LMP1-
induced cytotoxicity implied LMP1 C-terminal Transformation
Effector Sites and TRADD recruitment. After the cytotoxic crisis,
LMP1 expressing cells exhibited transforming characteristics
including acquisition of epithelial mesenchymal transition pheno-
type and increased resistance to cell death. This massive cell death
before the establishment of cells stably expressing LMP1 seemed to
be a common process whatever cell types. We suggest that in a
total population, cells resistant to LMPI1-induced cell death are
those that could take advantage of LMP1 oncogenic activity by
integrating LMP1 signaling into the pre-existent signaling
network. Our findings reconcile the apparent opposite apoptotic
and oncogenic effects described for LMP1 and might reflect what
actually happens on LMP1-induced cell transformation after EBV
infection in patients.

Methods

Cytokines, drugs and cell cultures

Anysomycin was purchased from Calbiochem. Both doxycy-
cline and staurosporine were purchased from Sigma. Hygromycin
B was purchased from FEuromedex. Geneticin (G418) was
purchased from Invitrogen. Madin-Darby Canine Kidney
(MDCK, CCL-34) epithelial cells and Human Embryonic Kidney
293 (HEK-293, CRL-1573) from ATCC and were grown in
Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen) sup-
plemented with decomplemented fetal bovine serum (FBS, 10% v/
v, Invitrogen) and antibiotics. Cells were cultured at 37°C in
water-saturated, 5% COg atmosphere.

Plasmids

pcDNAS3-LMP1 expression vector was generated by inserting
wt LMP1 ¢DNA, derived from the B95.8 strain of EBV into the
empty pcDNA3 vector. pcDNA3-LMP1 mutants (named T1Mut,
T2Mut and T'1,2Mut) were generated by site-directed mutagenesis
as previously described [30,31]. Basically, to generate T1Mut,
codons encoding aminoacyl residues PxQxT (204—208) were
substituted with codons encoding residues AxAxA in LMPI
cDNA. To generate T2Mut, codons encoding residues YYD (384
386) were deleted. The variant form T1,2Mut carries both
mutations. The inducible pRT1-LMP1 vector was a generous gift
of G. W. Bornkamm [32]. The tetracycline-inducible promoter
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Figure 3. TRADD was involved in LMP1-induced cell death. (A) MDCK cells were transfected with an empty vector or a vector expressing
LMP1. Cells were then incubated with propidium iodide (Pl) before analysis of Pl labelling using flow cytometry. (B) MDCK cells were co-transfected
with pRLnull and LMP1 plasmids. Cell viability was determined by a luciferase activity assay. Luciferase activity of cells transfected with empty vectors
was indexed to 100%. Values represent the means of triplicate assays = SD from a representative experiment. Experiments were performed three
times and similar results were obtained. (C) MDCK cells were co-transfected with the pRL null plasmid, the LMP1 expressing plasmid (1 ug DNA) and
increasing doses (0, 0.5, 1 ug DNA) of plasmids expressing dominant negative versions of TRADD protein (TRADD mut) or TRAF2 (TRAF2 mut). Cell
viability was determined by assessing the activity of Renilla luciferase. The luciferase activity of control cells transfected with empty vectors was
indexed to 100%. Values represent the means of triplicate assays * SD of a representative experiment. Experiments were performed three times and
similar results were obtained. Whole cell extracts were resolved by 10% SDS-PAGE and analyzed by Western blot to assess gene expression, using
antibodies directed against LMP1, TRADD or TRAF2. Actin was used as a loading control. (D) Cells were co-transfected with a vector in which five
elements responding to NFkB control the expression of the firefly luciferase gene, a LMP1 expressing vector and vectors expressing dominant
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negative versions of TRADD protein (TRADD mut) or TRAF2 (TRAF2 mut). The luciferase activity of control cells transfected with empty vectors was
indexed to 1.
doi:10.1371/journal.pone.0060743.g003

drives the bidirectional expression of both LMP1 and an inactive pSTAR empty vector [26]. The inducible JF9A-LMPI1 vector,
truncated version of NGFR lacking the cytoplasmic domain used to generate stable expression of LMP1 in HEK-293 cells, was
(NGFRt). pSTAR-LMP1 plasmid was generated by inserting wt a generous gift of J. Feuillard, Limoges, France.

LMP1 cDNA, derived from the B95.8 strain of EBV into the

A
Parerifal MDCK-Empty MDCK-LMP1
MDCK Vi V20 9 c15 27
Dox - + - + - + - + - + - +
LMP1
ERK
B
S— MDCK-Empty MDCK-LMP1
MDCK vi V20 27
; "
.
. -
.
-
V20 C9 Ci15 C27
C Dox + + + +
MMP-9
LMP1 — — —

ERK2 s s c— c—

Figure 4. Characterization of MDCK cell lines stably expressing LMP1. MDCK cells were transfected with the pSTAR encoding or not LMP1
cDNA After selection with G418, two control clones (V1 and V20) and three LMP1-expressing clones (C9, C15 and C27) were selected and further
analyzed with (Dox+) or without (Dox-) doxycycline induction. (A) Expression of LMP1 by Western blot analysis. ERK was used as a loading control. (B)
Representative pictures of each cell line. Parental MDCK cells are shown as a reference. (C) Expression of LMP1, E-cadherin and MMP9. ERK was used
as a loading control.

doi:10.1371/journal.pone.0060743.g004
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TRADD and TRADD-DN expression vector were a generous
gift of M. Rothe (Tularik Inc.). TRAF2-DN expression plasmid
was a generous gift of P. Mehlen (Lyon, France). The normalizing
vector pRLnull has no promoter sequence to drive expression of
the Renilla luciferase gene and was purchased from Promega. The
kB luciferase reporter construct has five NF-kB-responsive
elements in tandem and was purchased from Stratagene.

Antibodies

Anti-LMP1 monoclonal antibody was produced from a S12
hybridoma culture supernatant (a generous gift of P. Busson, Paris,
France). Anti-actin (sc-47778), anti-ERK2 (sc-154), anti-TRADD
(sc-1163), anti-TRAF2 (sc-876), anti-E-cadherin (sc-7870) anti-
bodies (dilution 1/1000) were purchased from Santa Cruz
Biotechnology. Anti-cleaved caspase 3 (9664) antibody was
purchased from Cell Signaling Technology. Anti-MMP-9
(#1939-1) antibody was purchased from Epitomics. Anti-NGFR
(nerve growth factor receptor), phycoerythrin (PE)- conjugated
monoclonal antibody (C40-1457) were purchased from BD
Pharmingen.

Transfections

For transient expression experiments, MDCK cells (9x10*
cells/well) or HEK-293 (3x10° cells/well) were seeded in six-well
dishes. Transfections were performed using Lipofectamine™
2000 Transfection Reagent (Invitrogen). For luciferase activity
assay, 100 ng of kB luciferase reporter construct and 25 ng of
normalizing vector pRLnull was cotransfected with 1-2 ug of
DNA of interest. For dose effect studies, the amount of DNA was
completed with the empty vector. Cells were incubated with the
reagents for 5 hours at 37°C before the culture medium was
replaced with fresh one supplemented with serum for further
culture.

For stable expression experiments involving the inducible
pRTI1-LMP! or JF;A-LMPI1 vectors, MDCK or HEK-293 cells
were transfected as described above. Two days after transfection,
cells were cultured in DMEM supplemented with tetracycline-free
FBS (10% v/v) and hygromycin B (150 pg/ml) for 3—4 weeks for
the selection. LMP1 expression in selected clones was induced by
doxycycline (2 ug/ml).

For stable expression experiments involving the pSTAR vectors,
MDCK cells were transfected as described above with either the
empty vector or the pSTAR-LMP1 vector. After 2 days, cells were
further cultured in DMEM supplemented with tetracycline-free
FBS (10% v/v) and G418 (800 pg/ml) for 2 weeks to establish
stable clones.

Luciferase activity assay

To measure the reporter activity, cells were harvested 24 hours
after transfection, with a passive lysis buffer (Promega) and lysates
were clarified by centrifugation. Luciferase assay was performed
using a Luciferase assay system (Promega) and Luciferase activities
were measured using a lumat LB 9501 (Berthold). Triplicate
samples were performed in each experiment, and standard
deviations (s.d.) are shown.

Western blotting

Cells were lysed in PY lysis buffer (20 mM Tris-HC1 pH 7.4,
50 mM NaCl, 5 mM EDTA, 1% Triton X-100) and western
blotting was performed, as previously described [27].
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Measurement of cell death using flow cytometry analysis
Cell death was assessed using flow-cytrometry analysis after
propidium iodide (PI, Sigma) labelling as previously described
[33]. For cell cycle analysis, cells were washed with ice-cold PBS,
and then incubated with ice-cold 70% ethanol. Fixed cells were
washed and then treated with RNase A (1 mg/ml) and stained
with PI (100 ug/ml). The percentage of cells in each phase of cell
cycle (i.e GO/GI, S, G2M) as well as the percentage of dead cells
(sub G0/G1) were then determined by measurement of DNA
content using a flow cytometer (Coulter EPICS XIL-MCL).

For immunofluorescent labelling of NGFR, cells were washed
and incubated with PE-conjugated NGIFR antibody for 30 min at
37°C. Cells were then analyzed using a Coulter EPICS XI-MCL
flow cytometer and the data were analyzed using the WinMDI 2.9
software.

Colony-formation assay

MDCK (10° cells/well) and HEK-293 (3.10° cells/well) were
seeded in six-well dishes and transfected with 1 pg DNA per well
using Lipofectamine 2000 as described above. Two days later, one
part of cells was lyzed for western blot analysis, another part of
cells was split into five 100 mm dishes and further cultured in
DMEM supplemented with FBS (10%, v/v). The following day,
the medium was supplemented with G418 (800 png/ml) and cells
were cultured in G418 containing medium for 11 days. Cells from
one of the five dishes were stained (Giemsa, Sigma), while cells
from another dish were lyzed for western blot analysis. The three
other dishes were used for cell counting.

Supporting Information

Figure S1 Ectopic expression of LMP1 in Jurkat cells
induced both cell death and cell survival. A) Cell cycle
analysis was performed after transient LMPI transfection and
cycloheximide treatment. Cells were transfected with empty vector
as control or LMP1 encoding vector. After 24 h, cells were treated
with the indicated doses of cycloheximide during 24 h and cell
cycle was analyzed by flow cytometry. Percentage of sub G0/Gl
cells was indicated. B) Number of clones obtained after stable
transfection of LMP1-derived plasmids. After transfection, selec-
tion was added and cells were dispatched in 96-well plates. G)
LMP1 protects Jurkat cells during serum deprivation or after UV
irradiation. Stably transfected cells were starved during 24 h or
treated by UV and cell death was monitored after annexin V and
propidium iodine labeling. See File S1 for information.

(TIF)
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