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The recently identified human herpesvirus 8 (HHV-8, or Kaposi’s sarcoma-associated herpesvirus) has been
implicated in the etiology of both Kaposi’s sarcoma (KS) and primary effusion (body cavity-based) lymphoma
(PEL) (Y. Chang et al., Science 266:1865-1869, 1994; P. S. Moore et al., J. Virol. 70:549-558, 1996). An
important feature of the association of HHV-8 with these malignancies is the expression of an abundant,
latency-associated 0.7-kb transcript, T0.7 (W. Zhong et al., Proc. Natl. Acad. Sci. USA 93:6641-6646, 1996).
T0.7 is found in all stages in nearly all KS tumors of different epidemiologic origin, including AIDS-associated,
African endemic, and classical KS (K. A. Staskus et al., J. Virol. 71:715-719, 1997), as well as in a body
cavity-based lymphoma-derived cell line, BCBL-1, that is latently infected with HHV-8 (R. Renne et al., Nat.
Med. 2:342-346, 1996). T0.7 encodes a unique HHV-8 open reading frame, K12, also known as kaposin. In this
study, we report that the kaposin gene induced tumorigenic transformation. Constructs with kaposin expressed
either from its endogenous promoter or from a heterologous promoter induced focal transformation upon
transfection into Rat-3 cells. All transformed Rat-3 cell lines containing kaposin sequences produced high-
grade, highly vascular, undifferentiated sarcomas upon subcutaneous injection of athymic nu/nu mice.
Tumor-derived cell lines expressed kaposin mRNA, suggesting a role in the maintenance of the transformed
phenotype. Furthermore, kaposin protein was detected in transformed and tumor-derived cells by immuno-
fluorescence and localized to the cytoplasm. More importantly, expression of kaposin protein was also detected
in the PEL cell lines BCBL-1 and KS-1. These findings demonstrate the oncogenic potential of kaposin and

suggest its possible role in the development of KS and other HHV-8-associated malignancies.

Kaposi’s sarcoma (KS) is a vascular tumor most commonly
occurring in patients with AIDS (5). KS lesions are histologi-
cally complex and contain proliferating spindle-shaped cells
considered to be of endothelial origin, infiltrating mononuclear
cells, plasma cells, and abundant neovascular spaces (74). A
new member of the herpesvirus family, human herpesvirus 8
(HHV-8), also known as KS-associated herpesvirus, has been
identified in KS tumors from both human immunodeficiency
virus (HIV)-positive (2, 14, 64) and HIV-negative (6, 49, 60)
patients. HHV-8 sequences have also been identified in several
rare lymphomas such as multicentric Castleman’s disease and
primary effusion lymphoma (PEL), also known as body cavity-
based large-cell lymphoma (10, 11, 13). The seroprevalence of
HHV-8 in the general population exhibits variations with geo-
graphic distribution. Very low rates of prevalence have been
reported for populations in Britain and North America,
whereas high rates prevail in Africa and southern Europe (25,
36, 62). However, antibody kinetic studies have shown that a
strong correlation exists between conversion to seropositivity
and the risk for development of KS (25, 34). Thus, HHV-8 has
been proposed as the etiologic agent for KS and other HHV-
8-associated malignancies (25, 47, 50).

The nucleotide sequence of the HHV-8 long unique region
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(LUR) has been determined from viral sequences isolated
from the PEL cell line BC-1 (56). Of 81 open reading frames
(ORFs), 66 have homology to those in herpesvirus saimiri
(HVS) and 15 (K1 to K15) are unique to HHV-8. Moreover,
cellular homologs related to known oncogenes have also been
identified in HHV-8; these include the genes encoding Bcl-2,
cyclin D, interleukin-6 (IL-6), G-protein-coupled receptor
(GPCR), and ribonucleotide reductase (1a, 12, 15, 17, 48, 52,
59). Some of these homologs have been shown to enhance cell
proliferation. The HHV-8-encoded v-IL-6 supported the
growth of an IL-6-dependent murine cell line, B9 (52), while
the expression of v-cyclin D resulted in the induction of the
S-phase in serum-starved quiescent NIH 3T3 cells (66). Ex-
pression of the v-GPCR in rat kidney fibroblasts (NRK-49F
cells) enhanced cell proliferation (3). More recently, it has
been reported that signaling by v-GPCR, which is associated
with a switch to an angiogenic phenotype, leads to transforma-
tion and tumorigenesis in NIH 3T3 cells (4). Among the
HHV-8 unique K ORFs, only K9 has been shown to induce
tumorigenic transformation of NIH 3T3 cells (24). However,
because K9 expression was detected in PEL cells but not KS
tumors, Gao et al. concluded that K9 may play a role only in
B-cell malignancies (24).

Analysis of HHV-8 gene expression in KS tumor spindle
cells and the PEL cell line BCBL-1 showed a highly restricted
pattern of latent HHV-8 RNA expression (74), i.e., two abun-
dant polyadenylated transcripts of 1.1 and 0.7 kb (T1.1 and
TO0.7). T1.1 encoded only short ORFs and was primarily local-
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ized in the nucleus (74). Recently, Sun et al. (65) demonstrated
that the T1.1 polyadenylated nuclear RNA did not associate
with polyribosomes and therefore was not translationally ac-
tive. On the other hand, T0.7 contained three small ORFs, one
of which, ORF K12, also known as kaposin (56), encoded a
highly hydrophobic 60-amino-acid (aa) peptide. The hydro-
phobicity of kaposin is similar to that of the 45-aa ES onco-
protein of bovine papillomavirus type 1 (BPV-1) (7, 61). T0.7
expression was observed in KS tissue of all stages from earliest
identifiable to advanced tumors (63). Moreover, in advanced
KS tumors, approximately 85% of spindle cells expressed T0.7
RNA.

Due to the fact that T0.7 is an abundant, latency-associated
transcript retained in KS and PEL cell line BCBL-1, its trans-
forming ability was tested and compared to that of HHV-8
fragments containing several other unique ORFs, including
K4, K5, K6 (pBS/17), and K8 (pBS/199). Each of three con-
structs encoding kaposin, including (i) pBS/23, a 4.4-kbp
HHV-8 genomic fragment containing the T0.7 sequence
cloned in the pBS vector, (ii) pBK/T0.7, the T0.7 sequence
cloned in the mammalian expression vector pBK-CMV, and
(iii) pBK/kap, the 225-bp kaposin gene cloned into pPBK-CMV,
induced morphologic transformation of Rat-3 cells. Constructs
pBS/17 and pBS/199 containing the other unique HHV-8
ORFs, K4, K5, K6, and K8, were nontransforming. Focally
transformed cell lines established from Rat-3 cells transfected
with pBS/23, pBK/T0.7, and pBK/kap all produced high-grade,
highly vascular, undifferentiated sarcomas by 1 to 2 weeks after
injection into athymic nu/nu mice. Analysis of the tumor-de-
rived cell lines demonstrated the expression of kaposin
mRNA. Furthermore, kaposin protein was detected and local-
ized to the cytoplasm of both the transformed and tumor-
derived cells by an indirect immunofluorescence assay (IFA)
using a polyclonal rabbit antikaposin antibody raised against a
hydrophilic kaposin peptide, kap-2 (aa 42 to 55). More impor-
tantly, in this study kaposin protein was also detected in the
HHV-8-containing PEL cell lines BCBL-1 (53) and KS-1 (57).
The transforming ability of kaposin, its retention and expres-
sion in transformed and tumor-derived cells, and its detection
in PEL cell lines demonstrate that kaposin is an HHV-8 trans-
forming gene and suggest that kaposin could play a role in the
etiology of KS and PEL as well as other HHV-8-associated
malignancies.

MATERIALS AND METHODS

DNA and plasmids. HHV-8 DNA was isolated from the PEL cell line BC-1
(47). Three clones containing unique HHV-8 ORFs were constructed by cloning
4- to 6-kbp, partially digested Sau3A fragments into the BamHI site of pBlue-
script (pBS; Stratagene). One of these, clone pBS/23, contained nucleotides
116121 to 120497 of the HHV-8 LUR (56) which include the sequence of the
TO.7 transcript and the kaposin ORF. The sequence of kaposin in the plasmids
used in these studies (56) differed from the sequence of kaposin reported by
Zhong et al. (74) by a single nucleotide substitution at codon 38, resulting in a
serine-to-glycine substitution.

Plasmid pBK/kap was derived by cloning a 225-bp PCR-amplified kaposin
sequence into the EcoRI site of the mammalian expression vector pBK-CMV
(Stratagene). The 5" and 3’ kaposin PCR primers were TCCTCACTCCAATC
CCAATGC and CTTTGGGAGGGCACGCTAGCT, respectively. The PCR-
amplified fragment was first cloned into pCR2.1 (Invitrogen). The purified
EcoRI kaposin fragment from pCR2.1/kap was then cloned into pBK-CMV.
Plasmid pBK/T0.7 was constructed in an analogous manner by using a PCR-
amplified product containing the T0.7 sequence spanning nucleotides 117431 to
118127 of HHV-8.

pET30b/kap was constructed by cloning the EcoRI fragment of pBK/kap into
the EcoRI site of the bacterial expression vector pET30b (Novagen). Orientation
was confirmed by sequence analysis. pET30b/kap encodes a 120-aa S-Tag/kapo-
sin fusion protein, with the S-Tag sequence at its N terminus and the kaposin
sequence at its C terminus.

Cells and transfection. Rat-3 cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM,; Cell Gro/Mediatec) supplemented with 2 mM glutamine, 100
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U of penicillin-streptomycin per ml, and 10% bovine calf serum. Tumor-derived
cell lines were established and grown in the same medium supplemented with
100 wg of gentamicin per ml. PEL-derived BCBL-1 cells were grown in RPMI
1640 medium supplemented with 10% fetal bovine serum, 2 mM glutamine, and
100 U of penicillin-streptomycin per ml. PEL-derived KS-1 cells were provided
as fixed cells on slides by D. Ablashi (Advanced Biotechnologies, Inc.).

For the focal transformation assay, 5 X 10* Rat-3 cells were transfected in
35-mm-diameter petri dishes, in duplicate, with 10 pg of plasmid DNA each by
the calcium phosphate method (16). The cells were subcultured into 100-mm-
diameter dishes 48 h posttransfection. Morphologically transformed foci were
identified and counted 3 to 4 weeks posttransfection. Independent focally trans-
formed cell lines were established by ring isolation. Geneticin (G418)-resistant
cell lines were established by selection at a concentration of 400 pg/ml. Selected
cells were maintained at a concentration of 200 wg/ml.

R3/kap-1 and R3/kap-2 are Rat-3 cell lines derived from independent pBK/
kap-transformed foci. R3/T0.7-1, -2, and -3 and R3/23-1 are similarly derived cell
lines from pBK/T0.7- and pBS/23-transformed foci, respectively. R3/BK-G1 and
R3/kap-G1 are G418 selected cell lines obtained by transfection with vectors
pBK-CMYV and pBK/kap, respectively. R3/kap-TL1 and R3/kap-TL2 are tumor-
derived cell lines established from tumors induced by R3/kap-1 and R3/kap-2,
respectively. Similarly, R3/T0.7-TL1, -TL2, and -TL3 and R3/23-TL1 are tumor-
derived cell lines established from tumors induced by R3/T0.7-1, -2, and -3 and
R3/23-1, respectively.

PCR analysis. Genomic DNA was isolated from focally transformed cell lines
and control Rat-3 cells by using a genomic DNA isolation kit (Promega). The
presence of kaposin sequences was determined by PCR analysis of 200 ng of
genomic DNA by using the 5" and 3’ primers for kaposin described above. This
resulted in amplification of a 225-bp PCR product. Negative controls included
samples with either Rat-3 genomic DNA, no DNA, or mock-extracted DNA.

Tumorigenicity assay. The tumorigenic potential of kaposin-transformed cell
lines was tested in athymic Ner nu/nu mice as previously described (18, 67). Cells
(5 % 10%100 wl) were injected subcutaneously behind the neck. The mice were
monitored every 3 days for the appearance of tumors. Tumor-bearing mice were
sacrificed, and tumors were removed for histologic and molecular analyses as
well as for establishment of tumor-derived cell lines.

Northern blot analysis. Cells were lysed in RNAzol B solution, and total
cellular RNA was isolated as specified by the manufacturer (Tel-Test, Inc.).
Poly(A) RNA was isolated by using an mRNA isolation kit (Pharmacia). Total
RNA (15 pg) or poly(A) RNA (5 pg) was separated by electrophoresis through
a 1% formaldehyde-agarose gel and blotted overnight to a Zetabind nylon
membrane (Micron Separations, Inc.). The membrane was baked at 50°C for 30
min, and the RNA was cross-linked to the membrane by using a UV Stratalinker
(Stratagene). The membrane was prehybridized at 42°C for 3 h in 5X Denhardt’s
solution-5x SSPE (1x SSPE is 0.18 M NaCl, 10 mM NaH,PO,, and 1 mM
EDTA [pH 7.7])-50% formamide, 150 pg of salmon sperm DNA per ml, and
0.1% sodium dodecyl sulfate (SDS). Hybridization was carried out overnight at
42°C in the prehybridization solution containing 10% dextran sulfate and 107
cpm of 3?P-labeled T0.7 DNA probe, which was labeled by using a random-
primer labeling kit (Amersham). Following hybridization, the membrane was
washed twice for 15 min each time with 2X SSC (1x SSC is 0.15 M NaCl plus
0.015 M sodium citrate)-0.1% SDS at room temperature, once for 15 min with
0.1X SSC-0.1% SDS at room temperature, and twice for 30 min each time with
0.1x SSC-0.1% SDS at 60°C. Hybridized *?P label was detected by phospho-
rimager analysis using ImageQuant software.

Antibodies. Anti-kap-1 and anti-kap-2 polyclonal antibodies were generated by
inoculation of rabbits with synthetic kaposin peptides, synthesized as eight-
chained lysine branched molecules. The kap-1 peptide, DVLLNGWRWRLGAI
(aa 15 to 29), and the kap-2 peptide, PSGQRGPVAFRTRYV (aa 42 to 55), were
chosen because of their hydrophilic nature. Both antibodies were generated by
Chemicon International Inc.

Western blot and immunoprecipitation analyses. Escherichia coli BL21
(DE3)(pLysS) cells were transformed with pET30b or pET30b/kap. Cultures
were induced at 37°C by addition of 1 mM isopropyl-B-p-thiogalactopyranoside
(IPTG) as specified by the manufacturer protocols (Novagen). Cell pellets were
solubilized by SDS-gel loading buffer (50 mM Tris HCI [pH 6.8], 100 mM
dithiothreitol, 2% SDS, 10% glycerol, 0.1% bromophenol blue). Proteins were
separated by SDS-polyacrylamide gel electrophoresis (PAGE) (4 to 20% gel)
and transferred to polyvinylidene difluoride (Immobilon-P; Millipore) mem-
branes. The S-Tag/kaposin fusion protein was detected by Western blot analysis
using (i) the anti-kap-2 antibody (1:500 dilution in TNET [10 mM Tris {pH 7.5},
50 mM NaCl, 2.5 mM EDTA, 0.1% Tween 20]) as previously described (51) or
(ii) the S-protein/alkaline phosphatase conjugate (1:5,000 in TBST [20 mM Tris
{pH 7.6}, 137 mM NaCl, 0.1% Tween 20]) detected with Western-Light reagents
as specified by the manufacturer (Tropix).

For immunoprecipitation, the kaposin protein was purified in E. coli as de-
scribed elsewhere (29a), incubated with 5 ul of anti-kap-2 antibody, and pro-
cessed by standard immunoprecipitation techniques (51). Immunoprecipitated
kaposin protein was detected by Western blot analysis as described above.

Immunofluorescence. Adherent cells were grown on coverslips as confluent
monolayers, fixed in 4% paraformaldehyde for 10 min at room temperature,
washed with phosphate-buffered saline (PBS) three times for 5 min each, and
incubated with a 1:100 dilution of a rabbit polyclonal anti-kap-2 antibody or
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FIG. 1. Map of HHV-8 LUR showing the locations of the conserved and unique ORFs, including sequences tested for transforming ability, and a schematic diagram
of the ~140-kb LUR sequence flanked by terminal repeats (TR). HHV-8 fragments tested in the focus-forming assay (17, 23, and 199) are shown as solid bars below
the map. The locations of T0.7 and kaposin (K12) sequences within fragment 23 are indicated. The solid arrows indicate HHV-8 ORFs conserved in HVS, and the open
arrows indicate the unique HHV-8 ORFs. Repeat regions are shown as small filled rectangles above the ORFs (frnk, vnct, waka/jwka, zppa, moi, and mdsk). KS330
and KS631 are the fragments of HHV-8 that were identified first. CBP, complement binding protein; ss DBP, single-stranded DNA binding protein; gB, glycoprotein
B; DNA pol, DNA polymerase; DHFR, dihydrofolate reductase; TS, thymidylate synthetase; MIP, macrophage inflammatory protein; nut-1, nuclear transcript 1; Teg,
tegument protein; TK, thymidine kinase; gH, glycoprotein H; MCP, major capsid protein; gM, glycoprotein M; UDG, uracil DNA glucosidase; gL, glycoprotein L;
R-trans, transactivator; gX, glycoprotein X; vIRF, viral interferon regulatory factor; RRg, ribonucleotide reductase, small; RRy, ribonucleotide reductase, large; CycD,
cyclin D homolog; Adh, immunoglobulin family adhesion protein; GCR, G-protein-coupled receptor. The map was adapted from Fig. 1 of reference 56 with the

permission of the publisher.

preimmune serum at 37°C for 2 h in a humidified chamber. Suspension cells (10°
cells/ml) were spotted on polylysine-coated wells on a slide and placed at 4°C for
45 min. The medium was carefully removed, and the cells were air dried at room
temperature for 10 min. Cells were then fixed in cold acetone at room temper-
ature for 15 min and incubated with a 1:5 dilution of either the anti-kap-1 or
anti-kap-2 antibody or with preimmune serum as described above. In both cases,
following incubation with primary antibody, cells were washed with PBS as
described above and incubated with fluorescein isothiocyanate-conjugated goat
anti-rabbit immunoglobulin G at room temperature for 1 h in the dark. Follow-
ing three washes with PBS, the cells were mounted with 50% glycerol in PBS
containing 5% 4,6-diamidino-2-phenylindole (DAPI) to counterstain the nuclei.
Immunofluorescence was detected in a Zeiss Axiophot fluorescence microscope.

RESULTS

Kaposin induced tumorigenic transformation of Rat-3 cells.
Four- to 6-kbp fragments of HHV-8 genomic DNA, partially

digested with Sau3A, were cloned into the BamHI site of pBS
vector. Constructs which contained unique HHV-8 ORFs, i.e.,
pBS/17 (ORFs K4, K5, and K6), pBS/23 (ORF K12, i.e., ka-
posin), and pBS/199 (ORF KS8) (Fig. 1), were transfected into
Rat-3 cells to test for focus-forming ability. Background levels
of foci were observed for clones pBS/17 and pBS/199 as well as
for mock- and pBS-transfected cells (Table 1, experiment 1). In
contrast, clone pBS/23 exhibited numerous morphologically
altered, highly refractile foci not seen in mock- or pBS-trans-
fected cells, indicating the transforming activity of this clone.

To determine if the transforming activity of pBS/23 was due
to kaposin (ORF K12), both the T0.7 sequence and the kapo-
sin gene were subcloned into the mammalian expression vector
pBK-CMYV and assessed for their transforming ability. Plasmid
pBK/mtrll, containing the human cytomegalovirus (HCMV)
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TABLE 1. The HHV-8 kaposin gene induces focal transformation
of Rat-3 cells”
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TABLE 2. Kaposin-transformed Rat-3 cells are tumorigenic in
athymic nu/nu mice®

Expt Transfected Concn No. (_)f foci/2
DNA (Rg/5 X 10* cells) dishes

1 pBS/17 10 4
pBS/23 10 32
pBS/199 10 0
pBS 10 6
Mock 0 1

2 pBK/mtrII 10 70
pBK/T0.7 10 65
pBK/kap 10 45
pBK-CMV 10 6
Mock 0 1

“ Cloned HHV-8 DNA fragments were transfected into Rat-3 cells by the
calcium phosphate method. The HCMV mtrII DNA served as a positive control.
Transfected cells were subcultured at 2 days posttransfection and refed with
DMEM supplemented with 7% bovine calf serum every 3 days. Foci were
counted at 3 to 4 weeks posttransfection. The numbers are representative of the
total foci observed in two independent experiments.

transforming gene mtrIl (UL111a) (68), was used as a positive
control. Like clone pBS/23, both pBK/T0.7 and pBK/kap in-
duced similar levels of morphologically altered foci (Table 1,
experiment 2, and Fig. 2A). Background levels of foci were
seen in mock- and vector-transfected cells. Similar levels of
transforming activity observed with pBS/23, pBK/T0.7, and
pBK/kap indicate that the transforming activity resides in kaposin.

Independent transformed foci were isolated and expanded
into focal cell lines. Genomic DNA isolated from the cell lines
was analyzed for the presence of kaposin sequences by PCR
amplification. Kaposin-positive, transformed Rat-3 cell lines
R3/23-1 (pBS/23 transfected), R3/T0.7-1, R3/T0.7-2, and R3/
TO0.7-3 (pBK/T0.7 transfected), and R3/kap-1 and R3/kap-2
(pBK/kap transfected) were tested for tumorigenicity by injec-
tion into athymic Ner nu/nu mice (Table 2, experiment 1). All
cell lines containing kaposin sequences, whether derived from
transfection by pBS/23, pBK/T0.7, or pBK/kap (Fig. 2B and C),
induced highly vascular, high-grade, undifferentiated sarcomas
within 1 to 2 weeks of injection, whereas Rat-3 cells did not.

In addition to the focal cell lines tested above, Rat-3 cells
transfected with pPBK-CMV or pBK/kap were selected for re-
sistance to G418 and tested for tumorigenicity (Table 2, ex-
periment 2). The R3/kap-G1 (pBK/kap-transfected) cell line
exhibited a transformed morphology similar to focally derived
R3/kap-1 and -2 cells and were tumorigenic. In contrast, the
R3/BK-G1 (pBK-CMV vector-transfected) cell line main-
tained a morphology similar to parental Rat-3 cells and was not

PCR positive No. of mice with

Expt Cell line for kaposin tumor(s)/no. Latel? <y
sequence injected (wk)
1 R3/23-1 + 5/5 1
R3/T0.7-1 + 5/5 1
R3/T0.7-2 + 4/4 1
R3/T0.7-3 + 4/4 1-2
R3/kap-1 + 5/5 1
R3/kap-2 + 3/4 1-2
Rat-3 - 0/3
2 R3/kap-G1 NT 4/4 1
R3/BK-Gl1 NT 0/4

“ Each mouse was injected subcutaneously behind the neck with 5 X 10° cells
and examined twice each week. Some tumors were greater than 1 cm in diameter
by 2 weeks. NT, not tested.

tumorigenic. Thus, both G418-selected as well as focally de-
rived pBK/kap-transfected Rat-3 cells exhibited morphologic
and tumorigenic transformation.

Kaposin mRNA is expressed in tumor-derived cell lines.
Total RNA was extracted from tumor-derived cell lines R3/
kap-TL1 and R3/kap-TL2, and kaposin mRNA was detected
by a Northern blot analysis using **P-labeled kaposin DNA
probe (Fig. 3). Two kaposin-specific RNA species were de-
tected at 0.8 and 1.1 kb in the RNA from the two tumor-
derived lines, whereas no kaposin signal was observed in the
RNA from control Rat-3 cells. The two RNA bands observed
result from splicing of the message at the simian virus 40
3'-splice acceptor site downstream of the kaposin insertion site
in the pBK/kap construct. Their sizes are consistent with ex-
pected sizes of polyadenylated spliced and unspliced messages,
respectively, transcribed from pBK/kap. Kaposin-specific mes-
sages were also observed in poly(A)" mRNA isolated from the
above-specified two cell lines as well as from R3/T0.7-TL1,
-TL2, and -TL3 tumor-derived cell lines (data not shown).
Demonstration of the retention and expression of the kaposin
gene in the tumor-derived cell lines correlates with the obser-
vation of expression of the T0.7 kaposin message in all stages
of KS tumors in vivo (63).

Antibodies to hydrophilic kaposin peptides recognize bacte-
rially expressed kaposin. Polyclonal rabbit antisera were gen-
erated against two hydrophilic kaposin peptides, aa 15 to 29
(kap-1) and aa 42 to 55 (kap-2) (Fig. 4). The efficacy of anti-
kap-2 antibody was determined by its reactivity to a 120-aa
S-Tag/kaposin fusion protein produced in E. coli. A protein

FIG. 2. Kaposin-transformed Rat-3 cells induced high-grade undifferentiated sarcomas in athymic nu/nu mice. (A) Typical focus induced in pBK/kap-transfected
Rat-3 cells. The focus of refractile randomly oriented multilayered transformed cells is shown against a background of parental Rat-3 cells (magnification, X60). (B)
Tumor development in an athymic nu/nu mouse at 2 weeks postinoculation with kaposin-transformed Rat-3 cells. (C) Representative section of a tumor induced by
kaposin-transformed Rat-3 cells, fixed with formalin and stained with hematoxylin and eosin. Magnification, X200.
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FIG. 3. Expression of kaposin mRNA in tumor-derived cell lines. Total RNA
was extracted from Rat-3, R3/kap-TL1, and R3/kap-TL2 cells. The RNA was
separated on a 1% formaldehyde-agarose gel, blotted onto a Zetabind nylon
membrane, and probed under stringent conditions with 3?P-labeled kaposin
DNA. The 1.1-kb unspliced and 0.8-kb spliced messages for kaposin are shown.
Positions of 28S (4.7-kb) and 18S (1.9-kb) rRNA markers are indicated on the
left.

band with an apparent molecular mass of 17 kDa was detected
in the extract of IPTG-induced cells carrying plasmid pET30b/
kap by Western blot analysis using the S-protein/alkaline phos-
phatase conjugate, which binds to the S-Tag (Fig. 5A). No
corresponding band was detected in uninduced cells or in cells
carrying the vector pET30b. The membrane was then stripped
and analyzed by Western blotting using the anti-kap-2 antibody
(Fig. 5B). The identical 17-kDa band was observed in the
extract of induced cells with pET30b/kap but not in the other
samples. Moreover, the 17-kDa band was also detected with
the anti-kap-1 antibody in a Western blot but not with preim-
mune serum (data not shown). Furthermore, kaposin purified
from the S-Tag/kaposin fusion protein was immunoprecipi-
tated by anti-kap-2 antibody but not by preimmune serum
(29a). Taken together, these observations demonstrated that
antikaposin antibody recognized both the linear and native
conformations of kaposin protein.

J. VIROL.

<— S-Tag/kaposin

B)
14.3 - .3 <— S-Tag/kaposin
o —

u | U I

FIG. 5. Anti-kap-2 antibody detected bacterially expressed kaposin fusion
protein. E. coli BL21(DE3)(pLysS), transformed by either pET30b-kap or
pET30b, was induced for 90 min with 1 mM IPTG (I) or uninduced (U). Proteins
were extracted in SDS-gel dye buffer, separated by SDS-PAGE, and electroblot-
ted onto Immobilon-P membranes. (A) Western blot showing the 17 kDa S-Tag/
kaposin fusion protein in the pET30b-kap (lane I), using the S-Tag/alkaline
phosphatase conjugate (Novagen). (B) Western blot showing the S-Tag/kaposin
fusion protein seen in panel A detected with anti-kap-2 antibody. Sizes on the left
are indicated in kilodaltons.

Kaposin protein localized to the cytoplasm in transformed
and tumor-derived cells. Kaposin protein was detected in
transformed Rat-3 cells and tumor-derived cells by an IFA
using the anti-kap-2 antibody. Positive anti-kap-2 antibody
staining was observed in the tumor-derived cell line R3/kap-
TL1 and predominantly localized to a restricted region of the
cytoplasm (Fig. 6, panel 1A). Nuclei in the same field of cells
were visualized by counterstaining with DAPI (panel 1B). No
antibody staining of R3/kap-TL1 cells was observed with pre-
immune serum (panel 2A), while the presence of cells was
demonstrated by DAPI counterstaining of nuclei (panel 2B).
Moreover, no staining was observed with anti-kap-2 antibody
in the stable Rat-3 cell line transfected with the vector pBK-
CMV (panel 3A). Again, DAPI counterstaining revealed the
presence of cells in the field (panel 3B). Positive staining was
also observed with the kaposin-transformed cell line R3/kap-1,
which produced tumors in athymic nu/nu mice (data not
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FIG. 4. Kyte-Doolittle hydrophobicity plot of kaposin showing the predominant hydrophobic domains and locations of the hydrophilic kaposin peptides used to
generate the antikaposin antibodies. kap-1 and kap-2 are hydrophilic peptide sequences used to generate anti-kap-1 and anti-kap-2 antibodies, respectively.
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FIG. 6. Detection and localization of kaposin protein in transformed Rat-3
cells, tumor-derived cells, and the PEL cell line BCBL-1. IFA shows cytoplasmic
staining of kaposin protein in tumor-derived cell line R3/kap-TL1, using anti-
kap-2 antibody (1:50) (panel 1A). Also shown are R3/kap-TL1 cells stained with
preimmune serum (1:50) (panel 2A) and vector-transfected cell line R3/BK-G1
stained with anti-kap-2 antibody (1:50) (panel 3A). BCBL-1 cells stained with
anti-kap-2 antibody (1:5) and preimmune serum (1:5) are shown in panels 4A
and 5A, respectively. Intense staining with anti-kap-2 antibody in a restricted
region of the cytoplasm of R3/kap-TL1 and BCBL-1 cells are indicated by arrows
in panels 1A and 4A, respectively. DAPI staining of nuclei of the above-specified
fields are shown in panels 1B, 2B, 3B, 4B, and 5B, respectively. Magnifications:
panels 1 to 3 (A and B), X1,800; panels 4 and 5 (A and B), %3,000.

shown). These results demonstrate that kaposin protein is ex-
pressed in transformed and tumor-derived cells.

Kaposin protein is expressed in the PEL cell lines BCBL-1
and KS-1. Kaposin protein was also detected by IFA in
BCBL-1 cells. Positive anti-kap-2 antibody staining was ob-
served with predominant staining localized to a restricted re-
gion of the cytoplasm (Fig. 6, panel 4A). Nuclei in the same
field of cells was visualized by counterstaining with DAPI (pan-
el 4B). Similar results were observed with anti-kap-1 antiserum
(data not shown). Minimal background staining was observed
with preimmune serum (panel 5A), and the presence of cells in
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the field was demonstrated by counterstaining the nuclei with
DAPI (panel 5B). Kaposin protein was also detected by IFA in
another HHV-8-containing PEL cell line, KS-1 (data not
shown). With either anti-kap-2 or anti-kap-1 antibody, over
90% of BCBL-1 and KS-1 cells were stained. These findings
demonstrate that kaposin protein is expressed in cell lines
derived from HHV-8-associated lymphoid tumors like PEL
and that this expression occurs in latently infected cells.

DISCUSSION

The data in this study demonstrated that the unique HHV-8
kaposin gene, ORF K12, morphologically transformed Rat-3
cells which were tumorigenic when inoculated into athymic
nu/nu mice. The tumors developed with a very short latency
period (1 to 2 weeks) and were highly vascular, high-grade,
undifferentiated fibrosarcomas. Neoplastic transformation oc-
curred whether kaposin was expressed from its endogenous
promoter or from the heterologous CMV immediate-early
promoter. Of significance, kaposin mRNA and protein were
detected in both the focally transformed and tumor-derived
cells (Fig. 6), suggesting that kaposin expression is required for
both induction of transformation and maintenance of the tu-
morigenic phenotype. Retention and expression of viral onco-
proteins is a hallmark of transformation by DNA tumor viruses
including simian virus 40, polyomavirus, adenovirus, CMV,
and HHV-6 (26, 33, 39, 51, 55, 68, 73). Although the abundant,
latency-associated transcript T0.7 has been observed in all
stages of KS tumors of different epidemiologic origin as well as
in PEL (63, 74), expression of kaposin protein from this tran-
script has not been reported. This study has demonstrated, for
the first time, the expression of kaposin protein in the PEL cell
lines BCBL-1 and KS-1. As with the Rat-3-transformed and
tumor-derived cells, kaposin protein localized predominantly
to a restricted region of the cytoplasm of BCBL-1 and KS-1
cells. The ability of kaposin to induce tumorigenic transforma-
tion in rodents and its expression in PEL-derived cells suggests
that kaposin may play a role in the development of KS and
PEL.

The level of transforming activity of kaposin in the rodent
cell focus-forming assay was 1 to 2 orders of magnitude lower
than that reported for cellular or retroviral oncogenes in sim-
ilar assay systems. However, the level is comparable to and
representative of that reported for other herpesvirus trans-
forming genes like HCMV mtrIl (UL111a) (30, 31), HSV-2
mtrIII (UL39) (23, 32, 54), and HHV-6 ORF-1 (67). A similar
low level of transforming activity has also been reported for the
human papillomavirus type 16 oncogene E7 (69, 72).

Comparison of the genome of HHV-8 to those of HVS and
Epstein-Barr virus (EBV) has revealed the presence of exten-
sive conserved collinear regions as well as unique sequences
(56). The transforming genes of HVS and EBV are unique to
each of these herpesviruses. HVS is a T-cell-specific oncogenic
virus capable of inducing lymphoproliferative disorders in nat-
ural or experimental hosts and transforming lymphoid cells in
vitro (43, 44). Two HVS proteins have been associated with
transforming activities (42). The saimiri transformation-asso-
ciated protein is a membrane-associated phosphoprotein with
a highly acidic amino terminus, central collagen-like repeats,
and a hydrophobic carboxy terminus that has been shown to
induce oncogenic transformation via interaction with cellular
ras, resulting in activation of the Ras signaling pathway (35).
Another protein, tyrosine kinase-interacting protein, binds to
p56°* tyrosine kinase and significantly increases its kinase ac-
tivity. It has been postulated that this activated kinase feeds
into the Ras and protein kinase C signaling pathways (40).
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EBV, on the other hand, encodes a latent membrane protein,
LMP2a, which binds stably to a Src family kinase in B cells and
down-regulates Src kinase activity and thus maintains latency
of the virus (9). However, none of the transforming genes of
either HVS or EBV have been conserved in HHV-8. The
kaposin transforming gene identified in this study is one of the
unique HHV-8 ORFs.

The HHV-8 genome also contains ORFs that are functional
homologs of cellular proto-oncogenes such as those encoding
cyclin D (12, 15,27, 38), GPCR (3), bcl-2 (17,59), and IL-6 (48,
52). Of these, the v-IL-6, v-cyclin D, and v-GPCR genes have
been shown to enhance cell proliferation (3, 52, 66). More
recently, the v-GPCR gene has been reported to induce tu-
morigenic transformation in rodent cells and activate angio-
genesis (4). However, v-GPCR mRNA is expressed as a lytic
transcript upon tetradecanoyl phorbol acetate induction in the
PEL cell line BC-1 (58). Furthermore, it has been reported
that in HHV-8-containing cell lines such as BCBL-1 and
BCP-1, only a minor population of cells are in the lytic state
(4). In addition, using in situ hybridization with the T1.1 probe
and colocalization with the major capsid protein RNA, Staskus
et al. (63) have determined that only about 10% of HHV-8-
infected cells in KS lesions are in the lytic state. The K9 ORF
(VIRF), unique to HHV-8, has also been identified as an on-
cogene which inhibited the interferon signaling pathway (24).
Because K9 expression was detected in an HHV-8-infected
B-cell line but not in KS tissue, Gao et al. (24) proposed its
putative role in B-cell malignancies. In contrast to both v-
GPCR and K09, kaposin is expressed as an abundant, latency-
associated transcript in both KS and PEL (63, 74).

In this study, fragments containing other ORFs unique to
HHV-8 were tested for their transforming ability. Transforma-
tion was not observed with constructs of two HHV-8 frag-
ments, pBS/17 containing unique HHV-8 ORFs K4, K5, and
K6 and pBS/199 with K8. Although this observation indicated
the specificity of transformation seen with pBS/23 containing
kaposin, no definitive conclusions can be made about the on-
cogenic potential of the K4, K5, K6, and K8 ORFs because
their expression in transfected cells was not analyzed. In con-
clusion, the kaposin transforming gene identified in this study
is a unique HHV-8 ORF that is encoded by the abundant,
latency-associated transcript expressed in both KS and PEL.

In vitro evidence suggests that autocrine and paracrine
growth effects of cytokines, growth factors, and their receptors
play an important role in the pathogenesis of KS, both AIDS
associated, and non-AIDS associated. AIDS-associated KS-
derived cells have been shown to respond to and express high
levels of an endothelial cell growth factor, IL-1p3, basic fibro-
blast growth factor (bFGF), and IL-6 (21, 46). In addition, the
HIV type 1 Tat protein has been implicated in the pathogen-
esis of AIDS-associated KS, either directly by activation of
HHV-8 replication (29) or indirectly by activation of cytokines
(22). The Tat protein has also been shown to act in synergy
with bFGF in inducing KS-like lesions in mice (20). The im-
portance of similar autocrine and paracrine growth effects in
non-AIDS-associated KS has also been documented. Various
growth factors and cytokines including bFGF, IL-6, platelet-
derived growth factor B (PDGF-B), vascular endothelial growth
factor, and oncostatin M can serve as modulators of KS cell
proliferation in vitro (21, 37, 41, 45, 70). KS-derived cells have
also been shown to express a functional FGF receptor, flg (37),
and PDGF-A-type and PDGF-B-type receptors (71). Consti-
tutive expression and activation of growth factors or their spe-
cific receptors could therefore serve as a mechanism by which
viral oncogenes and oncoproteins create an autocrine growth
loop that leads to self-sustained aberrant growth.
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Similarities in size and hydrophobicity between kaposin and
the BPV-1 ES protein suggest that they might have common
mechanisms for transformation (Fig. 4) (61). BPV-1 E5 is a
small 44-aa protein with a strongly hydrophobic N terminus
that has been localized to Golgi apparatus and endoplasmic
reticulum (ER) membranes of transformed cells (8). In the
present study, kaposin, a small 60-aa protein with N- and
C-terminal hydrophobic domains, was also localized to the
cytoplasm of transformed and tumor-derived cells by using an
antibody raised against a hydrophilic kaposin peptide. Inter-
estingly, kaposin protein was detected predominantly in a re-
stricted area of the cytoplasm, suggestive of the Golgi appara-
tus and ER membranes. In support of these findings, AU1
epitope-tagged kaposin also localized to the Golgi apparatus
and ER membranes in a transient transfection assay (1). ES
has been shown to bind to the 16-kDa component of the
vacuolar H"-ATPase which is important in processing growth
factor receptors (28). Moreover, the interaction of E5 with the
type B PDGF receptor (PDGFR) transmembrane domain
which results in constitutive PDGFR activation is required for
transformation (19). Therefore, it is possible that kaposin also
transforms cells by activation of growth factor receptors such
as PDGFR which are processed in the Golgi complex. In sum-
mary, the data presented here demonstrate that the HHV-8
kaposin gene (ORF K12) induced tumorigenic transformation
and that the kaposin protein is expressed in PEL-derived cell
lines. Thus, it may play a role in the development of KS, PEL,
and other HHV-8-associated malignancies.
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