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The Epstein-Barr Virus (EBV) productive cycle is initiated by the expression of the viral trans-activator EB1
(also called Zebra, Zta, or BZLF1), which belongs to the basic leucine zipper transcription factor family. We
have previously identified the cellular NACos (nuclear and adherent junction complex components) protein
ubinuclein (Ubn-1) as a partner for EB1, but the function of this complex has never been studied. Here, we have
evaluated the consequences of this interaction on the EBV productive cycle and find that Ubn-1 overexpression
represses the EBV productive cycle whereas Ubn-1 downregulation by short hairpin RNA (shRNA) increases
virus production. By a chromatin immunoprecipitation (ChIP) assay, we show that Ubn-1 blocks EB1-DNA
interaction. We also show that in epithelial cells, relocalization and sequestration of Ubn-1 to the tight
junctions of nondividing cells allow increased activation of the productive cycle. We propose a model in which
Ubn-1 is a modulator of the EBV productive cycle: in proliferating epithelial cells, Ubn-1 is nuclear and inhibits
activation of the productive cycle, whereas in differentiated cells, Ubn-1 is sequestrated to tight junctions,
thereby allowing EB1 to fully function in the nucleus.

Epstein-Barr virus (EBV) is a human gammaherpesvirus
that infects more than 95% of the human adult population. It
is the causative agent of infectious mononucleosis (30) and is
associated with several human cancers, including Burkitt’s lym-
phoma (BL), Hodgkin’s disease (HD), nasopharyngeal carci-
noma (NPC), gastric carcinoma, and immunoblastic lym-
phoma, in immunosuppressed individuals (58, 60, 61). After
primary infection, EBV persists lifelong in a latent state in a
subpopulation of resting memory B cells (4). A generally ac-
cepted model of viral persistence suggests that the virus uses its
transforming abilities to activate newly infected resting B cells.
Latency-associated viral proteins then provide surrogate sig-
nals to allow the newly activated cells to differentiate through
the germinal center into the memory compartment (59). In
memory B cells, expression of viral genes is shut down, which
allows them to evade cytotoxic-T-cell immunosurveillance and
achieve long-term persistence (32). Although the hallmark of
latency is the absence of a complete viral productive cycle,
EBV productively reactivates from latency in mucosal epithelia
and infectious virions are shed continuously into the saliva of
healthy carriers (28). This allows the efficient spread of the
virus from host to host. Interestingly, there is strong evidence
that both the latent and the productive forms of EBV infection
are essential for the emergence of EBV-associated malignan-
cies (33, 50).

In vivo, EBV reactivation has been linked to terminal dif-
ferentiation of latently infected B cells into plasma cells (16,
39, 46, 47). In addition, in the case of oral hairy leukoplakia, a
disease associated with the presence of EBV in the tongue’s
epithelial cells, the viral productive cycle takes place only in
differentiated cells (8, 67). Up to now, the signals and molec-
ular mechanisms that trigger the switch from latency to the
productive cycle in vivo have remained unknown. In contrast,
activation of the viral productive cycle in vitro has been well
documented for cell lines established from EBV-positive BL
biopsy specimens. The productive cycle can be induced by
treating these infected cells with various agents, such as the tu-
mor promoter 12-O-tetradecanoyl-phorbol-13-acetate (TPA),
associated with sodium butyrate (BA) (70), anti-Ig (57), and
tumor growth factor � (TGF-�) (20). In these models, it is now
well established that these inducing agents activate the tran-
scription of two immediate-early (IE) viral genes, the BZLF1
and BRLF1 genes, whose products are viral transcription fac-
tors called EB1 (or ZEBRA or Zta) and R (or Rta), respec-
tively (13, 14, 15, 23, 29). EB1 is a bZip protein related to c-Jun
and c-Fos that binds to the consensus AP1 motif as well as
atypical AP1-like motifs known as Z-responsive elements
(ZREs) (12, 21, 49, 62). Interestingly, EB1 is the only tran-
scription factor known to preferentially activate the methylated
form of its ZRE target (11, 18). R activates some early pro-
moters through a direct binding mechanism but also activates
some promoters indirectly, through effects on cellular tran-
scription factors (1, 25, 27). EB1 and R activate the transcrip-
tion of all the early genes, some of which are essential for viral
DNA replication, a prerequisite for expression of most late
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genes, DNA encapsidation, and production of infectious viri-
ons (reviewed in reference 35).

We have previously characterized a ubiquitously expressed
cellular protein, which we called ubinuclein (Ubn-1), through
its interaction with EB1 (2). Ubn-1 can also interact with other
transcription factors of the basic leucine zipper family, such as
C/EBP and c-Jun. The N terminus of Ubn-1 is essential for
nuclear localization of the protein, whereas its central domain
is responsible for interaction with EB1’s basic domain. In vitro,
the Ubn-1-EB1 interaction inhibits EB1’s binding to DNA (2).
Ubn-1 transcripts are present in a wide variety of human adult,
fetal, and tumor tissues (2, 7), and the protein is detected in the
nuclei of cells throughout the human epidermis and also in
cultured keratinocytes (2). More recently, we have demon-
strated that Ubn-1 is a member of the NACos (nuclear adher-
ent-junction complex components) protein family. This protein
is localized mainly in the nuclei of isolated MDCK (Madin-
Darby canine kidney) epithelial cells and undifferentiated ke-
ratinocytes but is relocalized to the tight junctions in confluent
epithelial cells, polarized cells, or differentiated keratinocytes.
In vivo, we observed that Ubn-1 is present in the tight junctions
of both stratified and simple epithelia (3). As a NACos protein,
Ubn-1 may participate in the regulation of gene expression (6),
and interestingly, Ubn-1 has been found associated in a com-
plex with HIRA (histone cell cycle regulation-defective homo-
logue A) and H3.3 (histone H3 variant 3) (56). HIRA is re-
quired for the DNA replication-independent assembly of
chromatin. More recently, Ubn-1 has also been identified as an
ortholog of Saccharomyces cerevisiae Hpc2p and characterized
as a novel regulator of fibroblast cell senescence (5, 7). Hence,
Ubn-1 appears to act at the level of chromatin remodeling, and
in this way, Ubn-1 may control gene expression.

Here, we have studied the consequences of the interaction
between Ubn-1 and EB1 during the EBV productive cycle. We
find that Ubn-1 can control the production of infectious virus.
In HEK293 cells infected with EBV, Ubn-1 overexpression
mediates a clear decrease in the level of virions produced, and
inversely, repression of Ubn-1’s expression ameliorates viral
production. By using chromatin immunoprecipitation (ChIP)
assays, we show that Ubn-1 blocks EB1-ZRE interaction in
vivo. Ubn-1 overexpression also has a negative effect on AP1-
induced promoters. In epithelial cells infected with EBV, the
productive cycle appears to be more efficient when cells reach
confluence, in accordance with relocalization of Ubn-1 to the
tight junctions. We thus propose a model in which Ubn-1
contributes to the control of the EBV productive cycle in vivo
depending on epithelial cell differentiation.

MATERIALS AND METHODS

Plasmids. The EB1, Ubn-1, and R expression vectors, pRc/CMV-EB1,
pCEP4t-Ubi, and pRc/CMV-R, respectively, have been described previously (3,
26, 27). Appropriate control vectors, pRc/CMV and pCEP4t (Invitrogen), were
used in all experiments. The pRK5-BALF4 expression vector encodes the EBV
gp110 protein and has previously been shown to enhance the infection efficiency
of EBV virions derived from the B95-8 strain of EBV (a gift from W. Hammer-
schmidt) (45). The pIL6-Luc, pIL10-Luc, pLMP1-Luc, and pTK-Luc reporter
plasmids have been described elsewhere (40, 63, 64). A TATA box-containing
oligonucleotide was cloned into the pGL2-basic vector from Promega to create
the pTATA-Luc reporter plasmid. In this vector, a concatemerized oligonucle-
otide bearing the TPA-responsive element TGAGTCA was cloned to generate
the pTRE.TATA-Luc reporter plasmid (a gift from M. Castellazzi). In the
pTP1.Gal4-Luc reporter plasmid, the luciferase gene is under the control of the

LMP2 promoter, in which the EBNA2-responsive elements have been exchanged
for 10 Gal4-binding sites. The Ubn-1 short hairpin RNA (shRNA) sequence
(sh.Ubn) (CCGGGCCAGCTCAATCTCCAAACATCTCGAGATGTTTGGA
GATTGAGCTGGCTTTTT) cloned in the pLKO1 plasmid was a gift from P.
Adams (7). The shRNA-encoding lentiviral pseudoparticles were produced by
the vectorology platform of IFR 128.

Cell lines. HEK293 cells infected with the recombinant EBV virus
(HEK293EBV), a gift from W. Hammerschmidt, have been described previously
(17). The recombinant virus also encodes enhanced green fluorescent protein
(eGFP) and the hygromycin B resistance gene. HEK293EBV cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM), supplemented with
10% fetal bovine serum (FBS), penicillin-streptomycin, and hygromycin B (100
�g/ml; Invitrogen). HeLa cells were maintained in DMEM supplemented with
10% FBS and penicillin-streptomycin. AGSEBV cells (a gift from S. Kenney) (22)
were maintained in F-12 medium containing 10% FBS, penicillin-streptomycin,
and hygromycin B (100 �g/ml). Raji cells were maintained in RPMI 1640 me-
dium supplemented with 10% FBS and penicillin-streptomycin. The MDCK cell
line was purchased from Clontech (Palo Alto, CA) and grown according to the
manufacturer’s instructions in DMEM containing 10% FBS. These cells were
infected with the recombinant EBVGFP virus and selected for hygromycin B
resistance.

Viral titration. Supernatants from HEK293EBV cells were harvested at 72 h
posttransfection and filtered through a 0.45-�m-pore-size filter. Raji cells (2 �
105) were incubated in 0.5 ml of virus solution for 3 h at 37°C in a 24-well plate.
Cells were then washed, resuspended in 1 ml of RPMI medium, and incubated
for an additional 48 h at 37°C. GFP-expressing Raji cells were quantified by
fluorescence-activated cell sorting (FACS) analysis.

Viral DNA analysis. HEK293EBV cells were transfected with an EB1 expres-
sion vector to activate the EBV productive cycle and with increasing amounts of
the Ubn-1 expression vector. At 72 h posttransfection, DNA was prepared by the
Hirt technique, digested with DpnI and BamHI, subjected to electrophoresis
through a 0.7% agarose gel, transferred to a nylon N� membrane (GE Health-
care), and probed with a randomly primed 32P-labeled EBV BRRF1 DNA
probe. The replication efficiency of the EBV plasmid was quantified by scanning
the Southern blot autoradiogram with a phosphorimager (Fuji FLA-5100).

DNA transfection. HeLa or HEK293EBV cells were seeded at 1 � 106 cells per
100-mm-diameter petri dish 10 h prior to transfection. Transfections of
HEK293EBV cells were performed by the calcium phosphate precipitation
method as described previously (31). Transfections of HeLa cells for reporter
assays were performed by use of PEI (Ozyme) according to the manufacturer’s
instructions. All transfections were performed in triplicate. Renilla luciferase
assays were performed with a Renilla luciferase assay system (Promega).

Coimmunoprecipitation assays. HEK293EBV cells transfected with expression
vectors for EB1 and Ubn-1 were harvested from 100-mm dishes at 48 h post-
transfection. Nuclear extracts were prepared from these cells by the method of
Dignam et al. (19). Nuclear cell extracts were then incubated overnight with the
Z125 anti-EB1 monoclonal antibody (MAb) (41) in Dignam buffer III supple-
mented with 140 mM NaCl and protease inhibitors (Roche Molecular Biochemi-
cals) at 4°C, followed by a 15 min of incubation with 50 �l of PureProteome
protein A magnetic beads (Millipore). Beads were then washed twice with Dig-
nam buffer III supplemented with 140 mM NaCl and then 3 times with the same
buffer supplemented with 1% Triton X-100. Immunopurified proteins were an-
alyzed by Western blotting.

Immunoblotting. Immunoblotting was performed as described previously (24).
Briefly, cells were lysed in radioimmunoprecipitation assay (RIPA) buffer sup-
plemented with protease inhibitors; equivalent amounts of proteins were then
separated in sodium dodecyl sulfate-10% polyacrylamide electrophoresis gels.
After being transferred and blocked, membranes were incubated 2 h at 20°C with
the appropriate primary antibodies diluted in 1� Tris-buffered saline (TBS),
0.1% Tween 20 (TBS-T). The primary antibody dilutions were as follows: 1:250
anti-EB1 (Z125 monoclonal antibody) (41), 1:2,000 anti-Ubn-1 (ZAP1 mono-
clonal antibody) (3), 1:1,000 anti-gp350 (OT6) (69), and 1:250 anti-EB2 (31).
The appropriate anti-mouse or anti-rabbit horseradish peroxidase-conjugated
secondary antibodies (GE Healthcare) were used at a dilution of 1:5,000 in 1�
TBS-T for 1 h at room temperature. Bound antibodies were visualized by use of
enhanced chemiluminescence (ECL) reagent (Pierce) according to the manu-
facturer’s instructions.

Immunofluorescence studies. For indirect immunofluorescence, cells were
fixed with methanol for 10 min and further permeabilized with 0.1% Triton
X-100 in phosphate-buffered saline (PBS) for 5 min. Blocking was made with
0.2% gelatin in PBS for 1 h at room temperature, followed by incubation with the
primary antibody at room temperature for 20 min in PBS-0.2% gelatin. Slides
were washed three times with PBS, followed by incubation with the secondary
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antibody at room temperature for 20 min. Slides were washed three times with
PBS, followed by DAPI (4�,6-diamidino-2-phenylindole) staining in PBS. After
three washes with PBS, slides were mounted and studied using a fluorescence
microscope (Axioplan 2; Zeiss). Images were processed with Photoshop 5.0
(Adobe Systems, San Jose, CA).

RT-PCR. Total RNA was extracted using a Macherey-Nagel Nucleospin RNA/
protein kit. Total RNA (2.5 �g) was reversed transcribed with oligo(dT)16 and 1
�l of Superscript II enzyme (Invitrogen) in a 20-�l reaction mixture at 42°C for
1 h. PCRs were performed using the GoTaq Hot Start polymerase (Promega)
with a set of specific primer pairs. For quantification of PCR products,
[�32P]dCTP (0.1�Ci) was added to each PCR mixture, and the PCR products
were fractionated on 6% polyacrylamide gels. Quantifications were made by
means of a phosphorimager (Fuji FLA-5100). To monitor our reverse transcrip-
tion-PCR (RT-PCR) experiments, we evaluated the endogenous expression of
�-actin mRNA by RT-PCR. Amplification of a 690-bp DNA fragment corre-
sponding to �-actin mRNA showed that no DNA contamination was present in
our preparations. The primer sequences used are listed in Table 1.

ChIP. The method described by Orlando et al. was used for chromatin immu-
noprecipitation (ChIP) (48). Briefly, 48 h after transfection, cells were fixed by
the addition of formaldehyde to give a final concentration of 1% for 15 min. Cells
were then washed twice with PBS, and crude nuclei were prepared and resus-
pended at a concentration of 1 � 107 nuclei/ml in lysis buffer (1% SDS, 10 mM
EDTA, 50 mM Tris-Cl [pH 8.0], 1 mM phenylmethylsulfonyl fluoride [PMSF]).
The resulting solution was sonicated such that the average DNA fragment length
was reduced to less than 1 kb. This solution was diluted 10-fold with immuno-
precipitation buffer (1.2 mM EDTA, 0.01% SDS, 1.1% Triton, 16.7 mM Tris-Cl
[pH 8.0], 167 mM NaCl, 1 mM PMSF) and precleared for 2 h with protein
A-Sepharose beads preabsorbed with both bovine serum albumin (BSA) and
sonicated single-stranded DNA. Immunoprecipitation was performed by incu-
bation for 12 h at 4°C with monoclonal antibodies directed either to EB1 (MAb
Z125 [44]), to Ubn-1 (MAb ZAP1 [3]), or to a control MAb. Immune complexes
were collected by incubation with protein A-Sepharose beads, and washed ex-
tensively with low-salt buffer (0.1% SDS, 1% Triton, 2 mM EDTA, 20 mM
Tris-HCl [pH 8.0], 150 mM NaCl), high-salt buffer (0.1% SDS, 1% Triton, 2 mM
EDTA, 20 mM Tris-HCl [pH 8.0], 500 mM NaCl), LiCl buffer (1% deoxycholate;
1% NP-40, 1 mM EDTA, 10 mM Tris-HCl [pH 8.0], 250 mM LiCl), and Tris-
EDTA (TE) prior to elution from the beads with 300 �l of elution buffer (1%
SDS, 0.1 M NaHCO3). Protein-DNA cross-links were reversed by heating to
65°C for 4 h. DNA fragments were purified by proteinase K digestion followed
by a phenol-chloroform extraction and ethanol precipitation in the presence of a
glycogen carrier. The immunoselected DNA fragments were dissolved in 50 �l of
water. The presence of DNA was then evaluated using semiquantitative PCR
with sets of primer pairs that hybridize along the different promoter regions
analyzed (Table 1) in the presence of [�32P]dCTP (0.1 �Ci). PCRs were per-
formed using GoTaq Hot Start polymerase (Promega) with 1 �l of the solution
of immunoselected DNA fragments, as well as with various dilutions of the DNA
purified from the input chromatin, in order to generate a standard curve in a
linear range. The PCR-amplified fragments (24 cycles) were then analyzed using

6% polyacrylamide gels and autoradiographed. Each PCR-amplified band was
subsequently quantified with a phosphorimager (Fuji FLA-5100). The amount of
DNA amplified from the control immunoprecipitated chromatin was systemat-
ically subtracted from the amount of DNA amplified from the specific immuno-
precipitated chromatin and the results expressed as a percentage of immuno-
precipitated DNA relative to the quantity of DNA present before
immunoprecipitation (input).

RESULTS

Ubinuclein interferes with EB1-mediated induction of the
EBV productive cycle in vivo. We have previously shown that
Ubn-1 interacts with EB1’s basic DNA-binding domain and
abrogates EB1’s binding to DNA in vitro (2). To determine
whether Ubn-1 also impairs the function of EB1 in vivo, we
analyzed the effect of Ubn-1 overexpression on the EBV pro-
ductive cycle. For this, we used the HEK293EBV cell line (17).
In this cell line, EBV is present in a latent state and ectopic
expression of EB1 is sufficient to induce virus production. We
evaluated the production of infectious EBV virions in this
system, following transient expression of EB1, expressed either
alone or together with increasing amounts of Ubn-1. The pro-
duction of virus was evaluated by infection of Raji cells with
the filtered HEK293EBV supernatant. Due to constitutive ex-
pression of GFP from the EBV recombinant genome, infected
Raji cells appear bright green under UV light and can be
quantified by FACS analysis. Expression of EB1 alone induced
the production of a large number of EBV virions (Fig. 1A, lane
2), but when increasing amounts of Ubn-1 were coexpressed,
the relative efficiency of virus production was reduced in a
dose-dependent manner (Fig. 1A, lanes 3 and 4). This effect is
not due to a decrease in EB1 levels, as can be seen by Western
blot analysis (Fig. 1A, bottom panel). To confirm these results
under conditions where EB1 would be present under more-
physiological conditions, we took advantage of the fact that the
other viral transcription factor, R, has been reported to induce
expression of EB1 and consequently the EBV productive cycle
in epithelial cells (68). We thus induced the EBV productive
cycle in HEK293EBV cells by transfecting an R expression
vector and evaluated the production of infectious EBV virions
in the presence of increasing amounts of Ubn-1. As expected,
untransfected HEK293EBV cells produced no virus (Fig. 1B,
lane 2), nor did HEK293EBV cells transfected with an Ubn-1
expression plasmid (Fig. 1B, lane 1), demonstrating that Ubn-1
alone is not able to induce the EBV productive cycle. Expres-
sion of R alone induced the production of a large number of
EBV virions (Fig. 1B, lane 3), but when increasing amounts of
Ubn-1 were coexpressed, the efficiency of virus production was
reduced in a dose-dependent manner (Fig. 1B, lanes 4 and 5).
Again, Ubn-1 overexpression did not affect the level of EB1
expressed in HEK293EBV cells induced by R (Fig. 1B, bottom
panel). These results strongly suggest that Ubn-1 can act as a
negative regulator of the EBV productive cycle.

Ubinuclein modulates expression of both early and late EBV
genes. As a viral transcription factor, EB1 is required for ac-
tivation of the EBV early genes (14), but EB1 is also directly
implicated in the trans-activation of the lytic origin of replica-
tion (oriLyt) of the virus (52). In order to first investigate
whether Ubn-1 directly affects viral gene expression, we ana-
lyzed the expression level of a selected batch of early and late
EBV genes in the presence of overexpressed Ubn-1. After

TABLE 1. Primers used in this study

Primer target (orientation) Sequence

�-Actin (forward).................................GCTGCGTGTGGCTCCCGAGGAG
�-Actin (reverse) ..................................ATCTTCATTGTGCTGGGTGCCAG
Ubn-1 (forward) ...................................CCTCTTTGATGGCTTCACCCTAC
Ubn-1 (reverse) ....................................TGATTCCACCCAGACCCAAGTG
LMP1 (forward) ...................................TGAACACCACCACGATGACT
LMP1 (reverse) ....................................GTGCGCCTAGGTTTTGAGAG
BALF4 (forward) .................................GGAGTCGTAGGCAAATTGGA
BALF4 (reverse) ..................................TCAAGAACCTGACGGAGCTT
BALF5 (forward) .................................AAGAGGCACTGGAGGATGTTGG
BALF5 (reverse) ..................................AGGGCTACCCTGTGGGCTTTTTG
BMRF1 (forward) ................................CCAGACATACGGTCAGTCCA
BMRF1 (reverse) .................................TGCTTCACTTTCTTGGG
BDLF1 (forward) .................................CAGATTTGAAAGTGGTAG
BDLF1 (reverse) ..................................TTATCTTAACCAGCAAGTG
BFRF3 (forward) .................................GGGAGGCTCAAAGAAGTTA
BFRF3 (reverse) ..................................ATGAAGAAACAGAGGGGG
BdRF1 (forward)..................................CACTATCAGGTAACGCA
BdRF1 (reverse)...................................TCAAGCCAGCGTTTATTT
F19 promoter pZ (forward)................TGGGCTGTCTATTTTTGACACCAG
B20 promoter pZ (reverse).................CTTCAGCAAAGATAGCAAAGGTGG
F11 promoter pM (forward)...............AAACTTAGTTCAGGTGTGCCATGC
B13 promoter pM (reverse)................GGGATGTAGTGCTGTCTTGACTGG
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transfection of HEK293EBV cells with an EB1 expression vec-
tor and increasing amounts of an Ubn-1 expression vector,
total cellular mRNA was purified and reverse transcribed, and
the reverse transcribed products were amplified by semiquan-
titative PCR, using primer pairs specific for the different genes
studied (Table 1). The products of these RT-PCRs were ana-
lyzed using agarose gels and quantified (Fig. 2A). �-Actin
primers were used as a control to ensure that the same amount
of RNA was used in each RT-PCR and that no DNA contam-
ination was present in our mRNA preparations. The absence
of DNA contamination was also confirmed by the absence of
amplification when no reverse transcriptase was used (lane 5 of

each panel). Overexpression of Ubn-1 mRNA was also moni-
tored using RT-PCR (top left panel, lanes 3 and 4). The ex-
pression of the LMP1 gene, a gene normally expressed during
latency, was not significantly altered when the productive cycle
was induced by ectopic expression of EB1 (lane 2) or when
Ubn-1 was overexpressed (lanes 3 and 4), demonstrating that
Ubn-1 has no effect on the expression of this latent gene. As
expected, expression of both the early genes (the BALF4,

FIG. 1. Ubinuclein overexpression inhibits virion production in
HEK293EBV cells. (A) Raji cells (2.5 � 105) were incubated with 1 ml
of filtered medium from HEK293EBV cells that had been either not
transfected (lane 1), transfected with 0.5 �g of an EB1 expression
plasmid (lane 2), or cotransfected with expression plasmids for both
EB1 (0.5 �g) and increasing amounts of Ubn-1 (2 and 4 �g) (lanes 3
and 4). The amount of GFP-expressing Raji cells was determined by
FACS analysis. The experiment was done 5 times, and the error bars
represent standard deviations. (Lower panel) Immunoblot analysis for
one representative experiment. Ubn-1 protein was detected using
MAb ZAP1; EB1 protein was detected on the same membrane using
MAb Z125. (B) Raji cells (2.5 � 105) were incubated with 1 ml of
filtered medium from HEK293EBV cells that had been either not trans-
fected (lane 2), transfected with 4 �g of expression plasmid for Ubn-1
(lane 1) or 1 �g of an R expression plasmid (lane 3), or cotransfected
with expression plasmids for both R (1 �g) and increasing amounts of
Ubn-1 (2 and 4 �g) (lanes 3 and 4). The number of GFP-expressing
Raji cells was determined by FACS analysis. (Lower panel) Immuno-
blot analysis for one representative experiment.

FIG. 2. Ubinuclein modulates expression of both early and late
EBV genes. (A) Total RNA from HEK293EBV cells that have been
either not transfected (lane 1 of each panel), transfected with 0.5 �g of
an EB1 expression plasmid (lane 2 of each panel), or cotransfected
with expression plasmids for both EB1 (0.5 �g) and increasing
amounts of Ubn-1 (2 and 4 �g) (lanes 3 and 4 of each panel) were
purified, reverse transcribed, and analyzed by PCR using specific prim-
ers for actin (used to monitor the quality of mRNA purification and to
normalize the amount of mRNA used under each condition), Ubn-1,
the LMP-1 latent gene, the BALF4, BALF5, and BMRF1 early genes,
and the BDLF1, BFRF3, and BdRF1 late genes. Lane 5 of each panel
represents the results of a PCR amplification in the absence of reverse
transcriptase. The results of PCR quantifications are indicated under-
neath each panel and are expressed relative to the amount of amplified
DNA from the assay in which cells were transfected with an expression
plasmid for EB1. (B) Immunoblot analysis of gp350/220, EB2, EB1,
and Ubn-1 proteins expressed from HEK293EBV cells that have been
either not transfected (lane 1), transfected with 0.5 �g of an EB1
expression plasmid (lane 2), or cotransfected with expression plasmids
for both EB1 (0.5 �g) and increasing amounts of Ubn-1 (1, 2, and 4
�g) (lanes 3 and 4).
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BALF5, and BMRF1 genes) and the late genes (the BDLF1,
BFRF3, and BdRF1 genes) was efficiently induced when EB1
was expressed (compare lane 2 to lane 1 in each panel). Inter-
estingly, Ubn-1 overexpression clearly downregulated the ex-
pression of the three early and three late EBV genes tested
(lanes 3 and 4). At the higher levels of Ubn-1, expression of the
early genes decreased between 28 and 55% and expression of
the late genes between 60 and 76%. The decrease in early- and
late-gene expression could also be visualized at the protein
level, as can be seen by the immunoblot analysis for the early
BMLF1 protein, EB2, and the late gp350/220 glycoprotein
(Fig. 2B).

As shown in Fig. 3, in addition to its effect on expression of
the EBV genes, Ubn-1 overexpression also had a strong effect
on the efficiency of EBV’s DNA replication during the pro-
ductive cycle. In the absence of EB1, a small amount of EBV
DNA was detected in the HEK293EBV cells (lane 1), whereas
when EB1 was expressed, the amount of EBV DNA was in-
creased 10 fold (lane 2), indicating that the viral genome was
efficiently replicated. However, when Ubn-1 was coexpressed
in these cells together with EB1, the amount of viral DNA
replicated decreased in a dose-dependent manner (compare
lanes 3 and 4 to lane 2). This decrease in the efficiency of EBV
DNA replication is probably partly due to the weaker expres-
sion of the EBV early genes. However, since EB1 also acts as
an origin-binding protein and directly transactivates oriLyt, the
effect on DNA replication is likely to be also the result of a
more direct effect on replication itself.

Taken together, these results indicate that the downregula-
tion of virion production following Ubn-1 overexpression is
due to a combination of effects on early-gene expression, viral
DNA replication, and late-gene expression, the last probably
being only a consequence of the two precedent effects since

EBV late-gene expression is known to be dependent on viral
DNA replication.

In vivo, ubinuclein overexpression reduces the interaction of
EB1 with DNA. We have shown above that Ubn-1 interferes
with the reactivation of the EBV productive cycle. We had
previously shown that Ubn-1 inhibits the interaction between
EB1 and its DNA-responsive elements (ZREs) in vitro (2). We
thus speculated that in vivo, Ubn-1 could inhibit the production
of infectious virus by interfering with EB1’s binding to ZREs
both on its viral target promoters and on the oriLyt region. In
order to test this hypothesis, we assayed the EB1-DNA
interaction in vivo by a chromatin immunoprecipitation
(ChIP) assay, following cotransfection of latently infected
HEK293EBV cells with a control vector or an EB1 expression
plasmid together with (or without) an Ubn-1 expression plas-
mid. The chromatin was immunoprecipitated either with a
monoclonal antibody directed against EB1 (MAb Z125) or
with a monoclonal antibody directed against Ubn-1 (MAb
ZAP1). We then measured the amount of specific immuno-
precipitated DNA by semiquantitative PCR using primers en-
compassing ZRE sites present on the two viral promoters pM
and pZ, which control expression of the BSLF2/BMLF1 and
BZLF1 genes, respectively, and on the oriLyt region (Fig. 4A).
Quantification of the amount of DNA amplified by PCR after
immunoprecipitation of the chromatin was expressed as a per-
centage of the amount of input DNA used. The results pre-
sented in Fig. 4B show that when the cells were transfected
with a control vector, immunoprecipitation of chromatin with
MAb Z125 resulted only in a basic amplification of the pM, pZ,
or oriLyt sequence (lane 1). In contrast, when EB1 was ex-
pressed, ChIP assays using MAb Z125 revealed striking in-
creases in the amounts of pZ, pM, and oriLyt DNA present in
the immunoprecipitated chromatin (lane 2). We found a con-
sistent 14, 20, or 19% of the total pZ, pM, or oriLyt DNA,
respectively, bound by EB1. However, when Ubn-1 was over-
expressed, we observed a significative decrease in the amount
of pZ, pM, or oriLyt DNA immunoprecipitated by MAb Z125
(down to 7.5, 12.5, or 11%, respectively) (lane 4). Interestingly,
immunoprecipitation of chromatin with MAb ZAP1 did not
allow any specific amplification of the pM, pZ, or oriLyt DNA
under any conditions tested, even when Ubn-1 was overex-
pressed (lanes 5 to 8), indicating that Ubn-1 did not interact
specifically on the two promoters tested or on the oriLyt re-
gion. These results indicate that in vivo, Ubn-1 reduces the
amount of EB1 bound both to EB1-responsive promoters and
to the EBV lytic origin of replication, oriLyt.

In order to confirm that this effect is due to a direct inter-
action between Ubn-1 and EB1, we performed a coimmuno-
precipitation assay with HEK293EBV cells transfected with ex-
pression vectors for EB1 and Ubn-1. Immunoprecipitation
from nuclear cell extracts was carried out using the anti-EB1
MAb Z125, and the amount of coimmunoprecipitated Ubn-1
was evaluated by immunoblotting using MAb ZAP1. As shown
in Fig. 4C, Ubn-1 was indeed coimmunoprecipitated together
with EB1 from cotransfected HEK293EBV cell extracts.

Taken together, these results indicate that Ubn-1 forms sta-
ble complexes with EB1 in cells and that when complexed with
Ubn-1, EB1 is unable to interact with its target binding sites.

Ubinuclein knockdown boosts the production of viral parti-
cles. Overexpression of ubinuclein leads to a decrease in the

FIG. 3. Ubinuclein overexpression inhibits viral DNA replication.
Viral DNA extracted from HEK293EBV cells that had been either not
transfected (lane 1), transfected with 0.5 �g of an EB1 expression
plasmid (lane 2), or cotransfected with expression plasmids for both
EB1 (0.5 �g) and increasing amounts of Ubn-1 (2 and 4 �g) (lanes 3
and 4) was quantified by Southern blotting using the BRRF1 probe.
Fifty micrograms of total DNA obtained by Hirt extraction was cut by
DpnI and BamHI and loaded in each lane. The results for one repre-
sentative Southern blot are shown in the bottom panel. Quantification
of the Southern blots is presented in the graph above as relative
amounts of viral DNA observed after assignment of an arbitrary value
of 1 to the quantified DNA present in the cells prior to reactivation of
the productive cycle (lane 1). The experiment was done 3 times, and
the error bars represent standard deviations.
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number of viral particles produced by HEK293EBV cells. We
then tested the consequence of Ubn-1 knockdown on the EBV
productive cycle. For this, HEK293EBV cells were infected with
lentiviral particles allowing expression of Ubn-1-specific
shRNA (sh.Ubn) or control shRNAs (sh.GFP and sh.Luc). As
shown in Fig. 5A, at 8 days postinfection, the shRNA directed
against Ubn-1 largely decreased Ubn-1 mRNA expression
(Fig. 5A, lane 3) whereas the sh.Luc shRNA had no effect (Fig.
5A, lane 2). The level of Ubn-1 protein itself was also substan-
tially decreased (Fig. 5B, lane 3). We then quantified the num-
ber of viral particles produced after induction of the EBV
productive cycle by ectopic expression of EB1 in HEK293EBV

cells treated or not treated with the anti-Ubn-1 shRNA. Inter-
estingly, the number of virions produced by the HEK293EBV

cells doubled when Ubn-1 expression was downregulated (Fig.
5C). We checked that this increase was not due to an unspecific

FIG. 4. Ubinuclein overexpression inhibits EB1-DNA interaction.
(A) Schematic representation of the BZLF1 and BSLF2/BMLF1 pro-
moters and those for the oriLyt region. TATA, TATA box; ZRE,
EB1-responsive element. Small arrows indicate the positions of the
primers used for the PCR. (B) HEK293EBV cells that had been either
not transfected (lanes 1 and 5), transfected with 0.5 �g of an EB1
expression plasmid (lanes 2 and 6) or 4 �g of a Ubn-1 expression
plasmid (lanes 3 and 7), or cotransfected with expression plasmids for
both EB1 (0.5 �g) and Ubn-1 (4 �g) (lanes 4 and 8) were fixed with
paraformaldehyde. The chromatin was then immunoprecipitated using
either Z125 MAb directed against EB1 (lanes 1 to 4) or Zap-1 MAb
directed against Ubn-1 (lanes 5 to 8). Immunoprecipitated DNA was
then quantified by PCR using specific primers located on the pM or pZ
promoter or on the oriLyt region. The results are given as the per-
centage of coimmunoprecipitated DNA relative to the amount of input
DNA. The results obtained for the pZ promoter are shown in light
gray, those for the pM promoter in dark gray, and those for the oriLyt
region in white. (C) Coimmunoprecipitation of Ubn-1 and EB1 in
HEK293EBV cells. HEK293EBV cells were transfected with 0.5 �g of
EB1 expression plasmids or 2 and 4 �g of Ubn-1 expression plasmid as
indicated in the figure. EB1 was immunoprecipitated using MAb Z125
and protein A magnetic beads (Millipore), and the immunoprecipi-
tated proteins were analyzed by immunoblotting using either MAb
Z125 or MAb ZAP1 to reveal the presence of EB1 or Ubn1, respec-
tively (right panels). The total amount of each protein present in the
extract prior to immunoprecipitation was evaluated by analysis of ali-
quots (1/10 for EB1 and 1/50 for Ubn-1) of cell extracts by immuno-
blotting as shown in the left panels.

FIG. 5. Ubinuclein knockdown allows an increased production of
virions. HEK293EBV cells were infected with lentiviruses coding for an
Ubn-1-specific shRNA (sh.Ubn) or an unspecific shRNA, either
sh.GFP or sh.Luc, and then transfected with an expression plasmid for
EB1. The relative levels of both Ubn-1 mRNA and the actin control
mRNA were measured by RT-PCR (A), and the relative amounts of
Ubn-1, EB1, and BMLF1 proteins were evaluated by immunoblotting
using specific antibodies (B). Supernatants from HEK293EBV cells
infected with the shRNA-carrying lentiviruses and transfected by an
EB1 expression vector were collected and used to infect Raji cells. The
number of GFP-expressing Raji cells was determined by FACS anal-
ysis (C). The experiment was done 3 times, and the error bars repre-
sent standard deviations.
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increase in the amount of ectopically EB1 protein expressed
(Fig. 5B, middle panel). However, we observed an increase in
the amount of the early BMLF1 protein, EB2, whose gene
expression is known to be directly upregulated by EB1 (Fig.
5B, bottom panel), which correlates with the increase in viral
production. From these results, we can conclude that the pres-
ence of endogenous Ubn-1 in the cells limits the efficiency of
viral production.

Ubinuclein also interferes with AP1 trans-activation of var-
ious promoters. We had previously shown that Ubn-1 interacts
with the basic domain of another b-ZIP protein, c-Jun, known
to participate in AP1 complexes (2). Since Ubn-1 is a negative
regulator of EB1-induced genes, we asked whether it could
also interfere with c-Jun in the activation of reporter genes
dependent upon AP1. In order to test this hypothesis, we
transfected HeLa cells with luciferase reporter plasmids in
which the luciferase gene was placed under the control of a
minimal promoter (a TATA box), with or without the presence
of upstream AP1-binding sites (Fig. 6A). The results presented
in Fig. 6B show that Ubn-1 overexpression has only a weak
effect on the minimal promoter construct (pTATA-Luc), which
can be explained by the presence of an AP1-binding site fur-
ther upstream in the plasmid sequence. However, when five
AP1-binding sites were added immediately upstream of the
minimal promoter (pTRE.TATA-Luc), the luciferase activity
decreased substantially in the presence of overexpressed
Ubn-1. In contrast, pTP1.Gal4, a construct containing the lu-
ciferase reporter gene under the control of an artificial pro-
moter, which does not contain any AP1-binding sites, was
unaffected by Ubn-1 overexpression. We then tested the effect
of Ubn-1 overexpression on a selection of viral and cellular
promoters, among which pIL6 and pIL10 are known to bear
AP1-binding sites. HeLa cells were cotransfected with the dif-
ferent luciferase reporter constructs together with increasing
amounts of Ubn-1 expression vector. Forty-eight hours after
transfection, the luciferase activity was measured and the
amount of Ubn-1 expressed in the cells was monitored by
Western blotting. The results presented in Fig. 6C show that
the level of luciferase expressed from promoters not regulated
by AP1, like the EBV LMP1 or TP1 latent promoter or the
herpes simplex virus type 1 (HSV-1) TK promoter, was not
significantly affected by Ubn-1 overexpression (lanes 1 to 11).
In contrast, transcription induced from two cellular promoters
(interleukin 6 [IL-6] and IL-10), known to be activated by AP1,
was decreased in a dose-dependent manner by overexpression
of Ubn-1 (lanes 12 to 19). These results clearly show that the
cellular protein c-Jun, like EB1, can be a target for Ubn-1.

Ubinuclein inhibits spontaneous reactivation of the EBV
productive cycle in latently infected epithelial cells. We have
shown above that the ubiquitously expressed cellular protein
Ubn-1 is a potent inhibitor of the EBV productive cycle. In-
terestingly, we had previously demonstrated (3) that Ubn-1 has
a different localization depending on the cell’s proliferation or
differentiation state (nuclear in proliferating or undifferenti-
ated cells and localized in the tight junctions in confluent
polarized or differentiated cells). In addition, it has been re-
ported that in vivo, the EBV productive cycle takes place in
differentiated epithelial cells (8, 39, 67). In such cells, Ubn-1 is
localized exclusively in the tight junctions (2). We thus hypoth-
esized that if Ubn-1 plays a role in the regulation of the EBV

productive cycle, EBV-infected epithelial cells should enter
more efficiently into the productive cycle when they grow to
confluence, because at this time, Ubn-1 will be sequestered
outside the cell nucleus. To test this hypothesis, we used
MDCK cells, a cell model which we have used previously to
demonstrate the delocalization of Ubn-1 from the nucleus of
the cells in sparse culture, to the tight junctions when cells
become confluent (3). We thus infected MDCK cells with the
EBVGFP recombinant virus, and after selection of the infected
cells, we analyzed by RT-PCR the expression of the BZLF1
immediate-early gene (encoding EB1) in cells collected at dif-

FIG. 6. Ubinuclein interferes with AP1 trans-activation. (A) Sche-
matic representation of the luciferase reporter constructs. TATA,
TATA box; AAA, poly(A) site; TRE, AP-1-responsive element; �1,
transcription initiation site. (B) HeLa cells were transfected with the
various reporter constructs represented in panel A, together with no or
increasing amounts of Ubn-1 expression plasmid. The luciferase activ-
ities presented in the histogram are given as relative values, using the
results for the assay performed in the absence of Ubn-1 as a reference.
(C) HeLa cells were transfected with reporter constructs carrying the
luciferase-coding sequence under the control of various viral and cel-
lular promoters as indicated in the figure, together with no or increas-
ing amounts of Ubn-1 expression plasmid. The luciferase activities
presented in the histogram are given as relative values, using the
results for the assay performed in the absence of Ubn-1 as a reference.
(Lower panel) Representative immunoblots from transfected HeLa
cell extracts incubated with MAb ZAP1. The experiments were done 4
times, and the error bars represent standard deviations.
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ferent stages of confluence. The same assay was also done with
another EBV-positive epithelial cell line derived from a gastric
carcinoma, the AGSEBV cell line (22). It should be noted that
MDCKEBV cells are not able to support a complete EBV
productive cycle, because the BALF5 gene, encoding the EBV
DNA polymerase, is not expressed in these cells after reacti-
vation of the viral productive cycle (data not shown). We then
purified the total mRNA and analyzed the expression level of
the BZLF1 mRNA by semiquantitative PCR at different time
points after plating the cells. The results are presented in Fig.
7A. When MDCKEBV cells were plated at low density, a low
but constitutive level of expression of the BZLF1 mRNA was
clearly detected. This basic level of BZLF1 mRNA was given
an arbitrary value of 1. Interestingly, when the cells grew to
confluence, expression of the BZLF1 mRNA increased signif-
icantly until day 6 (Fig. 7A, lanes 2 to 6). This increase corre-
lated with a relocalization of Ubn-1 to the tight junctions (Fig.
7A, bottom panels, compare lanes D6 to lanes D1). At day 8,
however, the expression level of BZLF1 mRNA decreased,
probably because of the drastic reduction of cell proliferation
and cell death at high density. In contrast to the MDCKEBV

cells, the AGSEBV cells stably infected with the EBV B95-8
strain support lytic infection (37). In these cells, as in the

MDCKEBV cells, BZLF1 mRNA expression is clearly detected
when cells are plated at low density (Fig. 7B, lane 1), and again,
when the cell culture grew to reach confluence, the expression
level of BZLF1 mRNA increased dramatically (Fig. 7B, lanes
2 to 6). We have also looked by RT-PCR at the expression of
another lytic gene, the BMRF1 gene, and found that its ex-
pression level also increased along with that of the BZLF1
mRNA (data not shown). At day 6, when the amount of
BZLF1 mRNA was largest, Ubn-1 was found to be totally
relocalized to the tight junctions (Fig. 7, bottom panels). After
day 6, likely because the AGSEBV cells are actively producing
virions, most of the cells lysed and the culture died.

Taken together, these results demonstrate the existence of a
tight correlation between cell density, Ubn-1 localization, and
BZLF1 expression in EBV-infected epithelial cells.

DISCUSSION

Ubn-1, first described as a nuclear protein, is now classified
in the NACos (nuclear adhesion complexes) protein family (3)
since Ubn-1 is localized in the nuclei of proliferating cells but
sequestered to the tight junctions of nonproliferating cells.
Characterized for its capacity to interact in vitro with the basic
domains of both cellular (c-Jun and C/EBP) and viral (EB1
from EBV) members of the basic leucine zipper family of
proteins, Ubn-1 has been shown to interfere in vitro with their
DNA-binding function. In the present study, we demonstrate
that Ubn-1 is able to modulate the EBV productive cycle in
vivo. When overexpressed in HEK293EBV cells, Ubn-1 inhibits
binding of EB1 to its target promoters, thereby reducing both
expression of the EBV early genes and EBV DNA replication
during the viral productive cycle. Consequently, Ubn-1’s over-
expression lowers the production of viral particles. In contrast,
when Ubn-1 expression is downregulated by shRNA, viral par-
ticle production increases. Interestingly, in epithelial cells la-
tently infected by EBV, the amount of EBV immediate-early-
gene expression increases with the level of confluence of the
cell culture, suggesting that in subconfluent cells, EB1 pro-
duced at a low level is inactive because of the presence of
Ubn-1 in the cell nuclei. However, when cells become conflu-
ent and Ubn-1 is relocalized from the nucleus to the tight
junctions, EB1 is free to activate its target promoters as well as
its own promoter.

Epithelial cell proliferation and differentiation are regulated
by cell-to-cell interaction. Apical cell-cell junctions participate
in these processes by using different types of shuttling proteins,
such as the NACos, which exhibit both nuclear and junctional
localization. Tight junctions are an example of such cell-cell
junctions, and several signaling complexes have been identified
to associate with them (43). In general, expression of NACos in
tight junctions suppresses proliferation and allows differentia-
tion in a coordinated manner with adherent junctions and
extracellular matrix adhesion. When localized in the nucleus,
some of these tight junction components have been shown to
affect different signaling and transcriptional pathways (6, 42).
Ubn-1 function is not as yet well characterized. However, three
recent reports show that Ubn-1 forms a complex with the
histone chaperone protein HIRA (5, 7, 56). In addition, Banu-
mathy et al. have shown that Ubn-1 is a regulator of cell
senescence in fibroblasts (7). Taken together, these observa-

FIG. 7. Correlation between ubinuclein localization and activation
of the EBV productive cycle. Nonconfluent MDCKEBV cells (A) or
AGSEBV cells (B) were plated in petri dishes. Cells were collected at
different time points (D, day), and expression of the BZLF1 gene was
monitored by semiquantitative RT-PCR. The results are presented as
the amount of [32P]dCTP incorporation, relative to that obtained at
day 1, which has been given an arbitrary value of 1. The experiments
were done 4 times, and the error bars represent standard deviations.
(Bottom panels) Localization of Ubn-1 was monitored by immunoflu-
orescence staining at day 1 (nonconfluent cells) and day 6 (confluent
cells). Cells were labeled using the anti-Ubn (�-Ubn) MAb ZAP1
(red); nuclei were visualized using DAPI (blue).
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tions argue in favor of a role for Ubn-1 in the regulation of
gene expression linked to cell proliferation such as that de-
scribed for ZONA/B (38). In this work, we have shown that
Ubn-1 is indeed able to control expression of various viral and
cellular genes. However, as shown by chromatin immunopre-
cipitation, Ubn-1 does not appear to directly interact with the
promoters of early EBV genes. Rather, Ubn-1 interacts di-
rectly and specifically with the DNA-binding domain of tran-
scription factors such as c-Jun or EB1. This interaction inhibits
the binding of these factors to their target recognition se-
quences in vitro (2) and in vivo (this report). Hence, Ubn-1
could be a negative regulator of gene expression via its inter-
action with DNA-binding factors, but it could also be impli-
cated in chromatin remodeling via its interaction with the hi-
stone chaperone HIRA.

We have shown that Ubn-1 not only alters gene expression
induced by the viral transcription factor EB1 but also controls
AP1-induced gene expression. Interestingly, many genes under
the control of the AP1 complex have been implicated in cell
differentiation and proliferation (51). This is reminiscent of the
observation that another NACos protein, ZO2 (zonula occlu-
dens 2), is able to relocalize c-Jun to the tight junctions and in
this way controls expression of some of c-Jun’s target genes
(9, 36).

Ubn-1 is a potent inhibitor of EB1’s and AP1’s function. In
vitro experiments using electrophoretic mobility shift assays
and in vivo observation by chromatin immunoprecipitation
suggest that this inhibition is due to an interaction between
Ubn-1 and EB1 that results in the loss of EB1 DNA-binding
activity, without the need for Ubn-1 to bind DNA. Hence, in
the nucleus, Ubn-1, similarly to the retinoic acid receptor
(RAR) (53, 54, 66), could modulate reactivation of latent EBV
infection by a direct protein-protein interaction not only with
EB1 but also with c-Jun or other cellular proteins of the b-ZIP
family. Several reports have shown that AP1 complexes or
C/EBP is implicated in the regulation of BZLF1 expression
(34, 55, 65). Since some of these proteins can interact with
Ubn-1, which is able to repress their DNA-binding activity (2),
we speculate that in EBV-infected cells, endogenous Ubn-1
might also regulate induction of BZLF1 expression. In this
way, Ubn-1 could be a negative regulator of the EBV produc-
tive cycle both by inhibiting BZLF1 expression induced by AP1
complexes and by interfering with transcriptional activation of
early-gene expression by EB1. However, it is important to note
that activation of the EBV productive cycle is not dependent
just on absence of Ubn-1 from the cell nucleus. In effect, it has
been shown that the switch between latent and productive
EBV infection in B cells is mediated by the cellular transcrip-
tion factor XBP-1, which plays an essential role in cell differ-
entiation (10). Ubn-1 may participate in the maintenance of
the EBV latent cycle, but removing Ubn-1 is certainly not
sufficient for reactivation. EBV reactivation requires cell dif-
ferentiation and transcriptional activation of the BZLF1 and
BRLF1 promoters by XBP-1 in B cells or a yet unknown factor
in epithelial cells.

In addition, it is now well established that the EBV produc-
tive cycle takes place in differentiated cells (39), and it has been
suggested from studies made with biopsy specimens from oral
hairy leukoplakia, an AIDS-associated lesion characterized by
high-level EBV replication in the tongue, that BZLF1 expres-

sion could be regulated by the degree of epithelial cell differ-
entiation (8, 67). Interestingly, we show here that spontaneous
expression of the EBV BZLF1 gene is also regulated by cell
culture confluence conditions, in accordance with Ubn-1 local-
ization. Together with our previous demonstration that Ubn-1
is sequestered to the tight junctions in differentiated cells (3),
these observations led us to propose a model in which Ubn-1
controls the EBV productive cycle according to the differen-
tiation status of epithelial cells (Fig. 8). In undifferentiated
cells from the basal epithelium, Ubn-1 is nuclear and is free to
interact with c-Jun and with the small amount of EB1 that is
expressed. By interacting with the DNA-binding domains of
both c-Jun and EB1, Ubn-1 can inhibit the association of these
proteins with DNA and repress activation of the productive
cycle. In differentiated cells of the squamus epithelium, how-
ever, Ubn-1 is sequestered to the tight junctions and BZLF1
expression is activated by a yet-unknown mechanism probably
linked to the differentiation of the cells. In the absence of
Ubn-1, EB1 would then be free to activate its target genes,
allowing completion of a full productive cycle. Ubn-1 should
thus be considered an important modulator of the EBV pro-
ductive cycle in epithelial cells.
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