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Is KSHV lytic growth induced by a methylation-sensitive

switch?

Heike Laman and Chris Boshoff

Both latent and lytic growth of Kaposi’s

sarcoma-associated herpesvirus (KSHV or

HHV-8) contribute to its pathogenesis.

Expression of the immediate-early

Lyta/ORF50 gene can single-handedly

induce the lytic phase of growth in cells

latently infected with KSHV. The recent

demonstration that this promoter is

regulated by methylation paves the way for

further research to understand how the

virus makes use of the host’s cellular

environment to control its life cycle.

Kaposi’s sarcoma-associated herpesvirus
(KSHV or HHV-8) is a γ-herpesvirus
(γ-HV) of the Rhadinovirus family linked
to Kaposi’s sarcoma (KS), a tumour of
endothelial cell origin, and at least two
lympho-proliferative disorders,
multicentric Castleman’s disease (MCD)
and primary effusion lymphoma (PEL)1.
Like all herpesviruses, KSHV has both 
a latent and a lytic phase during its life
cycle. Most KS tumour cells are latently
infected and exhibit a restricted pattern
of KSHV gene expression2,3. Some of
these latent viral proteins have been
shown to target two known tumour
suppressor pathways, pRB/E2F and p53
(Refs 4–6). Although these observations
implicate the latent viral proteins in
KSHV oncogenesis, it is clear that 
lytic viral proteins are important for
establishing tumours. This is supported

by studies showing that antibodies to
lytically expressed proteins are
significantly elevated in the sera of
patients developing KS (Ref. 7), and that
treatment with gancyclovir, a drug
targeting active herpesvirus replication,
markedly reduces the incidence of
KS development in HIV-1-infected
individuals8. Lytic viral growth is
obviously also vital for the transmission
of the virus. Thus, there are both clinical
and biological interests in studying the
signals that bring about the switch from
latent to lytic growth.

Induction of KSHV lytic phase by

acetylation and demethylation

Cells harbouring KSHV can be forced 
to enter active, lytic replication by
treatment with chemical inducers. These
include 12-O-tetradecanoylphorbol-13-
acetate (TPA), which induces histone
acetyltransferases, and trichostatin A
and sodium butyrate, which inhibit
histone deacetylases. Deacetylation of
histones in nucleosomes promotes the
condensation of chromatin and thus
transcriptional repression (Fig. 1a).
Conversely, histone acetylation
correlates with transcriptional
activation9. These inducers of KSHV
should favour histone acetylation and
therefore relieve repression owing to
condensed chromatin.

The assembly of repressed chromatin
is also associated with the methylation 
of promoter sequences, and correlates
with a decrease in their transcriptional
activity. A recent study by Chen and
colleagues demonstrated that
5-azacytidine, a DNA methyltransferase
inhibitor, also reactivates the lytic
programme of KSHV (Ref. 10). This 
effect is not unique to γ-HVs or other
herpesviruses: 5-azacytidine reactivates
Epstein–Barr virus (EBV), the closest
human γ-HV relative of KSHV, as well 
as herpes simplex virus 2 (HSV2), an
α-HV, from latency11,12. However, this
observation does raise questions about
how methylation influences the entry of
KSHV into the lytic cycle.

KSHV and CpG suppression

Whereas acetylation occurs on the lysine
residues of histones bound to DNA,
methylation is a modification of DNA
itself, and can thus have both genetic and
epigenetic effects. Owing largely to the
action of the methyltransferase Dnmt1,
it is estimated that 3–4% of the cytosines
in DNA, almost exclusively in the context
of CpG dinucleotides, are methylated.
Because of the increased likelihood, 
on an evolutionary timescale, of the
deamination of 5′ methyl-cytosine giving
rise to thymidine13,14, the observed
frequency of CpGs in the human genome



is reduced by 80% relative to the 
expected statistical frequency, a
phenomenon known as CpG suppression.
This is considered a kind of ‘molecular
signature’ that a genome has been
subjected to a high degree of methylation.
Within coding sequences, such transition
events would clearly be mutagenic;
however, methylation within and around
promoter sequences can also cause
epigenetic changes that lead to
transcriptional silencing.

Although vastly under-represented,
the CpG dinucleotide can be found in the
3.2 billion base pair human genome in
the upstream regions of an estimated
29 000 genes in ‘CpG islands’15. For
transcription to proceed, CpGs in
promoter sequences must be kept free 
of methylation (Fig. 1b). A family of
highly conserved proteins, the MBD
proteins, have been identified and are
involved in the recognition of
methyl-CpG and translating it into a
functional state. This family includes
MeCP2, which can bind a single
methylated cytosine16. Although the
precise mechanisms for preventing
methylation at CpG islands are
unknown, the involvement of cis-acting
element(s) (e.g. transcription-factor-
binding sites) has been suggested17.

With approximately 70% of the CpG
sites in the human genome methylated, it
is clear that the cellular environment is
predisposed towards methylation, and a
herpesvirus infecting a host cell must
contend with this environment. In fact,
before the discovery of KSHV in 1994
(Ref. 18) the genomes of the known γ-HVs
(including EBV and various murine,
bovine and simian family members) 
were all shown to be CpG suppressed,
suggesting they too have been subject 
to heavy methylation19. Surprisingly,
KSHV exhibits no obvious genome-wide
CpG suppression, a feature it shares 
with α- and β-herpesviruses10,20.
However, closer inspection of individual
KSHV latent and lytic gene promoters
reveals that the upstream region of 
one immediate-early gene, the
ORF50 gene, is CpG suppressed10.
ORF50/Lyta (lytic transactivator)
functions in the induction of lytic
growth21–23 and can single-handedly
reactivate the entire lytic programme 
of KSHV, making its regulation by
methylation a question of central
importance in KSHV biology24.

The Lyta promoter: methylation

In their study10, Chen and colleagues
found that in BCBL-1, a PEL-derived cell
line that is latently infected with KSHV,
the Lyta promoter is methylated. This
contrasted with the LNA-1 promoter,
which was free from methylation, as
assessed by Southern blotting and
bisulfite genomic sequencing analysis.
Treatment with TPA resulted in the
progressive reversal of CpG methylation
of the Lyta promoter over time. In fact,
demethylation of the promoter began as
little as one hour after TPA treatment and
preceded Lyta transcriptional activity,
which is required for its own induction, 
as well as some early lytic genes and 
late genes. This effect argues that

demethylation of the Lyta promoter is an
important first step towards lytic growth.

KSHV-infected biopsies were then
analysed for the methylation status of the
Lyta promoter and it was found that most
CpG sites in the Lyta promoter were
demethylated, comparable to the BCBL-1
cells reactivated by TPA treatment, which
yielded up to 30% of cells in the lytic
phase. This implies that these clinical
samples were in the lytic phase owing to
Lyta promoter demethylation and
subsequent expression. However, KSHV-
infected tissues have already been 
shown to be composed predominantly of
latently infected cells, with only a small
percentage of cells in the lytic phase1,25.
Also, the methylation status of the Lyta
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Fig. 1. (a) Acetylation of histones switches nucleosomal conformation to an open, active state, whereas deacetylation
promotes a closed, inactive conformation. (b) Methylation on CpG dinucleotides is recognized by proteins with
methyl-binding domains, which aid in establishing transcriptionally repressed chromatin. (c) The Lyta promoter is
sensitive to methylation and its gene product, which controls the entry of KSHV into lytic growth, interacts with both
HDAC and CBP. Abbreviations: CBP, CREB-binding protein; HDAC, histone deacetylase; KSHV, Kaposi’s sarcoma-
associated herpesvirus; MBD, methyl-binding domain.



promoter and the expression pattern of
lytic markers did not strictly correlate
with each other. These aspects make
these clinical results difficult to 
interpret and reconcile with previously
published reports.

Chen and co-workers then established
that the Lyta promoter activity was
sensitive to in vitro methylation, and 
this spurred further inspection of the
promoter itself. Their results indicated
that the Lyta promoter was orientation
dependent and that there was an
element(s) between –587 and –348 that
allowed activation to a high level.
Intriguingly, there were two regions, one
between −760 and −836 and a second 
just downstream of this element(s),
between –315 and –255, that were
hypermethylated and flanked the
element(s) responsible for high induction
of activity. The promoter also showed
autoregulation, implying there might be
a positive-feedback loop to enhance entry
into the lytic phase.

Recently, the Lyta protein itself has
also been shown to interact with both
CREB-binding protein (CBP), a
transcriptional co-activator with histone
acetyltransferase activity, and with
HDAC1, a histone deacetylase26. Both
proteins can modulate its transcriptional
activity, suggesting Lyta is sensitive to
the level of acetylases and deacetylases
in the cell (Fig. 1c). The CpG methylase
Dnmt1, has recently been demonstrated
to associate with complexes having
deacetylase activity27,28. Although these
findings strongly link methylation and
deacetylation, it has proven difficult to
determine which activity is responsible
for initiating the change to a condensed
state of chromatin, that is, methylated
CpGs might indirectly recruit
deacetylases, which allow condensed
chromatin to be assembled or,
alternatively, transcriptionally 
repressed chromatin might recruit
methylases that enhance the silenced
chromatin conformation.

With the identification of discrete
elements, hyper-methylated regions and
an acetylation-sensitive factor that
controls transcriptional activation of the
Lyta promoter, the stage is set for the
further elucidation of the interplay among
these components and characterization 
of the signals and mechanisms that
control KSHV entry into the lytic phase.
Of particular interest will be the

characterization of the other immediate-
early gene products of unknown function
(e.g. ORF45, K8, K8.2 and K4.2) to
determine whether they influence
methylation and/or transcriptional
activity from Lyta or its promoter. The
study of viral interactions with, and
exploitation of, the cellular machinery has
often proved fruitful for understanding
eukaryotic biology. In this way, the
analysis of the control of KSHV entry 
into the lytic phase might provide an
understanding of epigenetic control of
transcription by the processes of
methylation and deacetylation, and open
up avenues for the development of novel
antiviral agents.
References

1 Boshoff, C. and Weiss, R.A. (1998) Kaposi’s
sarcoma-associated herpesvirus. Adv. Cancer Res.
75, 57–86

2 Zhong, W. et al. (1996) Restricted expression of
Kaposi sarcoma-associated herpesvirus (human
herpesvirus 8) genes in Kaposi sarcoma. Proc.
Natl. Acad. Sci. U. S. A. 93, 6641–6646

3 Dupin, N. et al. (1999) Distribution of human
herpesvirus-8 latently infected cells in Kaposi’s
sarcoma, multicentric Castleman’s disease, and
primary effusion lymphoma. Proc. Natl. Acad.
Sci. U. S. A. 96, 4546–4551

4 Chang, Y. et al. (1996) Cyclin encoded by KS
herpesvirus. Nature 382, 410

5 Platt, G.M. et al. (1999) Latent nuclear antigen of
Kaposi’s sarcoma-associated herpesvirus
interacts with RING3, a homolog of the
Drosophila female sterile homeotic (fsh) gene.
J. Virol. 73, 9789–9795

6 Radkov, S.A. et al. (2000) The latent nuclear
antigen of Kaposi sarcoma-associated herpesvirus
targets the retinoblastoma-E2F pathway and
with the oncogene Hras transforms primary rat
cells. Nat. Med. 6, 1121–1127

7 Goudsmit, J. et al. (2000) Human herpesvirus 8
infections in the Amsterdam Cohort Studies
(1984–1997): analysis of seroconversions to
ORF65 and ORF73. Proc. Natl. Acad. Sci. U. S. A.
97, 4838–4843

8 Martin, D.F. et al. (1999) Oral ganciclovir for
patients with cytomegalovirus retinitis treated
with a ganciclovir implant. Roche Ganciclovir
Study Group. New Engl. J. Med. 
340, 1063–1070

9 Wu, J. and Grunstein, M. (2000) 25 years after the
nucleosome model: chromatin modifications.
Trends Biochem. Sci. 25, 619–623

10 Chen, J. et al. (2001) Activation of latent Kaposi’s
sarcoma-associated herpesvirus by
demethylation of the promoter of the lytic
transactivator. Proc. Natl. Acad. Sci. U. S. A.
98, 4119–4124

11 Ben-Sasson, S.A. and Klein, G. (1981)
Activation of the Epstein–Barr virus 
genome by 5-aza-cytidine in latently infected
human lymphoid lines. Int. J. Cancer
28, 131–135

12 Clough, D.W. et al. (1982) 5-Azacytidine-induced
reactivation of a herpes simplex thymidine kinase
gene. Science 216, 70–73

13 Bird, A.P. (1986) CpG-rich islands and the
function of DNA methylation. Nature
321, 209–213

14 Bird, A. (1992) The essentials of DNA
methylation. Cell 70, 5–8

15 International Human Genome Consortium (2001)
Initial sequencing and analysis of the human
genome. Nature 409, 860–921

16 Tate, P.H. and Bird, A.P. (1993) Effects of DNA
methylation on DNA-binding proteins and gene
expression. Curr. Opin. Genet. Dev. 3, 226–231

17 Macleod, D. et al. (1994) Sp1 sites in the mouse
aprt gene promoter are required to prevent
methylation of the CpG island. Genes Dev.
8, 2282–2292

18 Chang, Y. et al. (1994) Identification of
herpesvirus-like DNA sequences in AIDS-
associated Kaposi’s sarcoma. Science
266, 1865–1869

19 Karlin, S. et al. (1994) Molecular evolution of
herpesviruses: genomic and protein sequence
comparisons. J. Virol. 68, 1886–1902

20 Honess, R.W. et al. (1989) Deviations from
expected frequencies of CpG dinucleotides in
herpesvirus DNAs may be diagnostic of
differences in the states of their latent genomes.
J. Gen. Virol. 70, 837–855

21 Lukac, D.M. et al. (1998) Reactivation of Kaposi’s
sarcoma-associated herpesvirus infection from
latency by expression of the ORF 50
transactivator, a homolog of the EBV R protein.
Virology 252, 304–312

22 Lukac, D.M. et al. (1999) Transcriptional
activation by the product of open reading frame
50 of Kaposi’s sarcoma-associated herpesvirus is
required for lytic viral reactivation in B cells.
J. Virol. 73, 9348–9361

23 Sun, R. et al. (1999) Kinetics of Kaposi’s sarcoma-
associated herpesvirus gene expression. J. Virol.
73, 2232–2242

24 Gradoville, L. et al. (2000) Kaposi’s sarcoma-
associated herpesvirus open reading frame 50/Rta
protein activates the entire viral lytic cycle in the
HH-B2 primary effusion lymphoma cell line.
J. Virol. 74, 6207–6212

25 Du, M.Q. et al. (2001) Kaposi sarcoma-associated
herpesvirus infects monotypic (IgM λ) but
polyclonal naive B cells in Castleman disease and
associated lymphoproliferative disorders. Blood
97, 2130–2136

26 Gwack, Y. et al. (2001) CREB-binding protein and
histone deacetylase regulate the transcriptional
activity of Kaposi’s sarcoma-associated herpesvirus
open reading frame 50. J. Virol. 75, 1909–1917

27 Fuks, F. et al. (2000) DNA methyltransferase
Dnmt1 associates with histone deacetylase
activity. Nat. Genet. 24, 88–91

28 Robertson, K.D. et al. (2000) DNMT1 forms a
complex with Rb, E2F1 and HDAC1 and
represses transcription from E2F-responsive
promoters. Nat. Genet. 25, 338–342

Heike Laman*

Chris Boshoff

The CRC Viral Oncology Group,
Wolfson Institute for Biomedical Research,
University College London,
Cruciform Building, Gower Street,
London, UK  WC1E 6BT.
*e-mail: h.laman@ucl.ac.uk

TRENDS in Microbiology  Vol.9 No.10  October 2001

http://tim.trends.com

466 Research Update


