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7) ABSTRACT

The present invention utilizes nucleic acid microarray tech-
nology to identify changes in the host endothelial cell
transcription pattern that occurs during the latent and lytic
phase of the KSHV life cycle. The production or activity of
some genes up regulated during the lytic cycle were subse-
quently inhibited, and two such targets were shown to have
a role in expression of late viral genes. Using this combined
approach we have identified cellular pathways previously
unknown to be important for KSHV infection, and present
evidence for the efficiency of the novel antiviral approaches
thus discovered. In addition, the present invention identifies
a wide variety of endothelial cells genes and pathways that
are involved in a variety of endothelial cell-mediated activ-
ity, including angiogenesis and transformation.
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Figure 3
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Figure 4
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Figure 8
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Figure 8
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Figure 8
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GENE EXPRESSION PROFILE FOR KSHY
INFECTION AND METHODS FOR TREATING
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application Serial No. 60/222,162, filed Aug. 2, 2000.

BACKGROUND OF THE INVENTION

[0002] Kaposi’s Sarcoma (KS) is a vascular neoplasm
characterized by angioproliferative lesions on the skin and
visceral organs. The lesions are distinguished by the pres-
ence of proliferating spindle-shaped tumor cells of endot-
helial origin and exhibit abnormal vascularization with
extensive extravasation of inflammatory cells and erythro-
cytes. While KS is a rare condition in immunocompetent
individuals, it is the most common malignancy associated
with acquired immunodeficiency syndrome (AIDS). Human
herpesvirus 8 (HHVS) or Kaposi’s sarcoma-associated her-
pesvirus (KSHV) is the infectious agent associated with KS
development™®, The virus infects the majority of spindle
cells in the lesion, as well as lesional endothelial cells and
infiltrating leukocytes”® 7 5% 5D The majority of spindle
cells harbor the KSHV genome in latent form with a small
percentage of cells entering Iytic cycle and producing infec-
tions virus”’> 5 % D The exact role of latent and lytic
virus gene expression in the complex biology of KSHV has
yet to be fully elucidated. In addition, little is known about
the influence of virus gene expression on cellular gene
profiles or how these virus-cell interactions contribute to
tumorigenesis. The establishment of valid in vitro culture
systems should allow resolution of many questions associ-
ated with KSHV and KS. We recently developed such a
culture system using immortalized dermal microvascular
endothelial cells that are extremely permissive for KSHV
infection and maintain the genome indefinitely in a primarily
latent state. Infection of DMVEC with KSHV leads to
phenotypic changes including spindle cell formation, loss of
contact inhibition and growth in soft agar, suggesting virus-
cell interactions that mimic those driving KS lesion forma-
tion in vivo.

[0003] The changes induced by KSHV infection are
reflected in an altered transcriptional program of the host
cell. DNA microarray analysis enables the contemporaneous
monitoring of transcriptional changes for several thousands
of host genes®”. Automated quantitation of RNA samples
hybridized to glass slides imprinted with known DNA
fragments allows for comparison of transcriptional differ-
ences under various experimental conditions.

SUMMARY OF THE INVENTION

[0004] Kaposi’s Sarcoma-associated herpesvirus infection
of human endothelial cells leads to spindle cell formation
and malignant transformation. DNA microarray analysis
demonstrated that virus infection caused profound changes
of multiple cellular pathways including those governing
angiogenesis, inflammation and differentiation. Upon induc-
tion of the lytic cycle, KSHV further modulated the host cell
response. To evaluate whether genes overexpressed during
the lytic cycle constitute potential antiviral targets, we
systematically inhibited their induction or function. Halo-
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peridol, an antagonist of the type I Sigma receptor, and
Ht-31, a peptide inhibitor of the interaction between kinase
anchoring proteins (AKAP) and protein kinase A (PKA),
inhibited expression of lytic, but not latent viral gene expres-
sion. One of the genes significantly up regulated following
KSHYV infection was the gene for the c-Kit (CD 117) protein,
a receptor tyrosine kinase that functions as the receptor for
stem cell factor (steel factor, SCF)®* ®9, KSHV-infected
DMVEC exhibit an enhanced proliferative responsive to
exogenous SCF and inhibition of c-Kit signalling leads to a
reduction in ligand-dependent proliferation and reverses the
KSHV-induced transformed phenotype. Furthermore, inhi-
bition of c-kit signal transduction prevents KSHV-induced
spindle cell formation whereas adenovirus vector-mediated
expression of c-kit induces spindle cell formation in unin-
fected endothelial cells. Thus, KSHV contributes to KS
development through modulation of ¢-Kit expression and
function. The present invention provides methods and com-
positions for treating and diagnosing KSHV infection, as
well as Kaposi’s Sarcoma. The present invention also pro-
vides the gene expression profile for KSHV infected cells at
various stages of viral replication. In addition, the present
invention provides methods and compositions for the treat-
ment and diagnosis of endothelial cell transformation. The
present invention also provides methods and compositions
for modulating angiogenesis, including to stimulate or
inhibit neo-vascularization, as well as modulating the extra-
cellular matrix surrounding endothelial cells. The present
invention provides methods and compositions for the modu-
lation of interferon mediated gene expression. Additionally,
the present invention provides methods and compositions
for the modulation of endothelial cell inflammation. Also
included in the present invention are methods and compo-
sitions for the dedifferentiation of endothelial cells. The
present invention is also directed to methods of using said
gene expression profiles and microarrays, and business
methods directed to said use of gene expression profiles and
microarrays.

BRIEF DESCRIPTION OF THE DRAWING

[0005] FIG. 1, Pancls A, B and C: Induction of ¢-Kit
mRNA and protein expression on DMVEC following KSHV
infection.

[0006] A) RT-PCR for c-Kit mRNA using reverse
transcribed total RNA prepared from mock-(Mock)
and KSHV-infected (KSHV) DMVEC.

[0007] RT-PCR reactions were performed using primers
designed to amplify a 242 bp fragment of c-Kit. RT-PCR for
HPRT was performed as a control for each sample. Ampli-
fication products were visualized by ethidium bromide stain-
ing of agarose gels,

[0008] B) Immunofluorescence microscopy showing
up-regulation of c¢-Kit protein on the surface of
KSHV-infected (KSHV) DMVEC. Low levels of
constitutive c-Kit expression were detected on the
surface of mock-infected cells (Mock),

[0009] C©) reproducibility of microarray analysis of
human gene expression.

[0010] Scatter plot analysis showing correlation between 2
independent microarray hybridizations of RNA isolated
from uninfected cells. The fluorescence intensities are
shown for each experiment.
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[0011] FIG. 2, Panels A and B: DMVEC production of
SCF is not affected by KSHV infection.

[0012] A) RT-PCR for SCF mRNA using reverse
transcribed total RNA prepared from mock-(Mock)
and KSHV-infected (KSHV) DMVEC.

[0013] RT-PCR reactions were performed using primers
designed to amplify a 274 -bp fragment of SCF. RT-PCR for
HPRT was performed as a control for each sample. Ampli-
fication products were visualized by ethidium bromide stain-
ing of agarose gels.

[0014] B) Soluble SCF (pg/ml) in supernatant con-
ditioned by mock-infected DMVEC (open bars) and
two different lines of KSHV-infected DMVEC
(hatched and solid bars) for 24 and 48 hours. SCF
levels were quantitated by ELISA. Results from
triplicate samples (£SD) are shown.

[0015] FIG. 3, Panels A and B: SCF-dependent prolifera-
tion of DMVEC is enhanced by KSHYV infection.

[0016] A) Proliferative response of mock-(open
squares) and KSHV-infected (filled squares)
DMVEC to exogenous SCF. Proliferation was mea-
sured using an XTT-based assay (see Methods).
Results from triplicate wells (£SD) are expressed as
the percentage increase over basal proliferation mea-
sured in the absence of exogenous SCE. Represen-
tative results from 1 of 3 independent experiments
are shown.

[0017] B) An inhibitor of ¢-Kit tyrosine kinase activ-
ity (STI 571) abrogates SCF-dependent DMVEC
proliferation. KSHV-infected DMVEC were cul-
tured in the presence of increasing doses of STI 571
and in the presence (filled circles) or absence (open
circles) of exogenous SCF (50 ng/ml). Proliferation
of KSHV-infected DMVEC was measured with an
XTT-based assay as described above but were added
at the same time as SCF (50 ng/ml). Results for
triplicate wells (SD) are expressed as a percentage
of basal proliferation measured in the absence of
SCF and STI 571 (expressed as 100%). Representa-
tive results from 1 of 3 independent experiments are
shown.

[0018] FIG. 4, Panels A and B: Ectopic expression of
¢-Kit in normal DMVEC induces morphological changes.

[0019] A) Light microscopy illustrating the dose-
dependent development of spindle morphology and
disorganized growth in normal DMVEC following
infection with an adenovirus vector expressing c¢-Kit
(Ad/c-KitWT) at an MOI of 10 or 100. DMVEC
infected with Ad/GFP at an MOI of 100 (Ad/GFP)
maintained a normal cobblestone morphology.

[0020] B) Immunofluorescence microscopy showing
strong expression of c-Kit protein specifically on
DMVEC that developed spindle morphology follow-
ing infection with Ad/c-KitWT.

[0021] FIG. 5, Panels A and B: Inhibition of c-Kit tyrosine
kinase activity reverses the transformed phenotype of
KSHV-infected DMVEC.

[0022] A) KSHV-infected DMVEC exhibiting disor-
ganized growth and focus formation were left

Oct. 9, 2003

untreated (Control) or treated with STI 571 (0.1 and
1 uM) for 5 days. The STI 571-induced foci loss and
monolayer re-organization was observed and
recorded with a Nikon light microscope.

[0023] B) KSHV-infected DMVEC exhibiting disor-
ganized growth and focus formation were left
untreated (0), or infected with an adenovirus vector
expressing a dominant negative ¢-Kit protein (Ad/
¢-KitDN) at an MOI of 10 or 100 for 5 days and the
abrogation of focus formation recorded as described
above. For both the pharmacological and dominant
negative protein inhibition protocols, results from
one of three independent experiments are shown.
Fields photographed were representative of the
entire monolayer of treated cells.

[0024] FIG. 6: Inhibition of KSHYV late gene expression.

[0025] KSHV-infected DMVEC were induced with
phorbol esters and treated with the indicated com-
pounds for 48 hours prior to RNA isolation and
RT-PCR. Concentration for compounds were 5 M.
Primers specific for K12 (latent gene) or ORF 65
(lytic gene), the cellular gene HPRT of beta-actin
were used for RT PCR.

[0026] FIG. 7, Panels A, B, C and D: The AKAP/PKA
interaction, and the type I Sigma receptor are required for
late gene expression.

[0027] A) RT-PCR analysis of Gravin expression in
uninfected and KSHV infected endothelial cells.
Cells were treated with PMA for the times indicated;

[0028] B) RT-PCR analysis of ORF65 gene expres-
sion after treatment with the AKAP/PKA inhibitory
peptide Ht-31 or control peptide Ht-31P at indicated
concentrations;

[0029] C) RT-PCR analysis of the type I Sigma
receptor expression in uninfected cells and cells
infected with KSHV. Cells were treated with PMA
for the times indicated. The cellular GAPDH gene
was amplified as control for the cDNA synthesis;

[0030] D) RT-PCR analysis of latent (K12) or late
(ORF 65) gene expression after treatment with vari-
ous inhibitory compounds. Final drug concentrations
were as follows: 5 uM Haloperidol, 10 uM 8-ami-
noguanosine and 25 uM Ganciclovir. The cellular
HPRT gene was amplified as control for the cDNA
synthesis.

[0031] FIG. 8, Panels A, B, C and D: A c-kit antisense
oligomer inhibits c-kit protein expression and prevents
development of the transformed phenotype in KSHV-in-
fected DMVEC.

[0032] A) Immunofluorescence microscopy per-
formed on a KSHV-infected DMVEC monolayer
demonstrating inhibition of c-kit expression in cells
that have taken up a FITC-tagged c-kit antisense
oligomer (green), relative to the strong ¢-Kit expres-
sion, visualized by binding of a goat anti-mouse
Alexa 594 secondary antibody (red), of antisense-
negative (FITC negative) cells;

[0033] B) Focus formation in KSHV-infected
DMVEC cultured post confluency;
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[0034] ©) Inhibition of focus formation in KSHV-
infected DMVEC treated with a c-kit-antisense oli-
gomer at confluence;

[0035] D) Focus formation in control KSHV-infected
DMVEC exposed to the EPEI delivery reagent at
confluence.

DETAILED DESCRIPTION

[0036] The analysis of host cell-virus interactions by DNA
microarrays allows for detection of previously unknown
relationships between cellular pathways and viral infection.
By employing this technology to endothelial cells harboring
KSHYV, we identified cellular genes whose expression is
regulated by KSHV. One of the cellular transcripts that was
consistently upregulated in all three experiments was c-Kit.
C-kit is a receptor tyrosine kinase activated by stem cell
factor (SCF). c-Kit over expression following KSHV infec-
tion affects both paracrine and autocrine c-Kit/SCF interac-
tions. The enhanced expression with functional conse-
quences raises the possibility that c-Kit expression may play
a role in the development of KS. KSHV-infection of
DMVEC enhances expression of the SCF receptor, c-Kit,
and increased expression promotes enhanced proliferation in
response to exogenous SCF. Further, DMVEC co-express
the c-Kit ligand SCEF, and that inhibition of autocrine c-Kit
tyrosine kinase activity inhibits the transformed phenotype
induced in DMVEC by KSHV infection. While c-Kit
expression and c-Kit/SCF interactions are crucial for the
normal development of hematopoietic cells and a restricted
number of non-hematopoietic cells, expression of c-Kit has
also been associated with various malignancies. In c-Kit-
associated cancers, different roles for ¢-Kit have been iden-
tified. For example, in GISTs and germ cell neoplasms,
gain-of function mutations in juxtamembrane and tyrosine
kinase domains have been described, permitting, respec-
tively, ligand-independent dimerization or constitutive acti-
vation without dimerization® * #7 89 _n small cell lung
carcinoma (SCLC) and breast cancer, co-expression of ¢c-Kit
and SCF occurs and is thought to generate an autocrine
growth loop® 2% #1- 92. 99 Gince endothelial cells are the
precursors of KS spindle cells, our finding that KSHV
infection of dermal endothelial cells enhances c-Kit expres-
sion with functional consequences raises the possibility that
¢-Kit expression may play a role in the development of KS.
A recent report documented for the first time expression of
¢-Kit in KS tissue®® and, in one case examined in more
detail, no activating mutations in juxtamembrane or tyrosine
kinase domains were observed. This in vivo finding supports
that c-Kit plays a role in the pathogenesis of KS.

[0037] During KS disease, the presence of KSHV in a
typical endothelial cells in KS lesions suggests a role for
KSHYV in spindle cell development and tumor progression.
In our study, the observation that KSHV infection of
DMVEC up-regulates functional c-Kit receptors, combined
with the demonstration that ¢-Kit activity is required for
cellular transformation, strongly supports a role for c-Kit/
SCF in the development of KS.

[0038] Identification of a causative role for c-Kit in
KSHV-associated cellular transformation suggests a novel
therapeutic target for KS. STI 571, the ¢-Kit tyrosine kinase
inhibitor described in this report, has shown considerable
promise in phase I/II clinical trials for the treatment of
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chronic myelogenous leukemia®™, a disease associated with
Ber-Abl kinase activity. Recently, STI 571 was also shown
to inhibit the growth of SCLC cell lines in vitro via inhibi-
tion of ¢-Kit activity®® °%. Over 70% of SCLC co-express
¢-Kit and SCF, suggesting that inhibitors of c¢-Kit activity
may have clinical application for treatment of this and other
cancers in which autocrine ¢-Kit signaling plays a role. In
conclusion, c-Kit should be considered a primary target in
KS tumorigenesis. Consequently, STI 571, or other phar-
macological inhibitors of c-Kit signaling, should be evalu-
ated as potential therapeutic agents for the treatment of KS.

[0039] STI 571 (GLEEVEC®), the pharmacological
inhibitor of ¢-Kit tyrosine kinase activity described in this
report, is a 2-phenylaminopyrimidine derivative that was
originally selected for specificity against the Abl tyrosine
kinase®”. This inhibitor was subsequently shown to display
an extended but narrow range of specificity, being active
against the Ber-Abl fusion protein, platelet-derived growth
factor receptor and c-kit receptor tyrosine kinases®”- °% 9.
The Ber-Abl fusion gene is found in 95% of patients with
chronic myelogenous leukemia (CML) and the enhanced
tyrosine kinase activity of Ber-Abl is thought to be a major
factor in the disease. STI 571 inhibits the proliferation and
tumor formation of Ber-Abl-expressing cells®® and been
approved for the treatment of CML®™. Our results show that
STI 571, as well as other inhibitors of ¢-Kit signalling have
therapeutic potential for the treatment of KS and in inhib-
iting the replication of KSHV.

[0040] We also identified cellular genes required for viral
gene expression. By subtracting all genes expressed in
non-induced cells as well as those induced in non-infected
cells, we identified a small group of genes specifically and
significantly induced by KSHV 6 hours or 48 hours after
PMA stimulation. A large fraction of this group contained
genes induced by pro-inflammatory stimuli and thus most
likely regulated by NFkB. Induction of pro-inflammatory
genes during lytic replication could represent an innate
immune response of the host, or could be caused by viral
activation of NF-kB. Consistently, inhibition of NFkB acti-
vation induced KSHV-mediated apoptosis in B cells. How-
ever, this could not be confirmed with the small molecule
NFkB inhibitor used in this study. The function or induction
of 23 genes were directly targeted by inhibitors. Of these,
two targets were found to be required for late gene expres-
sion. Thus, a significant fraction of the up-regulated genes
are essential for viral gene expression, and a less stringent
search would reveal additional genes required for the viral
life cycle. For instance, expanding the pool of putative target
genes to those induced during latency may reveal cellular
gene products essential for tumor cell proliferation or reac-
tivation of the latent provirus. Therefore, the DNA chip
represents a powerful tool to rapidly identify potential
cellular drug targets.

[0041] We have identified the AKAP/PKA interaction, and
the type I Sigma receptor as essential cellular components
for expression of the ORF 65 gene. PKA is a ubiquitous
signaling component activated by intracellular cAMP. The
association with various AKAPs mediates intracellular
localization of PKA, and ensures timely activation in
response to extracellular stimuli®" ®. PKA has been found
associated with cell surface receptors like the NMDA and
Glutamate receptors, and with intracellular structures such
as mitochodria®® *®. The AKAP Yotiao tethers PKA to
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protein phosphatase 1 and the NMDA receptor, and PKA
activation can thereby modulate the activity of ion chan-
nels”®. In addition, PKA controls transcription by phos-
phorylation of nuclear factors like the cAMP-response ele-
ment binding protein®.

[0042] The type I Sigma receptor was characterized as the
binding site for anti-psychotic drugs such as Haloperidol®?,
The receptor is localized to the ER, and may translocate to
the cell surface upon activation”. Like PKA, the type I
Sigma receptor has been implicated in control of ion channel
activity. For instance, type I Sigma agonists affect NMDA-
induced calcium signaling in neurons®® 2. It has been
demonstrated that the type I Sigma receptor affected both
IP3 mediated calcium release from the ER, and extracellular
caleium influx after membrane depolarization®. Interest-
ingly, PKA phosphorylation of the IP3 receptor increases its
sensitivity”, suggesting a common site of action for the
drug targets identified. Little is known about the importance
of calcium signaling during KSHV infection, however it has
been reported that ionomycin strongly augmented the reac-
tivation process induced by phorbol esters®®. Taken
together, this suggests calcium signaling may be required for
efficient reactivation or replication of KSHV. Interestingly,
Haloperidol has been shown to inhibit replication of another
gamma-herpesvirus, the Epstein-Barr Virus (EBV), in tissue
culture™. Experiments to further investigate the require-
ments for calcium signaling in gamma-herpesvirus reacti-
vation and replication are currently underway.

[0043] Our approach represents a novel strategy for anti-
viral research. Different from traditional, hypothesis-driven
approaches, we used a data-driven approach to identify
potential targets for intervention with the lytic cycle of
KSHV. From the large body of data obtained by global
transcriptional analysis of virus-infected host cells we
selected genes that met certain predetermined criteria. By
inhibiting either upstream regulators or the function of most
of the proteins encoded by these genes, host cell pathways
important for viral replication can be identified. These
pathways offer novel routes of intervention, or even novel
applications for known drugs. Thus, DNA-microarrays can
be applied to the development of novel treatments for viral
diseases.

[0044] The present invention relates to nucleic acid mol-
ecules and the polypeptides encoded thereby, that are iden-
tified in Table 2, which represent the endothelial cell genes
whose expression is modulated by KSHV infection. The
complete amino acid sequence of the KSHV modulated
endothelial cell genes may or may not be known, and the
complete nucleotide sequence encoding the full length
genomic DNA or the amino acid coding region may or may
not be known. It is predicted that a wide variety of mam-
malian cells and cell types of endothelial cell lineage that are
readily available from depositions such as The American
Type Culture Collection, will contain the described genes.
Endothelial cells of human origin capable of producing one
or more of the KSHV modulated endothelial cell genes
include, but are not limited to HUV-EC-C(CRL-1730),
HAAE-1 (CRL-2472), HAAE-2 (CRL-2473), HFAE-2
(CRL-2474), HIAE-78 (CRL-2475), HIAE-101 (CRL-
2478), HUVE-12 (CRL-2480) and DMVEC.

[0045] Other cells and cell lines may also be suitable for
use to isolate KSHV modulated endothelial cell genes
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c¢DNA. Selection of suitable cells may be done by screening
for KSHV modulated endothelial cell gene expression activ-
ity in cell extracts or in whole cell assays. Cells that possess
KSHV modulated endothelial cell gene activity in any one
of these assays may be suitable for the isolation of KSHV
modulated endothelial cell gene DNA or mRNA.

[0046] Any of a variety of procedures known in the art
may be used to molecularly clone KSHV modulated endot-
helial cell gene DNA. These methods include, but are not
limited to, direct functional expression of the KSHV modu-
lated endothelial cell genes following the construction of a
c¢DNA library from appropriate cells in an appropriate
expression vector system. Another method is to screen a
c¢DNA library constructed in a bacteriophage or plasmid
shuttle vector with a labelled oligonucleotide probe designed
from the amino acid sequence encoded by one or more of the
KSHV modulated endothelial cell genes. An additional
method consists of screening a cDNA library constructed in
a bacteriophage or plasmid shuttle vector with a partial
¢DNA encoding the protein encoded by a KSHV modulated
endothelial cell gene. This partial cDNA is obtained by the
specific PCR amplification of DNA fragments through the
design of degenerate oligonucleotide primers from the
amino acid sequence of the purified protein encoded by one
or more KSHV modulated endothelial cell genes.

[0047] Another method is to isolate RNA from cells and
translate the RNA into protein via an in vitro or an in vivo
translation system. The translation of the RNA into a peptide
a protein will result in the production of at least a portion of
the protein of interest which can be identified by, for
example, immunological reactivity with an anti-protein anti-
body or by biological activity of the protein. In this method,
pools of RNA isolated from appropriate cells can be ana-
lyzed for the presence of an RNA that encodes at least a
portion of the desired protein. Further fractionation of the
RNA pool can be done to purify the appropriate RNA from
unwanted RNA. The peptide or protein produced by this
method may be analyzed to provide amino acid sequences
which in turn are used to provide primers for production of
KSHV modulated endothelial cell gene cDNA, or the RNA
used for translation can be analyzed to provide nucleotide
sequences encoding KSHV modulated endothelial cell gene
products and produce probes for this production of ¢cDNA.
This method is known in the art and can be found in, for
example, Maniatis, T., Fritsch, E. F., Sambrook, J. in
Molecular Cloning: A Laboratory Manual, Second Edition,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. 1989.

[0048] Tt is readily apparent to those skilled in the art that
other types of libraries, as well as libraries constructed from
other cells or cell types, may be useful for isolating KSHV
modulated endothelial cell genes-encoding DNA. Other
types of libraries include, but are not limited to, cDNA
libraries derived from other cells, and genomic DNA librar-
ies that include YAC (yeast artificial chromosome) and
cosmid libraries.

[0049] Tt is readily apparent to those skilled in the art that
suitable cDNA libraries may be prepared from cells or cell
lines which have KSHV modulated endothelial cell gene
activity. The selection of cells or cell lines for use in
preparing a cDNA library to isolate KSHV modulated endot-
helial cell gene cDNA may be done by first measuring cell
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associated biological activity using the measurement of the
appropriate biological activity or a ligand binding assay.

[0050] Preparation of cDNA libraries can be performed by
standard techniques well known in the art. Well known
c¢DNA library construction techniques can be found for
example, in Maniatis, T., Fritsch, E. F., Sambrook, J.,
Molecular Cloning: A Laboratory Manual, Second Edition
(Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.,
1989).

[0051] Tt is also readily apparent to those skilled in the art
that DNA encoding KSHV modulated endothelial cell genes
may also be isolated from a suitable genomic DNA library.
Construction of genomic DNA libraries can be performed by
standard techniques well known in the art. Well known
genomic DNA library construction techniques can be found
in Maniatis, T., Fritsch, E. F., Sambrook, J. in Molecular
Cloning: A Laboratory Manual, Second Edition (Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1989).

[0052] 1In order to clone the KSHV modulated endothelial
cell genes by the above methods, the amino acid sequence
of the gene product may be necessary. To accomplish this,
protein may be purified and partial amino acid sequence
determined by automated sequenators. It is not necessary to
determine the entire amino acid sequence, but the linear
sequence of two regions of 6 to 8 amino acids from the
protein is determined for the production of primers for PCR
amplification of a partial KSHV modulated endothelial cell
gene DNA fragment.

[0053] Once suitable amino acid sequences have been
identified, the DNA sequences capable of encoding them are
synthesized. Because the genetic code is degenerate, more
than one codon may be used to encode a particular amino
acid, and therefore, the amino acid sequence can be encoded
by any of a set of similar DNA oligonucleotides. Only one
member of the set will be identical to the KSHV modulated
endothelial cell gene sequence but will be capable of hybrid-
izing to DNA even in the presence of DNA oligonucleotides
with mismatches. The mismatched DNA oligonucleotides
may still sufficiently hybridize to the KSHV modulated
endothelial cell gene DNA to permit identification and
isolation of KSHV modulated endothelial cell gene encod-
ing DNA. DNA isolated by these methods can be used to
screen DNA libraries from a variety of cell types, from
invertebrate and vertebrate sources, and 1o isolate homolo-
gous genes.

[0054] Because the genetic code is degenerate, more than
one codon may be used to encode a particular amino acid,
and therefore, the amino acid sequence can be encoded by
any of a set of similar DNA oligonucleotides. Only one
member of the set will be identical to the KSHV modulated
endothelial cell gene sequence but will be capable of hybrid-
izing to KSHV modulated endothelial cell gene nucleic
acids even in the presence of DNA oligonucleotides with
mismatches under appropriate conditions. Under alternate
conditions, the mismatched DNA oligonucleotides may still
hybridize to the KSHV modulated endothelial cell gene
DNA or RNA to permit identification and/or isolation of
KSHYV modulated endothelial cell gene encoding DNA.

[0055] Recombinant Expression of KSHV Modulated
Endothelial Cell Genes

[0056] The cloned KSHV modulated endothelial cell gene
DNA obtained through the methods described herein may be
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recombinantly expressed by molecular cloning into an
expression vector containing a suitable promoter and other
appropriate transcription regulatory elements, and trans-
ferred into prokaryotic or eukaryotic host cells to produce
recombinant KSHV modulated endothelial cell gene protein.
Techniques for such manipulations are fully described in
Maniatis, T, et al., supra, and are well known in the art.

[0057] Expression vectors are defined herein as DNA
sequences that are required for the transcription of cloned
copies of genes and the translation of their mRNAs in an
appropriate host. Such vectors can be used to express
eukaryotic genes in a variety of hosts such as bacteria
including F. coli, blue-green algae, plant cells, insect cells,
fungal cells including yeast cells, and animal cells.

[0058] Specifically designed vectors allow the shuttling of
DNA between hosts such as bacteria-yeast or bacteria-
animal cells or bacteria-fungal cells or bacteria-invertebrate
cells. An appropriately constructed expression vector should
contain: an origin of replication for autonomous replication
in host cells, selectable markers, a limited number of useful
restriction enzyme sites, a potential for high copy number,
and active promoters. A promoter is defined as a DNA
sequence that directs RNA polymerase to bind to DNA and
initiate RNA synthesis. A strong promoter is one that causes
mRNAs to be initiated at high frequency. Expression vectors
may include, but are not limited to, cloning vectors, modi-
fied cloning vectors, specifically designed plasmids or
viruses.

[0059] A variety of mammalian expression vectors may be
used to express recombinant KSHV modulated endothelial
cell genes in mammalian cells. Commercially available
mammalian expression vectors which may be suitable for
recombinant KSHV modulated endothelial cell genes
expression, include but are not limited to, pMAMneo (Clon-
tech), pcDNA3 (Invitrogen), pMClneo (Stratagene), pXT1
(Stratagene), pSGS5 (Stratagene), EBO-pSV2-neo (ATCC
37593) pBPV-1(8-2) (ATCC 37110), pd BPV-MMTneo(342-
12) (ATCC 37224), pRSVgpt (ATCC 37199), pRSVneo
(ATCC 37198), pSV2-dhfr (ATCC 37146), pUCTag (ATCC
37460), and 1ZD35 (ATCC 37565).

[0060] A variety of bacterial expression vectors may be
used to express recombinant KSHV modulated endothelial
cell genes in bacterial cells. Commercially available bacte-
rial expression vectors which may be suitable for recombi-
nant KSHV modulated endothelial cell gene expression
include, but are not limited to pET vectors (Novagen) and
pQE vectors (Qiagen).

[0061] A variety of fungal cell expression vectors may be
used to express recombinant proteins in fungal cells such as
yeast. Commercially available fungal cell expression vectors
which may be suitable for recombinant KSHV modulated
endothelial cell gene expression include but are not limited
to pYES2 (Invitrogen) and Pichia expression vector (Invit-
rogen).

[0062] A variety of insect cell expression vectors may be
used to express recombinant KSHV modulated endothelial
cell genes in insect cells. Commercially available insect cell
expression vectors which may be suitable for recombinant
expression of KSHV modulated endothelial cell genes
include but are not limited to pBlueBacll (Invitrogen).

[0063] DNA encoding KSHV modulated endothelial cell
genes may be cloned into an expression vector for expres-
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sion in a recombinant host cell. Recombinant host cells may
be prokaryotic or eukaryotic, including but not limited to
bacteria such as F. coli, fungal cells such as yeast, mam-
malian cells including but not limited to cell lines of human,
bovine, porcine, monkey and rodent origin, and insect cells
including but not limited to drosophila and silkworm derived
cell lines. Cell lines derived from mammalian species which
may be suitable and which are commercially available,
include but are not limited to, CV-1 (ATCC CCL 70), COS-1
(ATCC CRL 1650), COS-7 (ATCC CRL 1651), CHO-K1
(ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC
CRL 1658), HelLa (ATCC CCL 2), C127I (ATCC CRL
1616), BS-C-1 (ATCC CCL 26), MRC-5 (ATCC CCL 171),
L-cells, and HEK-293 (ATCC CRL1573).

[0064] The expression vector may be introduced into host
cells via any one of a number of techniques including but not
limited to transformation, transfection, protoplast fusion,
lipofection, and electroporation. The expression vector-con-
taining cells are clonally propagated and individually ana-
lyzed to determine whether they produce protein encoded by
the KSHV modulated endothelial cell genes. Identification
of KSHV modulated endothelial cell gene expressing host
cell clones may be done by several means, including but not
limited to immunological reactivity with antibodies, and the
presence of host cell-associated protein biological activity.

[0065] Expression of KSHV modulated endothelial cell
gene DNA may also be performed using in vitro produced
synthetic nRNA. Synthetic mRNA or mRNA isolated from
the appropriate cells can be efficiently translated in various
cell-free systems, including but not limited to wheat germ
extracts and reticulocyte extracts, as well as efficiently
translated in cell based systems, including but not limited to
microinjection into frog oocytes, with microinjection into
frog oocytes being generally preferred.

[0066] Assay Methods for KSHV Modulated Endothelial
Cell Genes
[0067] Host cell transfectants and microinjected oocytes

may be used to assay both the levels of functional KSHV
modulated endothelial cell gene activity and levels of total
protein encoded by KSHV modulated endothelial cell genes
by the following methods. In the case of recombinant host
cells, this involves the co-transfection of one or possibly two
or more plasmids, containing the DNA encoding one or
more fragments or subunits of the proteins encoded by
KSHV modulated endothelial cell genes. In the case of
oocytes, this involves the co-injection of synthetic RNAs for
protein encoded by the KSHV modulated endothelial cell
genes. Following an appropriate period of time to allow for
expression, cellular protein is metabolically labelled with,
for example **S-methionine for 24 hours, after which cell
lysates and cell culture supernatants are harvested and
subjected to immunoprecipitation with polyclonal antibod-
ies directed against the protein.

[0068] Levels of the appropriate protein in host cells are
quantitated by immunoaffinity and/or ligand affinity tech-
niques. Cells expressing KSHV modulated endothelial cell
genes can be assayed for the number of protein molecules
expressed by measuring the amount of radioactive [ligand]
binding to cell membranes. Protein-specific affinity beads or
protein-specific antibodies are used to isolate for example
338-methionine labelled or unlabelled protein. Labelled pro-
tein is analyzed by SDS-PAGE. Unlabelled protein is
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detected by Western blotting, ELISA or RIA assays employ-
ing protein-specific antibodies.

[0069] Other methods for detecting KSHV modulated
endothelial cell gene activity involve the direct measurement
of KSHV modulated endothelial cell gene encoded protein
activity in whole cells transfected with cDNA or oocytes
injected with mRNA. The desired protein activity is mea-
sured by specific ligand binding or biological characteristics
of the host cells expressing KSHV modulated endothelial
cell gene DNA.

[0070] Cell Based Assays

[0071] The present invention provides a whole cell
method to detect compound modulation of either KSHV
modulated endothelial cell gene expression or the gene
product. The method comprises the steps:

[0072] 1) contacting a test compound with a cell that
contains functional protein encoded by a KSHV
modulated endothelial cell gene, or with an endot-
helial cell or cell line, and

[0073] 2) measuring a change in the cell in response
to modified KSHV modulated endothelial cell gene
or gene product function by the test compound.

[0074] The amount of time necessary for cellular contact
with the test compound is empirically determined, for
example, by running a time course with a known modulator
of the activity of the KSHV modulated endothelial cell gene
or its gene product, and measuring cellular changes as a
function of time.

[0075] The measurement means of the method of the
present invention can be further defined by comparing a cell
that has been exposed to a test compound to an identical cell
that has not been similarly expose to the test compound.
Alternatively two cells, one containing functional KSHV
modulated endothelial cell gene and a second cell identical
to the first, but lacking functional KSHV modulated endot-
helial cell gene could both be contacted with the same
compound and compared for differences between the two
cells. This technique is also useful in establishing the
background noise of these assays. One of average skill in the
art will appreciate that these control mechanisms also allow
casy selection of cellular changes that are responsive to
modulation of functional KSHV modulated endothelial cell
gene or its gene product.

[0076] The term “cell” refers to at least one cell, but
includes a plurality of cells appropriate for the sensitivity of
the detection method. Cells suitable for the present invention
may be bacterial, yeast, or eukaryotic.

[0077] The assay methods to determine compound modu-
lation of functional KSHV modulated endothelial cell genes
or gene products can be in conventional laboratory format or
adapted for high throughput. The term “high throughput”
refers to an assay design that allows easy analysis of
multiple samples simultaneously, and capacity for robotic
manipulation. Another desired feature of high throughput
assays is an assay design that is optimized to reduce reagent
usage, or minimize the number of manipulations in order to
achieve the analysis desired. Examples of assay formats
include 96-well or 384-well plates, levitating droplets, and
“lab on a chip” micro-channel chips used for liquid handling
experiments. It is well known by those in the art that as
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miniaturization of plastic molds and liquid handling devices
are advanced, or as improved assay devices are designed,
that greater numbers of samples may be performed using the
design of the present invention.

[0078] The cellular changes suitable for the method of the
present invention comprise directly measuring changes in
the function or quantity of KSHV modulated endothelial cell
genes or gene products, or by measuring downstream effects
of KSHV modulated endothelial cell gene function, for
example by measuring secondary messenger concentrations
or changes in transcription or by changes in protein levels of
genes that are transcriptionally influenced by KSHV modu-
lated endothelial cell genes, or by measuring phenotypic
changes in the cell. Preferred measurement means include
changes in the quantity of KSHV modulated endothelial cell
genes or the encoded protein, changes in the functional
activity of KSHV modulated endothelial cell genes ot the
encoded proteins, changes in the quantity of mRNA,
changes in intracellular protein, changes in cell surface
protein, or secreted protein, or changes in Ca+2, cAMP or
GTP concentration. Changes in the levels of mRNA are
detected by reverse transcription polymerase chain reaction
(RT-PCR) or by differential gene expression. Immunoaffin-
ity, ligand affinity, or enzymatic measurement quantifies
changes in levels of protein in host cells. Protein-specific
affinity beads or specific antibodies are used to isolate for
example *3S-methionine labelled or unlabelled protein.
Labelled protein is analyzed by SDS-PAGE. Unlabelled
protein is detected by Western blotting, cell surface detec-
tion by fluorescent cell sorting, cell image analysis, ELISA
or RIA employing specific antibodies. Where the protein is
an enzyme, the induction of protein is monitored by cleav-
age of a fluoro-genic or colorimetric substrate.

[0079] Preferred detection means for cell surface protein
include flow cytometry or statistical cell imaging. In both
techniques the protein of interest is localized at the cell
surface, labeled with a specific fluorescent probe, and
detected via the degree of cellular fluorescence. In flow
cytometry, the cells are analyzed in a solution, whereas in
cellular imaging techniques, a field of cells is compared for
relative fluorescence.

[0080] A preferred detection means for secreted proteins
that are enzymes such as alkaline phosphatase or proteases,
would be fluorescent or colorimetric enzymatic assays.
Fluorescent/luminescent/color substrates for alkaline phos-
phatase are commercially available and such assays are
easily adaptable to high throughput multi-well plate screen
format. Fluorescent energy transfer based assays are used for
protease assays. Fluoro-phore and quencher molecules are
incorporated into the two ends of the peptide substrate of the
protease. Upon cleavage of the specific substrate, separation
of the fluoro-phore and quencher allows the fluorescence to
be detectable. When the secreted protein could be measure
by radioactive methods, scintillation proximity technology
could be used. The substrate of the protein of interest is
immobilized either by coating or incorporation on a solid
support that contains a fluorescent material. A radioactive
molecule, brought in close proximity to the solid phase by
enzyme reaction, causes the fluorescent material to become
excited and emit visible light. Emission of visible light
forms the basis of detection of successful ligand/target
interaction, and is measured by an appropriate monitoring
device. An example of a scintillation proximity assay is
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disclosed in U.S. Pat. No. 4,568,649, issued Feb. 4, 1986.
Materials for these types of assays are commercially avail-
able from Dupont NEN® (Boston, Mass.) under the trade
name FlashPlate™.

[0081] A preferred detection means where the endogenous
gene results in phenotypic cellular structural changes is
statistical image analysis the cellular morphology or intra-
cellular phenotypic changes. For example, but not by way of
limitation, and cell may change morphology such a rounding
versus remaining flat against a surface, or may become
growth-surface independent and thus resemble transformed
cell phenotype well known in the art of tumor cell biology,
or a cell may produce new outgrowths. Phenotypic changes
that may occur intracellularly include cytoskeletal changes,
alteration in the entoplasmic reticulum/Golgi complex in
response to new gene transcription, or production of new
vesicles.

[0082] Where the endogenous gene encodes a soluble
intracellular protein, changes in the endogenous gene may
be measured by changes of the specific protein contained
within the cell lysate. The soluble protein may be measured
by the methods described herein. The present invention is
also directed to methods for screening for compounds that
modulate the expression of KSHV modulated endothelial
cell genes as well as the function of the encoded protein in
vivo. Compounds may modulate by increasing or attenuat-
ing the expression of DNA or RNA encoding the protein, or
the function of the protein. Compounds that modulate the
expression of KSHV modulated endothelial cell genes or the
function of the encoded protein may be detected by a variety
of assays. The assay may be a simple “yes/no” assay to
determine whether there is a change in expression or func-
tion. The assay may be made quantitative by comparing the
expression or function of a test sample with the levels of
expression or function in a standard sample. Modulators
identified in this process are useful as therapeutic agents.

[0083]

[0084] The present invention provides an in vitro protein
assay method to detect test compound modulation of KSHV
modulated endothelial cell gene encoded protein activity.
The method comprises the steps:

[0085] 1) contacting a test-compound, and functional
KSHV modulated endothelial cell gene encoded
protein, and

Protein Based Assay

[0086] 2) measuring a change to the protein function
by the test compound.

[0087] The amount of time necessary for cellular contact
with the compound is empirically determined, for example,
by running a time course with a known protein modulator
and measuring changes as a function of time.

[0088] Methods for detecting compounds that modulate
proteolytic activity comprise combining a punitive modu-
lating compound, functional protein, and a suitable labeled
substrate and monitoring an effect of the compound on the
protease by changes in the amount of substrate either as a
function of time or after a predefined period of time. Labeled
substrates include, but are not limited to; substrate that is
radiolabeled (Coolican et al. (1986). J. Biol. Chem.
261:4170-6), fluorometric (Lonergan et al. (1995). J. Food
Sci. 60:72-3, 78; Twining (1984). Anal. Biochem. 143:30-4)
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or calorimetric (Buroker-Kilgore and Wang (1993). Anal.
Biochem. 208:387-92). Radioisotopes useful for use in the
present invention include those well known in the art,
specifically *2°I, *3'I, *H, **C, 3°S, 3P, and **P. Radioiso-
topes are introduced into the peptide by conventional means,
such as iodination of a tyrosine residue, phosphorylation of
a serine or threonine residue, or incorporation of tritium,
carbon or sulfur utilizing radioactive amino acid precursors.
Zymography following SDS polyacrylamide gel electro-
phoresis (Wadstroem and Smyth (1973). Sci. Tools 20:17-
21), as well as by fluorescent resonance energy transfer
(FRET)-based methods (Ng and Auld (1989). Anal. Bio-
chem. 183:50-6) are also methods used to detect compounds
that modulate proteolytic activity. Compounds that are ago-
nists will increase the rate of substrate degradation and will
result in less remaining substrate as a function of time.
Compounds that are antagonists will decrease the rate of
substrate degradation and will result in greater remaining
substrate as a function of time.

[0089] A preferred assay format useful for the method of
the present invention is a FRET based method using peptide
substrates that contain a fluorescent donor with either a
quencher or acceptor that are separated by a peptide
sequence encoding the protease cleavage site. A fluorescent
donor is a fluoro-genic compound that can adsorb energy
and transfers a portion of the energy to another compound.
Examples of fluorescent donors suitable for use in the
present invention include, but are not limited to, coumarins,
xanthene dyes such as fluoresceins, rhodols, and
rhodamines, resorufins, cyanine dyes bimanes, acridines,
isoindols, dansyl dyes, aminophthalic hydrazides such as
luminol and isoluminol derivatices, aminophthalimides,
aminonapthalimides, aminobenzofurans, aminoquinolines,
dicanohydroquinones, and europium and terbium complexes
and related compounds.

[0090] A quencher is a compound that reduces the emis-
sion from the fluorescent donor when it is appropriately
proximally located to the donor, and do not generally re-emit
the energy in the form of fluorescence. Examples of such
moieties include indigos, bezoquinones, anthraguinones,
azo compounds, nitro compounds, indoanilines, and di- and
triphenylmethanes. A FRET method using a donor/quencher
pair measures increased emission from the fluorescent donor
as a function of enzymatic activity upon the peptide sub-
strate. Therefore a test compound that antagonizes KSHV
modulated endothelial cell gene encoded protein will gen-
erate an emission signal between two control samples—a
low (basal) fluorescence from the FRET peptide alone and
a higher fluorescence from the FRET peptide digested by the
activity of enzymatically active protein.

[0091] An acceptor 1s a fluorescent molecule that adsorbs
energy from the fluorescent donor and re-emits a portion of
the energy as fluorescence. An acceptor is a specific type of
quencher that enables a separate mechanism to measure
proteolytic efficacy. Methods that utilize a donor/acceptor
pair measure a decrease in acceptor emission as a function
of enzymatic activity upon the peptide substrate. Therefore
a test compound that antagonizes KSHV modulated endot-
helial cell gene encoded protein will generate an emission
signal between two control samples—a higher basal fluo-
rescence from the FRET peptide alone and a lower fluores-
cence from the FRET peptide digested by the activity of
enzymatically active protein. Examples of acceptor useful
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for methods of the present invention include, but are not
limited to, coumarins, fluoresceins, rhodols, rhodamines,
resorufins, cyanines, difuoroboradiazindacenes, and phthal-
cyanines.

[0092] Production and Use of Antibodies that Bind to
KSHV Modulated Endothelial Cell Gene Encoded Proteins

[0093] Monospecific antibodies to KSHV modulated
endothelial cell gene encoded proteins are purified from
mammalian antisera containing antibodies reactive against
the protein or are prepared as monoclonal antibodies reac-
tive with the protein using the technique originally described
by Kohler and Milstein, Nature 256: 495-497 (1975). Immu-
nological techniques are well known in the art and described
in, for example, Anfibodies: A laboratory manual published
by Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., ISBN 0879693142. Monospecific antibody as
used herein is defined as a single antibody species or
multiple antibody species with homogenous binding char-
acteristics for a protein. Homogenous binding as used herein
refers to the ability of the antibody species to bind to a
specific antigen or epitope, such as those associated with the
KSHV modulated endothelial cell gene encoded protein, as
described above. Protein specific antibodies are raised by
immunizing animals such as mice, rats, guinea pigs, rabbits,
goats, horses and the like, with rabbits being preferred, with
an appropriate concentration of protein either with or with-
out an immune adjuvant.

[0094] Preimmune serum is collected prior to the first
immunization. Each animal receives between about 0.001
mg and about 1000 mg of protein associated with an
acceptable immune adjuvant. Such acceptable adjuvants
include, but are not limited to, Freund’s complete, Freund’s
incomplete, alum-precipitate, water in oil emulsion contain-
ing Corynebacterium parvum and tRNA. The initial immu-
nization consists of protein in, preferably, Freund’s complete
adjuvant at multiple sites either subcutancously (SC), intra-
peritoneally (IP) or both. Each animal is bled at regular
intervals, preferably weekly, to determine antibody titer. The
animals may or may not receive booster injections following
the initial immunization. Those animals receiving booster
injections are generally given an equal amount of the antigen
in Freund’s incomplete adjuvant by the same route. Booster
injections are given at about three-week intervals until
maximal titers are obtained. At about 7 days after each
booster immunization or about weekly after a single immu-
nization, the animals are bled, the serum collected, and
aliquots are stored at about -20° C.

[0095] Monoclonal antibodies (mAb) reactive with KSHV
modulated endothelial cell gene encoded protein are pre-
pared by immunizing inbred mice, preferably Balb/c, with
the protein. The mice are immunized by the IP or SC route
with about 0.001 mg to about 1.0 mg, preferably about 0.1
mg, of protein antigen in about 0.1 ml buffer or saline
incorporated in an equal volume of an acceptable adjuvant,
as discussed above. Freund’s adjuvant is preferred, with
Freund’s complete adjuvant being used for the initial immu-
nization and Freund’s incomplete adjuvant used thereafter.
The mice receive an initial immunization on day 0 and are
rested for about 2 to about 30 weeks. I[mmunized mice are
given one or more booster immunizations of about 0.001 to
about 1.0 mg of protein antigen in a buffer solution such as
phosphate buffered saline by the intravenous (IV) route.
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Lymphocytes, from antibody positive mice, preferably
splenic lymphocytes, are obtained by removing spleens from
immunized mice by standard procedures known in the art.
Hybridoma cells are produced by mixing the splenic lym-
phocytes with an appropriate fusion partner, preferably
myeloma cells, under conditions that will allow the forma-
tion of stable hybridomas. Fusion partners may include, but
are not limited to: mouse myelomas P3/NS 1/Ag 4-1;
MPC-11; S-194 and Sp2/0, with Sp2/0 being generally
preferred. The antibody producing cells and myeloma cells
are fused in polyethylene glycol, about 1000 mol. wt., at
concentrations from about 30% to about 50%. Fused hybri-
doma cells are selected by growth in hypoxanthine, thymi-
dine and aminopterin supplemented Dulbecco’s Modified
Eagles Medium (DMEM) by procedures known in the art.
Supernatant fluids are collected from growth positive wells
on about days 14, 18, and 21 and are screened for antibody
production by an immunoassay such as solid phase immu-
noradioassay (SPIRA) using KSHV modulated endothelial
cell gene encoded protein as the antigen. The culture fluids
are also tested in the Quchterlony precipitation assay to
determine the isotype of the mAb. Hybridoma cells from
antibody positive wells are cloned by a technique such as the
soft agar technique of MacPherson, Soft Agar Techniques, in
Tissue Culture Methods and Applications, Kruse and Pater-
son, Eds., Academic Press, 1973 or by the technique of
limited dilution.

[0096] Monoclonal antibodies are produced in vivo by
injection of pristane primed Balb/c mice, approximately 0.5
ml per mouse, with about 1x10° to about 6x10° hybridoma
cells at least about 4 days after priming. Ascites fluid is
collected at approximately 8-12 days after cell transfer and
the monoclonal antibodies are purified by techniques known
in the art.

[0097] In vitro production of mAb is carried out by
growing the hybridoma in tissue culture media well known
in the art. High density in vitro cell culture may be con-
ducted to produce large quantities of mAbs using hollow
fiber culture techniques, air lift reactors, roller bottle, or
spinner flasks culture techniques well known in the art. The
mAD are purified by techniques known in the art.

[0098] Antibody titers of ascites or hybridoma culture
fluids are determined by various serological or immunologi-
cal assays which include, but are not limited to, precipita-
tion, passive agglutination, enzyme-linked immunosorbent
antibody (ELISA) technique and radioimmunoassay (RIA)
techniques. Similar assays are used to detect the presence of
KSHV modulated endothelial cell gene encoded protein in
body fluids or tissue and cell extracts.

[0099] Tt is readily apparent to those skilled in the art that
the above described methods for producing monospecific
antibodies may be utilized to produce antibodies specific for
polypeptide fragments, or full-length nascent polypeptide,
or the individual subunits. Specifically, it is readily apparent
to those skilled in the art that monospecific antibodies may
be generated which are specific for only one protein subunit
or the fully functional protein. It is also apparent to those
skilled in the art that monospecific antibodies may be
generated that inhibit normal function of KSHV modulated
endothelial cell gene encoded protein.

[0100] Antibody affinity columns are made by adding the
antibodies to a gel support such that the antibodies form

Oct. 9, 2003

covalent linkages with the gel bead support. Preferred cova-
lent linkages are made through amine, aldehyde, or sulfhy-
dryl residues contained on the antibody. Methods to generate
aldehydes or free sulthydryl groups on antibodies are well
known in the art; amine groups are reactive with, for
example, N-hydroxysuccinimide esters.

[0101] Kit Compositions Containing KSHV Modulated
Endothelial Cell Gene or Gene Product Specific Reagents

[0102] Kits containing KSHV modulated endothelial cell
genes DNA or RNA, antibodies to KSHV modulated endot-
helial cell gene encoded protein, or the KSHV modulated
endothelial cell gene encoded protein may be prepared. Such
kits are used to detect DNA which hybridizes to KSHV
modulated endothelial cell gene DNA or to detect the
presence of KSHV modulated endothelial cell gene encoded
protein or peptide fragments in a sample. Such character-
ization is useful for a variety of purposes including but not
limited to forensic analyses, diagnostic applications, and
epidemiological studies.

[0103] The DNA molecules, RNA molecules, recombinant
protein and antibodies of the present invention may be used
to screen and measure levels of KSHV modulated endothe-
lial cell gene DNA, KSHV modulated endothelial cell gene
RNA or KSHV modulated endothelial cell gene encoded
protein. The recombinant proteins, DNA molecules, RNA
molecules and antibodies lend themselves to the formulation
of kits suitable for a variety of uses, including but not limited
to, the detection and typing of KSHYV infected cells, Kapo-
si’s sarcoma tissue, or tumor cells. Such a kit would com-
prise a compartmentalized carrier suitable to hold in close
confinement at least one container. The carrier would further
comprise reagents such as recombinant KSHV modulated
endothelial cell gene encoded protein or anti-protein anti-
bodies suitable for detecting KSHV modulated endothelial
cell genes or gene products. The carrier may also contain a
means for detection such as labeled antigen or enzyme
substrates or the like.

[0104]

[0105] Nucleotide sequences that are complementary to
the KSHV modulated endothelial cell gene encoding DNA
sequence can be synthesized for antisense therapy. These
antisense molecules may be DNA, stable derivatives of
DNA such as phosphorothioates or methylphosphonates,
RNA, stable derivatives of RNA such as 2'-0-alkyIRNA, or
other KSHV modulated endothelial cell gene antisense
oligonucleotide mimetics. KSHV modulated endothelial cell
gene antisense molecules may be introduced into cells by
microinjection, liposome encapsulation or by expression
from vectors harboring the antisense sequence. KSHV
modulated endothelial cell gene antisense therapy may be
particularly useful for the treatment of diseases where it is
beneficial to reduce KSHV modulated endothelial cell genes
or the gene products’ activity.

[0106] KSHV modulated endothelial cell gene gene
therapy may be used to introduce KSHV modulated endot-
helial cell genes into the cells of target organisms. The
KSHV modulated endothelial cell genes can be ligated into
viral vectors that mediate transfer of the KSHV modulated
endothelial cell gene DNA by infection of recipient host
cells. Suitable viral vectors include retrovirus, adenovirus,
adeno-associated virus, herpes virus, vaccinia virus, polio

Gene Therapy
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virus and the like. Alternatively, KSHV modulated endot-
helial cell gene DNA can be transferred into cells for gene
therapy by non-viral techniques including receptor-mediated
targeted DNA transfer using ligand-DNA conjugates or
adenovirus-ligand-DNA conjugates, lipofection membrane
fusion or direct microinjection. These procedures and varia-
tions thereof are suitable for ex vivo as well as in vivo
KSHV modulated endothelial cell genes gene therapy.
KSHYV modulated endothelial cell gene gene therapy may be
particularly useful for the treatment of diseases where it is
beneficial to elevate KSHV modulated endothelial cell genes
activity. Protocols for molecular methodology of gene
therapy suitable for use with the KSHV modulated endot-
helial cell genes is described in Gene Therapy Protocols,
edited by Paul D. Robbins, Human press, Totawa N.J., 1996.

[0107]

[0108] Pharmaceutically useful compositions comprising
KSHYV modulated endothelial cell gene DNA, KSHV modu-
lated endothelial cell gene RNA, or KSHV modulated
endothelial cell gene encoded protein, or modulators of
KSHYV modulated endothelial cell genes and/or gene prod-
ucts activity, may be formulated according to known meth-
ods such as by the admixture of a pharmaceutically accept-
able carrier. Examples of such carriers and methods of
formulation may be found in Remington’s Pharmaceutical
Sciences. To form a pharmaceutically acceptable composi-
tion suitable for effective administration, such compositions
will contain an effective amount of the protein, DNA, RNA,
or modulator.

[0109] Therapeutic or diagnostic compositions of the
invention are administered to an individual in amounts
sufficient to treat or diagnose disorders in which modulation
of KSHV modulated endothelial cell gene or gene product-
related activity is indicated. The effective amount may vary
according to a variety of factors such as the individual’s
condition, weight, sex and age. Other factors include the
mode of administration. The pharmaceutical compositions
may be provided to the individual by a variety of routes such
as subcutaneous, topical, oral and intramuscular.

[0110] The term “chemical derivative” describes a mol-
ecule that contains additional chemical moieties that are not
normally a part of the base molecule. Such moieties may
improve the solubility, half-life, absorption, etc. of the base
molecule. Alternatively the moieties may attenuate undesir-
able side effects of the base molecule or decrease the toxicity
of the base molecule. Examples of such moieties are
described in a variety of texts, such as Remington’s Phar-
maceutical Sciences.

[0111] Compounds identified according to the methods
disclosed herein may be used alone at appropriate dosages
defined by routine testing in order to obtain optimal inhibi-
tion of the KSHV modulated endothelial cell gene, gene
product or its activity while minimizing any potential tox-
icity. In addition, co-administration or sequential adminis-
tration of other agents may be desirable. For example,
compounds that are useful for the treatment of Kaposi’s
sarcoma, such as daunorubicin, doxorubicin, interferon
alpha, retinoids, and taxol, may be used in combination with
a modulator of KSHV modulated endothelial cell genes or
their gene products described herein. In addition, other
known antitumor agents can be combined with the modu-
lators of KSHV modulated endothelial cell genes or their
gene products described herein.

Pharmaceutical Compositions
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[0112] The present invention also has the objective of
providing suitable topical, oral, systemic and parenteral
pharmaceutical formulations for use in the novel methods of
treatment of the present invention. The compositions con-
taining compounds or modulators identified according to
this invention as the active ingredient for use in the modu-
lation of KSHV modulated endothelial cell genes can be
administered in a wide variety of therapeutic dosage forms
in conventional vehicles for administration. For example,
the compounds or modulators can be administered in such
oral dosage forms as tablets, capsules (cach including timed
release and sustained release formulations), pills, powders,
granules, elixirs, tinctures, solutions, suspensions, syrups
and emulsions, or by injection. Likewise, they may also be
administered in intravenous (both bolus and infusion), intra-
peritoneal, subcutaneous, topical with or without occlusion,
or intramuscular form, all using forms well known to those
of ordinary skill in the pharmaceutical arts. An effective but
non-toxic amount of the compound desired can be employed
as a KSHV modulated endothelial cell gene or gene product
modulating agent.

[0113] The daily dosage of the products may be varied
over a wide range from 0.01 to 1,000 mg per patient, per day.
For oral administration, the compositions are preferably
provided in the form of scored or unscored tablets contain-
ing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, and
50.0 milligrams of the active ingredient for the symptomatic
adjustment of the dosage to the patient to be treated. An
effective amount of the drug is ordinarily supplied at a
dosage level of from about 0.0001 mg/kg to about 100
mg/kg of body weight per day. The range is more particu-
larly from about 0.001 mg/kg to 10 mg/kg of body weight
per day. The dosages of the compounds or modulators are
adjusted when combined to achieve desired effects. On the
other hand, dosages of these various agents may be inde-
pendently optimized and combined to achieve a synergistic
result wherein the pathology is reduced more than it would
be if either agent were used alone.

[0114] Advantageously, compounds or modulators of the
present invention may be administered in a single daily dose,
or the total daily dosage may be administered in divided
doses of two, three or four times daily. Furthermore, com-
pounds or modulators for the present invention can be
administered in intranasal form via topical use of suitable
intranasal vehicles, or via transdermal routes, using those
forms of transdermal skin patches well known to those of
ordinary skill in that art. To be administered in the form of
a transdermal delivery system, the dosage administration
will, of course, be continuous rather than intermittent
throughout the dosage regimen.

[0115] For combination treatment with more than one
active agent, where the active agents are in separate dosage
formulations, the active agents can be administered concur-
rently, or they each can be administered at separately stag-
gered times.

[0116] The dosage regimen utilizing the compounds or
modulators of the present invention is selected in accordance
with a variety of factors including type, species, age, weight,
sex and medical condition of the patient; the severity of the
condition to be treated; the route of administration; the renal
and hepatic function of the patient; and the particular
compound thereof employed. A physician or veterinarian of
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ordinary skill can readily determine and prescribe the effec-
tive amount of the drug required to prevent, counter or arrest
the progress of the condition. Optimal precision in achieving
concentrations of drug within the range that yields efficacy
without toxicity requires a regimen based on the kinetics of
the drug’s availability to target sites. This involves a con-
sideration of the distribution, equilibrium, and elimination of
a drug.

[0117] In the methods of the present invention, the com-
pounds or modulators herein described in detail can form the
active ingredient, and are typically administered in admix-
ture with suitable pharmaceutical diluents, excipients or
carriers (collectively referred to herein as “carrier” materi-
als) suitably selected with respect to the intended form of
administration, that is, oral tablets, capsules, elixirs, syrups
and the like, and consistent with conventional pharmaceu-
tical practices.

[0118] For instance, for oral administration in the form of
a tablet or capsule, the active drug component can be
combined with an oral, non-toxic pharmaceutically accept-
able inert carrier such as ethanol, glycerol, water and the
like. Moreover, when desired or necessary, suitable binders,
lubricants, disintegrating agents and coloring agents can also
be incorporated into the mixture. Suitable binders include,
without limitation, starch, gelatin, natural sugars such as
glucose or beta-lactose, corn sweeteners, natural and syn-
thetic gums such as acacia, tragacanth or sodium alginate,
carboxymethylcellulose, polyethylene glycol, waxes and the
like. Lubricants used in these dosage forms include, without
limitation, sodium oleate, sodium stearate, magnesium stear-
ate, sodium benzoate, sodium acetate, sodium chloride and
the like. Disintegrators include, without limitation, starch,
methyl cellulose, agar, bentonite, xanthan gum and the like.

[0119] For liquid forms the active drug component can be
combined in suitably flavored suspending or dispersing
agents such as the synthetic and natural gums, for example,
tragacanth, acacia, methyl-cellulose and the like. Other
dispersing agents that may be employed include glycerin
and the like. For parenteral administration, sterile suspen-
sions and solutions are desired. Isotonic preparations, which
generally contain suitable preservatives, are employed when
intravenous administration is desired.

[0120] Topical preparations containing the active drug
component can be admixed with a variety of carrier mate-
rials well known in the art, such as, eg., alcohols, aloe vera
gel, allantoin, glycerine, vitamin A and E oils, mineral oil,
PPG2 myristyl propionate, and the like, to form, eg., alco-
holic solutions, topical cleansers, cleansing creams, skin
gels, skin lotions, and shampoos in cream or gel formula-
tions.

[0121] The compounds or modulators of the present
invention can also be administered in the form of liposome
delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles and multilamellar vesicles. Liposomes
can be formed from a variety of phospholipids, such as
cholesterol, stearylamine or phosphatidylcholines.

[0122] Compounds of the present invention may also be
delivered by the use of monoclonal antibodies as individual
carriers to which the compound molecules are coupled. The
compounds or modulators of the present invention may also
be coupled with soluble polymers as targetable drug carriers.
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Such polymers can include polyvinyl-pyrrolidone, pyran
copolymer, polyhydroxypropylmethacryl-amidephenol,
polyhydroxy-ethylasparta-midephenol or polyethyl-eneox-
idepolylysine substituted with palmitoyl residues. Further-
more, the compounds or modulators of the present invention
may be coupled to a class of biodegradable polymers useful
in achieving controlled release of a drug, for example,
polylactic acid, polyepsilon caprolactone, polyhydroxy
butyric acid, polyorthoesters, polyacetals, polydihydro-pyr-
ans, polycyanoacrylates and cross-linked or amphipathic
block copolymers of hydrogels.

[0123] For oral administration, the compounds or modu-
lators may be administered in capsule, tablet, or bolus form
or alternatively they can be mixed in the animals feed. The
capsules, tablets, and boluses are comprised of the active
ingredient in combination with an appropriate carrier vehicle
such as starch, talc, magnesium stearate, or di-calcium
phosphate. These unit dosage forms are prepared by inti-
mately mixing the active ingredient with suitable finely-
powdered inert ingredients including diluents, fillers, disin-
tegrating agents, and/or binders such that a uniform mixture
is obtained. An inert ingredient is one that will not react with
the compounds or modulators and which is non-toxic to the
animal being treated. Suitable inert ingredients include
starch, lactose, talc, magnesium stearate, vegetable gums
and oils, and the like. These formulations may contain a
widely variable amount of the active and inactive ingredi-
ents depending on numerous factors such as the size and
type of the animal species to be treated and the type and
severity of the infection. The active ingredient may also be
administered as an additive to the feed by simply mixing the
compound with the feedstuff or by applying the compound
to the surface of the feed. Alternatively the active ingredient
may be mixed with an inert carrier and the resulting com-
position may then either be mixed with the feed or fed
directly to the animal. Suitable inert carriers include corn
meal, citrus meal, fermentation residues, soya grits, dried
grains and the like. The active ingredients are intimately
mixed with these inert carriers by grinding, stirring, milling,
or tumbling such that the final composition contains from
0.001 to 5% by weight of the active ingredient.

[0124] The compounds or modulators may alternatively
be administered parenterally via injection of a formulation
consisting of the active ingredient dissolved in an inert
liquid carrier. Injection may be either intramuscular, intraru-
minal, intratracheal, or subcutaneous. The injectable formu-
lation consists of the active ingredient mixed with an appro-
priate inert liquid carrier. Acceptable liquid carriers include
the vegetable oils such as peanut oil, cottonseed oil, sesame
oil and the like as well as organic solvents such as solketal,
glycerol formal and the like. As an alternative, aqueous
parenteral formulations may also be used. The vegetable oils
are the preferred liquid carriers. The formulations are pre-
pared by dissolving or suspending the active ingredient in
the liquid carrier such that the final formulation contains
from 0.005 to 10% by weight of the active ingredient.

[0125] Topical application of the compounds or modula-
tors is possible through the use of a liquid drench or a
shampoo containing the instant compounds or modulators as
an aqueous solution or suspension. These formulations gen-
erally contain a suspending agent such as bentonite and
normally will also contain an antifoaming agent. Formula-
tions containing from 0.005 to 10% by weight of the active
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ingredient are acceptable. Preferred formulations are those
containing from 0.01 to 5% by weight of the instant com-
pounds or modulators.

[0126] This invention also relates to methods of doing
business comprising the steps of determining the level of
RNA expression for an RNA sample, wherein the RNA
sample is amplified and fluorescently labeled, hybridizing
the fluorescently labeled RNA to a microarray containing a
plurality of nucleic acid sequences representing a gene
expression profile for a particular cell or tissue type (¢.g.,
neuronal cell or disease tissue), and scanning the microarray
for fluorescence detection; normalizing said fluorescence;
and using a signature extraction algorithm (e.g., MaxCor or
Mean Log algorithms) to create a gene expression profile. In
a preferred embodiment, the RNA sample is obtained from
a patient and the patient sample includes, but is not limited
to, blood, amniotic fluid, plasma, semen, bone marrow, and
tissue biopsy.

[0127] The present invention also relates to business meth-
ods where gene expression profiles are used for analyzing
test samples (e.g., patient samples). In a specific embodi-
ment, this method may be accomplished using the gene
expression profile microarrays of the present invention. For
example, a user (e.g., a health practitioner such as a physi-
cian) may obtain a sample (e.g., blood, tissue biopsy) from
a patient. The sample may be prepared in-house, for
example, using hospital facilities or the sample may be sent
to a commercial laboratory facility. Briefly, RNA is
extracted from the patient sample using methods that are
well-known in the art (Sambrook, et al. (1989)). The RNA
is, for example, then amplified by PCR, labeled with a
fluorophore, and hybridized to a support representing a
particular gene expression profile. The support is scanned
for fluorescence and the results of the scan may be sent to a
central gene expression profile database for analysis. In
another embodiment, the sample itself is sent to a central
laboratory facility for scanning analysis. The scanning
results may be sent to the central laboratory facility for
analysis via a computer terminal and through the Internet or
other means. The connection between the user and the
computer system is preferably secure. In practice, the user
may input, for example, information relating to the fluores-
cence scanning results of the support as well as additional
information concerning the patient such as the patient’s
disease state, clinical chemistry (e.g., red blood cell count,
electrolytes), and other factors relating to the patient’s
disease state. The central computer system may then,
through the use of resident computer programs, provide an
analysis of the patient’s sample and generate a gene expres-
sion profile reflecting the patient’s genetic profile.

[0128] Those skilled in the art will appreciate that the
methods and apparatus of the present invention apply to any
computer system, regardless of whether the computer sys-
tem is a complicated multi-user computing apparatus or a
single user device such as a personal computer or worksta-
tion. Computer system suitably comprises a processor, main
memory, amemory controller, an auxiliary storage interface,
and a terminal interface, all of which are interconnected.
Note that various modifications, additions, or deletions may
be made to the computer system within the scope of the
present invention such as the addition of cache memory or
other peripheral devices.
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[0129] The processor performs computation and control
functions of the computer system, and comprises a suitable
central processing unit (CPU). The processor may comprise
a single integrated circuit, such as a microprocessor, or may
comprise any suitable number of integrated circuit devices
and/or circuit boards working in cooperation to accomplish
the functions of a processor.

[0130] In a preferred embodiment, the auxiliary storage
interface allows the computer system to store and retrieve
information from auxiliary storage devices, such as mag-
netic disk (e.g., hard disks or floppy diskettes) or optical
storage devices (e.g., CD-ROM). One suitable storage
device is a direct access storage device (DASD). A DASD
may be a floppy disk drive which may read programs and
data from a floppy disk. It is important to note that while the
present invention has been (and will continue to be)
described in the context of a fully functional computer
system, those skilled in the art will appreciate that the
mechanisms of the present invention are capable of being
distributed as a program product in a variety of forms, and
that the present invention applies equally regardless of the
particular type of signal bearing media to actually carry out
the distribution. Examples of signal bearing media include:
recordable type media such as floppy disks and CD ROMS,
and transmission type media such as digital and analog
communication links, including wireless communication
links.

[0131] The computer systems may also comprise a
memory controller, through use of a separate processor,
which is responsible for moving requested information from
the main memory and/or through the auxiliary storage
interface to the main processor. While for the purposes of
explanation, the memory controller is described as a separate
entity, those skilled in the art understand that, in practice,
portions of the function provided by the memory controller
may actually reside in the circuitry associated with the main
processor, main memory, and/or the auxiliary storage inter-
face.

[0132] Furthermore, the computer systems may comprise
a terminal interface that allows system administrators and
computer programmers to communicate with the computer
system, normally through programmable workstations. It
should be understood that the present invention applies
equally to computer systems having multiple processors and
multiple system buses. Similarly, although the system bus of
the preferred embodiment is a typical hardwired, multidrop
bus, any connection means that supports bidirectional com-
munication in a computer-related environment could be
used.

[0133] The main memory of the computer systems suit-
ably contains one or more computer programs relating to the
algorithms used to generate the gene expression profiles and
an operating system. Computer program in memory is used
in its broadest sense, and includes any and all forms of
computer programs, including source code, intermediate
code, machine code, and any other representation of a
computer program. The term “memory” as used herein
refers to any storage location in the virtual memory space of
the system. It should be understood that portions of the
computer program and operating system may be loaded into
an instruction cache for the main processor to execute, while
other files may well be stored on magnetic or optical disk
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storage devices. In addition, it is to be understood that the
main memory may comprise disparate memory locations.

[0134] Another preferred embodiment of the present
invention comprises a variety of business methods including
methods for screening drug and toxicity effects on tissue or
cell samples, as well as methods for the discovery of new
drugs to treat disease. A further embodiment of the present
invention comprises a business method of providing gene
expression profiles for normal and disease tissues. Also
within the scope of this invention are business methods
providing diagnostics and predictors for patient samples.

[0135] The business methods of the present application
relate to the commercial and other uses, of the methodolo-
gies of the present invention. In one aspect, the business
methods include the marketing, sale, or licensing of the
present methodologies in the context of providing consum-
ers, ie., patients, medical practitioners, medical service
providers, and pharmaceutical distributors and manufactur-
ers, with the gene expression profiles provided by the
present invention.

[0136] The gene expression profile database may be an
internal database designed to include annotation information
about the gene expression profiles generated by the methods
of the present invention. Such information may include, for
example, the microarray in which a given nucleic acid
sequence was found, descriptive information about a related
c¢DNAs associated with the sequence, tissue or cell source,
sequence data obtained from external sources, and prepara-
tion methods. The database may divide into two sections:
one for storing the sequences and the other for storing the
associated information. This database may be maintained as
a private database with a fire-wall within the central com-
puter facility. However, this invention is not so limited and
the gene expression profile database may be made available
to the public.

[0137] The database may be a network system connecting
the network server with clients. The network may be any one
of a number of conventional network systems, including a
local area network (LAN) or a wide area network (WAN), as
is known in the art (e.g., Ethernet). The server may include
software to access database information for processing user
requests, and to provide an interface for serving information
to client machines. The server may support the World Wide
Web and maintain a web-site and Web browser for client use.
Client/server environments, database servers, and networks
are well-documented in the technical, trade, and patent
literature.

[0138] Through the Web browser, clients may construct
search requests for retrieving data from a microarray data-
base and a gene expression database. For example, the user
may “point and click” to user interface elements such as
buttons, pull down menus, and scroll bars. The client
requests may be transmitted to a Web application which
formats them to produce a query that may be used to gather
information from the microarray database or gene expres-
sion database. In addition, the web-site may provide hyper-
text links to public databases such as GenBank and associ-
ated databases maintained by the National Center for
Biotechnology Information (NCBI), part of the National
Library of Medicine as well as, any links providing relevant
information for gene expression analysis, genetic disorders,
scientific literature, and the like.
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[0139] The following examples illustrate the present

invention without, however, limiting the same thereto.
EXAMPLE 1

[0140] Derivation of KSHV-Infected DMVEC

[0141] Establishment of KSHV-infected DMVEC has

been described previously in detail®®. Briefly, dermal
microvascular cells immortalized by retroviral expression of
the E6 and E7 genes of human papillomavirus type 16
(DMVEC) were infected with KSHV derived from the
supernatant of tetradecanoyl phorbol acetate (TPA)-stimu-
lated BCBL-1 cells. Infection was verified by DNAPCR for
amplification of the KS330 BamHI fragment of the ORF 26
gene, RT-PCR for the spliced mRNA from the ORF29
gene™®. The percentage of latently infected cells was
determined by immunofluorescent staining for LANA/
ORF73¢%, Lytic induction was evaluated with antibodies
against an early lytic protein ORF59/PF-811® and a late
lytic glycoprotein protein ORF K8.1A/B™Y, DMVEC were
used for experiments when >90% of cells expressed ORF73.
In the absence of chemical induction, 2-5% of infected cells
expressed ORF59 with approximately 10% of ORF59-posi-
tive cells expressing K8.1A/B. Antibodies against viral
proteins were a generous gift from Dr. Bala Chandran.

[0142] DNA Microarrays

[0143] DNA microarrays were prepared as described in
Salunga et al. (57) by spotting PCR fragments of human
cDNAs onto glass slides (Molecular Dynamics) using a
microarrayer (Molecular Dynamics). One DN A microarrays
was used: Mega-A chip: 4428 clones. Each clone was
spotted in duplicate. Each microarray contained 30 plant
genes as background controls®”. Hybridization signals
were scanned and normalized as described®”.

[0144]

[0145] Transformed dermal microvascular endothelial
cells infected with KSHV were propagated as previously
described®. Two different uninfected and three different
infected cell lines were either not induced or induced with
PMA for 6 hours or 48 hours and harvested by trypsiniza-
tion. Total RNA was prepared using RNeasy columns
(Qiagen), after which each sample was DNase (Promega)
treated and re-purified on RNeasy columns. Messenger RNA
was amplified once using a T7 polymerase linear amplifi-
cation protocal®”. After amplification, the RNA was
labeled by reverse transcription in the presence of Cy3-
Cytidine.

[0146] Corresponding infected and non-infected samples
were hybridized as described®”. Each labeled and amplified
RNA was hybridized to at least two separate chips to enable
a coefficient of variation (CV) determination, and the aver-
age intensity for genes with a CV below 50% was used for
subsequent calculation of expression ratios. Results for each
microarray were normalized to the 75™ percentile as
described®?.

[0147] RT-PCR for SCF and c-Kit

[0148] Total RNA was isolated from mock and KSHV-
infected DMVEC using an RNeasy Total RNA kit (Qiagen,
Chatsworth, Calif.) according to the manufacturer’s instruc-
tions. RNA was quantified by spectrophotometry and cDNA
was synthesized using superscript reverse transcriptase (RT;

Probe Preparation and Hybridization
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Life Technologies, Gaithersburg, Md.) at 200U/1+g of RNA.
The primers used for amplification of c-Kit and SCF mRNA
were: c-Kit, 5-CTCAACCATCTGTGAGTCCA-3' (SEQ
IDNO: 1) and 5'-AAGCCGTGTTTGTTGGTG CA-3' (SEQ
ID NO: 2)®, and SCF, 5-CCATTGATGCCTTCAAG-
GAC-3' (SEQ ID NO: 3) and 5-CTTCCAGTATAAG-
GCTCCAA-3' (SEQ ID NO: 4)®9, which yielded products
of 242 bp and 274 bp for c-Kit and SCF respectively. The
cellular gene hypoxanthine-guanine phosphoribosyltrans-
ferase (HPRT) was amplified from each sample as a control
for cDNA synthesis. Consistent HPRT amplificates were
obtained from samples under comparison. For each reaction,
samples in the absence of RT were included. PCR products
were resolved by agarose gel electrophoresis and visualized
by ethidium bromide staining.

[0149]

[0150] For detection of c-Kit protein, DMVEC monolay-
ers were rinsed in PBS containing 1% bovine serum albu-
men (BSA) and 0.02% sodium azide (staining buffer), and
stained with anti-c-Kit monoclonal antibodies, clone Nu-c-
kit (Research Diagnostics, Flanders, N.J.) or Clone 57A5
(Ancell, Bayport, Minn.) followed by a goat anti-mouse
FITC-conjugated antibody (Biosource International, Cama-
rillo, Calif.). Both antibodies were used at a 1:100 dilution
in staining buffer for 60 minutes at 37° C. Stained cells were
fixed in 2% paraformaldehyde, mounted and examined on a
Nikon fluorescent microscope. Omission of primary anti-
body from duplicate monolayers revealed no non-specific
binding of second conjugate. Immunofluorescent analysis
was performed on mock and KSHV-infected DMVEC as
well as DMVEC infected with adenovirus constructs
expressing c-Kit proteins.

[0151] SCF ELISA

[0152] Supernatants were harvested from confluent mono-
layers of mock and KSHV-infected DMVEC after incuba-
tion periods ranging from 6 to 48 hours. SCF present in
harvested supernatants was quantitated using an SCF ELISA
detection kit (R&D) according to the manufacturers instruc-
tions.

[0153]

[0154] Proliferation of mock and KSHV-infected
DMVEC, and the SCLC line HTB-172, was quantitated
using an XTT-based assay. Cells were added to Primaria 96
well trays (Becton-Dickinson) at 1x104 or 5x104 cells/well.
Exogenous SCF (20, 50 and 100 ng/ml) and STI 571 (0.01,
0.1, 1 and 10 uM) were added 24 hours after plating as
designated by the experimental protocol. XTT (Roche,
Molecular Biochemicals, Indianapolis, Ind.) was added 48
hours later according to the manufacturers instructions.
Absorbance was read after 4 to 6 hours on a microplate
reader. The HTB-172 line was obtained from the American
Type Culture Collection (ATCC, Rockville, Md.).

[0155]

[0156] A dominant-negative c-Kit mutant (c-Kit/DN) was
constructed by insertion of a premature stop codon at Ser614
in the cytoplasmic domain using standard PCR-based
mutagenesis. Truncation of c-Kit at this site deletes the
ATP-binding and phosphotransferase domains without
affecting the dimerization domain. Following DNA
sequence analysis to confirm mutagenesis, c-Kit/DN was

Immunofluorescent Staining
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cloned into an adenoviral expression vector as previously
described™*. This places c-Kit/DN under the control of a
tet-responsive  promoter/enhancer element and protein
expression is driven by coinfection with an adenovirus
expressing the ‘tet-off’ trans-activator (Ad/trans). Recombi-
nant viruses were screened by PCR, and protein expression
was confirmed by western immunoblot of infected cell
lysates using a rabbit polyclonal antibody directed against
the N-terminus of ¢-Kit (H-300; Santa Cruz Biotechnology,
Inc,, Santa Cruz, Calif.). For over expression of c-Kit in
DMVEC in the absence of KSHIV, an adenovirus expressing
wild-type c-Kit (c-Kit/WT) was constructed in an identical
manner. All recombinant adenoviruses were plaque-purified
and viral stocks were grown and titered on 293 cells. For
DMVEC infection, monolayers were incubated with ¢-Kit/
WT or c-Kit/DN at a multiplicity of infection (MOI) of 1:10
to 1:100 and Ad/trans at an MOI 1:10 for four hours at 37°
C. Optimal MOI doses were previously determined. Virus
stocks were diluted in medium containing 2% human serum
and polybrene (4 ug/ml). As a control for infection efficiency
and non-specific effect of adenovirus infection, duplicate
monolayers were infected with an adenovirus vector
expressing green fluorescent protein (Ad/GFP). Infection
with Ad/GFP and Ad/trans at MOI of 1:100 and 1:10
respectively allowed infection of >80% of cells in culture
with minimal cytopathic effect.

[0157]

[0158] To promote a transformed phenotype, KSHV-in-
fected DMVEC were cultured post-confluency in 35 mm
Primaria culture dishes. Under these conditions, cells
assumed a pronounced spindle morphology, exhibited a
disorganized growth pattern and developed multilayered
foci within the monolayer. Uninfected DMVEC cultured
under similar conditions displayed growth inhibition and
maintained a cobblestone phenotype with organized cell
borders. Post-confluent cells were infected with adenovirus
constructs as described above or exposed to STI 571 at
increasing doses (0.01, 0.1, 1 and 10 uM). STI 571 was
replenished every 48 to 36 hours using dilutions freshly
prepared from a frozen stock. Cells were examined daily for
evidence of phenotypic change using a phase-contrast
microscope and results recorded photographically.

[0159]

[0160] The 2-phenylaminopyrimidine derivative STI 571
was developed and generously provided by Dr. Elisabeth
Buchdunger (Novartis, Basel, Switzerland). Stock solutions
of STI 571 were prepared at 10 mmol/L by dissolving 5 mg
STI 571 in 1 ml PBS, and used fresh or stored at —20° C.
Working solutions were diluted in Endothelial-SFM imme-
diately prior to use.

[0161] PDTC (pyrrolidinedithiocarbamate), trans-retinoic
acid, and SB203580 were purchase from Sigma Chemical
Co. (St. Louis, Mo.). Calcitonin gene-related peptide
(CGRP) and CGRP-8-37 peptide were purchased from
Bachem. InCELLect AKAP St-Ht3l and St-Ht3l-control
peptide were purchased from Promega Corporation (Madi-
son, Wis.). Haloperidol and phorbol-112-myristate-13-ac-
etate (PMA) were purchased from Calbiochem (San Diego,
Calif\). T22 was purchased American Peptides International,
Inc. (Sunnyvale, Calif.). Ganciclovir, BQ788 was purchased
from Peggges International, Inc. (Louisville, Ky.).
15-deoxy  prostaglandin J2 was purchased from Cayman
Chemicals (Ann Arbor, Mich.).

Transformation Assays

Reagents
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[0162] RT PCR

[0163] KSHYV genes ORF 64 and K12 (kaposin) were used
as reverse transcriptase PCR (RT-PCR) templates as
described previously“®. ORF 65 sequences were amplified
with  primers 5-GGCGTTAATTAAGCTAGCATGTC-
CAACTTTAAGGTGAGA (SEQ ID NO: 5) and 5-AAAC-
CTATTTCTTTTTGCCAGAGG (SEQ ID NO: 6). Cellular
genes (HPRT, GAPDH, or -actin) were amplified from each
sample as a control for cDNA synthesis. PCR products were
visualized following electrophoresis on agarose-ethidium
bromide gels.

[0164] Global RNA Changes in Cells Infected with KSHV

[0165] We have previously described an in vitro model
based on KSHV infection of dermal microvascular endot-
helial cells (DMVEC) where the majority of virus-chal-
lenged cells harbor latent virus and up to 40% of cells can
be chemically induced to undergo lytic replication™®. Due
to the high percentage of cells harboring latent virus and the
high efficiency of induction of lytic replication in this
system, it was possible to directly isolate RNA from tissue
culture cells without further enrichment of infected cells.
RNA samples from three infected and two uninfected
DMVEC lines were prepared from non-induced cells and
cells induced with PMA for 6 and 48 hours. RNA of
non-infected cells and infected cells was converted into cy-3
fluorescently labeled cDNA, respectively and hybridized to
a DNA chips displaying a total of 4428 PCR fragments.
Each chip contained two sets of the PCR fragments and
hybridizations were performed in duplicate so that both
intra- as well as interchip variation was controlled for. A
comparison of two independent hybridizations is shown in
FIG. 1c. Variations between chip to chip signals were less
than 1.8 fold for 99.9% of the signals. Therefore ratios
greater than 1.8 were considered significant. All hybridiza-
tion signals obtained with the same clone were used to
calculate the arithmetic mean. individual clones were found
to be induced more than 1.8 fold in at least 2 out of three
experiments per time point, whereas other clones were
repressed more than 1.8 fold (ratio<0.55) for at least one of
the three time points analyzed. Ratios for all clones are
shown in Table 2, If several clones represented the same
gene, results for all individual clones are shown. Variations
in signal ratios observed in these cases are caused by the fact
that hybridization signals can differ for different segments of
the same gene.

[0166]

[0167] Among the induced genes in KSHV-infected cells
were several members of the extracellular matrix metallo-
proteinases (MMP) family (table 2). MMPs degrade com-
ponents of the extracellular matrix (ECM). Various types of
MMPs were up regulated as well as ECM degrading pro-
teases. The present invention also, therefore, includes meth-
ods and compositions for the modulation of endothelial cell
transformation, invasiveness of transformed endothelial
cells, and neo-vascularization.

[0168] The data further shows that KSHV modulates the
gene expression pattern of factors regulating the prolifera-
tion of endothelial cells. Induction of pro-angiogenic factors
by KSHV could impose a growth advantage over uninfected
cells, which might explain the observation that the percent-
age of KSHV-infected endothelial cells increases during

Genes Involved in Angiogenesis
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progression of KS®®. The present invention is, therefore,
also drawn to methods and compositions for the modulation
of endothelial cell proliferation, including increasing or
decreasing endothelial cell proliferation.

[0169]

[0170] Another group of genes strongly induced in KSHV-
infected cells is known to be induced by interferon (Table 2).

[0171]

[0172] Several pro-inflammatory cytokines and several
pro-inflammatory genes were upregulated by KSHV (Table
2). The strong induction of these pro-inflammatory and
chemoattractant cytokines during the lytic phase of infection
compared to the latent phase, suggests that KSHV-infected
cells play a major role in the attraction of monocytes and
leukocytes to KS tumors.

[0173]

[0174] KSHV modulated the expression pattern of several
known differentiation markers as well as genes with known
functions in cell differentiation (Table 2). Most prominently
c-kit was increased above its normal expression level in
endothelial cells. The KSHV-regulated differentiation mark-
ers are representative of different mesenchymal lineage
originating from bone marrow stromal cells. Adipocytes,
osteoblasts and chondrocytes are derived from multipotent
mesenchymal stem cells®* whereas ECs and hematopoictic
cells differentiate from a common progenitor, the heman-
gioblast™®. Expression of differentiation markers corre-
sponding to these various lineages indicates that KSHV
induces dedifferentiation of infected endothelial cells.

[0175] Expression of c-Kit in DMVEC is Up-Regulated
by KSHYV Infection

[0176] One of the most consistently upregulated genes in
the DNA microarray analysis of KSHV-infected DMVEC
was the c-Kit gene (Table 2). In agreement with microarray
results, enhanced expression of ¢-Kit mRNA and surface
protein on KSHV-infected DMVEC was shown by RT-PCR
(FIG. 1A), and immunofluorescent staining (FIG. 1B),
respectively. Earlier studies have shown that endothelial
cells from umbilical vein and aorta co-express c-Kit and the
SCF ligand0%: 161, 102, 103) T determine whether DMVEC
expressed SCF in addition to ¢-Kit, we performed RT-PCR
analysis for SCF mRNA. Although SCF mRNA was readily
detected in both KSHV-infected and uninfected DMVEC,
indicating co-expression of receptor and ligand in these
cells, no virus-induced change in SCF expression levels was
noted (FIG. 2A). Due to alternative RNA splicing, the SCF
protein exists in both membrane-bound and soluble
forms™®?. The smaller PCR product depicted in FIG. 2A
reflects the membrane bound form of the protein, suggesting
that the ratio of membrane-bound to soluble SCF in
DMVEC is also unaffected by KSHV infection. RT-PCR
using isoform-specific primers to directly distinguish
between membrane-bound and soluble SCF transcripts™*%>
confirmed this conclusion. Consistent with RT-PCR results,
analysis of DMVEC culture supernatants using a SCF-
specific ELISA to measure secretion of SCF showed no
significant changes in protein levels associated with KSHV
infection (FIG. 2B). Thus, if KSHV infection alters c-Kit/
SCF regulated signaling pathways, the contribution of virus
infection is presumably at the level of ¢-Kit expression.

Interferon-Induced Genes

Inflammation

Differentiation Markers
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[0177] c-Kit Expression in KSHV-Infected DMVEC Pro-
motes Proliferation in Response to Exogenous SCF

[0178] To examine whether KSHV-induced up-regulation
of ¢-Kit had functional consequences, we tested whether the
mitogenic response of DMVEC to exogenous SCF was
enhanced following KSHV infection. Mock- and KSHV-
infected DMVEC were cultured in growth factor depleted
medium in the absence and presence of recombinant SCF
and proliferation was measured using an XTT-based dye
reduction assay™?. Both mock- and KSHV-infected
DMVEC exhibited a dose-dependent proliferation in
response to exogenous SCF that was maximal at 50 to 100
ng/ml. However, infected DMVEC were significantly more
responsive to exogenous ligand than mock-infected
DMVEC (FIG. 3A). In mock-infected cultures, the increase
over basal proliferation in the absence of recombinant SCF
was never more than 40%, while proliferation of KSHV-
infected DMVEC was increased by as much as 85%. During
KS disease, an enhanced capacity of KSHV-infected endot-
helial cells to respond to SCF produced by adjacent endot-
helial cells, or by macrophages and mast cells infiltrating the
KS lesion, would promote more rapid growth of virus
infected cells.

[0179] The c-Kit Tyrosine Kinase Inhibitor STI 571 Inhib-
its the Proliferation of KSHV-Infected DMVEC

[0180] To confirm a role for ¢-Kit/SCF in the enhanced
growth response of KSHV-infected DMVEC, proliferation
of infected DMVEC in response to exogenous SCF was
measured in the presence of increasing concentrations of a
2-phenylaminopyrimidine derivative, STI 571 (formally
known as CGP 57148B)"%% °7 an inhibitor of c-Kit tyrosine
kinase activity®®. As illustrated in FIG. 3B, the prolifera-
tive response of KSH V-infected DMVEC to exogenous SCF
was completely inhibited by a 1 uM dose of STI 571. Testing
of DMVEC viability by trypan blue exclusion showed that
growth inhibition was not due to non-specific cytotoxicity of
STI 571. In addition, STI 571 had no effect on the capacity
of the human Jurkat T cell line to proliferate in response to
exogenous IL-2. The capacity of STI 571 to inhibit KSHV-
infected DMVEC proliferation confirms a role for c-Kit
signaling in the growth response of KSH V-infected cells and
further suggests a novel strategy for KS therapy.

[0181] Expression of C-Kit in DMVEC is Sufficient for
Induction of Morphological Transformation

[0182] While induction of growth signaling loops is the
most widely described consequence of abnormal ¢-Kit/SCF
activity in tumor cell lines, enhanced c-Kit expression has
also been directly associated with changes in cell morphol-
ogy and acquisition of a transformed phenotype. For
example, ectopic expression of c-Kit in murine fibroblasts
induces morphologic alteration, growth in soft agar and
tumorigenicity in nude mice™®” %% %) We previously
demonstrated that KSHV-infected DMVEC develop a
spindle morphology and characteristics of transformation
including disorganized growth, focus formation and anchor-
age-independent growth in semi-solid agar®®. To determine
whether c-Kit up-regulation was sufficient to induce the
morphologic changes caused by KSHYV infection, c-Kit was
over-expressed in normal DMVEC in the absence of any
KSHV genes. The c-Kit over-expression was achieved by
infecting DMVEC with an adenovirus vector expressing
wild type c-Kit protein (Ad/c-KitWT) along with an aden-
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ovirus expressing a transactivator (Ad/trans) necessary for
induction of ¢-Kit gene expression. To control for infection
efficiency and non-specific effects of adenovirus infection,
parallel DMVEC cultures were infected with an adenovirus
expressing green fluorescent protein (Ad/GFP) and Ad/trans.
GFP, as visualized by fluorescence microscopy, was
expressed at high levels in the majority (>80%) of DMVEC.
Immunofluorescent staining of DMVEC infected with Ad/c-
KitWT at a comparable multiplicity of infection (MOI)
showed strong surface expression of the c-Kit protein on
approximately 50% of cells. As illustrated in FIG. 4A, c-Kit
over-expression had a dose-dependent effect on DMVEC
morphology that was identical to that observed following
KSHV infection. Ad/c-KitWT-infected cells became
spindle-shaped and disorganized, with overgrowth of the
monolayer and a loss of discrete cell borders. Spindle
formation was restricted to those cells that expressed high
levels of c-Kit protein on the cell surface (FIG. 4B).
Morphological changes were first noted at day 5 post-
infection (PI), and were prominent by day 10 PI. The
changes were specific to adenovirus-infected cultures over-
expressing c-Kit, since DMVEC infected with Ad/GFP were
maintained for up to three weeks without phenotypic alter-
ation. Addition of exogenous SCF to Ad/GFP or Ad/c-
KitWT-infected DMVEC did not induce or accentuate mor-
phologic change, and adenovirus infection did not alter SCF
production by DMVEC. These results show that the endog-
enous SCF produced by DMVEC is sufficient to activate the
pathways leading to morphologic transformation. Impor-
tantly, these studies demonstrate that increased expression of
¢-Kit in DMVEC is sufficient to induce morphologic
changes comparable to those observed following KSHV
infection of DMVEC.

[0183] Inhibition of C-Kit Activity Reverses KSHV-In-
duced Transformation

[0184] To directly test whether KSHV-induction of ¢-Kit
is necessary for virus-induced transformation, the conse-
quence of inhibiting ¢c-Kit signaling in KSHV-transformed
DMVEC was evaluated. As illustrated in FIG. 5A, KSHV-
transformed DMVEC exhibit disorganized growth, loss of
contact inhibition and focus formation in monolayer culture.
However, following treatment of DMVEC with STI 571 to
inhibit endogenous c-Kit tyrosine kinase activity, focus
formation was inhibited and an organized monolayer with
distinct cell margins was re-established. The effect of STI
571 was dose-dependent and complete at a drug concentra-
tion of 1 uM. The loss of transformed growth characteristics
was not due to drug-induced cytotoxicity since removal of
STI 571 led to regeneration of the transformed phenotype,
even after exposure of cells to a 10 uM dose. Uninfected
DMVEC exhibited normal growth with an organized
cobblestone phenotype when maintained at confluency, and
exposure to STI 571 had no effect on cell morphology or
viability.

[0185] Because STI 571 is also active against the Abl and
platelet(—ltoiﬁegrsi)ved growth factor (PDGF) freceptor tyrosine
kinases ~ , the inhibitory activity in DMVEC could imply
a role for one or other of these receptors in KSHV-induced
transformation. DNA microarray analysis of DMVEC did
not reveal any KSHV-induced up-regulation of Abl, PDGF
or PDGF-receptor genes suggesting that c-Kit was the
primary drug target. However, to confirm a central role for
¢-Kit in KSHV-induced DMVEC transformation, we
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designed a complementary approach to specifically inhibit
c-Kit signaling in KSHV-transformed DMVEC. In this
approach, a dominant negative c-Kit protein lacking the
cytoplasmic ATP-binding and phosphotransferase domains
necessary for c-Kit signaling (Ad/c-KitDN) was expressed
in KSHV-infected cells using the adenovirus delivery sys-
tem outlined above. In control cultures infected with
Ad/GFP alone, no change in the transformed phenotype was
observed. In contrast, expression of the dominant negative
c-Kit protein in KSHV-transformed DMVEC resulted in a
dramatic loss of transformed foci with cells flattening out
and becoming organized in a manner identical to that
observed following STI 571 treatment (FIG. 5B). The
ability to reverse KSHV-induced morphological transforma-
tion through specific inhibition of c-Kit activity demon-
strates a critical role for c-Kit signaling in KSHV-induced
transformation of endothelial cells and supports a role for
up-regulation of c-Kit as a factor in KS tumorigenesis.

[0186] Function of Host Gene Products Induced During
Lytic Replication

[0187] The induction or repression of cellular pathways by
viral infection is either a cellular defense mechanism, a
directed modulation of host gene expression by some of the
viral gene products, or a neutral bystander effect. One way
to distinguish between these possibilities is by examining
whether or not the inhibition or activation of a given cellular
pathway affects viral replication.

[0188] Host genes specifically induced during Iytic repli-
cation were identified by comparing hybridization intensi-
ties between KSHV-infected cells (I7) induced for 6 hours or
48 hours with corresponding non-induced KSH V-infected
cells together with untreated and PMA-treated non-infected
cells. Genes showing hybridization signals at least two-fold
above the maximum hybridization signal obtained in any of
the controls were selected for further analysis. The 23 genes
that fulfilled these criteria are shown in Table 1. Genes
up-regulated 6 and 48 hours after PMA induction of KSHV-
infected cells targeted by various compounds. Direct target
is the gene targeted by the compound, indirect target is the
gene up-regulated on the chip if different from the gene
targeted.

[0189] To evaluate the significance of these genes for viral
replication, we selected compounds known to modulate
either the induction of specific host genes or the function of
the gene product. For most genes it was possible to identify
specific antagonists. Several genes induced at 6 hours post-
induction are known to be induced by pro-inflammatory
stimuli. Well-known examples are A20, IL-8, ICAM-1 and
cox-2. However, other genes in this group, such as jagged1,
MMP-10 or angiopoietin-2 have also been shown to be
induced by inflammatory signals. Since activation of NFkB
is essential for this transcriptional response, we analyzed
whether 1-pyrrolidinecarbodithioic acid (PDTC), an inhibi-
tor of NFkB activation‘®Y, would modulate the expression
of KSHV genes during lytic replication. Among other genes
induced at 6 hours was the purine nucleoside phosphorylase
(PNP) that reversibly catalyzes the phosphorolysis of purine
nucleoside to their respective purine bases and the corre-
sponding pentose-1-phosphate. PNP activity can be inhib-
ited by 8-aminoguanosine®®. Four G-protein coupled
receptors, the calcitonin gene-related peptide receptor
(CGRP-1), a human homolog of rat RDC 1, the endothelin

Oct. 9, 2003

B receptor, and the chemokine receptor (and HIV-corecep-
tor) CXCR4, were also specifically induced during the Iytic
cycle. Both RDC1 and CGRP-1 can be inhibited with a
truncated version of its ligand, the calcitonin gene-related
peptide” . Endothelin binding to the endothelin B receptor
can be blocked by the antagonist peptide BQ 788V, Like-
wise, stromal cell derived factor-i binding to CXCR4, as
well as HIV fusion, can be inhibited by peptide T22.
PDGF-mediated induction of MCP-1 can be inhibited with
trans-retinoic acid®®. Several genes involved in signal
transduction were induced during lytic infection. Hsp27 is
part of the stress pathway activated by p38MAPK, and the
MAPK-mediated phosphorylation of Hsp27 can be inhibited
by SB203580. Gravin belongs to a family of anchoring
proteins responsible for subcellular localization of protein
kinase A®®®. The interaction between Gravin and PKA can
be inhibited with the AKAP-fragment peptide Ht31 both in
vitro and in cells®®* ®*. Type I sigma receptor activation
augments signaling from the N-methyl-D-aspartate
(NMDA) receptor®®, and its activity can be modulated by
the calcitonin gene-related peptide (CGRP) and neuropep-
tide Y (NPY) receptors'®”. The type 1 sigma receptor is
antagonized by the anti-psychotic drug haloperidol.

[0190] Cells were treated with inhibitory compounds or
peptides for one hour and lytic replication was induced by
PMA treatment for 48 hours. Ganciclovir was used as
control compound for inhibition of KSHV-replication and
late gene expression®. After 48 hours, cells were harvested
and expression of the latent gene K12 as well as the late gene
ORF 65 was analyzed by RT-PCR. For control, expression
of cellular genes a-actin or HPRT was monitored. As
expected Ganciclovir did not interfere with latent gene
expression but inhibited ORF 65 transcription (FIG. 7). In
contrast, most other inhibitors did not interfere with either
KSHYV latent or late gene expression. However, both Ht31
and Haloperidol inhibited late gene expression, but not
latent gene expression. Since both inhibitors potentially
interfere with PKC signaling, we examined whether Ht31 or
Haloperidol would inhibit the PMA-mediated induction of
immediate early genes. However, neither compound pre-
vented induction of the immediate early gene K3. In addi-
tion, the peptide Ht-31 inhibits the association between A
kinase anchoring proteins (AKAPs) and PKA (21, 64). 25
4M Ht-31 inhibited ORF65 expression without affecting the
level of K12 RNA (FIG. 7B, lane 6). Therefore we conclude
that the signal transduction pathways regulated by the type
I sigma receptor and AKAPs are required for lytic progres-
sion of KSHV.

[0191] The PKA-AKAP interaction and the type I Sigma
receptor are required for ORF 65 expression. The AKAP
Gravin (AKAP250) was initially identified as an autoantigen
in patients suffering from myasthenia gravis®®. Gravin may
be involved in signaling from beta-2 adrenergic recep-
tors(®”, and may mediate cross-talk between the PKA and
PKC pathways*”. To corroborate that Gravin was up-
regulated in infected cells, an RT-PCR was performed (FIG.
7A). The PCR analysis confirmed that Gravin was overex-
pressed in infected cells, the highest level of expression
being observed at 6 and 48 hours post-induction (FIG. 7A).

[0192] There is no specific inhibitor of Gravin identified,
however the Ht-31 peptide derived from the PKA R-II
binding domain of the human thyroid AKAP inhibits the
AKAP/PKA interactions in vivo and in vitro®: 9. A
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stearated version of this peptide is membrane permeable and
can block the AKAP/PKA interaction in tissue culture. A
requirement for PKA signaling can be inferred from the
up-regulation of Gravin, and to further investigate the
requirement for the AKAP/PKA interaction for KSHYV late
gene expression, infected and uninfected cells were treated
with stearated Ht-31 at two concentrations (FIG. 7B). At
both the 25 uM and 5 uM concentrations, Ht-31 efficiently
repressed ORF 65 expression to levels below those seen in
un-induced cells (FIG. 4B, compare lanes 2-3 with 1). A
stearated control peptide that is unable to interact with PKA,
Ht-31P, had no effect on late gene expression (FIG. 7B,
lanes 4-5). These results were reproducibly obtained using
different strains of infected cells. These data demonstrate
that PKA signaling is required for expression of the ORF 65
gene. It is not possible to conclude whether the inhibitory
effect of Ht-31 occurs through Gravin or any other AKAP,
since Ht-31 inhibits a wide range of AKAP/PKA interac-
tions.

[0193] The type I Sigma receptor is expressed in a wide
variety of cell types®?, and may be involved in regulation
of intracellular calcium concentrations. To corroborate that
the type I Sigma receptor was up-regulated in infected cells,
an RT-PCR assay was performed (FIG. 7C). The RT-PCR
analysis confirmed that the Sigma receptor is expressed at
low levels in latently infected cells, and significantly
induced during lytic replication (FIG. 7C). However, the
RT-PCR analysis suggests that the type I Sigma receptor is
significantly induced already 6 hours post-induction (FIG.
4C, lane 2), in contrast to the data obtained from the chip.
This may reflect a certain variation between experimental
conditions, or a variation between different strains of
infected cells. However, the data confirms that the Sigma
receptor is significantly up-regulated during the lytic phase.

[0194] The type I Sigma receptor is antagonized by the
antipsychotic drug Haloperidol®®, To investigate the
requirement of Sigma receptor function for late gene expres-
sion, cells were treated with 5 uM Haloperidol for 1 hour
prior to PMA addition. RT-PCR analysis demonstrated that
whereas Haloperidol did not affect expression of the latent
K12 gene, ORF 65 expression was significantly reduced
(FIG. 7D, lane 5). The inhibition of late gene expression was
more complete with Haloperidol than with Ganciclovir
(FIG. 7D, lanes 5-6). In contrast, the purine nucleotide
phosphorylase inhibitor 8-aminoguanosine (8-AMG) had no
effect on viral gene expression (FIG. 7D, lane 4). These data
were reproduced using different strains of infected cells thus
confirming that the type T Sigma receptor is required for
ORF 65 expression. Our results demonstrate that DNA
microarray analysis can be used to identify cellular factors
required for late gene expression, and thus represents a new
tool for antiviral research.

EXAMPLE 2

[0195] Antisense Therapy Utilizing a c-kit Antisense Oli-
gomer Inhibits c-kit Protein Expression and Prevents Devel-
opment of the Transformed Phenotype in KSHV-Infected
DMVEC.

[0196] To investigate the ability of antisense therapy to
ameliorate the phenotypic changes associated with KSHV-
induced c-kit expression in DMVEC, we designed a phos-
phorodiamidate antisense (PMO-AS) oligomer targeting the
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start codon of c-kit to block protein translation. PMO-AS
oligomers are thought to inhibit translation by steric hin-
drance and have the advantage of not activating RNAse H.
To facilitate endocytic uptake of the oligomer and delivery
to the cytosol, ethoxylated polyethylenimine (EPEI) that
forms an anionic complex with the PMO-AS was used as a
delivery reagent. A FITC moiety was incorporated into the
oligomer to allow monitoring of loading efficiency by fluo-
rescence microscopy.

[0197] An initial titration experiment on KSHV-infected
DMVEC was performed with a range of different oligomer/
EPEI volumes. Loading 1.25 nMol oligomer with 2.5 ul
EPEI reagent per 35 mm dish allowed efficient antisense
uptake without non-specific EPEl-induced toxicity. To
verify that the c-kit oligomer was effective in down-regu-
lating ¢-Kit, KSHV-infected DMVEC were loaded with the
anti-c-kit oligomer-EPEI complex and incubated for 3 hours
at 37° C. in serum-free medium to allow for oligomer
uptake. As controls, DMVEC cultures were treated with
EPEI reagent and sterile water or sterile water alone, or were
loaded with an oligomer/EPEI complex containing an irrel-
evant FITC-tagged oligomer. Upon removal of the oligo-
mer-EPEI solution, cell monolayers were rinsed in serum-
free medium, fed with complete medium and examined
daily to evaluate oligomer uptake and stability. A strong
cytoplasmic fluorescence was observed by day 1 post load-
ing and was well maintained for up to 10 days. On day 4 post
loading, cells were fixed and stained with a monoclonal
antibody against c-kit and a goat-anti-mouse-Alexa conju-
gate to evaluate c-kit expression levels. While c-kit expres-
sion was strong in cells treated with control oligomer or
delivery reagents only, cultures treated with the c-kit oligo-
mer demonstrated significantly decreased c-kit levels.
Importantly, occasional individual cells that had not taken up
the c-kit oligomer (FITC-negative) still exhibited strong
c-kit expression and could be observed adjacent to oligomer-
loaded cells (FITC-positive) that consistently displayed neg-
ligible c-kit expression. A representative example of this
observation is shown in FIG. 8A and strongly suggests that
antisense activity is directly responsible for the observed
reduction in c-kit expression.

[0198] We next ascertained whether antisense therapy was
effective in preventing the KSHV-induced transformation in
which c-kit overexpression was shown to play a crucial role.
For these experiments, KSHV-infected DMVEC were
grown to confluence in 35 mm dishes, loaded with antisense
as described above, and maintained in a post-confluent state
to allow focus formation. This approach was favored over
loading of cells that had already formed foci since trial
experiments revealed that cells with pre-formed foci were
abnormally sensitive to EPEI toxicity. As expected from our
previous experiments, post-confluent KSHV-infected
DMVEC exhibited loss of contact inhibition and formed
disorganized multi-layered foci that were extremely evident
by day 6 post-loading (FIG. 8B). In contrast however, cells
loaded with 1.25 nMol of the anti-c-kit oligomer and 2.5 ul
EPEI did not develop foci but maintained a quiescent
contact-inhibited monolayer (FIG. 8C). Cells cultured with
2.5 ul EPEI alone showed similar focus formation to
untreated cells (FIG. 8D). Mock-infected KSHV monolay-
ers became quiescent at confluence and did not form foci
regardless of antisense treatment, but no treatment-related
toxicity was observed. Our previous experiments have dem-
onstrated a direct role for c-kit overexpression in DMVEC
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transformation. The inability of cultures treated with a c-kit
antisense oligomer to develop a transformed phenotype TABLE 1-continued

strongly suggests an effective role for antisense in inhibiting

c-kit function. Direct Target Indirect Target Inhibitor

NF-kB Alpha-1 Integrin PDTC
TABLE 1 RAR PDGF-B Trans-retinoic acid

P38 MAPK Hsp27 $B203580

Direct Target Indirect Target Inhibitor CGR_P'l CGRP[$-37]
Gravin/AKAPs Ht-31

NF-kB Jagged1 PDTC Type I Sigma receptor Haloperidol

NF-kB Heparin-binding EGF-like PDTC Purine nucleoside 8-aminoguanosine

NF-kB Cyclooxygenase-2 PDTC phosphorylase

NF-kB A20 PDTC RDC1 CGRP[8-37]

NF-kB MMP-10 PDTC CXCR-4 t22

NF-kB ADAMTS-1 PDTC Endothelin B receptor BQ 788

NF-kB IL-§ PDTC

NF-kB ICAM-1 PDTC

NF-kB Angiopoietin-2 PDTC

[0199]
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TABLE 2

CELLULAR TRANSCRIPTS CHANGING MORE THAN 1.8 FOLD IN
TWO OUT OF THREE INFECTED CULTURES AT ONE OF EACH TIME POINTS

GenelD

Name

N39161
N57594
H79047

N49629
AAQ34213
N20798
AA434102
R49999
AA456878
AA448157

N31467
HB4153

AA453774
N53172
H69048
T70413
N34827
N54338
AA001614

AA410567

X54925
W95682
AA423867
AA457158
AA070226

R96668
AA453909
AAQBSS1T

AA236617
AA436591

AA443659
AA464644
AA482198

Thrombospondin / collagen I receptor CD36
Hypothetical protein DKFZp761J17121
Insulin-like growth factor binding protein-2

Diubiquitin encoded in MHC

homolog to putative transmembrane protein E3-16
c-kit

galectin-9

solute carrier family 19 (folate transporter) 1
B-myb

dioxin-inducible cytochrome P430 (CYP1B1)

Coxsackie virus and adenovirus receptor
cyclin D2

regulator of G-protein signalling 16
orphan G protein-coupled receptor (RDC1)
ESTs

ESTs

beta-glucuronidase

B7 homolog 3

insulin receptor

mRNA expressed in osteoblast AB000115

Matrix metalloproteinase 1

myosin-I, Myr l¢ (alternatively spliced) - ra
Prepromultimerin

Inhibitor of DNA binding 1 (1dl})

selenoprotein P, plasma, 1

small inducible cytokine subfamily A (Cys-Cys)
15

Hyaluronoglucosaminidase 2

peroxisome proliferative activated receptor Y

Rac/Cdc42 guanine exchange factor (GEF) 6
highly similar to proto-oncogene c-mer

zinc finger protein 143 (clone pHZ-1)
LIM domain only 2 (rhombotin-like 1)
mannose phosphate isomerase

283

3.97° ~1.90-2.62
192341 6.06
1.82 255 4.75
315 307 218
189 406 6.19
212 309 571
~494 1075

274
4.21
3.61 148 1.68
3.69 422 ~1.38
~2.72 ~1.88 224
327 ~1.62

-1.19 -1.22
~2.31 ~1.08 ~1.08 ~1.15

543 -133 145 1.02
~1.20 ~1.41 ~1.30 ~1.09

169 3.03
31,~1.57

~2.55 ~247 421
17.93 3221

. . 3.06
307 444 il 141
176 328 152 159
~140° 27 569 7.77
. 187 307

1.66
3.8

1.94 eNE
2.32

2.00 &

754. 8 146 8.07

<296 1.19
~1.85 285
858 475
368 5.73
33 33

6.21
23
11.04
34
~2.41

115 |
2.57
15.48
7.36
5.16

-6.6
-3.06 B
-1.99

NA
-1.09

-1.4 ~4.23
1.17 3.31
161 21

-3.03 IR
1.74
-1.05 |

152 1:86
399 5.53

107
182
1.36

9.15
2.68
3.25

1.04 ~2.08 <392~1.09 ~1.90 ~3.67 106
~1.51:52.47 ~2.82~1,11 ~2,38 ~2.85 ~1.52 Rl

104 187 353 119 287 56 11¢
-1.09° 348 _7.62 -1.15 6.03 1377 15
~1.33-~1,95 <2.55 ~1.03 ~2.25 ~2.81 ~1.00 EE R
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GenelD Name i70 80 90 i76 86 196 i748i
AA487787 von Willebrand factor -1.24 419 871 122 442 849 -165
AA490477 myosin heavy chain-B 172 382 604 177 347 4 127

H20758 fasciculation and elongation protein zeta 1(zyginI) 143 369 331 1.12 ~2.89 ~2.89 -1.07 EE
H65042 ESTs ~1.06 233 3.68 1.12 259 3.48 ~1.12
RO1796 androgen induced protein ~1.33 22,59 ~3.06 ~1.10 ~2,69 ~3.50 ~1.35 L&
R06370 ESTs ~1.10.’2Jé6 3.16 1.06 3.03 3.85 ~1.17

R66101 Neuritin -101 484 742 -1.21 677 1592 1.05 g
R69677  ESTs <121 444 1333 106 ~3.00 ~5.69 ~1.13 EER
R91083 DKFZP586P2219 protein ~136 275 35 ~1.07 295 418 ~1.07

T59334 cysteine and glycine-rich protein 2 140 ~,-2¥,26 1.03 ~2.60 ~3.05 1.08

T67558 androgen induced protein 1.54 328 1.34 352 435 158

W02617  ESTs 176 463 1146 15 515 69 137

AA026831 a type III receptor tyrosine kinase NA 353 395 -1.05 499 73 NA
AA464342  alpha-1 type XV collagen 297 ~1:Q_3~~2.13 3.63 ~2.55 ~1.73 348 ~1.09 1.05
N91307 Gravin NA %.07 254229 161 293 243 -1.55 -1.29
W87611  nuclear factor I/B 214 2,02 2,68 -3.54 201 299 317 142 LI3
AA464525 imerleukin 1 receptor, type I ~1.09:~3.59 741 ~1.05 ~1.87 ~4.60 2.03 ~1.08 ~1.67
AA447528 ubiguitination factor E4A 1.09 ~2.04 ~329 ~1.08 ~2.00 ~2.25 ~1.07 ~1.86 ~1.62
AA488504 phosphoglucomutase 1 -129 497 311 -113 361 464 -1.79 ~1.93 ~1.80
H73714 replication factor C (activator 1) 1 (145kD) -1.32 2;36?‘ 213 -133 209 249 -133 171 1.88
H80158 ESTs ~1.35'~2.71 859 112 ~4.57 614 101 ~1.20 ~2.07
W69471 ski oncogene ~125 293 .535.~1.00 3.04 513 ~1.21 1.67 2.06
AA411757 CEA-related CAM 1 (biliary glycoprotein) 1.68 2.4 32422 139 263 -1.17 ~1.24 ~133
AA046411 amyloid beta precursor protein binding protein2 ~ 1.02 65 338 ~1.21 ~3.13 ~335 1.03 155 124
AA129552 forkhead box M1 -1.13. 3% ! -1.32 223 ~193 1.29 1.24 -1.02
AA234897 MADS box transcription enhancer factor 2C -1.01 2:53; ~ .".—1.17 215 266 149 135 1.59
AA279147 colony stimulating factor 2 receptor, beta 1.02 ~3.'15 ~200 1.07 ~247 ~2.41 ~1.20 ~1.48 ~1,33
AA452909 ESTs 1.03 1.82 322 1 232 311 -147 128 175
AA455786  hRIf beta subunit (p102 protein} 241 259 -131 119 1.23
AA458994 polymyositis/scleroderma autoantigen 1 (75kD) ~2.00 ~225 1.19 142 ~1.25
H59203  CDC6 homolog EXS 328 <272 ~121 125 -1.33
R16604 ESTs -1.27 264 356 103 192 188 1.65 -1.22 |
R63109  ESTs ~1.09. 46 752 ~1.13 249 286 106 ~131 ~1.66
R63982  ESTs ~00 27 322 106 ~219 337 ~L12 1.59 157
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GenelD Name 70 80 DO (76 86 961 MBHLH
W00895 homolog to RADS1 (S.cerevisiae), RecA (Ecoli) -127 341- 297 114 ~2.12-231~115 -1.01 LI
W33012  transcription factor Dp-1 128 181 195 1.03 188 103 -L17 1
T49159 serine (or cysteine) proteinase inhibitor 2, clade B ~1.091~2.12 2.7 ~1.30524
M24594  Interferon-inducible 56 Kd protein 25 212 A6 ~176 -147 -190
M59465 A20 tumor necrosis factor alpha inducible protein 1.92 1.84 ~147 549 115 -1.12

Similar BAZF (Bcl6-associated zine finger :
N78611 protein) 278 159 189 534 -1.04 1078
R21172 cAMP response element-binding CRE-BPa ~192 107 ~1.93 ~1.33 ~145 ~3.2
AAL60507 keratin 5 ~106-213 228 1.03 205 169 ~1.13}
AA487623  gap junction protein, alpha 1, 43kD (comnexin43) -1.38 217 2.1 137 129 199 L59
R28344  ESTs 126 ~1.88 ~2.21 17 ~1.58 ~1.79 L48
AA425102 monocyte chemotactic protein 1 175 . 649..849 329 13
AA418670 jun D proto-oncogene ~1.08 4.26_‘ 7.26. 105 129
AA410265 Lysosomal-associated multi-spanning protein-5 186 1.55 263 192 -1.16 1.22 248 -1.28 113
R77517 cyclin-dependent kinase inhibitor 2D H~1_~?i/8:5 ~1.17° 234 102 ~1.39 ~1.81 ~1.95 173 171
N55339 ESTs -343 237 277 2337 148 273 338 135 155
R23302 KIAA1223 protein -1.93 2;58‘5-?1.94 -143 ~1.33 ~1.67 -2.06 ~1.48 ~1.26
H54629 tumor necrosis factor (ligand) 10 107 3.89-3352 -148 137 -2.09 -1.57 ~2.59 ~1.56
AA164439  pericentriolar material 1 123 36 31. 12 151 -1.54 -L01 ~183 ~1.25
T69540 protein tyrosine phosphatase, receptor type, E -1L19 221. 24 -139 174 244 178 -193 -14
AA456321 insulin-like growth factor 1 (somatomedin C) ~1:81 ~1.13 ~4.13 ~1.37 ~1.75 ~2.83 ~1.15 ~1.17 ~3.08
T82944  ESTs 190 ~1.08~192 ~1.62 ~1.17 ~1.83 ~1.79 ~1.55 ~2.36
AA430504 ubiquitin carrier protein E2-C 142 406. 33 -12 184 134 136 -111 -1.26
AA450265 proliferating cell nuclear antigen 104184 191 -149 196 13 -122 -154 -1.77
AA495846 forkhead box C1 -1.19 3‘.(’)9’ 31 -178 238 1.71 -1.68 143 1.28
N72697  hypothetical protein FLI10604 132 2000436 117 ~1.82 ~1.59 1.36 ~135 ~L.11
R36467 transforming growth factor, beta 1 134 1:91 221 105 195 151 -111 177 16
RG9307  leucine aminopeptidase 129 477202 14 282 L1l 123 161 113
T66936 hypothetical protein DKFZp762E1312 1.59 2.63 ~1.17 ~1.89 ~1.29 ~1.79 116 121
T67104 ESTs 1.61 2,58 135 2.83 ~1.70 1.15 ~1.25 1.69
AA280931 Ikaros/LyF-1 homolog 147 228 2.08 145 ~1.55~2.15 144 ~1.63 ~1.63
AA281030 galactose-4-cpimerase, UDP- 144 24 236 ~1.03 ~1.54 ~1.95 ~1.05 ~1.22 ~1.36
H94617 replication factor C (activator 1) 3 (38kD) 1.21 -184 ~Z‘1’.S4‘ 105 ~1.61 ~2.04 ~1.20 1.17 ~L.14
T64956  KIAAI1268 protein 19 182.-143 125 123 229 146 125 -L73
AA459292 CDC28 protein kinase 1 J1.81 255. 204 -173 121 157 -129 112 1.08
AA160852 serine palmitoyltransferase subunit 2 -15 2.3 2.09« -131 135 1.55 -1.54 134 1.64
AA284072 cyclin-dependent kinase inhibitor 3 157 259 276 111 ~1.64 ~1.53 ~1.36 -1.02 -1.47
AA430744 similar to enhancer of zeste 1.37 .1.95". 1.87 ~1.15 ~1.17 ~1.08 ~1.03 -1.39 -1.26
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GenelD

Name

{70 i80 90 76 86 96 i748i8 4819 4

AA480859
AA608568
H78483

N69491
R70925
R79935

T85698
W31074
AA504348
T70098

R06417
R93124
AA465051

H58644
127624

AA459109
AA480815
H63077
R78725
T47442
R97066

AA436142
R77226
AA464731

AAA4T8T24

R95811
AA278759

AA425238

AA442095
AA453335
AA455538
AA485996

AA490172
AA495936

pleckstrin homology, Sec7 and cytohesin 1
cyclin A2 (CCNA2)
huntingtin interacting protein 2

kinesin-like 2
hypothetical protein FLJ20345
TGF-beta inducible early protein

ESTs

fatty-acid-Coenzyme A ligase, long-chain 3
topoisomerase (DNA) I alpha (170kD)
solute carrier family 1 (neutral amino acid ) 5

junction plakoglobin
aldo-keto reductase family 1, member C1
annexin All

hypothetical protein FLI21776
tissue factor pathway inhibitor 2

KIAAQ0009 gene product
immediate early response 3
Lipocortin

JWA protein

endothelial cell protein C/APC receptor (EPCR)

Transglutaminase

Testican
bone small proteoglycan I (biglycan) PGI

S100 calcium-binding protein All (calgizzarin)

Insulin-like growth factor binding protein 6

ESTs
proteoglycan 1, secretory granule

runi-related transcription factor 1 (aml1)

neural precursor cell expressed
Thioredoxin reductase (GRIM-1)
NAD(P)H: quinone oxireductase
signal transducing adaptor molecule 1

collagen, type I, alpha 2

microsomal glutathione S-transferase 1

-1.44 226 236 -1.07 ~1.32 ~1.38 -1.38 1.02 -1.08
~1.73 ~3:14 ~2.38 ~1.29 ~1.50 ~1.50 ~1.58 ~1.10 ~1.04
-1.22 348 195 -141 174 152 -1.14 1.6 LTS

~— o ~.

~1.39 ~227 ~220 122 ~1.50 ~1.20 ~1.66 1.02 1.24

~-105 244 2 109 141 146 107 ~1.73 ~138

~1.37 ~2.10 ~1.90 ~1.15 ~1.79 ~1.73 1.1l 107 110

136 ~279 ~3.37 ~1.62 ~L.03 ~1.55 ~131 128 123
102 233 194 -103 149 179 -106 104 127
133 345 35 107 NA NA 154 132 104
NA 203 235 143 155 187 NA 101 189

1.56 1.79

165

-1.74 -1.74

2.67 -541 -185 1.66
-1.96 -2.26 -3.82 -1.33 &

192 2.03 341 144
-39 -153 -1.95
-1.81 -1.56 -4.17
271 -15 -3.01
269 -11 221
-1.05 -3.89 4.79

203 -1.8 -8
-3.82 -3.59 -1.79
-1.38 -2.16 -4.05

1.29 -2.15 -5.24
1.56
1.38

~1.06 2.13

~1.14 2.11 -9.96
138 -2.21 -4.17
1.05 -2.52 -6.86
~118 -1.9

1.51 -4.89-11.09 1.74

121 -7.09 -104 129
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GenelD Name 70 80 90 176
H26176 fer-1 (C.elegans)-like 3 (myoferlin) -1.02 -2.18 -4.05 -1.
R98851 membrane metallo-endopeptidase CALLA, CD10 ~1.14 -5.91 -8.82
N91330 ESTs 1.26 -2.15 2.94 1.
AA235332 Ras suppressor protein 1 -1.67 -2.38 -1.91 52
AA447098 ESTs -11 2.~5-0 3?8-2
AA454810 tumor-associated calcium signal transducer 2 1.7 -587 245
AA464566  alpha-2-macroglobulin receptor) ~133 37(;0 3~64
H53316  ESTs 127 212 360
N69540 metaxin 1 1.~]-4 228 -1.86
N77326 3-hydroxyisobutyrate dehydrogenase 1.~1-4 -2.02 -1.85 1~A:0
R09634 tumor protein, translationally-controlled 1 1.06 -2.86 -2.34 -1.03
R27680 microtubule-associated protein ~1.16 2?(;8 2.~(;8 1?(;3
R91904 aquaporin 3 ~1.25 273-6 2?5-4
T64R78 PNUTL2 nuclear gene for mitochondrial product ~1.06 271-3 2?1-3
T97870 ESTs ~1.20 250 2.~6_O
AA243828 discoidin domain receptor family, member 2 236 -295 -18
AA167222  collagen, type XIV, alpha 1 (undulin) ~1.24 3?6-1 456
AA486082 serine/threonine protein kinas sgk -2.01 -133 393 193
AA464630 thrombospondin 1 204 1.7 213 -151
R67991 ESTs ~1.14 -2.09 -6.13 1?(;6
W52273 HIV-1 rev binding protein 2 ~1.11 2?(;5 4.~5-6 1?(;9
R70601 ESTs 2,08 -1.05 -2.08 1.11
AA262988 brain-derived neurotrophic factor ~1.19 3~00 6~00 171-4
R75819 proline isomerase FK506-binding protein FKBP13 -1.87 -2.27 -1.14 -15
H83225 novel protein CGI-06 2,02 -1.81 -1.36 -2.02
AA464605 KIAAO0172 protein 244 1.~6-7 2.~2-6 -1.19
AA399334 transcription factor AP-2 gamma ~1.28 250 2?3_6 ~1.03
AA418251 pleiomorphic adenoma gene 1 172;6 1.~7.1 3:‘(;0 1..‘5-0
H50993 actinin, alpha 4 -191 -1.77 -2.32 -182

A2 1.97 174
-1.49 -1.28

L3S 136

122

1.37

162 173

110 1.30

1.03 116

1.60 1.60

132 170

1.15

111
~1.00 ~1.09

1.13 ~1.00 ~1.00

1.67

135

-1.08
1.23

-1.76

1.78 2.67 ~1.03
1.0§ -1.35 -1.21

~— ~-

1.08 1.18 ~L10
-1.28 -1.12 -2.04
-173 -164 2

237 1.51 188

133 ~1.00 ~1.22

174 174 143
-126 -1.23 -1.35
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GenelD Name 70 i80 i90 i76 i86 i96 i7 48i8 4819 48
AA418773 Hermansky-Pudlak syndrome LI -34 -1.87 -1.1 222 -165 1.02 137 124
AA432023 ESTs 165 192 282 165 191 179 141 161 171
AA284568 Similar to vacuolar ATPase isoform VA68 1.12 345 -3.87 1.18 -154 212 1.2 11 -1.08
AA599177 cystatin C 1.02 -3.71 -2.29 -1.75 -1.39 -2.11 -1.05 -1.37 -1.49
R63137 RPB35-mediating protein ~1.19 -2.27 -243 110 1.66 187 ~1.18 1.4 172
AA143509 pyrroline-5-carboxylate synthetase 198 -141 <108 -1.65 -143 -1.14 -1.62 -144 -165
TATA box binding protein (TBP)-associated
AA292583 factor 1.36 -2.59 -1.94 1.02 -1.71 -1.38 -1.12 1.26 1.3
NGFI-A binding protein 2 (ERG1 binding protein ~ ~.  ~ -
AA434487 2 1.03 259 244 ~1.61 129 1.78 ~1.13 ~1.14 ~1.55
AA454146 cyclinH ~1.01 254 -22 101 -149 -162 131 -142 -1.5
AA457047 KIAAQ084 protein 1.03 2.06 296 1.06 145 ~1.03 ~1.09 143 148
H44956 fumarylacetoacetate hydrolase ~1.02 -2.15 -2.15 ~1.12 1.60 172 ~1.18 1.30 1.33
H56438 ESTs ~108 2.00 2.00 ~1.35 175 162 ~1.34 142 121
H58834 ESTs ~131 2.00 200 110 137 1.09 ~1.18 145 1.27
H77554 PRO0132 protein 1.10 1.85 200 120 125 1.07 1.14 167 154
R06036 KRAB-zinc finger protein SZF1-1 ~1.53 2.00 1.89 ~1.18 1.29 1.12 ~1.05 ~1.00 ~1.22

R31321 transforming growth factor, beta-induced, 68kD  ~129 2.87 3.31 ~1.11 1.67 133 ~1.30 167 1.79

R87194 ESTs 109 235 339 135 122 165 14 133 133

R87406 transforming growth factor beta binding protein 4 1?2-8 1‘~9~4 1?9_4 17(;5 1.~5-9 1?2-9 1’."6-9 175-4 1;3
T62529 ESTs -1.16 -2.23 -1.82 -1.62 -1.13 -1.19 -136 123 1.16
T95238 ESTs ~1.23 -2.11 -1.85 ~1.35 l.~2-3 138 ~1.02 1?2_2 1?2—4
T95262 ESTs ~1.12 179.0 178-1 1?(;7 1.~l-8 1?1-3 ~1.15 1'.-2-4 1?1-8
Hoss0  ESTs "W 255 267 157 150 1 L 1 168

AA485036 hspl05 165 -2.26 -195 NA 1.08 147 -1.17 149 132
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Color Code :

0 HR-Decreased over 1.8 fold in all 3
0 HR-Decreased over 1.8 fold 2 of 3
6 HR-Increased over 1.8 fold 2 of 3
0 HR-Increased over 1.8 fold in all 3
HR-Increased over 1.8 fold 2 of 3
eE18fold 2 of 3

A

6 HR-Increased over 1.8 fold
48 HR-Increased over 1.8 fold in all 3
~ = Avg. intensity of mock and infected sample < 80
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 1

ctcaaccatc tgtgagtcca

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 2

aagcegtgtt tgttggtgca

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 3

ccattgatge cttcaaggac

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 4

cttccagtat aaggctccaa

<210> SEQ ID NO 5

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 5

ggcgttaatt aagctagcat gtccaacttt aaggtgaga
<210> SEQ ID NO 6

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 6

aaacctattt ctttttgcca gagg

20

20

20

20

39

24
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What is claimed is:

1. A method for inhibiting replication of KSHV compris-
ing administration of a compound that inhibits c-Kit signal-
ling pathway.

2. A method for the treatment of Kaposi sarcoma com-
prising administration of a compound that inhibits c-Kit
signalling pathway.

3. A method for inhibiting replication of KSHV compris-
ing administration of a compound that inhibits type I sigma
receptor signalling pathway.

4. A method for the treatment of Kaposi sarcoma com-
prising administration of a compound that inhibits type I
sigma receptor signalling pathway.

5. A gene expression profile specific for the lytic phase of
KSHV replication comprising at least one gene selected
from a group consisting of the genes listed in Table 2.

6. A gene expression profile specific for the latent phase
of KSHYV replication comprising at least one gene selected
from a group consisting of the genes listed in Table 2.

7. Amicroarray comprising nucleic acid encoding a probe
to hybridize with one or more of the genes selected from a
group consisting of the genes listed in Table 2.

8. A method for diagnosing KSHV or the stage of KSHV
replication comprising:

a) obtaining a sample of cells suspected of being infected
with KSHV;

b) extracting RNA from the cells;

¢) contacting the RNA with a microarray comprising
nucleic acid encoding a probe specific for one or more
of the genes selected from a group consisting of the
genes listed in Table 2; and

d) determining the gene expression profile of the sample
of cells and comparing it with the gene expression
profile of KSHV infected cells.

9. A method for identifying modulators of KSHV repli-

cation, comprising:

a) selecting a gene product from a group of genes con-
sisting of the genes listed in Table 2;

b) combining a test compound with the gene product
encoded by the gene to determine whether the test
compound inhibits or activates the gene product; and

¢) combining the test compound with KSHV infected
cells to determine whether the test compound inhibits
or activates replication of the KSHV.

10. A method for inhibiting replication of KSHV com-
prising administration of a compound that inhibits ¢-Kit and
administration of a compound that modulates KSHV repli-
cation by a mechanism other than inhibition of ¢-Kit.

11. The method of claim 10, wherein said compound that
modulates KSHV replication by a mechanism other than
inhibition of c-Kit is selected from a group consisting of
daunorubicin, doxorubicin, interferon alpha, retinoids, and
taxol.
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12. A method for the treatment of Kaposi sarcoma com-
prising administration of a compound that inhibits ¢-Kit and
administration of a compound that modulates Kaposi sar-
coma by a mechanism other than inhibition of c-Kit.

13. The method of claim 12, wherein said compound that
modulates KSHV replication by a mechanism other than
inhibition of ¢-Kit is selected from a group consisting of
daunorubicin, doxorubicin, interferon alpha, retinoids, and
taxol.

14. A method for inhibiting replication of KSHV com-
prising administration of a compound that inhibits type I
sigma receptor and administration of a compound that
modulates KSHV replication by a mechanism other than
inhibition of type I sigma receptor.

15. The method of claim 14, wherein said compound that
modulates KSHV replication by a mechanism other than
inhibition of type I sigma receptor is selected from a group
consisting of daunorubicin, doxorubicin, interferon alpha,
retinoids, and taxol.

16. A method for the treatment of Kaposi sarcoma com-
prising administration of a compound that inhibits type I
sigma receptor and administration of a compound that
modulates Kaposi sarcoma by a mechanism other than
inhibition of type I sigma receptor.

17. The method of claim 16, wherein said compound that
modulates Kaposi sarcoma by a mechanism other than
inhibition of type I sigma receptor is selected from a group
consisting of daunorubicin, doxorubicin, interferon alpha,
retinoids, and taxol.

18. A method of doing business comprising the steps of:

a) determining the level of RNA expression for an RNA
sample, wherein said RNA sample

b) is amplified and fluorescently labeled, hybridized to a
microarray containing a plurality of nucleic acid
sequences representing a gene expression profile, and
said microarray is scanned for fluorescence;

¢) normalizing said expression level using an algorithm;
and

d) scoring said RNA sample against a gene expression

profile database.

19. The method of claim 18, wherein said RNA sample is
obtained from a patient.

20. The method of claim 19, wherein said RNA sample is
isolated from a patient sample selected from the group
consisting of blood, amniotic fluid, plasma, semen, bone
marrow, and tissue biopsy.

21. The method of claim 18, wherein said microarray is a
DNA microarray.

22. The method of claim 18, wherein said database is
available via a web-browser interface.

23. The method of claim 18, wherein said web-browser
provides gene sequence analysis tools

24. The method of claim 18, wherein a user pays a fee for
access to said database.

I T T
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