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Background: Human herpesvirus 8
(HHV-8) DNA sequences have been detected in Kaposi’s sarcoma, in primary
effusion lymphoma (an unusual highgrade non-Hodgkin’s lymphoma seen
primarily in patients with acquired immunodeficiency syndrome [AIDS]),
and in Castleman’s disease (a rare lymphoproliferative disorder); however,
proof that HHV-8 is involved in the
pathogenesis of these diseases remains
to be established. HHV-8 contains a
gene, i.e., v-cyclin D, that is a homologue of the cellular cyclin D2 gene,
which encodes a protein that promotes
passage through G1 phase of the cell
cycle. Previous studies have identified
v-cyclin D messenger RNA (mRNA) in
biopsy specimens of Kaposi’s sarcoma.
In this study, we isolated a full-length
v-cyclin D complementary DNA and
characterized the pattern of v-cyclin D
mRNA expression in Kaposi’s sarcoma.
Methods: Standard methods were used
to construct and to screen HHV-8 genomic and complementary DNA libraries. Reverse transcription–polymerase
chain reaction (RT–PCR) methods and
in situ hybridization with RNA probes
were used to examine v-cyclin D mRNA
expression. Results: RT–PCR demonstrated the presence of v-cyclin D
mRNA in biopsy specimens of AIDSrelated Kaposi’s sarcoma, in earlypassage spindle cells from classical (i.e.,
not AIDS-related) Kaposi’s sarcoma,
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and in spindle cells isolated from the
peripheral blood of patients with
AIDS-related Kaposi’s sarcoma. In situ
hybridization indicated that mRNAs
for v-cyclin D and kaposin, an HHV-8
latency-associated gene, were present
in approximately 1% of the spindle
cells in early patch lesions and approximately 60% of the spindle cells in late
nodular lesions of Kaposi’s sarcoma.
Conclusions: Spindle cells of Kaposi’s
sarcoma, which have been regarded as
the tumor cells of this cancer, contain
v-cyclin D mRNA. Expression of vcyclin D protein may be involved in the
pathogenesis of Kaposi’s sarcoma by
promoting cell proliferation. [J Natl
Cancer Inst 1997;89:1868–74]
Kaposi’s sarcoma is a multifocal tumor
that occurs predominantly in the skin, visceral organs, and lymph nodes (1). Kaposi’s sarcoma lesions evolve over time
from patch or plaque-like lesions at early
stages to nodular lesions characteristic of
later stages. Histologic hallmarks that
characterize all stages of Kaposi’s sarcoma include a prominent microvasculature, a large inflammatory component,
and, especially in later stages of development, bundles of spindle-shaped cells.
These spindle-shaped cells have been regarded as the tumor cells of Kaposi’s sarcoma lesions (1).
In vitro analyses of Kaposi’s sarcomaderived spindle cells suggest that acquired
immunodeficiency syndrome (AIDS)related Kaposi’s sarcoma is a cytokinemediated disease. Several growth factors
and cytokines have been implicated in the
stimulation of Kaposi’s sarcoma spindle
cell proliferation and the recruitment of
inflammatory cells and microvessels into
Kaposi’s sarcoma lesions, including oncostatin M (2,3), platelet-derived growth
factor B (PDGF B) (4,5), interleukin (IL)
1b (5,6), IL-6 (7), IL-8 (8), basic fibroblast growth factor (bFGF) (9), scatter
factor (SCF) (10), vascular endothelial
growth factor (VEGF) (11), macrophage
chemotactic protein-1 (MCP-1) (6), and

the human immunodeficiency virus-1
(HIV-1) Tat protein (12). Indeed, for most
of these factors (IL-1b, PDGF B, bFGF,
VEGF, MCP-1, SCF, and HIV-1 Tat), a
possible role in the pathogenesis of Kaposi’s sarcoma has been further supported
by gene expression studies (5,8,10,11,13).
From these reports, a model has been put
forth that suggests that Kaposi’s sarcoma
initiation and progression occur within
the framework of a cytokine-mediated reactive process (14,15). However, this
model does not explain epidemiologic observations suggesting that AIDS-related
Kaposi’s sarcoma may be linked to a
sexually transmitted infectious agent
other than HIV-1 (16).
A very likely candidate for such an infectious agent is a novel human herpesvirus, human herpesvirus 8 (HHV-8) (17).
HHV-8 was initially detected in biopsy
specimens of AIDS-related Kaposi’s sarcoma (17). Subsequently, HHV-8 DNA
sequences have been identified in all
clinical forms of Kaposi’s sarcoma (classical, endemic, iatrogenic, and AIDSrelated), suggesting that HHV-8 may be
the common pathogenic mediator functioning in Kaposi’s sarcoma (17–21). In
addition, HHV-8 DNA sequences have
been detected in primary effusion lymphoma (18,22,23), an unusual high-grade
non-Hodgkin’s lymphoma primarily seen
in AIDS patients, and in multicentric
Castleman’s disease (24–26), a rare lymphoproliferative disorder often associated
with an increased incidence of Kaposi’s
sarcoma (27–30).
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The mechanisms by which HHV-8 infection may contribute to the development of Kaposi’s sarcoma, primary effusion lymphoma, and Castleman’s disease
are not known. However, the identification and characterization of viral genes
expressed in these HHV-8-associated proliferative diseases may provide new clues
toward understanding the pathogenic potential of HHV-8. It is interesting that the
HHV-8 genome contains several viral homologues of cellular genes that encode
proteins with potential growth-promoting
and survival properties (31–35), including
two beta chemokines that are homologous
to macrophage inflammatory protein-1
(33,36), IL-6 (33,36), interferon regulatory factor-1 (33,36), Bcl-2 (33,36), a Gprotein-coupled receptor homologous to
the IL-8 receptor B (32,34), and cyclin D2
(34). Recently, the viral cyclin D gene,
i.e., v-cyclin D, has been shown to encode
a functional protein that is able to activate
cell cycle progression through G1 phase
(31,37). In addition, reverse transcription–
polymerase chain reaction (RT–PCR)
studies on a limited number of clinical
samples suggest that at least two of the
genes, i.e., the ones encoding the Gprotein-coupled receptor and v-cyclin D,
are expressed in Kaposi’s sarcoma tissues
(32,34). However, which cells within the
Kaposi’s sarcoma lesions express these
genes remains to be determined.
Herein, we report the isolation of an
HHV-8 complementary DNA clone encoding the viral homologue of cellular cyclin D2 (v-cyclin D), and we describe the
stage-specific expression of v-cyclin D
messenger RNA (mRNA) in Kaposi’s
sarcoma.

Patients, Materials, and
Methods
Patients. Clinical specimens were obtained and
studies performed as defined in Table 1. All patients
gave written informed consent for the analysis of
nondiagnostic biopsy specimens. Moreover, the collection of peripheral blood and biopsy materials
used in this study was approved by the Institutional
Review Board at Vanderbilt University. Kaposi’s
sarcoma specimens used for in situ hybridization
were used in several preceding studies (4,5,38,39)
and have been shown to give optimal hybridization
results. At the time of biopsy, individuals included
in this study were not receiving specific therapy for
Kaposi’s sarcoma.
Cell culture. Single-cell suspensions were prepared from skin biopsy specimens of classical Kaposi’s sarcoma by overnight treatment with 100 U/
mL collagenase (Life Technologies, Inc. [GIBCO

Table 1. Clinical samples and studies performed*
No. tested
Sample
Classical Kaposi’s sarcoma, late nodular stage
Classical Kaposi’s sarcoma, late nodular stage
AIDS-related Kaposi’s sarcoma, late nodular stage
AIDS-related Kaposi’s sarcoma, early patch stage
AIDS-related Kaposi’s sarcoma, pleural effusion†
AIDS-related Kaposi’s sarcoma, uninvolved skin
AIDS-related Kaposi’s sarcoma, peripheral blood‡
Classical Kaposi’s sarcoma, peripheral blood§

Total
No.

RT–PCR

Culture

In stiu
hybridization

1
2
4
3
1
1
6
1

ND
2
ND
1
1
ND
6
1

ND
2
ND
ND
ND
ND
6
ND

1
ND
4
2
ND
1
ND
ND

*RT–PCR 4 reverse transcription–polymerase chain reaction; ND 4 not done.
†Patient had bilateral pulmonary lesions and pleural effusions.
‡Peripheral blood-derived spindle cells from patients with nodular stage AIDS-related Kaposi’s sarcoma.
§Peripheral blood mononuclear cells from a patient with nodular stage Kaposi’s sarcoma.

BRL], Gaithersburg, MD) contained in RPMI-1640
medium supplemented with 10% fetal calf serum
(Life Technologies, Inc.), 100 U/mL penicillin G,
and 100 mg/mL streptomycin (Life Technologies,
Inc.). Nucleated pleural fluid cells and cells obtained
from the classical Kaposi’s sarcoma tumor specimens were propagated in fibronectin (Boehringer
Mannheim, Indianapolis, IN)-coated 24-well tissue
culture plates (Falcon, Becton Dickinson and Company, Lincoln Park, NJ) either in RPMI-1640 medium supplemented with 10% fetal calf serum, 10
ng/mL endothelial cell growth factor (Life Technologies, Inc.), and 5 U/mL heparin (Sigma Chemical Co., St. Louis, MO) or as described previously
(40) in conditioned medium from activated lymphocytes. Peripheral blood-derived spindle cells from
patients with AIDS-related Kaposi’s sarcoma were
isolated and cultured as described previously (40).
The Epstein-Barr virus-infected cell line P3HR1 was
obtained from the American Type Culture Collection (Rockville, MD) and grown in RPMI-1640 medium supplemented with 10% fetal calf serum. The
lymphoblastoid cell line Ram (Epstein-Barr virusinfected) was established in our laboratory from the
peripheral blood of a patient with AIDS-related Kaposi’s sarcoma and cultured by use of the same conditions as described for P3HR1.
RNA isolation and polyadenylated RNA purification. Total RNA was isolated from cultured cells
and biopsy specimens by use of TriReagent (Molecular Research Center, Inc., Cincinnati, OH) in
accordance with the manufacturer’s recommendations. Polyadenylated RNA was isolated with the aid
of oligo dT-conjugated magnetic beads (Dynal,
Lake Success, NY), following the manufacturer’s
protocol.
Analyses of HHV-8 gene expression. Polyadenylated RNA was isolated from the clinical samples
(Table 1) as described above. Complementary DNA
was synthesized as follows: 100 ng polyadenylated
RNA was reverse transcribed (1 hour at 37 °C) in a
reaction containing 50 mM Tris–HCl (pH 8.3), 75
mM KCl, 3 mM MgCl2, 10 mM dithiothreitol, 500
mM each of deoxyadenosine triphosphate, deoxycytidine triphosphate (dCTP), deoxyguanosine triphosphate, and deoxythymidine triphosphate (Boehringer Mannheim), 10 ng random hexamer primers
(Boehringer Mannheim), and 10 U/mL SuperScript
II reverse transcriptase (Life Technologies, Inc.).
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Complementary DNAs were diluted to a final concentration of 1 ng/mL based on the total amount of
RNA used to prepare them, and 1 ng was used per
PCR reaction. The primers used for PCR amplification and the detection of PCR products by means of
Southern blot hybridization were as follows: b-actin
PCR (sense, 58-GAAACTACCTTCAACTCCATC38; antisense, 58-CTAGAAGCATTTGCGGTGGACGATGGAGGGGCC-38), v-cyclin D PCR
(sense, 58-ATGGCAACTGCCAATAACC-38; antisense, 58-ATAGCTGTCCAGAATGCG-38), and vcyclin D probe (58-CTCTTACTTCGCATATGC38). The amplification conditions were 40 cycles at
95 °C for 1 minute, 54 °C for 1 minute, and 72 °C for
1 minute for v-cyclin D and 40 cycles at 95 °C for 1
minute, 58 °C for 1 minute, and 72 °C for 1 minute
for b-actin. PCR products were resolved by means
of agarose gel (1.5%) electrophoresis, and the gels
were stained with ethidium bromide, followed by
capillary transfer to Nytran membranes (Schleicher
and Schuell, Inc., Keene, NH). The membranes were
hybridized with the defined v-cyclin D oligonucleotide probe after it was labeled at its 58 end with
32
PO4. The predicted sizes of the PCR products were
as follows: b-actin, 303 base pairs; v-cyclin D, 771
base pairs. To control for possible DNA contamination of mRNA, we performed PCR reactions with 10
ng mRNA in the absence of reverse transcription. In
no case did observable specific amplification occur
in these control reactions.
Genomic library construction and screening.
DNA from tumor cells in the pleural fluid of a patient with HHV-8-related primary effusion lymphoma was used to construct a genomic library as
described (32). The HHV-8 tegument probe that was
used to screen the genomic library was homologous
to open reading frame 75 of Herpesvirus saimiri
(32). The HHV-8 tegument probe was labeled with
[a-32P]dCTP (Amersham Life Sciences, Arlington
Heights, IL), using the RediPrime Random Primer
Labeling kit (Amersham Life Sciences), and was
used to isolate HHV-8 genomic clones, following
specifications of the manufacturer of the lambda
cloning vector (Stratagene, La Jolla, CA). Sequencing of positive genomic clones was performed by
use of primer walking and nested deletions of both
DNA strands. Sequence analyses were performed by
use of the Beauty and Blast programs (from Baylor
University College of Medicine, Houston, TX) and
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the DNAstar analysis program (DNAstar, Madison,
WI). A 20-kilobase HHV-8 fragment, clone 7-2, was
isolated from the genomic library. Several HHV-8
genes were contained within clone 7-2, including
genes homologous to cellular cyclin D2 (v-cyclin D)
and IL-8 receptor B as well as a homologue of the
major tegument protein of H. saimiri (41). This
HHV-8 genomic clone was used as a probe to screen
the complementary DNA library described below.
Complementary DNA library construction and
characterization. Polyadenylated RNA prepared
from uncultured primary effusion lymphoma cells (1
× 108 cells) was used to generate a size-selected
complementary DNA library (average insert size
>1.5 kilobases) by use of the SuperScript Lambda
system (Life Technologies, Inc.). The 20-kilobase
HHV-8 clone 7-2, noted above, was radiolabeled
with [a-32P]dCTP and used to screen the primary
effusion lymphoma complementary DNA library.
Inserts derived from positive complementary DNA
phage clones were subcloned into the pBKCMV eukaryotic expression vector (Stratagene) and sequenced as described above.
Southern blot hybridization. To determine
DNA sequence specificity, we used complementary
DNA isolates in Southern blot hybridization. Genomic DNA was isolated from primary effusion lymphoma cells, P3HR1 cells, Ram cells, and cells from
the pleural effusion of a patient with AIDS-related
Kaposi’s sarcoma as described above in the methods
for genomic library construction. DNA samples (10
mg each) were digested with the restriction enzyme
BamHI, resolved by means of agarose gel (0.9%)
electrophoresis, and transferred to Nytran membranes as described previously. The isolated HHV-8
complementary DNA clones or the Epstein-Barr virus terminal repeat DNA fragments (17) were labeled with [a-32P]dCTP (Amersham Life Sciences)
and used to probe prepared membranes containing
HHV-8-positive and HHV-8-negative DNAs. After
two stringent washes at 65 °C with 0.1× SSC (15
mM NaCl and 15 mM sodium citrate) that contained
1% sodium dodecyl sulfate for 30 minutes, the hybridized membranes were exposed to x-ray film for
16 hours at −70 °C.
In situ hybridization. Immediately after biopsy,
Kaposi’s sarcoma specimens were transferred to
freshly prepared 4% paraformaldeyde in phosphatebuffered saline. After dehydration and embedment
in paraffin, thin sections (5–10 mm) were prepared
and subjected to in situ hybridization (4,5). The coding region for v-cyclin D and the HHV-8 latencyassociated gene, kaposin (42), were amplified from
HHV-8 clone 7-2 or Kaposi’s sarcoma genomic
DNA (kaposin) by use of the following PCR
primers: cyclin (sense, 58-ATGGCAACTGCCAATAACC-38; antisense, 58-ATAGCTGTCCAGAATGCG-38) and kaposin (sense, 58CTCCTCACTCCAATCCCAATGC-38; antisense,
58-TTATTGTTTTTGAACATGTGGC-38). The
amplified DNA was then subcloned into the plasmid
vector Bluescript SK+ (Stratagene). The orientation
and sequence of the 775-base-pair v-cyclin D and
680-base-pair kaposin PCR products were confirmed by means of automated DNA sequencing as
previously described. Both plasmids were linearized
to generate sense and antisense RNA probes. Synthesis of 35S-labeled complementary RNA probes
and in situ hybridization were carried out essentially
as described (4,5). After photographic development
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of probed sections for 10 days, the specimens were
fixed, stained with hematoxylin, and counterstained
with eosin.

Results
v-Cyclin D transcripts detected by
means of RT–PCR. RT–PCR was used
to examine v-cyclin D expression in clinical samples obtained from patients with
Kaposi’s sarcoma and in HHV-8 PCRpositive cell cultures (Fig. 1). Transcripts
for v-cyclin D were clearly detected in
RNA isolated from peripheral blood
mononuclear cells obtained from a patient
with nodular stage classical Kaposi’s sarcoma (Fig. 1, lane 1), from pleural effusion cells from a patient with AIDSrelated pulmonary Kaposi’s sarcoma (Fig.
1, lane 3), and from a skin biopsy from a
patient with early stage AIDS-related Kaposi’s sarcoma (Fig. 1, lane 5). Moreover,
transcripts for v-cyclin D were identified
in cultures of spindle cells derived from
the peripheral blood of patients with
AIDS-related Kaposi’s sarcoma (both
early patch and late nodular lesions) (five
of six examined) (Fig. 1, lanes 10–14) and
in RNA isolated from a primary effusion
lymphoma (Fig. 1, lane 4). Spindle cells
derived from nodular stage lesions of
classical Kaposi’s sarcoma contained vcyclin D transcripts only at early passages
(Fig. 1, lanes 7 and 8), whereas no vcyclin D transcripts were observed in
RNA isolated from the same cultures at
later passages (>4) (one of two is shown)
(Fig. 1, lane 2). These findings were in

agreement with our inability to amplify
HHV-8 genomic sequences from spindle
cells of classical Kaposi’s sarcoma at later
passages (data not shown).
Isolation of v-cyclin D complementary DNA. Complementary DNA cloning
was used to isolate and characterize
HHV-8 transcripts containing v-cyclin D
sequences. The 20-kilobase HHV-8 clone
7-2, known to contain several HHV-8encoded genes [including v-cyclin D, a
G-protein-coupled receptor homologue,
and the major tegument protein (43)], was
used to screen a primary effusion lymphoma complementary DNA library generated from uncultured tumor cells. Several complementary DNA clones, with
inserts ranging from 1.5 to 2.9 kilobases,
that cross-hybridized with each other
were isolated (data not shown). A representative 2.9-kilobase clone, 1A, was
used in further analyses. To evaluate
whether clone 1A originated from HHV8-encoded sequences, Southern blot hybridization was performed (Fig. 2). Radiolabeled clone 1A hybridized with
genomic DNA derived from cells of an
AIDS-related Kaposi’s sarcoma pleural
effusion and from cells of a primary effusion lymphoma (Fig. 2, A, lanes 3 and
4, respectively), whereas there was no apparent hybridization in lanes containing
DNA from P3HR1 cells or cells of the
Epstein-Barr virus-infected lymphoblastoid cell line Ram (Fig. 2, A, lanes 1 and
2, respectively). Hybridization of the
same blot with an Epstein-Barr virus terminal repeat probe demonstrated the pres-

Fig. 1. Reverse transcriptase–polymerase chain reaction (RT–PCR) analysis demonstrating human herpesvirus-8 gene expression in specimens from patients with Kaposi’s sarcoma. Lane 1, peripheral blood mononuclear cells from a patient with classical Kaposi’s sarcoma; lane 2, spindle cell culture from a patient with
classical Kaposi’s sarcoma, passage 6; lane 3, pleural effusion cells from a patient with acquired immunodeficiency syndrome (AIDS)-related Kaposi’s sarcoma; lane 4, primary effusion lymphoma cells, uncultured; lane 5, AIDS-related early stage Kaposi’s sarcoma skin biopsy; lane 6, AIDS-related B-cell lymphoma; lanes 7 and 8, spindle cell cultures from patients with classical Kaposi’s sarcoma, passages 1 and 2,
respectively; lanes 9 through 14, peripheral blood-derived spindle cell cultures from patients with AIDSrelated Kaposi’s sarcoma; and lane 15, water only control (i.e., no template RNA). Top panel, Southern blot
autoradiograph for the detection of v-cyclin D transcripts; bottom panel, ethidium bromide-stained gel of the
b-actin control for each RNA sample. The RT–PCR conditions and the primers used are described in the
‘‘Patients, Materials, and Methods’’ section. bp 4 base pair.
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Fig. 2. Southern blot analysis.
DNA was extracted from the following: 1) P3HR1, an EpsteinBarr virus-infected cell line; 2)
Ram, an Epstein-Barr virusinfected lymphoblastoid cell line;
3) pleural effusion cells from a
patient with acquired immunodeficiency syndrome-related Kaposi’s sarcoma who had pulmonary
lesions; and 4) primary effusion
lymphoma cells. Ten micrograms
of genomic DNA each was digested with the restriction enzyme BamHI. The digested DNA was resolved electrophoretically in a 0.9%
agarose gel, transferred to a Nytran membrane, and hybridized with a 32P-labeled DNA probe from clone 1A
(A). The same filter was stripped and rehybridized with an Epstein-Barr virus terminal repeat probe (B). The
filters were exposed to Kodak X-Omat film for 16 hours at −70 °C. The lane numbers in A and B correspond
to the specimen numbers given above, and the numbers to the right of the figure indicate the position of DNA
size markers in the gel. kb 4 kilobase. See the text for additional details.

ence of Epstein-Barr viral sequences only
in those lanes containing DNA from
P3HR1 cells, Ram cells, and cells of the
primary effusion lymphoma (Fig. 2, B,
lanes 1, 2, and 4, respectively). There was
no apparent hybridization observed in the
lane containing DNA from the AIDSrelated Kaposi’s sarcoma pleural effusion
cells (Fig. 2, B, lane 3), even after
prolonged exposure. These findings suggested that clone 1A encoded an HHV-8specific gene product. In vitro transcription and translation were performed with
clone 1A to determine the apparent mass
of the encoded protein. A protein of approximately 29 kd was observed when the
translation products were resolved by
means of sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (data
not shown). DNA sequencing and analysis of clone 1A identified an open reading
frame that encoded a protein with homology to open reading frame 72 of H.
saimiri (33.6% homology) (44), several
proteins of the human D-type cyclin family (45), and the recently reported cyclin
homologue encoded by HHV-8 (34). The
size of the cyclin protein encoded by
clone 1A is in agreement with the predicted size of v-cyclin D determined by
sequencing of previously isolated HHV-8
genomic clones (34).
Detection of v-cyclin D transcripts
by means of in situ hybridization. Transcripts for v-cyclin D are found in Kaposi’s sarcoma lesions; however, the cell
type-specific expression of v-cyclin D in
Kaposi’s sarcoma is not known. To determine whether Kaposi’s sarcoma spindle
cells contain v-cyclin D transcripts, in situ
hybridization with specific RNA probes

was performed (Fig. 3). In all tissue sections of late nodular Kaposi’s sarcoma examined (four AIDS-related Kaposi’s sarcomas and one classical Kaposi’s
sarcoma), approximately 60% of the cells
were positive (Fig. 3, A and B). Cells containing v-cyclin D transcripts were arranged in bundles and revealed elongated
nuclei, which are histologic hallmarks of
Kaposi’s sarcoma spindle cells. In some
cases, endothelial cells lining blood vessels in Kaposi’s sarcoma lesions were
positive, whereas, in the overlying epidermal layer, no apparent signal for v-cyclin
D was observed (data not shown). The
staining pattern for v-cyclin D mRNA
was similar to that found for transcripts of
the HHV-8-encoded latency-associated
gene, kaposin (39,46) (Fig. 3, G and H),
which has been shown to be expressed in
most spindle cells and endothelial cells
lining blood vessels in Kaposi’s sarcoma
lesions (39,46). As a result of the consequential altered morphology produced in
the tissue sections by the in situ hybridization procedure, it was not possible to
determine whether a subpopulation of the
v-cyclin D-expressing cells could have
been lymphocytes or monocytes, which
have been recently determined to be permissive for HHV-8 infection (38,47). It is
interesting that, in Kaposi’s sarcoma lesions at earlier stages of development
(patch stage), very few cells (approximately 1%) were positive for v-cyclin D
(Fig. 3, C and D). To control for hybridization specificity, a biopsy specimen
from an uninvolved skin area of a patient
with AIDS-related Kaposi’s sarcoma was
hybridized with the antisense v-cyclin D
probe, and sections of nodular Kaposi’s

Journal of the National Cancer Institute, Vol. 89, No. 24, December 17, 1997

sarcoma lesions were hybridized with the
v-cyclin D sense probe. There were no
apparent hybridization signals observed
in either of these two control experiments
(Fig. 3, E and F, respectively).

Discussion
Our findings demonstrate, by means of
in situ hybridization, that Kaposi’s sarcoma spindle cells and endothelial cells
lining blood vessels in Kaposi’s sarcoma
lesions contain transcripts for a viral homologue of cellular cyclin D2, i.e., vcyclin D. Moreover, the pattern of detection of v-cyclin D transcripts in spindle
cells from the clinical stages of Kaposi’s
sarcoma (early patch and late nodular)
parallels a pattern seen for transcripts of
the HHV-8 latency-associated gene, kaposin (39,46). The post-transcriptional
processing of herpesvirus mRNA species
is complex, frequently involving multiple
splicing events (48). The isolation and
characterization of a v-cyclin D complementary DNA from an uncultured primary effusion lymphoma library suggest
that transcripts encoding v-cyclin D are
indeed present in vivo and are, therefore,
likely to be translated into protein. The
significance of these results is not known;
however, several hypotheses can be
proposed. There are several lines of evidence that suggest HHV-8 latently infects
most Kaposi’s sarcoma spindle cells
(17,39,42,46,49). First, in their initial report, Chang et al. (17) observed that Kaposi’s sarcoma lesions contain at least one
copy of the HHV-8 genome per cell, a
characteristic of latent infection by herpesviruses. Likewise, Decker et al. (49)
showed that HHV-8 genomic DNA in Kaposi’s sarcoma lesions was circular, as
opposed to the linear form associated with
lytic or productive infection. Therefore,
this single-copy, circular presentation of
the HHV-8 genome in Kaposi’s sarcoma
lesions suggests a latent mode of infection. Second, viral gene expression is generally restricted during latent herpesvirus
infection. In Kaposi’s sarcoma lesions, in
situ hybridization has detected transcripts
for the minor capsid protein (38), v-bcl-2,
v-G-protein-coupled receptor, and vmacrophage inflammatory protein-1A
with similar low-level positivity (1%)
(Stürzl M, Blasig C, Opalenik SR,
Browning PJ: unpublished observations).
These expressing cells may represent the
small subset of those that, as demonREPORTS 1871

Fig. 3. In situ hybridization analyses. Hybridization with 35S-labeled RNA probes was performed on sections
of tumor stage Kaposi’s sarcoma (A, B, and F through H), early stage Kaposi’s sarcoma (C and D), and
uninvolved skin from a patient with acquired immunodeficiency syndrome (AIDS)-related Kaposi’s sarcoma
(E). Panels A through D: antisense v-cyclin D probe; bright field (A and C) and dark field (B and D)
microscopy. Transcripts for v-cyclin D are detected in the majority of cells in late nodular Kaposi’s sarcoma
(A and B) and in a few cells of early stage Kaposi’s sarcoma (C and D). No apparent hybridization signals
were observed in the uninvolved skin area from the patient with AIDS-related Kaposi’s sarcoma (E) and in
the control hybridization sample probed with a sense v-cyclin D probe (F). Hybridization with a kaposin
antisense probe suggested that, in AIDS-related Kaposi’s sarcoma lesions, most of the cells are latently
infected with human herpesvirus-8; bright field (G) and dark field (H) microscopy.

strated by Orenstein et al. (50) with transmission electron microscopy, contain herpesvirus-like particles. In contrast, most
spindle cells from late nodular Kaposi’s
sarcoma lesions produced transcripts for
v-cyclin D and kaposin (39,46), as well as
for latent nuclear antigen (51). Therefore,
this pattern of restricted HHV-8 gene expression in the majority of Kaposi’s sar1872 REPORTS

coma spindle cells provides additional
support favoring a latent mode of HHV-8
infection in Kaposi’s sarcoma lesions.
With regard to Kaposi’s sarcoma
pathogenesis, the expression of v-cyclin
D mRNA in Kaposi’s sarcoma spindle
cells may have an important impact on
tumor progression. Chang et al. (31) and
Li et al. (37) have previously demon-

strated that HHV-8 encodes a functional
cyclin protein. Overexpression of cellular
D-type cyclin proteins has been shown to
accelerate cell cycle progression through
the G1 phase, leading to increased numbers of cells in S phase (DNA synthesis)
(52). Moreover, several studies (53–55)
suggest a direct association between the
stage of Kaposi’s sarcoma and the percentage of cells in S phase. Kaposi’s sarcoma lesions at all stages have an S-phase
fraction, on the basis of flow cytometry,
of 2%–18% (54). Furthermore, the percentage of cells in S phase and G2M phase
is highest in late stage nodular Kaposi’s
sarcoma lesions (53,55). The data presented in this report demonstrate expression of v-cyclin D in approximately 60%
of Kaposi’s sarcoma spindle cells. Therefore, expression of v-cyclin D may explain the previously reported increase of
late nodular Kaposi’s sarcoma spindle
cells in S phase and G2M phase. Moreover, overexpression of v-cyclin D in peripheral blood spindle cells derived from
patients with Kaposi’s sarcoma may explain, in part, why these HHV-8-infected
cells are increased in the circulation of
human immunodeficiency virus-1infected individuals with Kaposi’s sarcoma and those individuals at highest risk
to develop this disease—homosexual and
bisexual men, as well as female sexual
partners of bisexual men (40). In conclusion, the results of this study clearly demonstrate that v-cyclin D mRNA is predominant in the tumor cells of Kaposi’s
sarcoma. Therefore, v-cyclin D protein
may be involved in the pathogenesis of
Kaposi’s sarcoma and, consequently, may
represent a target for therapeutic intervention.

References
(1) Safai B, Good RA. Kaposi’s sarcoma: a review
and recent developments. Clin Bull 1980;10:
62–9.
(2) Miles SA, Martinez-Maza O, Rezai A, Magpantay L, Kishimoto T, Nakamura S, et al. Oncostatin M as a potent mitogen for AIDSKaposi’s sarcoma-derived cells. Science 1992;
255:1432–4.
(3) Nair BC, DeVico AL, Nakamura S, Copeland
TD, Chen Y, Patel A, et al. Identification of a
major growth factor for AIDS-Kaposi’s sarcoma cells as oncostatin M. Science 1992;255:
1430–2.
(4) Sturzl M, Roth WK, Brockmeyer NH, Zietz C,
Speiser B, Hofschneider PH. Expression of
platelet-derived growth factor and its receptor
in AIDS-related Kaposi sarcoma in vivo sug-

Journal of the National Cancer Institute, Vol. 89, No. 24, December 17, 1997

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)
(16)

(17)

(18)

gests paracrine and autocrine mechanisms of
tumor maintenance. Proc Natl Acad Sci U S A
1992;89:7046–50.
Sturzl M, Brandstetter H, Zietz C, Eisenburg
B, Raivich G, Gearing DP, et al. Identification
of interleukin-1 and platelet-derived growth
factor-B as major mitogens for the spindle
cells of Kaposi’s sarcoma: a combined in vitro
and in vivo analysis. Oncogene 1995;10:
2007–16.
Barillari G, Buonaguro L, Fiorelli V, Hoffman
J, Michaels F, Gallo RC, et al. Effects of cytokines from activated immune cells on vascular cell growth and HIV-1 gene expression. Implications for AIDS-Kaposi’s sarcoma pathogenesis. J Immunol 1992;149:3727–34.
Miles SA, Rezai AR, Salazar-Gonzalez JF,
Vander Meyden M, Stevens RH, Logan DM, et
al. AIDS Kaposi sarcoma-derived cells produce and respond to interleukin 6. Proc Natl
Acad Sci U S A 1990;87:4068–72.
Sciacca FL, Sturzl M, Bussolino F, Sironi M,
Brandstetter H, Zietz C, et al. Expression of
adhesion molecules, platelet-activating factor,
and chemokines by Kaposi’s sarcoma cells. J
Immunol 1994;153:4816–25.
Ensoli B, Markham P, Kao V, Barillari G,
Fiorelli V, Gendelman R, et al. Block of AIDSKaposi’s sarcoma (KS) cell growth, angiogenesis, and lesion formation in nude mice by
antisense oligonucleotide targeting basic fibroblast growth factor. A novel strategy for the
therapy of KS. J Clin Invest 1994;94:1736–46.
Naidu YM, Rosen EM, Zitnick R, Goldberg I,
Park M, Naujokas M, et al. Role of scatter
factor in the pathogenesis of AIDS-related Kaposi sarcoma. Proc Natl Acad Sci U S A 1995;
91:5281–5.
Cornali E, Zietz C, Benelli R, Weninger W,
Masiello L, Breier G, et al. Vascular endothelial growth factor regulates angiogenesis and
vascular permeability in Kaposi’s sarcoma.
Am J Pathol 1996;149:1851–69.
Ensoli B, Barillari G, Salahuddin SZ, Gallo
RC, Wong-Staal F. Tat protein of HIV-1 stimulates growth of cells derived from Kaposi’s sarcoma lesions of AIDS patients. Nature 1990;
345:84–6.
Ensoli B, Gendelman R, Markham P, Fiorelli
V, Colombini S, Raffeld M, et al. Synergy between basic fibroblast growth factor and HIV-1
Tat protein in induction of Kaposi’s sarcoma.
Nature 1994;371:674–80.
Sturzl M, Brandstetter H, Roth WK. Kaposi’s
sarcoma: a review of gene expression and ultrastructure of KS spindle cells in vivo. AIDS
Res Hum Retroviruses 1992;8:1753–63.
Ensoli B, Cafaro A. HIV-1 and Kaposi’s sarcoma. Eur J Cancer Prev 1996;5:410–2.
Beral V, Peterman TA, Berkelman RL, Jaffe
HW. Kaposi’s sarcoma among persons with
AIDS: a sexually transmitted infection? Lancet
1990;335:123–8.
Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, et al. Identification of
herpesvirus-like DNA sequences in AIDSassociated Kaposi’s sarcoma. Science 1994;
266:1865–9.
Nador RG, Cesarman E, Knowles DM, Said
JW. Herpes-like DNA sequences in a body-

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

cavity-based lymphoma in an HIV-negative
patient [letter]. N Engl J Med 1995;333:943.
Ambroziak JA, Blackbourn DJ, Herndier BG,
Glogau RG, Gullett JH, McDonald AR, et al.
Herpes-like sequences in HIV-infected and uninfected Kaposi’s sarcoma patients [letter].
Science 1995;268:582–3.
Schalling M, Ekman M, Kaaya EE, Linde A,
Biberfeld P. A role for a new herpes virus
(KSHV) in different forms of Kaposi’s sarcoma. Nat Med 1995;1:707–8.
Memar OM, Rady PL, Tyring SK. Human herpesvirus-8: detection of novel herpesvirus-like
DNA sequences in Kaposi’s sarcoma and other
lesions. J Mol Med 1995;73:603–9.
Cesarman E, Chang Y, Moore PS, Said JW,
Knowles DM. Kaposi’s sarcoma-associated
herpesvirus-like DNA sequences in AIDSrelated body-cavity-based lymphomas. N Engl
J Med 1995;332:1186–91.
Nador RG, Cesarman E, Chadburn A, Dawson
DB, Ansari MQ, Said J, et al. Primary effusion
lymphoma: a distinct clinicopathologic entity
associated with the Kaposi’s sarcomaassociated herpes virus. Blood 1996;88:
645–56.
Soulier J, Grollet L, Oksenhendler E, Cacoub
P, Cazals-Hatem D, Babinet P, et al. Kaposi’s
sarcoma-associated herpesvirus-like DNA sequences in multicentric Castleman’s disease.
Blood 1995;86:1276–80.
Dupin N, Gorin I, Deleuze J, Agut H, Huraux
JM, Escande JP. Herpes-like DNA sequences,
AIDS-related tumors, and Castleman’s disease
[letter]. N Engl J Med 1995;333:798.
Karcher DS, Alkan S. Herpes-like DNA sequences, AIDS-related tumors, and Castleman’s disease [letter]. N Engl J Med 1995;333:
797–8.
Lachant NA, Sun NC, Leong LA, Oseas RS,
Prince HE. Multicentric angiofollicular lymph
node hyperplasia (Castleman’s disease) followed by Kaposi’s sarcoma in two homosexual
males with the acquired immunodeficiency
syndrome (AIDS). Am J Clin Pathol 1985;83:
27–33.
De Rosa G, Barra E, Guarino M, Gentile R.
Multicentric Castleman’s disease in association
with Kaposi’s sarcoma. Appl Pathol 1989;7:
105–10.
Dickson D, Ben-Ezra JM, Reed J, Flax H, Janis
R. Multicentric giant lymph node hyperplasia,
Kaposi’s sarcoma, and lymphoma. Arch Pathol
Lab Med 1985;109:1013–8.
Gerald W, Kostianovsky M, Rosai J. Development of vascular neoplasia in Castleman’s disease. Report of seven cases. Am J Surg Pathol
1990;14:603–14.
Chang Y, Moore PS, Talbot SJ, Boshoff CH,
Zarkowska T, Godden K, et al. Cyclin encoded
by KS herpesvirus [letter]. Nature 1996;382:
410.
Guo HG, Browning P, Nicholas J, Hayward
GS, Tschachler E, Jiang YW, et al. Characterization of a chemokine receptor-related gene
in human herpesvirus 8 and its expression in
Kaposi’s sarcoma. Virology 1997;228:
371–8.
Moore PS, Boshoff C, Weiss RA, Chang Y.
Molecular mimicry of human cytokine and cy-

Journal of the National Cancer Institute, Vol. 89, No. 24, December 17, 1997

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)
(46)

(47)

tokine response pathway genes by KSHV. Science 1996;274:1739–44.
Cesarman E, Nador RG, Bai F, Bohenzky RA,
Russo JJ, Moore PS, et al. Kaposi’s sarcomaassociated herpesvirus contains G proteincoupled receptor and cyclin D homologs which
are expressed in Kaposi’s sarcoma and malignant lymphoma. J Virol 1996;70:8218–23.
Cheng EH, Nicholas J, Bellows DJ, Hayward
GS, Guo HG, Reitz MS, et al. A Bcl-2 homolog encoded by Kaposi sarcoma-associated virus, human herpesvirus 8, inhibits apoptosis
but does not heterodimerize with Bax or Bak.
Proc Natl Acad Sci U S A 1997;94:690–4.
Nicholas J, Ruvolo V, Zong JC, Ciufo D, Guo
HG, Reitz MS, et al. A single 13-kilobase divergent locus in the Kaposi sarcoma-associated
herpesvirus (human herpesvirus 8) genome
contains nine open reading frames that are homologous to or related to cellular proteins. J
Virol 1997;71:1963–74.
Li MT, Lee HR, Yoon DW, Albrecht JC,
Fleckenstein B, Neipel F, et al. Kaposi’s sarcoma-associated herpesvirus encodes a functional cyclin. J Virol 1997;71:1984–91.
Blasig C, Zietz C, Haar B, Neipel F, Esser S,
Brockmyer NH, et al. Monocytes in Kaposi’s
sarcoma lesions are productively infected by
human herpesvirus 8. J Virol 1997;71:10.
Sturzl M, Blasig C, Schreier A, Neipel F, Hohenadl C, Cornali E, et al. Expression of
HHV-8 latency-associated T0.7 RNA in
spindle cells and endothelial cells of AIDSassociated, classical and African Kaposi’s sarcoma. Int J Cancer 1997;72:68–71.
Browning PJ, Sechler JM, Kaplan M, Washington RH, Gendelman R, Yarchoan R, et al.
Identification and culture of Kaposi’s sarcomalike spindle cells from the peripheral blood of
human immunodeficiency virus-1-infected individuals and normal controls. Blood 1994; 84:
2711–20.
Albrecht JC, Nicholas J, Biller D, Cameron
KR, Biesinger B, Newman C, et al. Primary
structure of the Herpesvirus saimiri genome. J
Virol 1992;66:5047–58.
Zhong W, Wang H, Herndier B, Ganem D.
Restricted expression of Kaposi sarcomaassociated herpesvirus (human herpesvirus 8)
genes in Kaposi sarcoma. Proc Natl Acad Sci
U S A 1996;93:6641–6.
Russo JJ, Bohenzky RA, Chien MC, Chen J,
Yan M, Maddalena D, et al. Nucleotide sequence of the Kaposi’s sarcoma-associated
herpesvirus (HHV8). Proc Natl Acad Sci
U S A 1996;93:14862–7.
Nicholas J, Cameron KR, Honess RW. Herpesvirus saimiri encodes homologues of G protein-coupled receptors and cyclins. Nature
1992;355:362–5.
Sherr CJ. Mammalian G1 cyclins [review].
Cell 1993;73:1059–65.
Staskus KA, Zhong WD, Gebhard K, Herndier
B, Wang H, Renne R, et al. Kaposi’s sarcomaassociated herpesvirus gene expression in endothelial (spindle) tumor cells. J Virol 1997;
71:715–9.
Flamand L, Zeman RA, Bryant JL, LunardiIskandar Y, Gallo RC. Absence of human herpesvirus 8 DNA sequences in neoplastic Ka-

REPORTS 1873

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

posi’s sarcoma cell lines. J Acquir Immune
Defic Syndr Hum Retrovirol 1996;13:194–7.
Smith PR, Gao Y, Karran L, Jones MD, Snudden D, Griffin BE. Complex nature of the major viral polyadenylated transcripts in EpsteinBarr virus-associated tumors. J Virol 1993;67:
3217–25.
Decker LL, Shankar P, Khan G, Freeman RB,
Dezube BJ, Lieberman J, et al. The Kaposi
sarcoma-associated herpesvirus (KSHV) is
present as an intact latent genome in KS tissue
but replicates in the peripheral blood mononuclear cells of KS patients. J Exp Med 1996;
184:283–8.
Orenstein JM, Alkan S, Blauvelt A, Jeang KT,
Weinstein MD, Ganem D, et al. Visualization
of human herpesvirus type 8 in Kaposi’s sarcoma by light and transmission electron microscopy. AIDS 1997;11:F35–45.
Rainbow L, Platt GM, Simpson GR, Sarid R,
Gao SJ, Stoiber H, et al. The 222- to 234kilodalton latent nuclear protein (LNA) of Kaposi’s sarcoma-associated herpesvirus (human
herpesvirus 8) is encoded by Orf73 and is a
component of the latency-associated nuclear
antigen J Virol 1997;71:5915–21.
Sherr CJ. Mammalian G1 cyclins and cell
cycle progression [review]. Proc Assoc Am
Physicians 1995;107:181–6.
Bisceglia M, Bosman C, Quirke P. A histologic and flow cytometric study of Kaposi’s
sarcoma. Cancer 1992;69:793–8.
Kaaya EE, Parravicini C, Ordonez C, Gendelman R, Berti E, Gallo RC, et al. Heterogeneity
of spindle cells in Kaposi’s sarcoma: comparison of cells in lesions and in culture. J Acquir
Immune Defic Syndr Hum Retrovirol 1995;10:
295–305.
Dictor M, Ferno M, Baldetorp B. Flow cytometric DNA content in Kaposi’s sarcoma by
histologic stage. Comparison with angiosarcoma. Anal Quant Cytol Histol 1991;13:201–8.

Notes
The first two authors contributed equally to the
work presented in this report.
Supported in part by Public Health Service grant
P30CA68485 from the National Cancer Institute,
National Institutes of Health, Department of Health
and Human Services (P. J. Browning); and by the
European Concerted Action ‘‘Pathogenesis of
AIDS-KS’’ and Deutsche Forschungsgemeinschaft
(SFB 464) (M. Stürzl).
We thank Wei Wang for technical assistance.
Manuscript received April 25, 1997; revised August 21, 1997; accepted October 1, 1997.
*Affiliations of authors: G. M. Clark, C. K. Osborne, Department of Medicine, Division of Medical
Oncology, The University of Texas Health Science
Center at San Antonio; D. Levitt, F. Wu, N. W. Kim,
Geron Corporation, Menlo Park, CA.
Correspondence to: Gary M. Clark, Ph.D., Department of Medicine, Division of Medical Oncology, The University of Texas Health Science Center
at San Antonio, 7703 Floyd Curl Dr., San Antonio,
TX 78284–7884. E-mail: gary@oncology.uthscsa.edu
See ‘‘Notes’’ following ‘‘References.’’
© Oxford University Press

1874 REPORTS

Journal of the National Cancer Institute, Vol. 89, No. 24, December 17, 1997

