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Reactivation of Epstein—-Barr virus:

regulation and function
of the BZLF1 gene

Samuel H. Speck, Talal Chatila and Erik Flemington

pstein—Barr virus (EBV)
Einfection of human pri-

mary B cells in culture
predominantly results in the es-
tablishment of a latent infection
in which very few cells produce
virus. Concomitant with the
establishment of latency, EBV
growth transforms the infected
cells, thus producing immortal-
ized lymphoblastoid cells that

The switch from latent infection to virus
replication in Epstein—Barr virus
(EBV)-infected B cells is initiated by
expression of the viral BZLF1 gene.
Recent studies have identified the key
cellular transcription factors involved in
regulating this switch in viral programs
and the signal transduction pathways to
which they respond. Understanding this
switch may facilitate development of
strategies to interfere with EBV infection.

disrupt latency when driven by
a strong heterologous promoter
(reviewed in Ref. 2).
Transcriptional activation of
the BZLF1 gene is the primary
underlying mechanism by which
activators of lytic viral repli-
cation exert their effect. Tran-
scription of the BZLF1 gene
is initiated from either one of
two promoters: a proximal pro-

proliferate indefinitely. Latently
infected lymphoblasts express
several viral antigens, including
six nuclear antigens (EBNAs),
three membrane proteins
(LMPs) and two small non-
coding RNAs (EBERs) (re-
viewed in Ref. 1). Disruption
of viral latency in EBV-infected
B cells is determined by an
intricate cascade of events initiating at the plasma mem-
brane. Activation of the lytic cycle can be initiated by
a variety of reagents, including anti-immunoglobulin,
calcium ionophore, butyrate and the phorbol ester
12-O-tetradecanoyl-phorbol-13-acetate (TPA). How-
ever, established EBV-infected cell lines vary consider-
ably in their inducibility by these agents, with TPA
being the most widely effective.

Role of BZLF1 and BRLF1 genes in induction of
virus replication

The role of the BZLF1 gene in the induction of the viral
lytic cycle was elucidated in a series of pioneering ex-
periments by George Miller and colleagues (reviewed
in Ref. 2; see Box 1 for a glossary of terms used). They
identified a low-level population of rearranged viral
genomes [referred to as heterogeneous (het) viral DNA]
in a Burkitt’s lymphoma-derived cell line, P3HR-1,
which produces virus spontaneously. Further character-
ization of this phenomenon revealed that a fragment of
the rearranged DNA, containing the viral BZLF1 gene
juxtaposed to a portion of the EBV major internal re-
peat (IR1), was able to disrupt latency when transfected
into latently infected lymphocytes (the locations of the
BZLF1 gene and the IR1 repeat in the unrearranged
viral genome are shown in Fig. 1). Subsequently, sev-
eral studies demonstrated that the BZLF1 gene isolated
from an unrearranged viral genome could effectively
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moter, Zp, and a distal pro-
moter, Rp (Fig. 1)°. Both Rp and
Zp exhibit very low basal activ-
ity and appear to be activated
simultaneously by agents that
disrupt latency*~”. Zp directs the
transcription of a 0.9-kb tran-
script composed of three exons
encoding Zta. In addition, a low-
abundance alternatively spliced
BZLF1 transcript in which exon 1 splices directly to
exon 3 has been identified®. This is of some interest be-
cause exon 2 encodes the DNA-binding domain of Zta,
although this form of Zta has not yet been detected dur-
ing the lytic cycle®. However, DNA-binding mutants of
Zta have been shown to retain the ability to activate

Box 1. Glossary

AP-1: Activation protein-1; transcription factor.

ATF-1: Activating transcription factor-1.

CaMKIV/Gr: Calmodulin-dependent kinase type IV/Gr.
CREB: cAMP response element binding factor; transcription factor.
EBNA: EBV nuclear antigen.

EBV: Epstein-Barr virus.

IR1: EBV major internal repeat.

LMP: EBV latent membrane protein.

MEF2: Myocyte enhancer factor 2; transcription factor.
NFAT: Nuclear factor of activated T cells; transcription factor.
RAZ: Rta—Zta hybrid protein product.

Rp: Distal promoter for BZLF1 and BRLF1.

Rta: Protein product of the BRLF1 gene.

Spl1/Sp3: Cellular transcription factors.

TPA: 12-O-tetradecanoyl-phorbol-13-acetate.

ZIl domains: A+T-rich sequences.

ZIl: CREB/AP-1 response element.

Zp: Proximal promoter for BZLF1.

ZRE: Zta-specific response elements.

Zta: Protein product of the BZLF1 gene.
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Fig. 1. Organization of the ~100-kb transcriptional unit that encodes the six Epstein—Barr nuclear
antigen (EBNA) genes expressed in latently infected B cells and the positions of the BRLF1 and BZLF1
genes. The major internal repeat (IR1) is depicted as a gray rectangle. The latency-associated origin
of replication, oriP, and the major EBNA gene promoter, Cp, which are located near the left end of
the viral genome, are shown. Alternative splicing from the common IR1-encoded exons to the EBNA
gene product-encoding exons gives rise to the individual EBNA gene transcripts (reviewed in Ref. 60).
The large open arrows represent the BRLF1 and BZLF1 open reading frames. The antisense orien-
tations of these genes, relative to the EBNA1L primary transcriptional unit, may serve to dampen basal
transcription®8°. The positions of the distal Rp and proximal Zp promoters are ailso shown, and the tran-
scripts arising from each promoter are indicated by filled rectangles (denoting coding sequences) and
thin horizontal lines (indicating non-coding sequences present in the mature transcript). The depth
of the filled rectangles reflects the relative abundance of the indicated transcripts. The putative pro-
tein products encoded by these transcripts are indicated to the left of each transcript. Abbreviation:
TR, terminal repeats.

is a transactivator that recognizes
and binds to a consensus AP-1 site
and has a basic region with hom-
ology to the DNA-binding domain
of c-Fos (Ref. 15). Subsequently,
several studies have demonstrated
that Zta is a bZIP protein that
binds to AP-1-like sites in the re-
gions of EBV early lytic genes”'6-21,
From these analyses, it became
clear that the recognition sequence
of Zta (ZRE) is significantly more
degenerate than that of AP-1.
A consensus Zta-binding site (T-
G/T-T/A-G-T/C-G/C/A-A) has
been determined by mutagenesis
of the consensus AP-1 site and
comparison with known ZREs in
the EBV genome'®. This degenerate
binding site is probably present in
the promoters of many cellular
genes, as well as those of early lytic
EBV genes, and accumulating evi-
dence indicates that Zta activation
of cellular genes may play an im-
portant role in induction of the
lytic cycle (see below). In addition
to activating transcription of sev-
eral viral and cellular genes, Zta
has been shown to be an essential
replication factor?: this was shown
by the demonstration that its acti-

vation domain cannot be substi-

specific target promoters’, a phenomenon that is pre-
sumably mediated through protein—protein interactions
with other transcription factors bound to the target
promoter.

Rp directs the transcription of bicistronic mess-
ages (3.8 and 2.9 kb) encoding the protein products of
BZLF1 and a second, more proximal immediate-early
gene known as BRLFI (Ref. 3). Rta, the protein prod-
uct of the BRLFI gene, is itself a transcriptional activa-
tor that functions in concert with Zta to activate tran-
scription of early lytic genes!®!2, A third alternatively
spliced Rp-initiated transcript, which appears to be pres-
ent in low abundance, has been identified: it contains a
portion of the BRLF1 reading frame spliced in frame
to the 3’ end of the BZLF1 gene, which encodes the
carboxy-terminal DNA-binding and dimerization do-
mains of Zta (Refs 3,13). The putative protein product
encoded by this transcript has been named RAZ, and
ectopic expression of a cDNA encoding RAZ inter-
feres with Zta transactivation'3. This interference with
Zta function does not appear to involve the formation
of RAZ-Zta heterodimers, as sub-stoichiometric lev-
els of RAZ efficiently inhibit Zta transactivation, and
substitution of the Zta dimerization domain with the
GCN4 dimerization domain (which cannot heterodi-
merize with RAZ) does not affect RAZ repression™

Shortly after the role of the BZLFI gene in the disrup-
tion of latency was identified, it was shown that Zta
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tuted by the activation domains of
the transcriptional activators Jun, E2, myc or VP16 for
replication from the EBV lytic origin of replication??

The BRLF1 gene product, Rta, has also been shown
to transactivate several early viral genes!t1223-28, 1 ike
Zta, Rta is a sequence-specific DNA-binding pro-
tein®?427:2%8, However, its DNA recognition sequence
is significantly more complex than that of Zta, suggest-
ing that its function may be limited to activating ex-
pression of viral genes. Functional analyses of Rta have
mapped regions of the protein that are important for
transcriptional activation, DNA binding and dimer-
ization??’, Limited characterizations of the BRLF1
promoter (Rp) have identified two high-affinity sites
for Zta (Ref. 29): a domain that is homologous to the
Z1 domains found in Zp (see below)*, and a binding
site for the cellular transcription factor Sp1 (Ref. 30).
In addition, it appears that Rp is autoactivated by Rta
(Ref. 29). It remains unclear whether transcription
from Rp depends on an initial signal in addition to
Zta activation®'. Sinclair et al.? failed to detect TPA
inducibility of Rp in their studies. However, other
studies have provided evidence that both the BZLF1
and BRLF1 genes behave as immediate-early genes®2.
Ectopic expression of Rta in latently infected lympho-
cytes is not sufficient to trigger viral replication, although
it has recently been reported that Rta expression can
reactivate EBV in some EBV-infected epithelial cell
lines33.

VoLr. 5 WNo. 10 OCTOBER 1997



REVIEWS

Regulation of the BZLF1 gene promoter

Recent studies on Zp have clarified the mechanisms by
which activating agents induce BZLF1 gene transcrip-
tion. The region from =221 bp to +12 bp of Zp harbors
the necessary cis elements for maintaining low basal
activity and for transcriptional activation by lytic cycle-
inducing agents (Fig. 2)*%*. Within this sequence, two
distinct types of elements have been identified as medi-
ating responsiveness of Zp to extracellular signals®!”.
The first are A+T-rich sequences termed ZI domains,
four related copies of which are interspersed in the pro-
moter (ZIA-D). The ZI domains are highly homolo-
gous to response elements recognized by the myocyte
enhancer factor 2 (MEF2) family of transcription fac-
tors**. MEF2 family members, which include MEF2A,
MEF2B, MEF2C and MEF2D, have homologous DNA-
binding domains located at their amino termini and are
characterized by the presence of a MADS box motif.
This motif, present in the DNA- binding domain, defines
a superfamily of DNA-binding proteins that includes
the serum response factor (SRF), which mediates serum
induction of the ¢c-fos promoter®, Interestingly, the ZI
elements primarily bind MEF2D, which has been im-
plicated in mediating serum induction of ¢-jun transcrip-
tion in an analogous manner to SRF induction for ¢-fos
(Ref. 37). MEF2D binds to the ZI elements in the follow-
ing order of affinity: ZIA = ZID>ZIB>>ZIC (Ref. 35).

With the exception of ZIB, the ZI elements also bind
the ubiquitous cellular transcription factors Sp1 and Sp3
(Ref. 38), but show little homology to the consensus
Sp1/Sp3-binding site and represent low-affinity binding
sites. The contact sites for Sp1/Sp3 overlap with those
of MEF2D, and Sp1/Sp3 and MEF2D do not appear to
bind simultaneously to the same ZI element*>-3%. The po-
tential for interaction between Sp1/Sp3 and MEF2D
bound at different ZI sites in the course of Zp induction
remains to be determined. The other element implicated
in Zp induction by extracellular signals, termed ZII,
shares homology with consensus cAMP response el-
ement binding factor (CREB)/AP-1-binding sites. ZII
binds several members of the CREB family of tran-
scription factors (primarily ATF1 but also CREB and
ATF2) (Refs 39,40; S. Speck, unpublished). ZII is an
absolute requirement for Zp induction: Zp reporter
constructs containing mutations that disrupt the ZII
CREB site exhibit little inducibility*.

Evidence that the ZI and ZlII sites in Zp are the criti-
cal cis elements involved in the responsiveness of Zp to
inducers of the lytic cycle has been provided by syn-
thetic promoters, in which one copy of the ZII domain
linked to three copies of an individual ZI element was
cloned upstream of the B-globin TATA box driving
expression of a reporter gene**353%, Although each ZI
domain exhibits slightly different characteristics, the
inducibility of these reporter constructs closely mim-
ics the inducibility of the intact Zp (Refs 34,35). This
suggests that the combination of the ZII domain and
multimeric ZI elements is necessary and sufficient to
mediate Zp activation in response to extracellular sig-
nals. Notably, the reporter construct containing three
copies of the ZIC domain (which appears to preferen-
tially bind Sp1/Sp3 and not MEF2D) exhibits strong
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phorbol ester inducibility and little additional response
to the combination of calcium ionophore and phorbol
ester’>*, However, a reporter construct containing
three copies of the ZIB domain {which binds MEF2D
but not Sp1/Sp3) exhibits little phorbol ester inducibil-
ity but does exhibit a strong synergistic induction with
the combination of phorbol ester and calcium iono-
phore*. The reporter constructs containing either the
ZIA or the ZID domains (which bind both Sp1/Sp3
and MEF2D) exhibit strong phorbol ester inducibility
and a synergistic response to the combination of
phorbol ester and calcium ionophore. These results
suggest that binding of Sp1/Sp3 to the ZI domains,
in conjunction with the CREB site, is sufficient for
phorbol ester inducibility. However, response to a
calcium flux appears to require binding of MEF2D to
the ZI element.

The capacity of lytic cycle-inducing agents to acti-
vate transcription from the ZI and ZII elements is de-
pendent on several intracellular signaling pathways, at
least one of which appears to be regulated by EBV it-
self (Fig. 2). Transcription from Zp is strongly upregu-
lated via crosslinking surface immunoglobulin or by
pharmacological agents that increase intracellular Ca?*
(e.g. ionophores) acting in synergy with protein kinase C
(PKC) activators (e.g. phorbol esters). The combination
of ionophore and phorbol ester may act in lieu of sig-
naling through the B cell receptor to activate p21 Ras-
regulated signaling intermediates, including the protein
kinase c-Raf. Sites on Zp that are targeted by PKC-
dependent pathways include ZIA, ZIC and ZID. ZIl is
weakly responsive to PKC activators but appears to act
primarily as a Ca®*-responsive element (see below).

Two Ca?*-signaling intermediates, calcineurin and
calmodulin-dependent kinase type IV/Gr (CaMKIV/Gr),
are involved in mediating induction of BZLF1. The role
of calcineurin was implicated from studies demonstrat-
ing that the immunosuppressants cyclosporin A (CsA)
and FK506 block induction of BZLF1 gene transcrip-
tion mediated by crosslinking surface immunoglobu-
lin3%#, Calcineurin appears to promote BZLF1 gene
transcription by regulating the availability in the nucleus
of members of the nuclear factor of activated T cells
(NFAT) family of transcription factors. Activation of
a Zp-driven reporter construct has been demonstrated
upon overexpression of a constitutively active form
of calcineurin or overexpression of NFAT2 (Ref. 35).
CaMKIV/Gr has also been implicated in activating tran-
scription of the BZLF1 gene*. This kinase is normally
absent from B cells, but its expression is induced by the
EBV oncoprotein LMP1 (Ref. 43). Inhibitors of this
kinase diminish induction of Zp by Ca?*-mobilizing
agents, which is consistent with a role for CaMKIV/Gr
in BZLF1 gene regulation*?, CaMKIV/Gr and calci-
neurin act in synergy to activate Zp and induce Zta ex-
pression, and the synergy can be traced to the MEF2-
binding sites in ZI and to the CREB/AP1-binding site
of ZII (Ref. 35). The molecular mechanisms involved
in Zp activation by CaMKIV/Gr and calcineurin are
currently under study.

The mapping of CsA-sensitive activation of Zp to
ZI elements has led to the identification of MEF2 sites
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leads to induction of the Epstein—
Barr virus (EBV) BZLF1 promoter (Zp).
Crosslinking surface Ig causes acti-
vation of protein tyrosine kinases
[which can be blocked by the EBV-
encoded latent membrane protein
(LMP2a) in EBV-immortalized lympho-
blastoid cells®!], which subsequent-
ly activate phospholipase C (PLC).
Hydrolysis of phosphatidylinositol
4,5-bisphosphate (PIP,) through
PLC activation yieids diacylglycerol
(DAG) and inositol 1,4,5-trisphos-
phate (IP;). Protein kinase C (PKC) is
activated by DAG, and IP, increases
intraceliular calcium, which induces
activation of the calcium/calmodutin-
dependent kinase type IV/Gr
(CaMKIV/Gr) and the calcium/
calmodulin-dependent phosphatase
calcineurin. Expression of CaMKIV/Gr
is upregulated in EBV-immortalized B
cells by the virally encoded latent
membrane protein, LMP1 (Ref. 45).
Activation of calcineurin leads to
translocation of cytoplasmic nuclear
factor of activated T cells (NFAT) to
the nucleus. The identified transcrip-
tion factors that interact with the cis
elements (yellow) in Zp are shown,
and the pathways that appear to tar-
get these factors are indicated. ATF-
1 (mauve) is a member of the cAMP
response element binding factor
family, which bind to the consensus
sequence T-G-A-C-G-T-C-A. Myo-
cyte enhancer factor 2 (MEF2) se-
quence-specific DNA-binding proteins
(blue) bind the conisensus sequence
C-T-A-A/T-A/T-A/T-A/T-TAG,

whereas Spl and Sp3 (red) are

sequence-specific DNA-binding pro-
teins that bind the consensus se-
quence G-G-G-G-C-G-G-G-G-C
and other closely related sequences.
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ZIIR is a putative cellular repressor
that inhibits transcription from Zp.
Autoactivation of Zp by Zta (green)
through the ZIlIIA and ZIIIB sites
is also shown. Abbreviations: CsA,
cyclosporin A; TPA, 12-O-tetrade-
canoyl-phorbol-13-acetate.

as a novel target of calcineurin and NFAT-dependent
activation®s. The MEF2 sites are unusual in that they
harbor no demonstrable NFAT sites. However, it re-
mains to be determined whether NFAT activates tran-
scription by directly binding DNA residues within the
ZI elements or by an alternative mechanism, such as
protein—protein interaction with MEF2 or de novo
induction of a protein intermediate that subsequently
acts at the ZI sites. The ZII site is also devoid of typi-
cal NFAT recognition sequences, although precedent
exists for cryptic NFAT-binding sites juxtaposed to
CREB/AP1 elements**. In the case of CaMKIV/Gr, this
kinase is a known activator of both CREB and AP-1
proteins. More recently, CaMKIV/Gr has also been
shown to activate transcription from isolated MEF2
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sites (T. Chatila, unpublished), suggesting that it may
also have a direct effect on MEF2D.

Several negative cis elements have been identified in
Zp upstream of =221 bp. The cellular transcriptional
repressor YY1 has been reported to bind at least four,
and possibly five, sites in the region between —340 bp
and =500 bp (Refs 45,46). In addition, Schwarzmann
et al.¥” have identified five HI domains that are thought
to bind the cellular factor Ku. Four of these domains lie
in the region between —280 bp and -500 bp, whereas
the fifth is located just downstream of the ZII domain.
These investigators propose that the HI sites also act
as negative elements. However, with respect to the pro-
posed HI site located downstream of the ZII domain,
mutagenesis studies have failed to confirm this prediction
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{S. Speck, unpublished). Finally, a potent negative cis
element (ZIIR site; see Fig. 2) just upstream of the
CRESB site in the ZII domain has recently been identi-
fied (S. Speck, unpublished). Mutations in the ZIIR
site lead to a 10-20-fold increase in both basal and in-
duced Zp activity. Although it seems likely that this site
is bound by a cellular factor, attempts to demonstrate
this have been unsuccessful. The identification of mul-
tiple negative cis elements in Zp suggests that these sites
may play an important role in preventing spurious tran-
scription of the BZLF1 gene in the absence of a bona
fide reactivation stimulus.

In addition to the binding sites for cellular factors,
Zp has also been shown to contain at least two sites that
bind the BZLF1 gene product, Zta. The adjacent ZIIIA
and ZIIIB sites have been shown to bind Zta with high
affinity and may play a role in a positive-feedback loop
(see Fig. 2)7. We have previously proposed that induc-
tion of the EBV lytic cycle requires an initial activation
signal of sufficient magnitude to allow expression of
enough Zta to feedback and autoactivate Zp (Ref. 17).
This two-step induction model would prevent spuri-
ous reactivation of the lytic cycle by signals of insuffi-
cient magnitude. Consistent with this model, it has been
shown that efficient transcription of the BZLFI and
BRLF1 genes requires new protein synthesis®*'. How-
ever, transient overexpression of Zta in latently infected
cell lines, although leading to reactivation of the en-
dogenous virus, does not lead to detectable levels of
Zp-initiated transcripts from the endogenous viral gen-
omes*$*_ Several possible explanations for this obser-
vation exist: (1) in the context of the viral genome, Zta
does not autoactivate Zp; (2) high-level Zta expres-
sion may suppress transcription from Zp through a
putative Zta-binding site(s) located just downstream
of the transcription initiation site; or (3) high-level Zta
expression activates the distal Rp, which interferes with
transcription initiation from Zp (see Fig. 1). Notably,
Zp-initiated transcripts are only detectable for a short
period {2-8 h postinduction) in a synchronous induc-
tion system, whereas Rp-initiated transcripts are de-
tectable for many hours (>8 h) postinduction®'-*. Thus,
transcription initiation from Zp may be limited to a
small window of time before activation of transcrip-
tion from Rp.

Overall, the inducibility of Zp is reminiscent of the
regulation of many cytokine genes. The fact that the cis
elements in Zp are responsive to several signaling path-
ways suggests that reactivation of EBV is tightly linked
to activation/differentiation of B cells. Further char-
acterization of this intricate switch is likely to provide
important insights into the connections between spe-
cific signaling pathways and the cellular factors bound
to Zp. In addition, the identification of the ZIIR site
in Zp raises the question of whether an EBV mutant
lacking this regulatory sequence would establish a pro-
ductive infection in B cells.

Role of Zta in the EBV replication program

Although the importance of Zta in disrupting latency
and initiating the EBV lytic cascade has been known
for some time, it is only recently that it has become ap-
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parent that Zta has a variety of distinct functions that
are involved in progression of the lytic cycle. Besides a
role in activating EBV early and late gene expression,
Zta downregulates the latency-associated promoters Cp
and Wp (Refs 29,51) and is an essential lytic replication
factor, a function that is mediated through direct bind-
ing to the EBV lytic origin of replication??2, Finally, in
addition to its direct involvement in viral replication,
Zta plays an indirect role in the replication cycle through
interactions with host cell signal transduction pathways.
Several reports have demonstrated that Zta activates the
promoters of cellular genes containing AP-1 elements,
such as the c-fos gene?®*? and the tumor growth fac-
tor 1 (TGF-1) gene®*. Although the implications of
this are not well understood, some evidence suggests
that the induction of these two genes could play a role
in regulating the viral genetic program. Sinclair et al.?
have demonstrated that the ability of Zta to downregu-
late the latency-associated promoter Cp occurs through
a glucocorticoid response element. As c-Fos binds the
glucocorticoid receptor and inhibits its ability to acti-
vate transcription, the induction of ¢-Fos by Zta could
explain the ability of Zta to downregulate Cp. Con-
versely, the induction of TGF-$1 may have implications
in the regulation of Zta expression itself. TGF-B1 is a
lytic cycle-activating agent®® and, therefore, the induc-
tion of TGF-B1 by Zta suggests that, in certain settings,
TGF-B1 may be part of a Zta autoactivation loop. In-
deed, Renzo et al.’* have shown that TGF-B1 is a com-
ponent of a paracrine pathway involved in the induction
of the lytic cycle, and that the efficacy of other lytic cycle-
inducing agents (n-butyrate or anti-immunoglobulin) is
dependent on the induction of endogenous TGF-£1 ex-
pression. However, it has not been determined whether
induction of TGF-B1 is a response to Zta expression
or a direct effect of these lytic cycle-inducing agerits on
TGF-p1 expression.

There is evidence that Zta is phosphorylated and that
Zta-mediated transactivation can be negatively regu-
lated by phosphorylation®®. In addition, a cysteine resi-
due in the DNA-binding domain of Zta, which is con-
served in several bZIP proteins, is sensitive to the redox
state of the cell and could provide another level of con-
trol*’. Finally, evidence for the interaction of Zta with
several cellular [e.g. c-myb, p53 NF-xB and the retinoic
acid receptor (RAR)] and viral (Rta and RAZ) proteins
has been obtained (reviewed in Ref. 58). The significance
of these putative interactions to the regulation of EBV
reactivation awaits further studies.

One characteristic of tumor viruses is their ability to
disrupt the cellular growth control machinery and thus
drive the infected cell to proliferate and transit the cell
cycle. With a relatively limited genetic capacity, many
tumor viruses have evolved to employ host cell DNA
replication-associated enzymes to facilitate replication
of the virus by driving cells into the S phase of the cell
cycle. Interestingly, although EBV is a tumor virus that
immortalizes infected B cells, this function does not ap-
pear to play a role in the EBV replication cycle. Instead,
this activity is associated with viral latency and may
have evolved as a means of expanding the infected B-
cell population at certain stages of the viral life cycle.
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