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EBNA-LP-associated proteins were identified by sequencing proteins that immunoprecipitated with Flag
epitope-tagged EBNA-LP (FLP) from lymphoblasts in which FLP was stably expressed. The association of
EBNA-LP with Hsp70 (72/73) was confirmed, and sequences of DNA-PK catalytic subunit (DNA-PKcs), HA9S,
Hsp27, prolyl 4-hydroxylase a-1 subunit, a-tubulin, and 3-tubulin were identified. The fraction of total cellular
HA95 that associated with FLP was very high, while progressively lower fractions of the total DNA-PKcs,
Hsp70, Hsp 27, a-tubulin, and B-tubulin specifically associated with EBNA-LP as determined by immuno-
blotting with antibodies to these proteins. EBNA-LP bound to two domains in the DNA-PKcs C terminus and
DNA-PKcs associated with the EBNA-LP repeat domain. DNA-PKcs that was bound to EBNA-LP phosphor-
ylated p53 or EBNA-LP in vitro, and the phosphorylation of EBNA-LP was inhibited by Wortmannin, a specific

in vitro inhibitor of DNA-PKcs.

Epstein-Barr virus (EBV) is a human herpesvirus that ini-
tiates primary infection and replication in the oropharyngeal
epithelium (62). EBV infection then spreads to B lymphocytes,
which are largely nonpermissive for virus replication (47, 68).
Based on in vitro studies of B-lymphocyte infection, the first
EBYV transcripts initiate within the viral long internal repeat
(for reviews, see references 26 and 53). These transcripts are
differentially spliced to encode two nuclear proteins, EBNA-
LP and EBNA-2. These two proteins act in concert to activate
transcription of cell and viral genes including the cellular c-
myc, CD23, and cyclin D2 and the viral EBNA-3A, -3B, -3C,
and -1 and latent infection membrane protein, LMP1 and -2,
genes (1, 16, 23, 49, 61). These virus-encoded proteins cause
the cell to enter S phase and proliferate indefinitely. In stably
transformed B lymphocytes EBV expresses six EBNAs, two
LMPs, two small RNA or EBERs, and transcripts from the
BamHI A fragment (13, 18). Recombinant EBV reverse ge-
netic studies indicate that EBNA-LP, EBNA-2, EBNA-3A,
EBNA-3C, EBNA-1, and LMP1 are critical or essential for
B-lymphocyte proliferation, while EBNA-3B, LMP2, EBERs,
and most of the rest of the viral genome are not critical (8, 15,
24, 25, 27, 33, 34, 38-41, 43, 54, 55, 69).

The experiments described here investigate the associations
of EBNA-LP with cellular proteins. EBNA-LP is unusual in
that it is encoded mostly by repeating 66 and 132 b exons,
which are derived from the EBV long internal repeat (10, 58,
73). The EBNA-LP open reading frame ends within 33 and
102 b exons that are transcribed from the unique DNA down-
stream of the long internal repeat. EBNA-LP lacks the ability
to recognize specific DNA sequences and is dependent on
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interaction with EBNA-2 for promoter-specific transcriptional
effects (16, 49). EBNA-2 has two essential domains (6, 7). One
interacts with cellular, sequence-specificc DNA binding pro-
teins, including RBP-Jk (14, 17, 22, 32, 64, 78). The second is
an acidic transcriptional activation domain that interacts with
basal and activated transcription factors, with CREB binding
protein and p300, and with a pl00 nuclear protein that is a
scaffolding protein for Pim-1 and c-myb (36, 70-72, 74).
EBNA-LP markedly augments the transcriptional effects of
EBNA-2 (16, 49). In fact, EBNA-LP markedly augments the
activity of the EBNA-2 acidic domain when the latter domain
is fused to the Gal4 DNA binding domain and expressed in
cells that have a promoter with multiple upstream Gal-4 bind-
ing sites (16). Surprisingly, the 22- and 44-amino-acid repeat-
ing segments of EBNA-LP appear to be all that is required for
coactivation with EBNA-2. Carboxyl-terminal truncation of
EBNA-LP before the last 10 unique amino acids results in a
transcriptionally inactive protein, while truncation of the entire
45-amino-acid unique sequence domain restores full activity in
transient-transfection assays. These data are compatible with a
model in which the EBNA-LP repeating domains mediate
transcriptional activation and the last 45 residues regulate this
activity. EBNA-LP is highly phosphorylated in G,/M, localizes
to nuclear dot 10 or PML bodies, and associates with Hsp72/73
(28,29, 42, 52, 59, 66). In vitro, casein kinase II can phosphor-
ylate a serine in the unique EBNA-LP C terminus, whereas
p344<? can phosphorylate serines in the W2 repeat as well as
the serine in the C terminus (28). Very little is currently know
about the cellular proteins through which EBNA-LP coacti-
vates transcription.

EBNA-LP-associated cellular proteins. To facilitate the re-
trieval of EBNA-LP from cells and to minimize the potential
effect of antibody in dissociating a cell protein from EBNA-LP,
an exogenous Flag epitope was fused to the N terminus of
EBNA-LP. Hygromycin-resistant, EBV-negative human B-
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lymphoma cells were selected that express Flag-epitope tagged
EBNA-LP (FLP) after cotransfection with a simian virus 40
promoter and enhancer-FLP expression vector and an expres-
sion vector for hygromycin inactivation. Most of the hygromy-
cin-resistant BJAB cell lines that were derived expressed FLP
at levels that are 0.5 to 5 times the EBNA-LP level in the 1B4,
EBV-transformed, B-lymphoblast cell line. Despite an abnor-
mally high level of EBNA-LP expression in some cell lines, cell
growth was similar to that of parental BJAB cells. These data
indicate that expression of EBNA-LP is not toxic to BJAB cells

Several liters of threefold FLP-overexpressing or parental
BJAB cells were grown, and lysates were prepared from 2 X
10° to 3 X 10? cells of each type. Lysates were made by mixing
the cells for 30 min at 4°C in 0.5% NP-40, isotonic NaCl, 50
mM Tris (pH 8.0), aprotinin (10 mg/ml), and 1 mM phenyl-
methylsulfonyl fluoride. The lysates were then clarified by spin-
ning out the nuclei for 10 min at 1,000 X g. FLP was immune
precipitated using M2 anti-Flag antibody that was conjugated
to protein G-Sepharose beads (Sigma Chemical Company).
The proteins that adsorbed to the beads were eluted with
sodium dodecyl sulfate (SDS) buffer, boiled in SDS sample
buffer, and resolved under denaturing conditions in 6.5, 7.5, or
12% polyacrylamide gels. The gels were stained with Coomas-
sie brilliant blue to identify the proteins that had precipitated
with EBNA-LP. As expected, FLP was the most abundant
protein that precipitated with M2 beads from FLP-expressing
BJAB cells and not from control BJAB cells (Fig. 1). The po-
sition of FLP was confirmed by immunoblotting with EBNA-
LP-specific monoclonal antibody. The most abundant proteins
associated with EBNA-LP were previously identified to be
Hsp72 and hsc73 by microsequencing and immunoblotting (29,
42) and nearly stoichiometric amounts of HSP72 and HSC73
coimmunoprecipitated with FLP. The position of HSP72 was
confirmed by immunoblotting with HSP72-specific antibody
(Fig. 2). Six unknown proteins ranging in size from more than
250 kDa to less than 30 kDa were also identified as being
substantially overrepresented in the FLP immunoprecipitate
versus an M2 immunoprecipitate from BJAB cells that do not
express FLP (Fig. 1). Proteins of similar size had been previ-
ously noted in immunoprecipitates from EBV-transformed
lymphoblastoid cell lines (42), using the JF186 monoclonal
antibody to EBNA-LP (12). Other coimmunoprecipitating
proteins were close to the size of Rb or p53, proteins that had
been tentatively identified as binding to the EBNA-LP repeat
domain (67). Rb and p53 were absent from previous JF186
immunoprecipitates (42) and do not appear to physiologically
interact with EBNA-LP (19).

Slices containing each of the six EBNA-LP coimmunopre-
cipitating proteins were excised from the gel, and the proteins
were cleaved in gel by trypsin. The digested peptides were sep-
arated, and multiple peptides were sequenced by microcapil-
lary high-performance liquid chromatography—ion trap-tandem
mass spectrometry. The protein larger than 250 kDa yielded
sequences (TVGALQVLGTEAQSSLLK and LLLOQGEADQ
SLLTFDIK) of DNA-PK catalytic subunit (DNA-PKcs). The
95-kDa protein yielded sequences (GENPFTDSPEE and AD
FLQEYVTNK) of a putative homologue of AKAP95 that has
been designated HA95 (50). The 65-kDa sequence (LQDTY
NLDTDTISK) matched the prolyl 4-hydroxylase « subunit.
The 55- and 53-kDa sequences (TIGGGDDSFNTFFSETGA

J. VIROL.

Flag-IP
MW B BFLP

6.5%
250—

7.5%

—_—
||

-wf._i»‘;

S e |

- Hsp72
mll

e

-y

- -y
50— ==
- | FLP

12%

30 1 . Brw

FIG. 1. Coomassie brilliant blue-stained polyacrylamide gels of
Flag antibody immunoprecipitates (Flag-IP) from BJAB B lympho-
blasts that were stably converted to FLP expression (lane marked
BFLP) or from negative-control BJAB B lymphoblasts (lane marked
B). Cells were lysed in nonionic detergent, and extracts were immu-
noprecipitated using M2 Flag antibody-coupled beads. Proteins bound
to the beads were eluted in SDS sample buffer; resolved in 6.5, 7.5, or
12% polyacrylamide gels; and stained with Coomassie brilliant blue.
FLP and Hsp72/Hsc73 were confirmed by immunoblotting. Other pro-
teins of >250, 95, 65, 55, 53, and 30 kDa that were consistently present
in immunoprecipitates from FLP-expressing BJAB cells and absent in
control immunoprecipitates from nonexpressing BJAB cells—desig-
nated I, IT, III, IV, V, and VI—were excised from the gels and iden-
tified by amino acid sequence. MW, molecular weight, markers (in
thousands).

GK, TIQFVDWPTGFK and ISVYYNEATGGK, NSSYFVE
WIPNN) identified a- and B-tubulin. The 27-kDa sequence
(LATQSNEITIPVTFESR) matched Hsp27.

DNA-PKcs, HA95, HSP72, «- and B-tubulin, and Hsp27
specifically associate with EBNA-LP. Antibodies that can de-
tect DNA-PKcs (Santa Cruz), HA95 (50), Hsp70 (Santa Cruz),
a- and B-tubulin (Amersham), Hsp27 (Santa Cruz), p53 (Up-
state Biotechnology), Ku 70 and 80 (Santa Cruz), and EBNA-
LP (JF186) in immunoblots were used to evaluate the speci-
ficity and fraction of total cellular protein that are associated
with the FLP immunoprecipitate. Approximately 10% of FLP
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FIG. 2. DNA-PKcs, HA95, Hsp72, a-and B-tubulin, and Hsp27
specifically associate with EBNA-LP. The specificity and relative effi-
ciency of coimmunoprecipitation of DNA-PKcs, HA95, Ku70 and 80,
HSP72, a-and B-tubulin, Hsp27, or p53 with FLP were evaluated by
comparing the abundance of these proteins in M2 immunoprecipitates
from FLP-expressing and negative-control cell lysates with the abun-
dance of the proteins in 2% of the cell lysates. The proteins were
detected by immunoblotting with specific antibodies.

was in a typical immunoprecipitate as is apparent from com-
parison of the Flag immunoprecipitate lane in Fig. 2 with 2%
of the BJAB-FLP (BFLP) cell lysate. DNA-PKcs, HA9S,
Hsp72, a- and B-tubulin, and Hsp27 specifically immunopre-
cipitated with FLP from BJAB-FLP cells and were not in M2
antibody immune precipitates from BJAB cells that did not
express FLP. Compare these proteins in immune precipitates
from BFLP and B cells in Fig. 2.

A significant fraction of the total cellular HA95 was associ-
ated with FLP, as is evident from the enrichment for HA95 in
the BFLP immunoprecipitate versus 2% of the BFLP or B cell
lysate, using rabbit antiserum to HA95 (50) to identify HA95 in
immunoblots (Fig. 2). Indeed, HA9S is as enriched in the FLP
immunoprecipitate versus the cell lysate as is FLP. Versus 2%
of the lysate, FLP and HA95 were about fivefold enriched in
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the Flag immunoprecipitate, whereas DNA-PKcs was about
twofold enriched, Hsp72 and Hsp27 were about equal to the
lysate, and o-and B-tubulin were less abundant in the Flag
immunoprecipitate than in the lysate (Fig. 2). Thus, these data
indicate that most of the cellular HA9S and a significant frac-
tion of DNA-PKcs can associate with EBNA-LP in B lym-
phoma cells. Although Hsp72, Hsp27, and a- and 3-tubulin are
specifically and significantly represented in the FLP immuno-
precipitate, these are abundant cell proteins, and a smaller
fraction of these proteins is associated with FLP.

Antibodies to prolyl 4-hydroxylase were not available to
study the extent of its association with FLP. Prolyl 4-hydroxy-
lase is an endoplasmic reticulum resident protein required for
hydroxylation of proline residues in collagen. Although prolyl
4-hydroxylase can affect tissue invasion (44, 56) its relevance to
EBNA-LP’s intracellular effects is not obvious and the associ-
ation with EBNA-LP was not further pursued.

DNA-PKcs is highly associated with Ku 70 and 80 (5, 35,
65). EBNA-LP might therefore associate with Ku 70 and 80
through DNA-PKcs. However, immunoblots with Ku 70 and
80 antibody did not detect Ku 70 and 80 in the EBNA-LP
immunoprecipitates (Fig. 2). The Ku 70 and 80 and DNA-
PKcs complex is usually stable through immunoprecipitation
(65). Therefore, FLP probably specifically associates with free
DNA-PKcs.

The potential associations of EBNA-LP with p53, pRb,
p107, and p130 (67) were also reevaluated (Fig. 2 and data not
shown). Despite the specific detection of p53, pRb, p107, and
p130 in cell lysates, p53, pRb, p107, and p130 were not de-
tected in the FLP immunoprecipitates.

The EBNA-LP repeat domain interacts with at least two
sequences in the DNA-PKcs C terminus. The EBNA-LP open
reading frame is composed of repeating W1 and W2 exons
that are spliced from the EBV internal BamHI W repeats
and unique 3’ Y1 and Y2 exons (Fig. 3A). To identify the do-
main(s) within EBNA-LP that mediates interaction with DNA-
PKcs, BJAB stable cell lines converted to expression of FLP
and with deletions of the C-terminal 10 (FLPd10) or C-termi-
nal 45 (FLPW4) amino acids were established and used to
compare the efficiency of DNA-PK association with wild-type
or mutant EBNA-LP. As shown in Fig. 3A, DNA-PKcs asso-
ciated with FLPd10 and FLPW4 as efficiently as with wild-type
FLP. These data indicate that DNA-PKcs associates with the
W1-W2 repeat domain of EBNA-LP as was previously dem-
onstrated for Hsp70 (42).

To identify the components of DNA-PKcs that bind to
EBNA-LP, 15 different **S-labeled polypeptides, representing
the entire DNA-PKcs open reading frame were synthesized by
in vitro transcription-translation (21) (Fig. 3B). Each in vitro
translation reaction produced a polypeptide of the expected
size by SDS-polyacrylamide gel electrophoresis (PAGE) (data
not shown), and equal amounts of **S-labeled polypeptides
were incubated at 4°C with equal amounts of FLP adsorbed
onto M2 beads. Polypeptides 8, 9, and 15 that overlap in the
C-terminal kinase homology domain of DNA-Pkcs bound most
efficiently to EBNA-LP, while the adjacent, nonoverlapping,
polypeptide 10 bound almost as well. The binding of polypep-
tide 10 is most likely due to its most-C-terminal third, since
polypeptide 7, which overlapped with the N-terminal two-
thirds of 10, did not bind to FLP. These data indicate that at
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FIG. 3. Mapping of the EBNA-LP and DNA-PKcs interacting domains. (A) The association of DNA-PKcs with wild-type or C-terminally
truncated EBNA-LP was evaluated by determining the extent to which DNA-PKcs coimmunoprecipitated with wild-type FLP or FLP with a
deletion of the last 10 (FLPd10) or all 45 (FLPd45 or FLPW4) unique residues from lysates of BJAB cells that stably express the respective protein
or negative control cells. A schematic diagram of the repeat and unique domains of EBNA-LP is shown above the data. Equal amounts of wild-type
or mutant FLPs were immunoprecipitated as shown in the photograph of a Coomassie-stained (Coom) gel. The amount of coimmunoprecipitating
DNA-PKcs was evaluated by immunoblotting (a-DNA-PK). (B) Polypeptide fragments of DNA-PKcs as indicated in the schematic diagram were
in vitro translated in the presence of [**S]methionine and incubated at 4°C with 2 pg of FLP adsorbed onto M2-Sepharose beads. After elution
from beads, bound polypeptides were analyzed on SDS-10% gel and subjected to fluorography at a low temperature as shown in the bottom panel.

least two separate domains in the DNA-PKcs C terminus are
able to bind to FLP. The DNA-PKcs kinase homology domain
had been shown to interact with the c-Abl nuclear tyrosine
kinase and Ku (21). Although the DNA-PKcs kinase homology
domain is a large domain, the binding of both EBNA-LP and
Ku to this domain could be related to the finding mentioned
above that EBNA-LP-associated DNA-PKcs is not associated
with Ku. This domain of DNA-PKcs may associate with
EBNA-LP or Ku but not with both.

EBNA-LP immunoprecipitates contain active DNA-PKcs,
and EBNA-LP autophosphorylation is suppressed by the spe-
cific DNA-PKcs inhibitor Wortmannin. DNA-PK phosphory-
lates a number of transcription factors, in vitro, including the
pS3 tumor suppressor protein. This phosphorylation activates
p53 in response to DNA damage (77). To evaluate whether
EBNA-LP-associated DNA-PKcs is active, glutathione S-trans-
ferase (GST)-p53 was used as a substrate in an in vitro kinase
assay with a buffer consisting of 25 mM HEPES (pH 7.5),
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75 mM KCI, 10 mM MgCl,, 10 mM MnCl,, 0.4 mM EGTA,
0.2 mM EDTA, 1 mM dithiothreitol, 50 puM ATP, and
[y-**P]ATP. GST-p53 was phosphorylated, in vitro, by FLP
immunoprecipitates on M2 beads, but not by immunopre-
cipitates from cells that do not express FLP (Fig. 4A). These
data suggest that DNA-PKcs that is associated with FLP can
be active in p53 phosphorylation.

Since FLP-associated DNA-PKcs appeared to be active in
p53 phosphorylation, we considered the possibility that EBNA-
LP might also be phosphorylated by DNA-PKcs. A similar in
vitro DNA-PKcs [y->*P]ATP kinase assay was done with DNA-
PKcs and FLP adsorbed onto M2 beads from BFLP cell ly-
sates. FLP was strongly phosphorylated in the in vitro kinase
reaction (Fig. 4B and data not shown). Wortmannin is a spe-
cific inhibitor of DNA-PKcs in vitro (20). Reactions were
therefore done in the presence and absence of Wortmannin to
further test whether the phosphorylation of FLP was due to
DNA-PKcs. FLP phosphorylation, in vitro, was about 70%
inhibited by 50 uM Wortmannin (Fig. 4B). Thus, DNA-PKcs
probably has a significant role in EBNA-LP phosphorylation.
As a control for the possible presence of protein kinase A
(PKA) or PKC, reactions were done in the presence or absence
of specific PKA or PKC inhibitory peptides (Sigma-Aldrich).
These inhibitors did not affect FLP phosphorylation (Fig. 4B).

These experiments identify DNA-PKcs, HA9S, prolyl 4-hy-
droxylase «, a-and B-tubulin, and hsp27 as proteins that may
associate with EBNA-LP in cells or during the process of cell
lysis and confirm an extensive association of EBNA-LP with
HA95, Hsp72/Hsc73, Hsp27, and DNA-PKcs. HA95 and
DNA-PKcs are of obvious interest since they and EBNA-LP
are largely nuclear. Thus, these associations are more likely to
exist in vivo rather than to occur after lysis (5, 50).

Given the finding of about 3% of DNA-PKcs in the FLP
immunoprecipitate and a 10% efficiency of FLP immunopre-
cipitation, we estimate that about 30% of the cellular DNA-
PKcs is associated with overexpressed EBNA-LP. DNA-PKcs
could therefore have a role in EBNA-LP transcriptional or
survival effects. DNA-PKcs can phosphorylate EBNA-LP, as is
evident by Wortmannin inhibition of EBNA-LP phosphoryla-
tion, in vitro. DNA-PKcs associates with the repeat domain of
EBNA-LP, and the repeat domain is implicated in transcrip-
tional activation (16). In preliminary experiments, autophos-
phorylation of FLPW4 in vitro was similar to that of FLP and
was similarly inhibited by Wortmannin. DNA-PKcs is also a
large protein that could mediate the interaction of EBNA-LP
with other nuclear proteins, including proteins involved in
transcription, repair, or recombination. Thus, the activity of
EBNA-LP could be affected by association with DNA-PKcs or
by DNA-PKcs-mediated phosphorylation of EBNA-LP or
EBNA-LP-associated proteins. EBNA-LP may also affect
DNA-PKcs interactions with other proteins. DNA-PKcs is es-
sential for VDIJ type recombinations, for double-strand DNA
repair (4), and for normal telomere maintenance (3). DNA-
PKcs also has effects on transcription mediated by thyroid
hormone receptor binding protein (30) and on apoptosis me-
diated by p53 (75). Since Wortmannin is not specific for DNA-
PKcs in vivo, further understanding of the in vivo role of DNA-
PKcs in EBNA-LP’s effects will require comparison of EBV
and EBNA-LP’s effects in cells from healthy humans with the
effects in cells from humans that lack DNA-PKcs.
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FIG. 4. EBNA-LP is associated with and phosphorylated by DNA-
PK. (A) DNA-PKcs phosphorylation of GST-p53 is used to assay
EBNA-LP-associated DNA-PKcs activity. FLP adsorbed onto M2
beads from lysates of FLP-expressing BJAB cells was incubated in
kinase buffer with purified recombinant GST-p53 (100 ng) or control
protein and [y->*P]ATP. **P-labeled GST-p53 was analyzed for phos-
phorylation level by PAGE followed by exposure to X-ray film (Auto).
Coomassie brilliant blue (Coom) was used to estimate FLP abundance.
(B) FLP adsorbed onto on M2 beads from BFLP lysates was incubated
with [y-*P]ATP under in vitro kinase assay conditions in the presence
(+Wort) or absence of 50 .M Wortmannin, a specific in vitro inhibitor
of DNA-PK, or with 5 wM PKA or PKC inhibitory peptides (PKAin or
PKCin, respectively). (Sigma-Aldrich). Coomassie brilliant blue is used
to estimate protein levels, and phosphorylation was estimated by au-
toradiography.

Most of the HA9S in cells is associated with overexpressed
EBNA-LP. Thus, EBNA-LP is likely to be affected by HA95
and to substantially alter or redirect the activity of HA9S5.
HAO9S is a recently discovered nuclear protein that is homol-
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ogous to and a tandem gene duplication with AKAP95 (50).
AKP95 is a nuclear protein that associates during mitosis with
the RII subunit of PKA and targets PKA to the condensed
chromatin spindle region (11). AKAP95 is important for chro-
mosome condensation during mitosis (63). HA95 tracks with
AKAPIS to the mitotic spindle but does not bind to the PKA
RII subunit or to AKAP9S; its role in mitosis is uncertain (50).
HA95 was independently discovered through a yeast two-hy-
brid screen with RNA helicase A. HA95 can increase expres-
sion by improving function of a constitutive transport element
(37, 76). Hence, EBNA-LP effects in transcriptional coactiva-
tion could be in part due to EBNA-LP alteration of HA95’s
effect on the transport of RNAs with a functional CTE.

The most abundant cellular proteins that specifically coim-
munoprecipitate with EBNA-LP are Hsp72/Hsc73 and «- and
B-tubulin. Tubulin has been noted to interact with viral and
cellular oncoproteins and with regulatory components of the
cell cycle apparatus (45, 57). More recently, the association of
c-myc with tubulin has become more interesting with the map-
ping of the tubulin interacting domain to the c-myc N terminus
and the finding that mutations in c-myc T-58 correlate with
hyperstabilization, increased phosphorylation, disrupted inter-
action with a-tubulin, and increased transforming capacity
(48, 57). c-myc association with a-tubulin is physiologically
disrupted by mitosis-specific c-myc hyperphosphorylation.
EBNA-LP also undergoes mitosis specific hyperphosphoryla-
tion and the effect on EBNA-LP activity has not been assessed
(28). EBNA-LP coactivation with EBNA-2 of viral and cellular
latency-associated promoters (16, 49) may be affected by cell
cycle-specific factors since LMP1 levels fall in Raji cells under
conditions of growth arrest (2).

Hsp27 is also quite specifically associated with EBNA-LP.
HSP27 is primarily cytoplasmic in location (60) and is involved
in heat shock-induced translational inhibition (9), in Cox-2
transcript stabilization (31), and in inhibition of caspase-3 ac-
tivation (51). However, Hsp27 can translocate to the nucleus
upon insult-induced stress (46) and nuclear Hsp27 could mod-
ulate EBNA-LP effects on cell growth in response to cell stress.

This research was supported by grant number CA47006 from the
National Cancer Institute, National Institutes of Health, of the United
States Public Health Service.
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