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The Kaposi’'s sarcoma-associated herpesvirus LANA protein is ex-
pressed in all Kaposi’'s sarcoma-associated herpesvirus-infected
cells, including the tumor cells of endemic and AlDS-associated
Kaposi sarcoma, primary effusion lymphoma, and Castleman dis-
ease. LANA modulates cell gene expression, but the mechanisms of
LANA-mediated transcriptional reprogramming are poorly under-
stood. LANA-repressed cell genes were identified by using retro-
viral-transduced telomerase-immortalized microvascular endothe-
lial cells. Transciptional repression of targeted genes was relieved
by treatment with the methyltransferase inhibitor 5-aza-2’-deoxy-
cytidine, suggesting a role for DNA methylation in repression. We
found that LANA coprecipitated with DNA methyltransferases
(Dnmts) and recruited endogenous DNA methyltransferase activity
from the cell extract. LANA preferentially relocalized Dnmt3a from
the nuclear matrix into the chromatin fraction. Further, LANA
associated with repressed cellular promoters, recruited Dnmt3a to
DNA, and facilitated de novo promoter methylation of a down-
regulated gene, cadherin 13 (H-cadherin). The data provide an
example of promoter-specific epigenetic DNA modification
through viral protein recruitment of de novo Dnmt activity.

cancer | CpG methylation | epigenetic modification | transcription
repression

aposi’s sarcoma-associated herpesvirus (KSHV) first was iden-

tified in tissues of AIDS-associated Kaposi sarcoma (1) and
also is associated with the AIDS-related malignancies primary
effusion lymphoma and variant multicentric Castleman disease (2).
The tumor types associated with KSHV reflect the dual tropism of
the virus for endothelial cells and B cells. Unlike other herpesvi-
ruses, KSHYV is not ubiquitous. Serological studies find high sero-
prevalence rates in Africa, intermediate levels in the Mediterra-
nean, and low levels in other parts of the world (3). All tumor cells
carrying KSHV express the viral latency-associated nuclear antigen
LANA and a small proportion of the cells additionally express viral
genes such as vIL-6 and vGPCR that are expressed as part of the
viral lytic replicative program (4-6). The model for KSHV-
associated tumor development thus combines viral latency protein
effects with paracrine signaling emanating from nearby cells that
are undergoing viral lytic reactivation.

KSHV LANA is functionally pleiotropic being essential for the
replication and persistence of KSHV genomes during latency
(7-11) and also contributing to KSHV pathogenesis by stimu-
lating S phase entry (12, 13), blocking p53-induced apoptosis
(14-16), interacting with pRb (17), interacting with glycogen
synthase kinase 3 to stabilize B-catenin (12, 18), and modulating
cellular gene expression. Gene array analyses of LANA-
expressing cells found both up-regulation and down-regulation
of cell genes (13, 19, 20). Whereas many of the changes mediated
by LANA appear to occur indirectly via activation of B-catenin
and E2F target genes (13), direct binding of LANA to DNA leads
to transcriptional repression in reporter assays (21-23). Inter-
actions between LANA and proteins such as the corepressors
mSin3, SAP30, and CIR, the methyl CpG-binding protein
MeCP2, and the histone methyltransferase SUV39H1 (21, 24,
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25) are consistent with a direct role for LANA in transcriptional
repression, but the mechanisms of LANA-mediated repression
are poorly understood.

Methylation of CpG residues in the regulatory region of cell
genes is associated with transcriptional repression. CpG islands
contain small stretches enriched for CpG dinucleotide pairs that are
unmethylated in the promoter regions of euchromatic DNA in
normal tissues but are frequently hypermethylated in cancer cells
(26). Methylation of the cytosine residue in the CpG dinucleotide
is carried out by the DNA methyltransferases Dnmt1, Dnmt3a, and
Dnmt3b (27). Dnmtl is responsible primarily for reestablishing the
methylation pattern during DNA replication and, hence, functions
in the maintenance of the established DNA methylation signature,
whereas Dnmt3a and Dnmt3b can methylate the CpG cytosine
residue in a background of unmethylated DNA and function as de
novo methyltransferases. In cancer cells, the context of CpG islands
may render certain loci particularly susceptible to de novo DNA
methylation with the ultimate establishment of a particular pattern
being driven by the growth advantage provided by repression of the
targeted genes (28, 29). On the other hand, de novo DNA meth-
yltransferases also may be targeted to particular loci through
interactions with chromatin- associated factors. For example, the
PML-RAR fusion protein generated by a chromosomal transloca-
tion in acute promyelocytic leukemia recruits Dnmts (30).

We provide evidence for LANA-mediated recruitment of
Dnmt3a from the nuclear matrix and the association of LANA
with DNA methyltransferase activity. The binding of Dnmts
suggests that LANA coordinates de novo DNA methylation with
the recruitment of DNA methyl CpG-binding proteins and
histone modifiers to establish epigenetic silencing of LANA-
targeted cell genes.

Results

Identification of LANA-Repressed Genes in Endothelial Cells. LANA
has been shown to both up-regulate and down-regulate cellular
genes in array analyses (13, 19, 20). To study the mechanism by
which LANA expression transcriptionally represses cellular
genes, we used retrovirus transduction to establish LANA-
converted, telomerase-immortalized, microvascular endothelial
(TIME-LANA) cell lines and vector converted controls (TIME-
Babe). The TIME-LANA cells expressed LANA as shown by
immunoblot and immunofluorescence assays (Fig. 6, which is
published as supporting information on the PNAS web site).
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Fig. 1. LANA represses cell gene expression. Real-time RT-PCR analyses. (A)
Down-regulation of selected genes in TIME-LANA cells. PAFAH1B3 is an
unaffected control gene. Reactions were performed in triplicate. (B) Reacti-
vated expression of CCND2, LDHB, and CREG genes but not SMARCA3 in
TIME-LANA cells treated with 5’-aza-2’-deoxycytidine. Fold activation is the
ratio of expression in treated versus untreated cells. Reactions were per-
formed in triplicate. (C) Gene reactivation in cells treated with 5'-aza-2'-
deoxycytidine plus TSA.

Array analyses of gene expression identified 80 cellular genes
that were differentially down-regulated by LANA in these cell
lines (Table 1, which is published as supporting information on
the PNAS web site). The results were confirmed by real-time
RT-PCR on a panel of the highly repressed genes [CCND2
(cyclin D2), CDH13 (H-cadherin), LDHB (Lactate dehydroge-
nase B), FOXG1B/FKHL1 (Forkhead box protein G1B/
Forkhead-related proteinl) and CREG (cellular repressor of
ElA-stimulated genes)], a moderately repressed gene
[SMARCA3 (SWI/SNF-related, matrix-associated, actin-
dependent regulator of chromatin, subfamily a, member 3)] and
a control unaffected gene [PAFAH1B3 (platelet-activating fac-
tor acetylhydrolase, isoform IB, gamma subunit)] (Fig. 14). In
this assay, the transcriptional repression of CCND2, CDH13,
LDHB, FOXG1B, and CREG in the LANA-expressing cells was
dramatic, ranging from 12-fold (CDH13) to 73-fold (LDHB) in
contrast to SMARCA3, which was down-regulated 2.1-fold, and
PAFAHI1B3, which was not affected. Such strong repression is
suggestive of an epigenetic modification.

CpG methylation in vertebrates is linked to changes in chro-
matin structure and gene silencing (31), and epigenetic alter-
ations in DNA methylation are a common feature of carcino-
genesis (32). To examine the contribution of DNA methylation
to LANA-mediated transcriptional repression, cells were treated
with 5-aza-2'-deoxycytidine (AZA), an inhibitor of DNA meth-
yltransferases. This treatment did not affect expression of the
tested genes in TIME-Babe cells but resulted in a strong
reactivation of the highly repressed CCND2, LDHB, and CREG
genes (12-fold, 20-fold, and 65-fold) in TIME-LANA cells (Fig.
1B). The SMARCAS3 gene was not reactivated, suggesting that
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Fig.2. LANA associates with repressed promoters. (A) ChIP assays performed
on LANA or vector-transfected HEK293T cell extracts precipitated with anti-
LANA antibody or control IgG. The promoters were amplified by real-time
PCR. The signal from vector-transfected cells was set at 1. (B) KSHV-positive
BC3 and JSC-1 PEL cells and virus-negative BJAB B cells. Cell extracts were
precipitated with anti-LANA antibody or control IgG. The input DNA was 1/40
of that used for immunoprecipitation.

moderate repression is mediated by other mechanisms. The
effect of treatment with AZA was compared with treatment with
the histone deacetylase inhibitor trichostatin A (TSA) (Fig. 1C).
Neither TSA nor AZA treatment affected expression in the
control TIME-Babe cells. TSA alone was an ineffective activator
in TIME-LANA cells compared with AZA, suggesting that DNA
methyltransferase activity was particularly important for LANA-
mediated repression. The combination of AZA and TSA was
more effective than either agent alone. This synergy previously
has been shown for other hypermethylated cell genes (33).

LANA Associates with the Repressed Promoters. We next asked
whether LANA was associated with the CDH13, CREG, and
CCND2 promoters. ChIP analyses performed on LANA-
transfected HEK293T cells detected LANA bound to all three
endogenous promoters (Fig. 24). Immunoprecipitates gener-
ated with control antibody or precipitates with anti-LANA
antibody generated from cells receiving vector DNA were neg-
ative. LANA association with the CCND2 and CREG promoters
also was examined in the KSHV-positive PEL cell lines BC3 and
JSC-1 and the virus-negative BIAB B cell line (Fig. 2B). These
ChIP experiments detected LANA bound to the CCND2 and
CREG promoters in the PEL cell lines but not in BJAB cells.
LANA was not detected on the actin promoter, indicating that
there was specificity to the promoter association.

LANA Interacts with DNA Methyltransferases. The association of
LANA with repressed promoters along with the derepression
seen with an inhibitor of Dnmt activity led us to examine whether
there was an interaction between LANA and cellular DNA
methyltransferases. GST-affinity assays were performed by us-
ing bacterially expressed GST-LANA proteins and in vitro-
translated Dnmt proteins (Fig. 34). Dnmtl, Dnmt3a, and
Dnmt3b each interacted with GST-LANA N + C, which con-
tains the unique N-terminal and C-terminal domains of LANA.
No interaction was seen with the GST protein itself. The three
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Fig. 3. LANA interacts with Dnmts. (A) LANA interacts directly with Dnmts.
In vitro translated [3*S]methionine-labeled Dnmt1, Dnmt3a, Dnmt3b, and
MeCP2 (positive control) were incubated with equal amounts of bacterially
expressed GST, GST-LANA C+ N (amino acids 1-340 and 924-1162), LANA C
(amino acids 924-1162), or LANA N (amino acids 1-340). Bound proteins were
eluted, separated by SDS/PAGE, and detected by autoradiography. (B) West-
ern blots examining interaction in extracts of cotransfected HEK293T cells.
(Upper) Coprecipitation of HA-Dnmts with Flag-LANA on anti-Flag M2 beads.
(Lower) Detection of HA-Dnmts in the transfected cell extract. (C) (Top)
Western blot showing a reciprocal coprecipitation of Flag-LANA with HA-
Dnmt3a in an anti-HA immunoprecipitate of a cotransfected cell extract.
(Middle and Bottom) Expression of HA-Dnmt3a and Flag-LANA were detected
with anti-HA and anti-LANA antibodies. (D) LANA amino acids 1-15 are
required for Dnmt3a interaction. Western blot examining coprecipitation of
HA-Dnmt3a with Flag-LANA variants in extracts of cotransfected cells. (Upper)
Coprecipitation of HA-Dnmt3a with Flag-LANA on anti-Flag beads. (Lower)
Western blot of the same samples showing expression of the Flag-LANA
proteins.

DNMT proteins bound strongly to the LANA N terminus
(LANA N), and a weak interaction also was detected to the
LANA C terminus (LANA C). In vitro-translated MeCP2 served
as a positive control.

The interaction between LANA and DNMTs also was exam-
ined by using immunoprecipitations performed on Flag-LANA
and HA-Dnmt cotransfected HEK293T cell extracts (Fig. 3B).
Coprecipitation of each of the HA-Dnmt proteins was observed
in anti-Flag-LANA precipitates, but the coprecipitation of HA-
Dnmt3a was particularly strong. Binding of LANA to HA-
Dnmt3a also was demonstrated in a reverse immunoprecipita-
tion in which LANA was detected in immunoprecipitates
generated against HA-Dnmt3a (Fig. 3C). The region of LANA
required for interaction with Dnmt3a was mapped by immuno-
precipitation (Fig. 3D). Deletion of the first 15 aa and larger
deletions that encompassed LANA amino acids 1-15 (d1-93 and
d1-175) destroyed the interaction. Interestingly, this deletion

14556 | www.pnas.org/cgi/doi/10.1073/pnas.0604469103

A - Dnmtl Dnmt3A  Dnmt3B
vector + + T
LANA _+ + + +
--ane -4 Dnmtl
Cell Sup. - -~ Dnmt3A
~~ e= |-« Dnmt3B
e -4~ Dnmtl
Cell pellet — — -~ Dnmt3A
e @ | < Dnmt3B
B vector LANA

NP Ch W NM NP Ch W NM

I- - — - -|<—Dnmt1

’ y - _-‘|<—Dnmt3A

- — - — _.l -4 Dnmt3B

| SE- g3

) -’ | -4 Lamin B
C &

7 CCND2
£6
_,:f 5
g 4
& 3
52

1

0
vector + + + +
LANA ki + + +

- Dnmtl Dnmt3A Dnmt3B

Fig. 4. LANA relocalizes Dnmt3a and recruits it to a repressed promoter
Western blotting to detect HA-Dnmts. (A) Transfected HEK293T cells were
treated with low-salt lysis buffer to generate supernatant (Upper) and pellet
(Lower) fractions. (B) LANA increases chromatin association of Dnmt3a. West-
ern blots of cotransfected cells fractionated into nucleoplasm (NP), chromatin
(Ch), chromatin wash (W), and nuclear matrix (NM) and probed with anti-HA
antibody, anti-LANA antibody, or anti-Lamin B antibody. Lamin B is a control
NMe-associated protein. (C) LANA recruits Dnmt3a to the repressed CCND2
promoter. ChIP assays performed on extracts of cells cotransfected with LANA
or vector plus HA-Dnmts. The chromatin was immunoprecipitated with
anti-HA antibody, and the promoter was amplified by real-time PCR. The
signal from vector transfected cells was set at 1.

overlaps with the amino acids 5-22 chromatin-binding motif (14,
34, 35) and the region required for binding to MeCP2 and
histones (8, 24).

LANA Preferentially Relocalizes Dnmt3a into the Chromatin Fraction.
To investigate the basis for the apparent preference for interaction
with Dnmt3a in transfected cells, Dnmt levels in low-salt extracts of
transfected cells were compared in the presence and absence of
transfected LANA. Western blotting showed little effect of LANA
on the amount of the Dnmts in the cell pellet (Fig. 44 Lower).
However, Dnmt3a was significantly more readily extracted into the
supernatant by a low-salt buffer in the presence of LANA, and
LANA also had some effect on the extraction of Dnmt3b. Dnmtl
was present in the low-salt extract at the same levels in the presence
or absence of LANA (Fig. 44 Upper).

Examination of the nuclear compartmentalization of the
Dnmt proteins (Fig. 4B) found that Dnmt1 was present predom-
inantly in the nuclear matrix (NM) and nucleoplasmic (NP)
fractions, and this distribution was not affected by LANA. In
contrast, LANA dramatically increased the presence of Dnmt3a

Shamay et al.
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in the chromatin and chromatin wash (W) fractions. LANA also
slightly increased the relative amount of Dnmt3b present in the
chromatin wash (W) and chromatin fractions (Ch). Localization
of a control nuclear matrix protein, Lamin B, was not affected
by LANA (Fig. 4B Bottom).

To further explore the linkage between LANA-mediated
repression and the chromatin association of Dnmt proteins,
ChIP analyses were performed on the LANA-responsive
CCND?2 promoter in cells cotransfected with HA-Dnmts and
either LANA or vector DNA (Fig. 4C). Dnmt3a was enriched
7-fold on the endogenous CCND2 promoter in the presence of
LANA. No enrichment of Dnmt3b or Dnmt1 was detected. Thus,
the ChIP analysis indicated a preferential recruitment of
Dnmt3a to the LANA-repressed CCND2 promoter.

LANA Recruits Enzymatically Active Dnmts and Facilitates Promoter
Methylation. The ability of LANA to relocate de novo Dnmts into
the chromatin fraction could have profound implications for gene
expression in KSHV-infected cells. To test whether LANA-
associated Dnmts were enzymatically active, GST-LANA was
incubated in the presence or absence of cell extract, washed
extensively, and the eluted protein was subjected to an in vitro
methyltransferase assay (Fig. 54). GST-LANA did not have any
intrinsic DNA methyltransferase activity, but GST-LANA was able
to recruit methyltransferase activity from the cell extract. The
control GST protein showed minimal interaction with Dnmts.

To test for LANA-induced de novo DNA methylation,
HEK?293T cells were transfected with a CREG promoter plas-
mid together with LANA or Dnmt3a. The plasmid DNA was
isolated by Hirt extraction 7 days after transfection and was
subjected to methylation-sensitive restriction digestion (Hpall)
and analyzed by Southern blotting by using a fragment of the
CREG promoter as the probe. Consistent with de novo promoter
methylation, a previously unseen Hpall-resistant CREG pro-
moter fragment was observed upon digestion of DNA from cells
cotransfected with LANA. The same DNA fragment also was
generated in cells cotransfected with Dnmt3a (Fig. 5B).

The KSHV RTA (ORF50) promoter is methylated in latently
infected PEL cells (36), and treatment with AZA induces RTA
expression and lytic reactivation (37). De novo methylation of an
RTA promoter containing episomal vector (pREP8) also was
examined. A more complex banding pattern was generated in
this assay, which used whole-plasmid DNA to probe the South-
ern blot. The plasmid methylation induced at multiple sites by
transfected Dnmt3a was increased significantly in cells cotrans-
fected with LANA, suggesting that LANA and Dnmt3a collab-
orate in the induction of de novo DNA methylation (Fig. 5C).

A more detailed analysis of promoter methylation was per-
formed on the endogenous CDH13 promoter by using bisulfite
sequencing (Fig. 5D). In vector-transduced TIME cells, there was
no CpG methylation detected in the region of the CDH13 gene that
is known to be subject to epigenetic modification in cancers (38). In
TIME-LANA cells, we found increased but incomplete and scat-
tered CpG methylation of this regulatory region. This dispersed
CpG methylation pattern is reminiscent of promoter methylation
generated by Dnmt3a (39). Bisulfite sequencing of the CDH13
regulatory region in KSHV-positive BCBL-1 PEL cells showed a
more intense CpG methylation, which may reflect long-term se-
lection during tumor development.

Discussion

Epigenetic inactivation of cell genes is an integral feature of the
development of cancer. The mechanisms that target DNA for
CpG methylation by de novo Dnmts are incompletely understood
and include structural features such as the presence of repeat
sequences, the influence of flanking sequences on the substrate
preferences of the de novo Dnmts, and specific targeting of the
Dnmts through interaction with chromatin-interacting factors.
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Fig. 5. LANA associates with DNA methyltransferase activity and induces

DNA methylation. (A) Purified bacterially expressed GST or GST-LANA proteins
were assayed for DNA methyltransferase activity in the presence or absence of
HCT 116 extract. (B and C) Induction of DNA methylation. The methylation
induced bands are indicated by an asterisk (*). Plasmid DNAs transfected into
HEK293T cells with or without LANA or Dnmt3a were isolated 7 days after
transfection, and the Hpall (B) Hhal (C) digestion pattern was examined by
Southern blotting. (B) Analysis of a CREG promoter plasmid probed with a
radiolabeled CREG promoter DNA fragment. (C) Analysis of an episomal
pREP8 plasmid carrying the KSHV RTA promoter probed with whole-plasmid
DNA. (D) Methylation of the CDH13 promoter. Bisulfite sequencing analysis of
the CDH13 gene amplified from TIME-Babe, TIME-LANA, and BCBL1 PEL cells.
Each row represents one sequenced clone. Open circles represent unmethyl-
ated CpG sites, and filled circles represent methylated CpG sites.

In addition to the PML-RAR interaction with Dnmts, tran-
scription factor targeting through c-Myc, Pu.1, and p53 has been
described in refs. 40—42. In the case of p53, the DNA methyl-
transferase activity of Dnmt3a was not required for p53-
mediated repression of the p21©P! gene, indicating that recruit-
ment of the Dnmt3a-associated histone deacetylases can be
sufficient for establishing repression. The interaction between
KSHV LANA and Dnmts described here provides evidence for
viral-induced retargeting of the de novo DNA methyltrans-
ferases. LANA relocalized Dnmt3a, and to a lesser extent
Dnmt3b, from the nuclear matrix into chromatin, increased
plasmid CpG methylation associated with cotransfected
Dnmt3a, specifically increased the association of Dnmt3a with
the CCND2 promoter, and increased CpG methylation of a
cellular promoter, that for cadherin 13.

The LANA repressed genes CCND2, LDHB, and CREG were
dramatically derepressed by treatment with the methyltransferase
inhibitor AZA, indicating that a subset of LANA-repressed genes
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are highly reliant on recruitment of Dnmt activity. The de novo CpG
methylation induced in the CDH13 promoter in LANA-expressing
TIME cells was less dense than that seen in the CDH13 promoter
in PEL cells. This difference may derive from growth of LANA-
expressing cells in tissue culture versus long-term tumor selection.
However, it should be noted that methylation of a single nucleotide
can be sufficient for promoter repression (43). Alternatively,
LANA-mediated repression may represent a coordination of CpG
methylation with other protein—protein interactions that produce
profound transcriptional repression without the requirement for
dense DNA methylation. Introduction of a small number of CpG
methylations at sites that had the preferred environment for
Dnmt3a (44) would produce binding sites for the methyl CpG-
binding protein MeCP2, which also interacts with LANA (24).
LANA, MeCP2, and Dnmts each interact with HDACsS (21, 45, 46).
An additional coordination between DNA methylation and repres-
sive histone modifications would be provided by LANA- and
MeCP2-mediated recruitment of the histone methyltransferase
SUV39H1 (25, 47), which introduces histone H3 K9 modifications.
The ability of LANA to interact with this set of proteins thus would
generate a very strong localized repressive environment. This
model leaves open the question of how LANA itself is targeted to
promoters. LANA associated with the endogenous CCND2,
CDH13, and CREG promoters in ChIP analyses. The recognized
LANA interactions with chromatin-associated proteins such as
MeCP2, DEK (24), core histones (8), or Brd2/RING3 (48) would
not individually provide specificity, but LANA also has been found
to interact with transcription factors such as Sp1 and CBF1/RBP-Jk
(49, 50), and combinatorial interactions are likely to be involved in
promoter-specific LANA targeting. The Dnmt3a interaction re-
quired the same region of LANA that has been implicated in
binding of MeCP2 and core histones. However, the ability of Dnmt
proteins generated in a cytosolic in vitro translation system to bind
to bacterially expressed LANA suggests that the Dnmt proteins can
contact LANA directly.

The LANA-repressed gene CDH13 is down-regulated through
methylation in breast cancer, non-small cell lung cancer, colorectal
cancer, invasive squamous cell carcinoma, and chronic myeloid
leukemia (38, 51-54). Promoter methylation and loss of expression
of lactate dehydrogenase B has been described in prostate and
gastric cancers (55, 56), and promoter hypermethylation of the
CCND2 gene occurs in several cancers including prostate (57),
acute lymphoblastic leukemia (58), and breast (59). The loss of
expression of these genes in cancers through epigenetic modifica-
tion strengthens the biological relevance of the LANA-mediated
repression. CREG is relatively uncharacterized, and its regulation
in human cancers has not been addressed. CREG binds to pRb in
vitro and inhibits activation by E2F (60). E2F-responsive genes are
up-regulated by LANA and, hence, repression of CREG would
reinforce E2F responses in KSHV-infected cells. Moderately
LANA-repressed genes such as SMARCA3 showed little response
to AZA treatment, indicating that LANA also mediates repression
through other, possibly indirect, mechanisms.

Virus infection has been linked to increased expression of
DNA methyltransferases in cells infected with HIV-1 (61),
hepatitis B virus (62), the human polyomavirus BKV, adenovirus
(63), and Epstein-Barr virus (64). The interaction between
KSHV LANA and Dnmts described here, and the evidence for
viral protein-targeted CpG methylation, raise the possibility of
a broader role for viruses in epigenetic modification in human
cancers. Further, CpG methylation is known to be a factor in
establishment of viral latency by contributing to transcriptional
down-regulation of immunological targets and key viral lytic
cycle regulators such as the KSHV RTA protein. Viral-directed
CpG methylation also could place this aspect of immune evasion
and latency maintenance under viral control.

14558 | www.pnas.org/cgi/doi/10.1073/pnas.0604469103

Materials and Methods

Cell Culture and Plasmid DNAs. Immortalized human dermal mi-
crovascular endothelial (TIME) cells were grown in EGM-2
medium plus MV Singlequots. TIME cells were transduced with
LANA and vector pBabe recombinant retroviruses and selected
with puromycin (2.5 pg/ml). Cells were treated with AZA (5
uM; Sigma, St. Louis, MO) for 5 days and the addition of
trichostatin A (300 nM) was for the last 24 h. GST-LANA and
Flag-LANA deletion mutants have been described (18, 21), as
have HA-Dnmt vectors (65). Flag-LANA (d1-15;pMS24) and
(d17-53;pMS25) were generated from pMF24.

GST-Affinity and Immunoprecipitation Assays. GST and GST-LANA
proteins were prepared, and assays were performed as described in
ref. 24 by using equal amounts of 33S-labeled in vifro translated
proteins (Promega, Madison, WI). For immunoprecipitations,
HEK?293T cells in 10-cm dishes were transfected with 10 ug of total
DNA by using calcium phosphate precipitation. Forty-eight hours
after transfection, cells were resuspended in 1 ml of lysis buffer (50
mM Tris, pH 7.9/100 mM NaCl/0.5 mM EDTA /2% glycerol/0.2%
Nonidet P-40/0.5 mM PMSF/2 pg/ml aprotinin and leupeptin),
sonicated for 10 s, and cleared by centrifugation. Extracts were
diluted with wash buffer (lysis buffer minus glycerol and Nonidet
P-40), precleared by using protein G beads, and immunoprecipi-
tated with anti-Flag M2 agarose (Sigma) or anti-HA antibody
(Roche, Indianapolis, IN) and protein A/protein G beads overnight
at 4°C. Beads were washed six times, and bound proteins were
detected by Western blotting with anti-HA (Sigma) or anti-LANA
(NovaCastra, Newcastle, U.K.) antibodies.

RT-PCR and Bisulfite Sequencing. Total RNA was isolated with the
RNeasy mini kit (Qiagen, Valencia, CA) and DNase I treatment
with RNase-free DNase. RNA was reverse transcribed by using
AMV reverse transcriptase (Promega). Bisulfite treatment,
methylation-specific PCR, and real-time PCR were performed
as described in refs. 66 and 67. CDH13 DNA was amplified by
using the primers 5'-TTGGAAAAGTGGAATTAGTTGG and
5'-CCTCTTCCCTACCTAAAACA. PCR products were li-
gated into an AT-vector (Invitrogen, Carlsbad, CA) and se-
quenced by Macrogen (Seoul, Korea).

Cell Fractionation. For low-salt extraction, cells were resuspended
in buffer [50 mM Tris, pH 7.6/50 mM NaCl/0.5 mM EDTA/1%
glycerol/0.2% Nonidet P-40/0.5 mM PMSF/2 pg/ml aprotinin
and leupeptin). After 10 min on ice, the extract was centrifuged
for 10 min at 15,800 X g. The supernatant was collected, and the
cell pellet was solubilized in 8 M urea and 1% SDS and clarified
by centrifugation at 15,800 X g for 5 min. Nuclear matrix
fractionation was performed as described in ref. 68.

DNA Methyltransferase Assays. Assays were performed as described
in ref. 69 by using extracts from HCT116 cells. The extract was
added to the GST-fusion proteins bound to glutathione Sepharose
beads and rotated at 4°C for 4 h. The beads were washed six times,
and bound proteins were eluted with glutathione. Activity was
measured by using 3 uCi (1 Ci = 37 GBq) S-adenosyl-L-[methyl-*H]
methionine (Amersham, Piscataway, NJ) and 0.5 ug of poly(dI-
dC)-poly(dI-dC) (Amersham). Control reactions were minus DNA.
Assays in transfected HEK293T cells were performed as described
in ref. 39. The cells were harvested 7 days after transfection, and the
DNA was purified by Hirt extraction and digested by Hhal or Hpall
before Southern blotting.
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