
JOURNAL OF VIROLOGY, Mar. 1990, p. 1002-1013
0022-538X/90/031002-12$02.00/0
Copyright ©3 1990, American Society for Microbiology

Stable Transfection of Epstein-Barr Virus (EBV) Nuclear Antigen 2
in Lymphoma Cells Containing the EBV P3HR1 Genome Induces

Expression of B-Cell Activation Molecules CD21 and CD23
M. CORDIER,1 A. CALENDER,1 M. BILLAUD,1 U. ZIMBER,2 G. ROUSSELET,3 0. PAVLISH,2'4

J. BANCHEREAU,5 T. TURSZ,3 G. BORNKAMM,2 AND G. M. LENOIR'*
International Agency for Research on Cancer, 150 Cours Albert Thomas, 69372 Lyon Cedex 08,1 Laboratoire

d'Immunobiologie des Tumeurs U.A. 1156 Centre National de la Recherche Scientifique, Institut Gustave Roussy, 94805
Villejuif Cedex,3 and UNICET, Laboratory for Immunological Research, 69572 Dardilly, France; Institut fur Virologie,

Zentrum fur Hygiene, University of Freiburg, 7800 Freiburg, Federal Republic of Germany2; and Oncological
Research Center, Laboratory of Viral Carcinogenesis, Moscow, USSR4

Received 22 March 1989/Accepted 3 November 1989

A set of B-cell activation molecules, including the Epstein-Barr virus (EBV) receptor CR2 (CD21) and the
B-cell activation antigen CD23 (Blast2/FcERII), is turned on by infecting EBV-negative B-lymphoma cell lines
with immortalizing strains of the viruslike B95-8 (BL/B95 cells). This up regulation may represent one of the
mechanisms involved in EBV-mediated B-cell immortalization. The P3HR1 nonimmortalizing strain of the
virus, which is deleted for the entire Epstein-Barr nuclear antigen 2 (EBNA2) protein open reading frame, is
incapable of inducing the expression of CR2 and CD23, suggesting a crucial role for EBNA2 in the activation
of these molecules. In addition, lymphoma cells containing the P3HR1 genome (BL/P3HR1 cells) do not express
the viral latent membrane protein (LMP), which is regularly expressed in cells infected with immortalizing
viral strains. Using electroporation, we have transfected the EBNA2 gene cloned in an episomal vector into
BL/P3HR1 cells and have obtained cell clones that stably express the EBNA2 protein. In these clones, EBNA2
expression was associated with an increased amount of CR2 and CD23 steady-state RNAs. Of the three species
of CD23 mRNAs described, the FcrRIIa species was preferentially expressed in these EBNA2-expressing
clones. An increased cell surface expression of CR2 but not of CD23 was observed, and the soluble form of
CD23 molecule (SCD23) was released. We were, however, not able to detect any expression of LMP in these
cell clones. These data demonstrate that EBNA2 gene is able to complement P3HR1 virus latent functions to
induce the activation of CR2 and CD23 expression, and they emphasize the role of EBNA2 protein in the
modulation of cellular gene implicated in B-cell proliferation and hence in EBV-mediated B-cell immortaliza-
tion. Nevertheless, EBNA2 expression in BL/P3HR1 cells is not able to restore the level of CR2 and CD23
expression observed in BL/B95 cells, suggesting that other cellular or viral proteins may also have an important
role in the activation of these molecules: the viral LMP seems to be a good candidate.

The Epstein-Barr human lymphotropic herpesvirus (EBV)
is the etiologic agent of infectious mononucleosis and is
associated with two human cancers, Burkitt's lymphoma
(BL) and nasopharyngeal carcinoma. In vitro, EBV specifi-
cally infects normal B lymphocytes in which it persists in a
latent form. The latently infected B lymphocytes become
immortalized, such that they will grow continuously in
culture, generating lymphoblastoid cell lines (LCLs) (8).

In the immortalized lymphocytes, the 175-kilobase (kb)
linear EBV genome is circularized and maintained in an

episomal form. Viral gene expression is then tightly regu-
lated, and only a few of the approximately 100 genes are
expressed. To date, fewer than 10 latent proteins have been
identified and shown to be constituvely expressed in LCLs.
These proteins include the Epstein-Barr nuclear antigens
(EBNAs), the latent membrane protein (LMP), and a re-
cently described terminal protein. EBNA1 is encoded by the
BKRF1 reading frame of the viral genome (15, 42), EBNA2
by BYRF1 (6, 25), EBNA3 by a BLRF3-BERF1 spliced
frame (16, 35), and EBNA-LP (EBNA5) by spliced exons
from the BamWY region (7, 40). LMP is encoded by the
BNLF1 reading frame (14), and the terminal protein (21) is
encoded by exons spliced through the terminal repeats of the
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viral genome after circularization. EBNA1 has been shown
to bind to the origin of replication of the virus (oriP) and is
implicated in maintenance of the episomal form of the viral
genome (53). LMP has been demonstrated to transform
rodent fibroblasts (49) and is part of the lymphocyte-defined
membrane antigen, the target structure recognized by cyto-
toxic T cells during the EBV-specific cell-mediated immune
reaction in vivo (26, 44). A role of EBNA2 in B-cell
immortalization has long been suspected, since nonimmor-
talizing EBV strains have a deletion in the genomic region
coding for EBNA2 (8). So far, however, no precise biologi-
cal role of the latent proteins in relation to immortalization
has been established, although their expression has been
associated with B-cell phenotypic modifications: EBNA2
with the expression of the B-cell activation antigen CD23
(51) and LMP with the expression of CD23 and the adhesion
molecules LFAl, LFA3, and ICAM1 (50).
To identify viral functions implicated in B-cell immortal-

ization and to characterize the nature of virus-cell interac-
tions occurring during this process, an in vitro system has
been developed in our laboratory (4). A panel of EBV-
negative Burkitt lymphoma cell lines (BL/EBV neg.) have
been infected (or converted) with-various viral strains. These
conversions led to the observation that the expression of
cellular molecules involved in B-lymphocyte proliferation
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was differently modulated, depending on the virus strain.
Notably, conversion of BL/EBV neg. lines by the immortal-
izing strain B95-8 (BL/B95 cells) induces high-level expres-
sion of the EBV receptor-CR2 protein and of the B-cell
activation antigen, CD23, at their surface. CR2 (CD21) (9,
10) and CD23 (Blast2/FcrRII) (2, 46, 55) are normal B-cell
molecules expressed early during B-cell activation and are
implicated in the regulation of the cell cycle. They are also
regularly expressed on LCL cells. This supports the sugges-
tion that EBV might activate the normal B-cell proliferation
pathway and contribute to the establishment of an autocrine
secretion loop of B-cell growth factors during B-cell immor-
talization (12, 45). Nevertheless, BL lines converted by the
nonimmortalizing P3HR1 strain (BL/P3HR1 cells) which
contains a deletion of 6.6 kb spanning the entire EBNA2 and
part of the EBNA-LP protein reading frames do not express
CR2 or CD23. It has also been demonstrated that the viral
protein LMP is expressed only at the surface of cells infected
with immortalizing strains. This suggests a direct role of the
EBNA2 gene in the activation of CR2, CD23, and LMP
observed in BL/B95 cells.
To evaluate the role of EBNA2 in the activation of CR2,

CD23, and LMP observed in BL/B95 cells, we attempted to
express an exogenous EBNA2 gene in BL/P3HR1 cells. For
this purpose, we used electroporation to transfect an episo-
mal vector containing an EBV genomic fragment spanning
the EBNA2 gene in BL/P3HR1 cells. We now report that the
stable expression of the EBNA2 gene in BL/P3HR1 cell
clones is associated with the activation of the CR2 and CD23
expression, but not with that of the viral protein LMP.

MATERIALS AND METHODS
Cell lines and culture medium. BL41 is an EBV-negative

BL cell line, spontaneously established at the International
Agency for Research on Cancer (IARC), Lyon, France.
IARC 171, IARC 167, and IARC 277 are LCL lines obtained
through immortalization of normal B lymphocytes with
B95-8 virus. BL41/P3HR1 and BL41/B95 are cell clones
obtained after infection of BL41 cells by P3HR1 and B95-8
viruses, respectively, as previously described (4). Raji,
BL74, and BL29 are EBV-positive BL lines, and HSB2 is a
T-lymphoma cell line. These cell lines were routinely main-
tained by twice-weekly subculture in RPMI 1640 medium
(GIBCO Laboratories) containing 18% (vol/vol) fetal calf
serum and supplemented with 100 IU of penicillin per ml and
100 ,g of streptomycin per ml.

Plasmids. Plasmid pU430/23, used to transfect the EBNA2
gene, was derived from the shuttle vector pHEBO (41) in
which a large M.ABA genomic fragment of ca. 20 kb
overlapping the BYRF1 reading frame has been cloned. The
vector pHEBO was digested with HindlIl and BamHI and
ligated with the 6.3-kb HindIII-BglII fragment derived from
the M.ABA BgIII C fragment cloned in p780-35 (31) and
containing the left part of the large unique region of the EBV
genome. The resulting construct was digested with HindIll,
treated with calf intestine alkaline phosphatase, and ligated
with the 14.6-kb HindIII fragment from the plasmid pM780-
28 (31), carrying the tetracycline resistance gene of pBR322,
three large internal repeats, and the border of the large
unique region. Plasmid pU430/23 carries the 14.6-kb HindIlI
fragment in the proper orientation to reconstruct the EBV
BglII C fragment. Plasmid p710, used as control in the
transfection experiments, has been described elsewhere
(34). It is similar to the pHEBO vector, except that only the
repeats and dyad symmetry parts of oriP have been con-
served.

Transfections of BL/P3HR1 cells. Transfection of BL/
P3HR1 cells was performed by using electric field-mediated
DNA transfer (electroporation) (32, 47). Cells from logarith-
mically growing cultures were collected by centrifugation,
washed twice in phosphate-buffered saline (PBS) that was
calcium and magnesium free, and resuspended in the same
buffer to a final concentration of 2 x 107 to 5 x 107 cells per
ml in the presence of 10 ,ug of plasmid DNA and 40 ,ug of
sonicated salmon sperm DNA in a final volume of 0.8 ml.
The resulting suspension was chilled on ice for 10 min,
placed in a gene pulser cuvette, and subjected to a single
electric pulse delivered by a Bio-Rad gene pulser. In our
transfection experiments, we applied a pulse of 3,000 V/cm,
with a capacitance of 25 ,uF. Under these conditions, the
time constant (the time taken for the voltage to decline to
about 37% of its initial value) was 0.5 ms. Immediately after
the pulse, the cells were replaced on ice for 10 min. Culture
medium (5 ml) was then added to the cell suspension, which
was kept at room temperature for 10 min. The cells were
then kept for 24 to 48 h at 37°C (under 5% CO2) before
selection.
The selection was performed by plating the cells in 96-well

microplates (5 x 104 to 1 x 105 cells per well) in the presence
of 250 ,ug of hygromycin B (Calbiochem-Behring) per ml of
culture medium. The cells were then maintained under these
conditions for 10 to 15 days, with the medium changed twice
a week. Resistant cell populations were harvested from
independent wells and tested by anticomplement immuno-
fluorescence staining (ACIF) for EBNA2 expression. Inde-
pendent transfected cell clones were immediately obtained
by single-cell cloning in limited dilution.
ACIF. Cells were washed twice in PBS and dried on slides

at room temperature before being fixed for 10 min in an
acetone-methanol solution (1:1, vol/vol). EBNA expression
was then tested by using the classic ACIF protocol (33).
EBNA2 expression was detected by using a human serum
(Ba) which gives no fluorescence on BL/P3HR1 cells but
only on BL/B95 cells.

SDS-polyacrylamide gel electrophoresis and immunoblot-
ting. Cells were washed once in PBS, lysed in sample buffer
(10% sucrose, 60 mM Tris hydrochloride [pH 71, 2 mM
EDTA, 2% sodium dodecyl sulfate SDS, 2 mM phenylmeth-
ylsulfonyl fluoride, 2% 2-mercaptoethanol), and boiled for 10
min. A protein sample (8 plI) with an optical density of 0.8 at
280 nm was size separated by discontinuous gel electropho-
resis, with a stacking gel of 5% acrylamide and a resolving
gel of 7.5 to 10% acrylamide, and transferred onto nitrocel-
lulose (Hybond-C; Amersham Corp.) at 300 mA overnight.
The blotted filters were incubated for 30 min at room
temperature with PBS containing 10% skimmed milk and
then for 2 h with the primary antibody diluted in PBS-milk;
they were then washed in PBS containing 0.1% Tween 20.
After being washed they were incubated for 2 h at room
temperature either with anti-human immunoglobulin horse-
radish peroxidase-linked F(ab')2 fragment (Amersham) di-
luted 1/250 in PBS-milk or with 1251I-protein A (Amersham)
diluted to 0.1 ,uCi/ml in PBS-milk. In the experiments in
which monoclonal antibodies (MAbs) were being assayed,
the filters were first incubated for 1 h at room temperature
with a rabbit anti-mouse immunoglobulin (Dako) diluted
1/5,000 in PBS-milk and washed again in PBS-Tween before
being incubated with 125I-protein A. The filters were then
washed again in PBS-Tween 20. The specifically bound
peroxidase-linked antibodies were revealed in the presence
of diaminobenzidine and hydrogen peroxide. Following final
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washes, the filters treated with '25I-protein A were dried and
subjected to autoradiography.

Antibodies. Tu 494 is an EBV polyspecific human serum
from a patient with nasopharyngeal carcinoma and was used
at a dilution of 1/50. CS1-4 is an anti-LMP MAb described
elsewhere (36); it was provided by A. B. Rickinson. It was
used at a dilution of 1/15. G643 is an anti-EBNA-LP rabbit
serum directed against a fusion protein containing 22 amino
acids of Wl exon of the BamHI W viral fragment of the
M.ABA strain; it is described elsewhere (39). It was pro-
vided by N. Mueller-Lantzsch and was used at a dilution of
1/50. OKB7 is a MAb specific for the human 140-kilodalton
(kDa) EBV receptor-CR2 protein (Ortho Diagnostics). We
used it at a dilution of 1/50. MAb 25 (or 9p25) is a MAb
specific for the 44-kDa immunoglobulin E Fc receptor on
human lymphocytes (CD23). It was kindly provided by J. Y.
Bonnefoy (2); we used it at a dilution of 1/5. H107 and
MHM6 anti-CD23 MAbs have been described elsewhere (30,
37). MHM6 was kindly provided by A. B. Rickinson.
FACS analysis. Cells were first incubated for 30 min at 4°C

with MAb diluted in PBS containing 2% bovine serum
albumin (BSA). After being washed in PBS-BSA, the cells
were further incubated for 30 min at 4°C with fluorescein-
conjugated F(ab')2 antibodies to mouse immunoglobulin
(BIOART) diluted to 1/200 in PBS-BSA and washed again in
PBS-BSA. MAbs of the same isotype as the tested mono-
clonal antibodies were included as negative control for
nonspecific binding. Immunofluorescence staining was then
analyzed with a FACS-440 fluorescence-activated cell sorter
(Becton Dickinson and Co.).
Sandwich enzyme-linked immunosorbent assay for soluble

CD23 (SCD23). Lines tested for the production of SCD23
were cultured under the following conditions. Fresh culture
medium (4 ml) was added to 105 cells in 1 ml of culture
medium. After 72 h, the cell density was determined; it
varied between 2.5 x 106 and 3 x 10' cells per ml. Cells were
centrifuged, and the supernatant was collected, cleared on a
membrane (pore size, 0.45 pm; Millipore Corp.), and stored
at -20°C before being used in the enzyme-linked immuno-
sorbent assay.
A 96-well plate (Interned) was first incubated with (per

well) 50 [LI of 2 p.g of purified anti-CD23 MAb 25 (2) per ml
in 0.1 M carbonate buffer (pH 9.6) at 4°C overnight. The
wells were then washed five times with PBS containing
0.05% Tween-20 and coated with PBS containing 2% BSA
for at least 4 h at room temperature. After five washes, 100
[LI of samples (0.2-pm-filtered culture supernatant) was
added to the wells, and the plates were incubated at 4°C
overnight. The plates were then washed five times, and 50 RI
of alkaline phosphatase-coupled anti-CD23 MAb H107 (30)
(diluted to 2 p.g/ml with 2% PBS-BSA) was added to each
well. The plates were incubated overnight at 4°C, washed
five times, and supplemented with 100 pL. of p-nitrophe-
nylphosphate (1 mg/ml; Sigma Chemical Co.) diluted with
9.7% diethanolamine, 3 mM NaN3 and 0.5 mM MgCl2 6H20
(pH 9.8). After incubation at room temperature, A405 was
determined by using the Titertek Multiscan (Flow Labora-
tories, Inc.).
RNA isolation and Northern blot. Total cellular RNA was

prepared by using the guanidine isothiocyanate-cesium chlo-
ride centrifugation method (5). A 20- to 40-,ug amount of
each RNA sample was size separated on a 1% (wt/vol)
agarose gel containing 2.2 M formaldehyde and was trans-
ferred in 20x SSC (3 M NaCl, 0.3 M sodium citrate [pH 7])
onto a GeneScreen Plus membrane (Du Pont Co.) (23).

Probes and hybridizations. Probes were labeled by random

priming with [o-32P]dCTP of the 1.6-kb EcoRI fragment from
CR2-cDNA plasmid p1.6 (kindly provided by J. Weis [52]),
of the 1.7-kb EcoRI fragment from CD23-cDNA plasmid
pFcER1 (kindly provided by H. Kikutani [20]), of total
plasmid pGAPDH-13 (kindly provided by M. Piechaczyk,
Universitd du Languedoc, Montpellier, France), and of a
3.7-kb EBV genomic fragment from plasmid pLMP (kindly
provided by A. Sergeant, Ecole Normale Superieure, Lyon,
France).

Filters were prehybridized and hybridized overnight at
42°C in 0.05 M sodium phosphate buffer (pH 7)-I M NaCl-
50% (vol/vol) formamide-1% (wt/vol) SDS containing 100 p.g
of salmon sperm DNA per ml, 100 [ig of yeast tRNA per ml,
and 1 x 106 to 5 x 106 cpm of probe per ml of hybridization
solution. After hybridization, the filters were washed at 65°C
for 1 h in 2x SSC-1% (wt/vol) SDS and exposed to hyperfilm
(Amersham) for autoradiography for 1 to 10 days.
RNase protection experiments. Plasmid construction and in

vitro transcription. pG3Z/5'-CD23 was constructed by sub-
cloning the 350-base-pair (bp) EcoRI-PvuII fragment from
pFcER1 (54), corresponding to the 5' extremity of the CD23
cDNA, into the SmaI site of the expression vector pGEM-3Z
(Promega Biotec). pG3Z/5'-CD23 was linearized with Hin-
dlll, and radioactive RNA probe was synthetized by using
T7 RNA polymerase as previously described (1); 85 p.Ci of
[oA-32P]UTP (400 Ci/mmol) was used in a 25-pul reaction.

Hybridization and RNase digestion. Hybridization and
RNase digestion were performed as previously described
(1). Briefly, hybridizations were performed by mixing 5 x
105 cpm of [_x-32p]RNA probe with 20 to 40 p.g of total RNA
in hybridization solution [80% formamide, 0.4 M NaCl, 1
mM EDTA, 40 mM piperazine-N,N'-bis(2-ethanesulfonic
acid) (Pipes; pH 6.7)] and incubating the mixture overnight
at 45°C. The reactions were then incubated for 1 h at room
temperature in the presence of RNase A and RNase T1. The
digestions were stopped by the addition of 20% SDS and
proteinase K, and the mixtures were further incubated for 15
min at 37°C. After phenol-chloroform extraction and ethanol
precipitation, the precipitated RNA was dissolved in form-
amide loading buffer (10% [wt/vol] xylene cyanol, 100%
bromophenol blue, and 0.01 M EDTA in formamide) and
fractionated on a 5% polyacrylamide-8 M urea sequencing
gel. The gel was then exposed to X-ray film at -70°C.

RESULTS

Transfection ofEBNA2 gene in BL41/P3HR1 cells. We have
transfected the EBNA2 gene cloned in the episomal vector
pHEBO (plasmid pU430/23 described in Materials and Meth-
ods) into BL41/P3HR1 cells by using the electroporation
technique. The vector pHEBO possesses the oriP region of
the EBV genome and is maintained in an episomal form and
in many copies in cells expressing EBNA1, such as BL41/
P3HR1 cells.
We performed two independent transfection experiments,

with plasmid pU430/23 to transfect the EBNA2 gene and the
plasmid p710 (34) as a control plasmid without the EBNA2
gene. These two plasmids confer resistance to hygromycin
B. At 15 days after the beginning of selection, we selected
independent populations resistant to hygromycin B. The
resistant populations were independent, since they were
recovered from independent wells of culture microplates.
Because the genes conferring resistance to hygromycin B
and EBNA2 were on the same vector, we expected the
resistant populations transfected with pU430/23 to express
EBNA2 protein. We first tested the expression of EBNA2
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FIG. 1. Immunoblot analysis of the expression of EBNA2, EBNA1, and replicative-cycle proteins in the transfected clones, by using a

human polyspecific serum Tu 494. Numbers on the right indicate the molecular size in kilodaltons. BL74 and P3HR1 are BL EBV-positive
productive lines. Raji is an EBV-positive line. BL41/P3HR1 and BL41/B95 correspond to the BL41 EBV-negative BL line converted,
respectively, with P3HR1 and B95 viruses. EBNA2-positive clones are clones expressing EBNA2: from left to right, Bl-7, B1-9, Bi-10,
B1-13, B2-1, B2-2, B2-3, and B2-4. The lane labeled "negative clone" is clone B3-1 that was transfected with pU430/23 but did not express

EBNA2, and the lane labeled "control clone" is clone Ni-i transfected with plasmid p710. The EBNA2 protein was detected at ca. 85 kDa,
and the EBNA1 protein was detected at ca. 80 kDa. Lytic-cycle proteins of high molecular size are detected at ca. 110 kDa in the productive
lines BL74 and P3HR1, and EA-complex antigens of low molecular size are detected at ca. 48 kDa.

protein in the hygromycin-resistant populations by using
ACIF with human Ba serum, which gave no fluorescence on

BL41/P3HR1 cells but only on BL41/B95 cells (data not
shown) and which was therefore considered to detect
EBNA2 expression. The percentage of cells expressing
EBNA2 in the hygromycin-resistant populations varied con-

siderably (from 20 to 80%) most of the time and was once
about 100%. Hygromycin-resistant populations obtained af-
ter transfection were nonhomogeneous with respect to
EBNA2 expression, and we have cloned them by using
limited dilution to generate homogeneous EBNA2 express-

ing cell clones. We have cloned the following populations
from the two independent transfection experiments de-
scribed before. The first was a hygromycin-resistant popu-

lation (Bi) from the first experiment, transfected with
pU430/23 and in which 70% of the cells expressed EBNA2 in
ACIF. Of 24 clones harvested, 4 clones did not express

EBNA2 at all in ACIF (B1-L, B1-M, B1-Q, and B1-S) and 16
clones expressed EBNA2 homogeneously; i.e., all cells were
positive in ACIF with the same fluorescence intensity (Bl-7,
B1-9, BI-10, B1-13, B1-A, B1-B, etc.). The second was a

hygromycin-resistant population (B2) from the second ex-

periment, transfected with pU430/23 and in which more than
98% of the cells expressed EBNA2 in ACIF. We obtained
only clones expressing EBNA2 homogeneously in ACIF,
such as B2-1, B2-2, B2-3, and B2-4. The third was a

hygromycin-resistant population (B3) transfected with
pU430/23 but in which all the cells were negative for EBNA2
expression in ACIF; we obtained negative clones that did
not express EBNA2 at all, such as B3-1. The fourth was a
hygromycin-resistant population (NI) transfected with the
control plasmid p710; we obtained control clones that did not
express EBNA2 in ACIF, such as N1-1.
We have verified that the plasmids recovered from the

transfected cell clones were in a whole episomal form.
Analysis of the low-molecular-weight DNAs (Hirt DNAs)
extracted from the cell clones showed that cell clones
expressing EBNA2 protein were those in which no major

rearrangement of the plasmid pU430/23 was detected after
transfection (data not shown). There were two types of cell
clones which did not express EBNA2: those named control
clones, like Ni-1, which transfected with the control plasmid
p710, which did not carry the EBNA2 gene; and those
named negative clones, like B3-1 and Bl-L, B1-M, Bl-Q,
and B1-S, which transfected with pU430/23, but in which
this plasmid was rearranged. Rearrangement of plasmid
pU430/23 may have occurred very early during transfection,
since the EBNA2-expressing clones have been maintained
for several months in culture with stable expression of
EBNA2 and no emergence of nonexpressing cells.

Expression of the transfected EBNA2 gene. By SDS-poly-
acrylamide gel electrophoresis and immunoblotting, we have
analyzed the size and the level of expression of the EBNA2
protein expressed in the transfected clones and detected in
ACIF, by using the human polyvalent serum Tu 494. Clones
Bl-7, B1-9, B1-10, Bl-13, B2-1, B2-2, B2-3, and B2-4, which
were positive in ACIF, expressed an EBNA-2 protein of
around 85 kDa, the same size as the EBNA2 protein found in
BL41/B95 cells and Raji cells (Fig. 1). The level of expres-
sion of EBNA2 in these clones was comparable to that in
BL41/B95 cells and in Raji cells (comparing the intensity of
the bands). We detected no expression of the EBNA2
protein in the control clone Ni-i or in the negative clone
B3-1. Clone Ni-i was transfected with the control plasmid
p710 without the EBNA2 gene, and clone B3-1 was trans-
fected with the plasmid pU430/23 but which was deleted in
the EBNA2 region after transfection. The results of immu-
noblot analysis of EBNA2 expression in the transfected
clones are thus in good agreement with those obtained from
the ACIF analysis of EBNA2 expression (see previous
paragraph).

Expression of other EBV proteins. (i) EBNA1. We detected
an EBNA1 protein of the same size (ca. 80 kDa) in BL41/
P3HR1 cells and in all the transfected clones (Fig. 1). The
EBNA1 protein was smaller in Raji cells and larger in
BL41/B95 cells because of the heterogeneity of the EBV

-116

VOL. 64, 1990



1006 CORDIER ETAL.J.VRL

0

0)

cc 0
M 0~~~~0

1- y- V'-Id,qctitzC

U0)

0

C r C

II

.::.4Iz

FIG. 2. Immunoblot analysis of EBNA-LP expression in the transfected clones by using the rabbit serum G643. Numbers on the left
indicate molecular size in kilodaltons. IARC 277 and IARC 167 are LCLs. Raji, BL29, and BL74 are EBV-positive BL lines. BL41/P3HR1
and BI-41/B395 correspond to the BL41 EBV-negative line converted, respectively, with P3HR1 and B95.8 viruses. EBNA2-positive clones
are clones expressing EBNA2: from left to right, Bl-7, Bl-9, Bi-lO, Bl-13, B2-1, B32-2, B32-3, and B2-4. Negative clones are clones that were
transfected with pU430I23 but do not express EBNA2: from left to right, B3- and B33-2. The lane labeled "control clone" is clone Ni-i
transfected with control plasmid p710. The size of the EBNA-LP protein varied from one line to another: 58 kDa in IARC 277, 27 kDa in
P3HR1, 45 kDa in BL411B95, 48 kDa in BL41/P3HRI, and 39, 45, 55, and 70 kDa in BL 74. The EBNA-LP protein detected in the transfected
clones had the same molecular size as that in the BL41/P3HR1 parental cell. In clone Bl-13 we found EBNA-LP at 30, 37, 40, 50, and 60 kDa.

genome in the region coding for EBNA1. No detectable
changes in the level of expression of BBNA1 were observed
between the BL41/P3HR1 parental cells and the transfected
cell clones.

(ii) Lytic-cycle proteins-EA complex. Tu 494 serum also
permits us to detect lytic cycle proteins of high molecular
weights and BA-complex antigens (8) of low molecular
weights. These proteins were detected in the productive
lines BL74 and P3HR1, but were not observed in the
nonproductive lines Raji, BL41/P3HR1, and BL41/B95, nor
in the transfected clones. On the other hand, using a set of
polyvalent human sera in the immunofluorescence analysis,
we did not detect any expression of BA antigens (8) in these
cell clones. We concluded that BBNA2 expression in the
BL41/P3HR1 cells did not obviously modified the expression
of antigens implicated in the lytic cycle of the virus.

(iii) EBNA3-EBNA4. Using anti-BBNA3- and anti-
BBNA4-specific rabbit sera, we did not detect any modifi-
cation in the expression of these proteins in the transfected
clones (data not shown) compared with that observed in the
parental lines and previously described (27).

(iv) EBNA-LP. The plasmid pU430/23 contained three
entire W repeats in which transcriptional promoters have
been found (48) and from where initiation of BBNA2 tran-
scription occurs in our clones. The BBNA-LP protein has
been shown to be encoded by small exons (WO, Wi, and W2)
spliced from the W repeats (7, 40) and may have been
expressed in the clones transfected with pU430/23. Using a
rabbit serum (G643) directed against 22 amino acids encoded
by the Wi exon (39), we analyzed the expression of the
BBNA-LP protein in these transfected clones. As previously
described (39), we detected an BBNA-LP protein with a
single size of ca. 58 kDa in IARC 277 cells, one of ca. 27 kDa
in P3HR1 cells, and ones with different sizes (39, 45, 55, and
70 kDa) in BL74 cells (Fig. 2). We also detected an BBNA-
LP protein of ca. 45 kDa in BL41/B95 cells and one of ca. 48
kDa in BL41/P3HR1 parental cells and in all the transfected

cell clones, except in clone B1-13, in which BBNA-LP
proteins of ca. 30, 37, 40, 50, and 60 kDa were found. We
concluded that the expression of BBNA-LP protein in the
transfected cell clones was not different from that in the
parental BL41/P3HR1 line and that it consisted of a single
protein form of ca. 48 kDa expressed at nearly the same
level. There-owas, however, one exception with clone Bl-13,
in which the expression of EBNA-LP protein was com-
pletely different, and existed. in many protein forms, perhaps
generated from plasmid pU430/23.

(v) LMP. Using CS1-4 MAb, we have detected an LMP
protein of ca. 66 kDa in Raji cells and BL41/B95 cells but not
in BL41/P3HR1 cells (Fig. 3a). The LMP protein was also
not detected in the transfected clones, even after a long
exposure in autoradiography. We hybridized Northern blots
of these clones, using as probe a 3.7-kb genomic EBV
fragment overlapping the LMP open reading frame (pLMP).
We did not detect any transcript corresponding to LMP in
the transfected clones (even after a long exposure in autora-
diography), although we detected a transcript of 2.9 kb in
Raji and BL41/1B95 cells (Fig. 3b). LMP RNA expression
was compared with that of glyceraldehyde phosphatase
dehydrogenase (GADPH), which was considered to. be con-
stant in all the cell lines studied (data not shown). We
concluded from this series of results that LMP expression
was not detectable at the protein or RNA levels in our
EBNA2-transfected clones.

Activation of CR2 and CD23 in clones transfected with
EBNA2. (i) Northern blot analysis of CR2 and CD23 RNA
expression. With CR2-cDNA as a probe, a 5-kb CR2 tran-
script was detected in Raji, BL411B95, and IARC 171 lines
and in transfected clones expressing EBNA2 protein (Bl-7,
Bl-9, Bi-lO, Bl-13, B32-1, B32-2, B2-3, and B32-4) but not in
the BL41/P3HR1 parental line, the negative clone B33-1, or
the control clone Ni-i (Fig. 4a). In the same way, a
1.7-kb/CD23 transcript was detected in BL41/B395 and IARC
171 cells and also in all the transfected clones expressing
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FIG. 3. LMP expression in the transfected clones. Raji is an EBV-positive BL line, and BL41 is an EBV-negative line. IARC 171 is an
LCL, and BL41/P3HR1 and BL41/B95 correspond to the BL41 line converted, respectively, with P3HR1 and B95 viruses. HSB2 is a T
lymphoma line. EBNA2-positive clones are clones expressing EBNA2: from left to right, B1-7, Bl-9, Bi-10, B1-13, B2-1, B2-2, B2-3, and
B2-4. Negative clones are clones transfected with pU430/23 but that do not express EBNA2: from left to right, B3-1 and B3-2. The lane labeled
"control clone" is clone Ni-i transfected with the control plasmid p710. (a) Immunoblot analysis of LMP expression with the CS1-4 MAb
(36). The LMP was detected at around 66 kDa in Raji and BL41/95 lines but not in the transfected clone. (b) Northern blot analysis of LMP
transcription. Total cellular RNA (20 ,ug per sample) was hybridized with probe pLMP corresponding to a 3.7-kb genomic fragment
overlapping the LMP reading frame, and it detected a 2.8-kb transcript in Raji, BL41/95, and IARC 171 lines but not in the transfected clones.
GAPDH expression analysis is not shown.

EBNA2, but not in the negative clones B1-L, B1-M, B1-Q,
B1-S, and B3-1 or in the control clone Ni-i (Fig. 4b). These
results demonstrate that there is an increase in the amount of
CR2 and CD23 steady-state RNAs in clones expressing
EBNA2 compared with the amount in BL41/P3HR1 parental
cells or clones that do not express EBNA2, such as the
control clone Ni-i transfected with the control plasmid p710
or the negative clones Bl-L, Bi-M, Bi-Q, B1-S, and B3-i
transfected with pU430/23.

It seems that the level of CR2 and CD23 activation can
vary a little from one clone expressing EBNA2 to another,
but is still always lower than that observed in BL41/B95
cells. CD23 activation seems to be much weaker than that of
CR2, since in the case of CR2 detection the quantities of

RNAs for BL41/B95 and EBNA2-positive clones are the
same, and in the case of CD23 detection the quantity of
BL41/B95 RNA is half that in EBNA2-positive clones.

(ii) RNase protection analysis of CD23 mRNA expression.
The existence of three species of CD23 mRNAs has been
described previously (54), with differences in the region
coding for the N-terminal cytoplasmic portion of the protein.
These three mRNA species are generated by using different
transcription initiation sites and differential RNA splicing.
Two mRNA species coding for the FcFRIIa/CD23 form have
been described whose sequences differ by only 4 nucleotides
in their 5' untranslated region (nucleotides 96 to 100 of the
pFceR1 cDNA clone [54]), possibly as a result of a differen-
tial splicing event. A third mRNA species coding for the
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FIG. 4. CR2 and CD23 RNA expression in the transfected clones. (a) Northern blots with 20 ,ug of total cellular RNA per sample were
hybridized with the p1.6 probe (52), which detects a 5-kb CR2 transcript. Raji is an EBV-positive line; IARC 171 is an LCL; and BL41/P3HR1
and BL41/B95 correspond to the BL41 EBV-negative line converted, respectively, with P3HR1 and B95 viruses. HSB2 is a T lymphoma line.
EBNA2 positive clones are clones expressing EBNA2: from left to right, B1-7, Bi-9, Bi-10, Bi-13, B2-1, B2-2, B2-3, and B2-4. Negative
clones are clones that were transfected with pU430/23 but that do not express EBNA2: from left to right, B3-1 and B3-2. The lane labeled
"control clone" is clone Ni-i transfected with the control plasmid p710. (b) Northern blot with 40 ,ug of total cellular RNA (20 jig for BL41/95
and IARC 171) were hybridized with the pFccRi probe (20), which detects a 1.7-kb CD23 transcript. HSB2, IARC 171, and BL41/95 lines
are described in the legend to panel a. EBNA2-positive clones are, from left to right, B1-7, B1-9, Bi-10, B1-13, B2-1, B2-2, B2-3, B2-4, and
B1-A, and negative clones are, from left to right, B3-1, B1-M, B1-Q, and B1-S. CR2 and CD23 RNA expression has been compared with that
of GAPDH (1.4-kb transcript) which was considered to be constant in all the cell lines studied.

FceRIIb/CD23 form has been found to be completely dif-
ferent from the other two in the 5' region up to nucleotide
208 of the pFceR1 cDNA clone (54).
We have developed an RNase protection analysis experi-

ment which permits us to discriminate between the FceRIIa
and FcERllb species. A 350-bp 5' fragment of the pFcER1
cDNA clone (54) has been subcloned in pGEM-3Z (see
Materials and Methods). With this construct as a template,
in vitro T7 RNA polymerase transcription permits us to
obtain a 350-bp RNA fragment that can be used as a probe to
detect FceRII mRNA species. The 350-bp RNA probe
protects either a 350-bp fragment or a 250-bp fragment plus

a small (96-bp) fragment in the case of the FceRIIa species
(Fig. 5). A 142-bp fragment is protected in FceRIIb species.
The FceRIIa and FcERIub species were both detected in

BL41/B95 and IARC 171 lines, and in equimolar quantities
(Fig. 5). A small quantity of the FccRIIa species was
detected in BL41/P3HR1 cells and in negative or control
clones. No CD23 RNA was detected in these clones by
Northern blot analysis (Fig. 4b), showing that the RNase
protection analysis test is more sensitive, perhaps because of
greater RNA-RNA affinity than RNA-DNA affinity during
hybridization. In clones expressing EBNA2, the two
FceRIla species were detected in larger quantities than those
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FIG. 5. RNase protection analysis of CD23 mRNAs expression.

A 40-pLg sample of total cellular RNA (20 pug for IARC 171 and
BL41/B95 cells) was annealed to the RNA probe obtained from
pG3Z/5'-CD23 (described in Materials and Methods) and corre-

sponding to the 5' EcoRI-PvuII fragment of pFcaRl (54), and then
digested with RNase A and RNase TI. The size of protected bands
was analyzed by polyacrylamide gel electrophoresis and autoradi-
ography. tRNA is a negative control. IARC 171 is an LCL.
BL41/P3HR1 and BL41/B95 correspond to the BL41 line converted,
respectively, with P3HR1 and B95 viruses. The lane labeled "con-
trol clone" is clone Ni-i transfected with control plasmid p710.
EBNA2-positive clones are clones expressing EBNA2: from left to
right, B1-9, B1-13, B2-1, and B2-2. The lane labeled "negative
clone" is clone B3-1 that was transfected with pU430/23 but that
does not express EBNA2. Molecular sizes are given by pBR322
digested by MspI (sizes in base pairs).

observed in the BL41/P3HR1 parental cells and in the
negative or control clones. A small quantity of FceRIIb
species also appeared.
We conclude from these results that in agreement with

Northern blot analysis, EBNA2 expression induces higher
expression of CD23 RNA. The two FceRlIa mRNA species
seem to be preferentially induced in our EBNA2 transfected
clones, compared with BL41/B95 cells in which equimolar
quantities of the FcERILa and FceRIlb species are ex-

pressed.
(iii) FACS analysis. Since transcriptional studies showed

activated expression of CR2 and CD23 in the EBNA2-
transfected clones, we analyzed the cell surface expression
of these molecules by immunofluorescence staining and

TABLE 1. FACS analysis of CR2 and CD23 expression after
membrane immunofluorescent staining with OKB7 (anti-CR2)

and MAb 25 or MAb MHM6 (anti-CD23)'

CD21 CD23 Negative
EBNA2 (CR2) MAb

Cell line' expres- wOth MAb 25 MAb MHM6 control
sion

% MFI % MFI % MFI % MFI

BL41/B95 + 95.2 71 132.4 81 123.60 65 1.6 64
BL41/P3HR1 - 1.0 4 1.5 3 6.1 6 1.2 4
BL02/B95 + 87.0 10 6.1 5 5.0 8 1.5 5
IARC 167 + 28.1 15 98.0 188 98.2 314 7.5 9
Ni-i - 2.4 4 0.8 4 3.6 6 1.3 4
B3-1 - 1.5 5 1.0 4 5.3 6 0.8 4
B1-L - 0.9 5 0.6 3 1.1 4 0.5 3
Bi-M - 1.3 6 0.8 3 1.7 5 1.2 3
B1-Q - 1.9 6 0.7 4 1.1 5 0.9 4
Bi-S - 1.3 6 0.2 5 2.6 6 0.5 4
Bi-7 + 97.0 13 0.7 4 0.5 4
Bl-9 + 96.9 13 0.7 4 4.5 7 1.1 4
B1-10 + 98.3 9 1.0 4 0.7 4
B1-13 + 95.0 25 2.3 4 13.5 8 0.9 4
Bl-A + 10 2.3 4 4.3 6 1.1 5
B1-B + 61.5 11 3.0 4 4.2 6 1.7 4
Bi-C + 93.9 11 4.8 4 6.7 7 0.7 5
B1-D + 99.4 12 4.5 4 7.8 7 1.0 4
B1-E + 98.6 11 2.1 5 6.1 6 0.8 4
B1-F + 99.6 12 2.9 4 5.2 5 0.9 3
B1-G + 98.8 10 2.1 5 5.4 6 0.2 4
B1-H + 99.2 11 2.1 5 3.9 7 0.5 4
B1-I + 98.8 11 4.8 5 4.4 7 0.4 3
B1-J + 99.3 11 3.0 5 2.5 6 0.9 3
B1-K + 99.6 12 1.3 4 3.7 6 0.9 3
B1-N + 99.2 9 2.6 3 2.8 5 0.4 3
B1-0 + 93.3 11 0.8 3 3.4 5 0.6 3
B1-P + 10 4.5 4 3.7 5 0.5 4
Bl-R + 98.7 13 4.5 5 4.1 7 1.1 4
B2-1 + 6.6 12 2.8 5 4.0 0.7 4
B2-2 + 33.8 14 8.8 6 58.9 2.4 5
B2-3 + 97.2 12 1.7 4 0.6 4
B2-4 + 99.7 11 2.4 3 0.8 4

" The percentage of fluorescent cells is given for the same time as the mean
fluorescence intensity (MFI) in the linear schedule.

b IARC 167 is an LCL line. BL41/P3HR1 and BL41/B95 correspond to the
BL41 line converted with P3HR1 and B95 viruses, respectively. BL2/B95
corresponds to the BL2 line converted with B95 virus. Ni-i is a control clone
transfected with the control plasmid p710. B3-1, B1-L, B1-M, B1-Q, and B1-S
are negative clones transfected with pU430/23 but that do not express EBNA2
protein. B1-7 through B1-13, B1-A through B1-R, and B2-1 through B2-4 are
transfected clones that express EBNA2 protein.

FACS analyses. The increased amount of CR2 RNA was
correlated with an increased cell surface expression of the
CR2 molecule (Table 1). There was a clear difference in CR2
cell surface expression between the five negative clones
tested that did not express EBNA2 (B3-1, B1-L, B1-M,
B1-Q, and B1-S) or the control clone (N1-1) and the EBNA2-
expressing clones. The negative and control clones did not
express CR2 or expressed it at a very low level (percentage
and mean fluorescence intensity comparable to those of
BL41/P3HR1 parental cells). In contrast, in the EBNA2-
expressing clones, all the cells were induced to express CR2
to a level approximately two to three times higher than that
of the parental BL41/P3HR1 cells but to a lower level than
that of BL41/B95 cells (mean fluorescence intensity was
seven times lower). These results are in good agreement with
those observed in Northern blot (see previous paragraph).
Concerning CD23, no significant difference (Table 1) was
detectable in the cell surface expression of the molecule
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between BL41/P3HR1 cells and the clones expressing
EBNA2, even though the CD23 RNA level was increased in
the latter. This has been verified by using two different
anti-CD23 MAbs, MAb25 and MHM6.
We also analyzed the cell surface expression of the

histocompatibility leukocyte-associated antigens of class I
(W6/32) and class II (DR, DQ), which did not vary between
BL/P3HR1 cells and BL/B95 cells, as well as the expression
of the lymphocyte adhesion molecules LFAl, LFA3, and
ICAM1, which was differently modulated in BL/P3HR1 and
BL/B95 cells (M. Billaud and A. Calender, unpublished
results). We found that the expression of these molecules
was not significantly modified in the transfected clones
compared with the BL41/P3HR1 parental cells (data not
shown).

(iv) Detection of soluble CD23 (SCD23) in the culture
supernatants. Since CD23 was not expressed at the cell
surface of the EBNA2-transfected clones but CD23 RNA
was detected, we tested the presence of the soluble form of
the molecule in the supernatant of the transfected cell
clones. SCD23 was detected in large quantities in the super-
natant of BL41/B95 and IARC 171 cells in quantities corre-
lated to the level of cell surface expression of the molecule
(Fig. 6). SCD23 was also detected in the supernatant of the
clones expressing EBNA2 but not in that of BL41/P3HR1
parental cells or the transfected clones that did not express
EBNA2. The quantity of SCD23 found in the supernatant of
the clones expressing EBNA2 was approximately 7 to 10
times smaller than in that of BL41/B95 cells. The limit of
detection of the test was about 0.02 ng/ml, and values above
this limit were considered positive.

DISCUSSION

The stable transfection of the EBNA2 gene in B lym-
phoma cells has allowed us to demonstrate that the EBNA2
gene plays a crucial role in the activation of the expression of
molecules such as CR2 and CD23 involved in B-cell prolif-
eration. Our approach has been to use the in vitro system
developed in our laboratory (4), consisting of BL lines
converted with different EBV strains (BL/EBV lines), to
study the effect of the expression of an exogenous EBNA2
gene in BL/P3HR1 cells which express neither EBNA2 nor
the CR2 and CD23 molecules, and to compare this with
BL/B95 cells which express EBNA2, CR2, and CD23.

Since classic chemical transfection protocols appeared
inefficient in obtaining stable expression ofEBV genes in BL
cells, we developed a transfection system by using electric
field-mediated DNA transfer of an episomal plasmid vector
that does not require cellular genome integration for expres-
sion. This plasmid can be present in several copies and so
leads to higher expression of the transfected gene. We have
transfected such a plasmid, pU430/23 carrying the EBNA2
gene, into BL41/P3HR1 cells and obtained BL41/P3HR1 cell
clones that stably express the EBNA2 protein. Immunoblot-
ting analyses showed that the EBNA2 protein expressed in
these transfected clones was similar in size and comparable
in its level of expression to that in BL41/B95 and Raji cells.
We were therefore able to study the effect of EBNA2 protein
expression on the phenotype of BL41/P3HR1 cells and to
compare it with the effect on BL41/B95. The expression of
EBNA2 gene in BL41/P3HR1 cells is associated with an
increased amount of the steady-state RNAs coding for CR2
and CD23, with greater cell surface expression of CR2 but
not of CD23 and with the release of SCD23. We can ensure
that the activation of CR2 and CD23 observed in these
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FIG. 6. Analysis of the quantity of soluble CD23 (SCD23) se-
creted in the supernatant of the transfected clones. The assay for
SCD23 was performed by a sandwich enzyme-linked immunosor-
bent assay with MAbs 25 and H107. IARC 1120 is an LCL;
BL41/P3HR1 and BL41/B95 corresponded to the BL41 EBV-nega-
tive line converted, respectively, with P3HR1 and B95 viruses.
EBNA2-positive clones are clones expressing EBNA2. Negative
clones are clones that were transfected with pU430/23 but that do
not express EBNA2. The control clone is clone Ni-i transfected
with control plasmid p710. Quantities are given in nanograms per
milliliter; 0.02 ng/ml is the lowest level that can be detected by the
test.

transfected clones is not due to the selection of clones
already expressing CD23 and CR2. Activation is indeed
observed in all EBNA2-expressing clones coming from two
independent transfection, selection, and single-cell cloning
experiments and in which pU430/23 is not rearranged. More-
over, control clones such as Ni-i transfected with the
control plasmid without EBNA2 (p710) or negative clones
like B3-1, B3-L, B3-M, B3-Q, and B3-S transfected with the
plasmid pU430/23 but rearranged, do not showed activation
of CR2 and CD23. On the other hand, since part of EBNA-
LP open reading frame is present in the transfected plasmid
but EBNA-LP expression does not differ between BL41/
P3HR1 cells and the EBNA2-transfected clones (except for
clone B1-13), the activation of CR2 and CD23 observed is
very likely to be attributed to EBNA2 and not to the
EBNA-LP protein. Our data thus demonstrate that the
EBNA2 gene is necessary to complement the P3HR1 virus in
BL41 cells to induce activation of CR2 and CD23 observed
in BL41/B95 cells.

It is interesting that in our clones, EBNA2 induces CR2
and CD23 activation but always to a lower level than that
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observed in BL41/B95 cells: the mean fluorescence intensity
of CR2-positive cells in the EBNA2-transfected clones was
nearly seven times lower than that in BL41/B95 cells, except
for clone B1-13, in which it was only three times lower. In
the same way, CD23 was not expressed at the membrane,
but its soluble form, SCD23, released by the EBNA2-
transfected clones was nearly 7 to 10 times less abundant
than in the supernatant of BL41/B95 cells. A clear difference
was also observed in Northern blot -analysis between the
intensity of CR2 and CD23 transcripts detected in BL41/95
cells and those detected in EBNA2-transfected cells. Since
the level of EBNA2 expression is comparable in BL41/95
and EBNA2-transfected cells, we suggest that EBV latent
proteins other than EBNA2 have an important role in the
regulation of the level of expression of CD23 and CR2, either
cooperating with EBNA2 to magnify CR2 and CD23 expres-
sion or regulating EBNA2 expression. The role of EBNA-LP
and LMP proteins must therefore be investigated. In clone
B1-13, modified EBNA-LP expression is associated with
higher CR2 expression compared with the other clones.
LMP is expressed in BL41/B95 cells, but not in the EBNA2-
transfected clones, in which CR2 and CD23 expression is
lower than in BL41/B95 cells. It is possible that EBNA-LP
and LMP cooperate with EBNA2 to obtain higher CR2 and
CD23 activation. In conclusion, the activation of CR2 and
CD23 observed may occur via the direct modulation of
cellular functions or via the modulation of different viral
functions. Transfection of EBNA2 gene in BL/EBV neg.
cells will permit us to elucidate whether P3HR1 functions are
required to induce CR2 and CD23 activation in our trans-
fected clones. Wang et al. (51) found that the expression of
CD23 was increased in a BL/EBV neg. line (LOUCKES)
expressing the EBNA2 protein following infection with a
retrovirus vector carrying the EBNA2 gene. This has sug-
gested that EBNA2 could be a transactivator of CD23, acting
independently of other viral functions. We report here for
the first time an EBNA2-mediated activation of CR2. This
suggests that CR2 is a pivotal molecule responsible for
EBV-mediated B-cell activation and that its expression is
specifically related to EBNA2 expression.
EBV receptor-CR2 protein (CD21) and CD23 (Blast2/

FceRII) are molecules implicated at different stages of
normal B cell activation and proliferation. CD23 is synthe-
sized as a 45-kDa precursor and is expressed at the surface
of B cells early after activation (46), before being shed into
the culture medium in a 25- to 33-kDa soluble form (SCD23)
(3, 43). It has been shown to be the low-affinity receptor for
the Fc fragment of immunoglobulin E (2, 55). CD23 is
involved in triggering the progression of activated B lympho-
cytes through the G1 phase of the cell cycle (13). It has been
suggested that CD23 may have a dual role in B-cell prolifer-
ation: the surface molecule might act as a growth factor
receptor, and the processed molecule itself acts as a growth
factor. Activation of CD23 expression could be implicated in
the establishment of an autocrine loop of growth factors.
CR2 is characterized as a 140-kDa glycoprotein which is the
receptor on B lymphocytes for the C3d fraction of comple-
ment but also for EBV (9, 10). CR2 has been shown to
transmit activation signals. Cross-linked C3d induces preac-
tivated mouse B cells to enter the S phase (22, 24). Antibod-
ies to the receptor or EBV-inactivated particles, together
with B-cell growth factors, induced [3H]deoxyribosyl-
thymine incorporation in human B cells (11, 19, 28). The
increased expression of CR2 may have several conse-
quences for B-cell growth, especially more important fixa-
tion of viral particles or of B-cell activation factors (such as

C3d) that will result in an amplified lymphocyte prolifera-
tion.
As in the case of BL41/B95 cells, the increased amount of

CR2 RNA in the EBNA2-transfected clones was correlated
with an increased cell surface expression of the CR2 mole-
cule. This was not the case for CD23, which was not
detected at the cell surface of the transfected clones, even
though these clones had larger amounts of CD23 RNA.
Nevertheless, SCD23 was found in the supernatant of trans-
fected clones. This confirms the activation of CD23 in the
EBNA2-transfected clones. A possible explanation is that
CD23 is released directly into the medium, either because of
a special conformation or because of the lack of expression
of specific cell surface proteins. The expression of CD23
with no surface form, but only a soluble form, has also been
observed in nasopharyngeal carcinoma epithelial cells (1)
and may represent another functional behavior of the mole-
cule. It has been recently described for the complement
receptor CR1 (18) and for the T-cell antigen CD8 (29) that
different splicings may generate different mRNAs from the
same gene, which might encode the cell surface receptor or
the secreted form of the molecule. It is possible that the
same mechanism occurs in CD23 and that only the mRNA
corresponding to SCD23 is generated in the EBNA2-trans-
fected clones. Three species of CD23 mRNA have been
described (54): the two FcrRIIa/CD23 species are specifi-
cally expressed in B cells at the same time as the third
FcrRIIb/CD23 species. The FceRIIb/CD23 species is also
expressed by non-B cells. Interestingly, in our EBNA2-
transfected clones, the FcrRIIa species are preferentially
transcribed and the FcrRIIb/CD23 species is almost unde-
tected. This suggests that EBNA2 preferentially turns on
FcERIIa species, but also that FcrRIIa species could corre-
spond to the soluble form of the molecule or, referring to
what happened in BL41/B95 and IARC 171 lines, the three
FcERIIa and FcERIIb/CD23 species might have to be ex-
pressed in equimolar quantities to obtain stabilization of the
CD23 molecule at the cell surface. Otherwise, the molecule
is directly cleaved and secreted in the culture medium.
Certainly, it seems that the physiological regulation of the
expression of CD23 molecule is very complex.

Stable expression of the EBNA2 gene in BL41/P3HR1
cells provides a valuable model for studying the induced
modulation not only of the expression of cellular genes, but
also of other viral genes, including LMP. Indeed, BL41/B95
cells have been shown to express LMP (27), whereas BL41/
P3HR1 cells do not, suggesting that the expression of the
two viral proteins may be linked. Phenotypic studies on
freshly established BL-negative lines have demonstrated
that the expression of LMP is often associated with the
expression of EBNA2 (38) in these cells. Surprisingly, our
BL41/P3HR1 clones transfected with EBNA2 do not express
LMP. We have not detected the protein by immunoblotting,
and we were also unable to detect any corresponding tran-
script. This may suggest that the expression of these two
proteins is not strictly coregulated, as previously described
for BL29 and BL60 EBV-positive cell lines (36). It is also
possible that the expression of LMP is induced via the
modulation of cellular or viral proteins, which is not repro-
duced in the transfected clones. Since the EBNA-LP protein
is largely expressed in clone B1-13 as the same time as
EBNA2, it seems that the expression of this protein is not
sufficient to induce the expression of LMP in our BL41/
P3HR1 cells transfected with EBNA2. It is also possible that
EBNA2 is unable to modulate the expression of LMP in
P3HR1 virus. A definitive conclusion will require further
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investigation. It has been found recently (50) that the expres-
sion of LMP in BL/EBV neg. cells is associated with the
activation of the expression of the adhesion molecules
LFA1, LFA3, and ICAMI and of the activation antigen
CD23. The fact that LMP is not expressed in our EBNA2-
transfected clones may explain the lack of expression of
LFA3 in these clones, although expression is observed in
BL41/B95 cells (Calender and Billaud, unpublished).

In conclusion, the transfection of EBNA2 gene in BL41/
P3HR1 cells further supports the hypothesis that EBNA2
protein plays a crucial role in the activation of the expression
of CR2 and CD23 molecules. With regard to the importance
of these molecules in B-cell activation and proliferation
pathways, our study emphasizes the role of EBNA2 in
EBV-induced B cell immortalization. The ability to obtain
isolated and stable expression of EBV genes in B cells thus
provides a valuable opportunity for elucidating the role of
various EBV functions in B-cell infection.
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