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ABSTRACT

Background Although unique DNA sequences re-
lated to gammaherpesviruses have been found in
Kaposi’s sarcoma lesions, it is uncertain whether this
DNA encodes a virus that is able to reproduce.

Methods We isolated and propagated a filterable
agent whose DNA sequences were found to be iden-
tical to those of the Kaposi's sarcoma-associated
herpesvirus (KSHV). We obtained early-passage spin-
dle cells from skin lesions of patients with the ac-
quired immunodeficiency syndrome (AIDS) who had
Kaposi’s sarcoma and cultured them with cells of the
human embryonal-kidney epithelial-cell line 293. We
characterized the virus according to its effects on cel-
lular morphology and viral replication and its ap-
pearance on electron microscopy.

Results KSHV was cytotoxic to 293 cells and was
detected by the polymerase chain reaction (PCR) in
infected cells but not uninfected ones. Cytotoxicity
and positive PCR signals were consistently main-
tained with viral titers of 1 million per milliliter or
higher for about 20 serial infections of 293 cells. The
viral copy number was relatively low (1 to 10 copies
per cell). Viral replication was confirmed by Southern
blot analysis of DNA isolated from the enriched nu-
clear fraction of infected cells and by a semiquantita-
tive PCR using dilutions of the lysates of infected cells
to detect the 233-bp viral DNA fragment originally
described in association with Kaposi’s lesions. Elec-
tron microscopy revealed herpesvirus-like particles in
about 1 percent of cells from infected cultures, as
compared with none in cells from uninfected cultures.

Conclusions A herpesvirus with DNA sequences
identical to those of KSHV can be propagated from
skin lesions of patients with AIDS-associated Kapo-
si's sarcoma. (N Engl J Med 1997;336:163-71.)
©1997, Massachusetts Medical Society.

APOSI’S sarcoma was originally described
in the late 1800s as a rare neoplasm pre-
dominantly affecting elderly men of Jew-
ish or Mediterranean descent. Currently,
Kaposi’s sarcoma is the most common cancer in
patients with the acquired immunodeficiency syn-
drome (AIDS), affecting approximately 20 percent
of persons with human immunodeficiency virus type
1 (HIV-1) infection.!* Epidemiologic data have sug-
gested that an infectious agent could spread the dis-
ease through sexual contact,* but the etiologic agent
has not been identified. Several viruses, including cy-

tomegalovirus (CMV), hepatitis B virus, and human
papillomavirus, have been found in patients with Ka-
posi’s sarcoma. Recently, Chang et al. found that
over 90 percent of the tissue samples they studied
from patients with AIDS-associated Kaposi’s sarco-
ma were positive for herpesvirus-like DNA sequenc-
es.® These sequences were homologous to, but dis-
tinct from, minor capsid and tegument proteins of
Epstein—Barr virus (EBV) and herpesvirus saimiri.
They defined a putative new member of the gamma-
herpesvirus family, referred to as Kaposi’s sarcoma—
associated herpesvirus (KSHV) or human herpesvi-
rus 8 (HHV-8). Since then, investigators in several
laboratories have found these DNA sequences in
patients with four types of Kaposi’s sarcoma — the
classic one, the one endemic in Africa, the iatrogen-
ic one, and the one associated with AIDS68 — as
well as in patients with body-cavity—based lympho-
mas.%1!

It is uncertain whether these DNA sequences en-
code a replication-competent virus or represent a rep-
lication-defective, adventitious virus present in pa-
tients with Kaposi’s sarcoma. Although B-cell lines
that carry the virus have been identified, %! nei-
ther viral replication in vitro nor serial propagation
of the virus in cell lines has been demonstrated.
In this study we demonstrate the propagation of a
human herpesvirus from AIDS-associated Kaposi’s
sarcoma.

METHODS

Cell Culture, Isolation of DNA, and Analysis by the
Polymerase Chain Reaction

Kaposi’s sarcoma cell lines were isolated independently from
specimens of Kaposi’s sarcoma skin lesions obtained at biopsy
from five HIV-infected patients,!? all of whom had multiple le-
sions, diminished CD4 cell counts, and other signs of AIDS. For
some patients, two biopsy specimens were evaluated. The cells
were plated in tissue-culture dishes coated with microvascular en-
dothelial-cell attachment factor (Cell Systems, Kirkland, Wash.)
and were maintained as previously described,!!3 but without the
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TABLE 1. PRESENCE OF KSHV AND OTHER DNA SEQUENCES
IN ISOLATED CELL LINES.*

HSV-1,

SAMPLE TESTED KSHV HHV-6 HSV-2 EBV CcMV

Isolated KS cells
KS-2 (Patient 1)
KS-3 (Patient 1)
KS-4 (Patient 2)
KS-5 (Patient 3)
KS-6 (Patient 3)
KS-7 (Patient 4)
KS-8 (Patient 5)
Specimens from patients
Pulmonary KS
Sample 1
Sample 2
Psoriasis - - ND
Controls
Human umbilical-vein — — — - - -
endothelial cells
293 cells — - — - - —

+ I+ +++ +
|
|
|
|
|

++
++

*DNA was isolated from the indicated cell lines from the designated sub-
jects (Patients 1 through 5), and tissue samples were analyzed by PCR (see
the Methods section). Plus and minus signs indicate the presence and ab-
sence, respectively, of fragments of the relevant size on ethidium bromide
staining of agarose gels (range of assay sensitivity, approximately 0.1 to
1 fg). Positive control reactions for each type of virus were performed with
the same concentration of DNA (1 ug) that was used in the test reactions.
Positive-control DNA samples were isolated from biopsy specimens ob-
tained from another patient, who had pulmonary Kaposi’s sarcoma. KS de-
notes Kaposi’s sarcoma; ND, not determined; and 293 cells, cells of the
human embryonal-kidney epithelial-cell line 293. EBV A and B refer to vi-
ral subtypes distinguished by their genomic organization and transforming
potential.

addition of medium conditioned by cells infected with the human
T-cell lymphotropic virus type II (HTLV-II).

The polymerase chain reaction (PCR) was performed with
KSHV-specific primers.® Either genomic DNA or Hirt superna-
tants — that is, episomal DNA from infected cells — were isolat-
ed from tissue-culture cells as previously described.#16 PCR was
performed as previously described to detect human herpesvirus 6
(HHV-6), EBV, and herpes simplex virus types 1 and 2 (HSV-1
and HSV-2).1719 CMV was detected with the following primers
from the intron of an immediate early gene, under standard con-
ditions: 5'CCAAGCTTCCACGCTGTTTTGACCTCCATAGA3’
(sense) and 5'CCAAGCTTCTGTCAGCTATTATGTCTGGTG-
GC3’ (antisense); a 908-bp product was generated. Positive con-
trols for these known herpesviruses were obtained from paraffin-
embedded tissue samples and from the EBV-transformed B-cell
line M16B. The sensitivity of the PCR was 0.1 to 1 fg of DNA.

In a semiquantitative PCR, the 233-bp fragment of viral DNA
originally described in association with Kaposi’s sarcoma lesions®
(Genbank accession number U18551, base pairs 987 to 1219)
was quantitated by electrophoresis with ethidium-stained agarose
gel and spectroscopy in serial dilutions. PCR was performed, fol-
lowed by Southern blot hybridization with a form of the same
233-bp DNA fragment that was radiolabeled with phosphorus-
32. Each PCR used DNA from 100,000 cells, purified by phenol—-
chloroform extraction. The range of the DNA concentration meas-
urable in the assay was 0.001 to 1 fg (4 to 4000 copies).

Propagation of Virus from Cocultures and Serial Passage

Cells from primary Kaposi’s sarcoma lesions (200,000 cells,
passaged no more than three times after the cells from the biopsy
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samples were plated) were incubated with 2 million cells of the
human embryonal-kidney epithelial-cell line 293 (293 cells) in
35-mm six-well Costar plates, either stimulated before culture
with tumor necrosis factor e (200 TU per milliliter) or unstimu-
lated. The 293 cells (provided by Dr. Garry Nolan) were grown
in Dulbecco’s modified Eagle’s medium supplemented with fetal-
calf serum (10 percent), antibiotics, and /-glutamine. To release
viral particles, cell-free lysates from the 293 cells were prepared
by three cycles of freezing and thawing in dry ice and ethanol and
a water bath at 37°C three to five days after the initial coculture
with the Kaposi’s sarcoma cells. After lysis of the cells, the extracts
were centrifuged at 10,000Xg for 10 minutes, then filtered
through a 0.45-um membrane.

For the serial propagation of virus, cell-free lysates were pre-
pared from infected 293 cells by this method on day 3 after in-
fection, while a duplicate cell culture was maintained to confirm
subsequent cytotoxicity. No viable cells were detected in the ly-
sates by staining with trypan blue, and positivity for KSHV DNA
was confirmed in the lysates by PCR. Virus was propagated seri-
ally in an equivalent number of 293 cells for approximately 20
passages. Viral titers were estimated by incubating the infected ly-
sates in progressive dilutions (10-2 to 10-19) with 293 cells. Hu-
man umbilical-vein endothelial cells were propagated as previous-
ly described.20

Treatment of Extracellular Virions with Nuclease

To confirm that viral DNA was protected by components of the
viral structure, isolated virions were digested with RNase-free
DNase (1 U per milliliter; Promega) and pronase (1 mg per mil-
liliter), which together should degrade free or protein-associated
DNA. Some virions were incubated in addition with a nonionic
detergent, 1 percent Nonidet P-40 (NP40), which disrupts the
lipid bilayer of the viral envelope!l:2! and allows DNase and pro-
nase to degrade virion-associated DNA. The supernatants of in-
fected cultures of 293 cells were centrifuged for 10 minutes at
3000 rpm and filtered through a 0.45-um membrane. To prevent
the potential carryover of viral DNA, the supernatants were ultra-
centrifuged (25,000 X g) at 4°C (SW 28 rotor, Beckman) to pellet
the viral particles. Before analysis, the particles were washed once
with phosphate-buffered saline (PBS).

Electron Microscopy

Cells from the in vitro cultures described above were rinsed
with PBS, and monolayers were fixed in 2.5 percent glutaralde-
hyde in PBS (pH 7.4) for five minutes at 4°C. The cells were then
resuspended, centrifuged into pellets at 300 X g, and incubated
for two hours at 4°C. The samples were rinsed, dehydrated, and
embedded in epon. The specimens were sectioned, stained with
uranyl acetate and lead citrate, and examined with a Zeiss 109
transmission electron microscope. In some instances, the cells
were incubated for 12 hours with brefeldin A (0.3 ug per millili-
ter), an inhibitor of Golgi transport, added 24 hours after infec-
tion. This treatment improved the visualization of virions.

RESULTS

Characterization of KSHV DNA in Isolated Kaposi's
Sarcoma Cells

To establish Kaposi’s sarcoma cell lines in vitro, we
developed conditions for cell culture that did not re-
quire the presence of medium conditioned with
HTLV-1I-infected cells, unlike the culture condi-
tions in previous studies.!2!3 Kaposi’s sarcoma cell
lines grew rapidly after the initiation of the cultures.
Each was positive for clotting factor XIIla and
vascular-cell adhesion molecule 1 on immunohis-
tochemical staining and negative for factor XIIIs,
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A Uninfected
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Figure 1. Cytotoxic Effect on 293 Cells of Virus Propagated in Vitro.

Panel A shows uninfected 293 cells and cells exposed to virus (infected) after incubation in vitro for the numbers of days shown,
as analyzed by phase-contrast microscopy. The degree of cytotoxicity observed in the infected cells was graded as + on day 3, ++

on day 4, and +++ on day 5 (X10).

Panel B shows the typical light-microscopical appearance of 293 cells before exposure to lysate and five days thereafter. The unin-
fected cells appear uniformly viable, with typical epithelial differentiation, but the infected cells have undergone degeneration, with
the formation of multinucleated giant cells (black arrows) and the alteration of chromatin typical of infection by a virus of the herpes

group (white arrows) (left, X400; middle, X200; right, X400).

E-selectin, CD31, factor VIII, and CD34 (data not
shown), as is consistent with the phenotype of isolat-
ed Kaposi’s sarcoma cells studied under different
conditions of culture.12:22

PCR was used to determine whether the prolifer-
ating Kaposi’s sarcoma cells contained recently de-
scribed herpesvirus-like DNA sequences.® Early-pas-
sage, isolated Kaposi’s sarcoma cell lines from six of
the seven specimens obtained were positive for these
DNA sequences (Table 1). The positive signal was
present in the cell lines until passage 2 or 3 and
could not be detected thereafter. The 233-bp PCR
product was also found in DNA isolated from two
paraffin-embedded samples of tissue from a different
patient who had pulmonary Kaposi’s sarcoma, as has
been described in other patients.5¢ No evidence of
KSHV DNA sequences was detected in human um-
bilical-vein endothelial cells, 293 cells, or DNA iso-
lated from paraffin-embedded tissue from a patient
with psoriasis (Table 1). To determine whether other
herpesviruses were present in these samples, PCR
was performed to detect viral sequences of HHV-6,
HSV-1, HSV-2, CMV, and EBV. DNA from the

samples of Kaposi’s sarcoma cells was negative for
each of these sequences (Table 1). In addition, there
was no evidence of mycoplasma, HIV, or adenovirus
in freshly derived Kaposi’s sarcoma cells or viral iso-
lates (data not shown).

Propagation of Lytic Virus

Early-passage Kaposi’s sarcoma cells were cocul-
tured for two to seven days with various types of
cells, including human epithelial-cell lines (HeLa,
293, and A431 cells), human umbilical-vein endo-
thelial cells, porcine endothelial cells, and human or
porcine vascular smooth-muscle primary cells. Ge-
nomic DNA was isolated from the cocultures and
analyzed for KSHV DNA sequences by PCR. Con-
sistently strong PCR signals were found on day 2 in
DNA isolated from cocultures of Kaposi’s sarcoma
cells with 293 cells, whereas the DNA from the co-
cultures with other types of cells was negative. In the
293 cells, the PCR signal was detected as Kaposi’s sar-
coma cells were lost from the culture (on days 4 and
5) and was accompanied by progressively increasing
signs of cytotoxicity in the cell culture (Fig. 1). Light-
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Figure 2. Detection of KSHV DNA Sequences in 293 Cells after Coculture with Kaposi's Sarcoma Cells.

Viral DNA was detected by PCR in Hirt supernatants of 293 cells (Panel A) on the indicated days after infection, but not in uninfected
cells, and with DNA isolated from the enriched subcellular fractions on day 3 (Panel B). In both panels, the arrows indicate the
specific 233-bp DNA fragment; the plus signs, a positive control sample from a Kaposi’s sarcoma lesion; and the minus signs, DNA
from uninfected 293 cells. M denotes molecular-size marker. The amount of DNA used in each PCR analysis (1 or 0.1 ug) is shown.

Panel C shows the results of Southern blot analysis of genomic DNA (10 ng) isolated from uninfected and infected 293 cells. Viral
DNA sequences were detected without PCR amplification from uninfected cells (lane 1) and from cells three days after infection
with passage 5 virus (lanes 2 and 3), probed either without digestion (lane 2) or after digestion with BamHlI (lanes 1 and 3). The
arrow indicates the 330-bp product expected after digestion with BamH].

Panel D shows an analysis of the cytotoxicity and PCR reactivity of 293 cells after incubation with cell-free lysates (passage 5) at
the dilutions shown. In the study of reactivity, ethidium bromide staining and Southern blot hybridization were used. No signal
was detected by Southern blot analysis of the PCR product in uninfected cells (see Panel A, lane 2, and Panel B, lane 13). The
degree of cellular cytotoxicity was determined by light microscopy and graded as in Figure 1. PCR was performed with 1 ug of
DNA isolated on day 3 from the enriched nuclear fraction of infected cells. PCR fragments and genomic DNA were transferred to
nylon membranes (Genescreen Plus, Dupont) and hybridized to oligolabeled probe derived from the 233-bp PCR fragment under

standard conditions.

microscopical analysis of uninfected 293 cells
showed viable epithelial cells with round nuclei that
contained evenly distributed chromatin and promi-
nent nucleoli (Fig. 1B). In contrast, after exposure
to the infected-cell lysate, the 293 cells showed sub-
stantial cytopathic changes, beginning as early as day
2. Groups of infected 293 cells contained multinu-
cleated giant cells (Fig. 1B). In addition, certain
cells had nuclear molding or dense, chromatin-like
material at the margin of the nucleus, and the chro-
matin was dissolving, with residual chromatin form-
ing a margin along the nuclear membrane (Fig. 1B).
By day 5, virtually all the cells underwent condensa-
tion of chromatin and other morphologic changes
consistent with cell death (Fig. 1). These findings
suggested that the positive PCR signals were proba-
bly due to transmission of virus rather than to per-
sistent DNA sequences from the primary Kaposi’s
sarcoma cell line. PCR signals were variably ob-
served in the human umbilical-vein endothelial cells,
but there was no consistent cytopathic effect. We
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therefore focused our efforts on the 293 cells as host
cells for viral replication.

Propagation of Virus by Serial Infection of 293 Cells

To propagate the virus further, we prepared cell-
free lysates from cocultures of Kaposi’s sarcoma cells
with 293 cells at various times after incubation, and
the 293 cells were infected both in the presence and
in the absence of tumor necrosis factor . No PCR
signals were detected in the uninfected cells, but
signals were readily detected in the infected 293
cells within one day after infection (Fig. 2A). Sig-
nals were detected more readily in the nuclear frac-
tion and were weaker in the cytoplasm (Fig. 2B).
Hirt supernatants — that is, episomal DNA isolated
from infected cells — contained KSHV DNA se-
quences by PCR. The signals were maximal three
days after the viral challenge, diminishing by day 5
(Fig. 2A).

Although virus could be detected in the cell-cul-
ture supernatants and passaged serially, the cell ly-

Downloaded from www.nejm.org on November 29, 2009 . For personal use only. No other uses without permission.
Copyright © 1997 Massachusetts Medical Society. All rights reserved.



PROPAGATION OF A HUMAN HERPESVIRUS FROM AIDS-ASSOCIATED KAPOSI'S SARCOMA

sates consistently had viral titers two to three orders
of magnitude higher than the supernatants (data not
shown), and the lysates were therefore used in fur-
ther studies. With the PCR we could also amplify re-
gions of the thymidine kinase gene, the putative
principal capsid protein, and glycoprotein H. These
regions were visualized by staining with ethidium
bromide after 30 cycles in at least three separate ex-
periments (data not shown). No PCR signals from
other known herpesviruses were detected in serially
passaged viral isolates, although they were detected
readily in positive control tissues and cell lines in-
fected with the relevant viruses. In particular, there
was no PCR evidence of EBV in either the primary
carly-passage Kaposi’s sarcoma cell lines or subse-
quent serially passaged virus (with as many as 20 pas-
sages) (data not shown).

Southern blot analysis of DNA prepared from en-
riched nuclei isolated from 293 cells confirmed that
in passage 5 virus, viral DNA was amplified by a factor
of 1000 or more after infection (Fig. 2C), as was con-
sistent with the results of semiquantitative PCR (Fig.
2A and 2B). Moreover, when 293 cells were incubat-
ed with infected-cell lysates at increasing dilutions,
the development of cytotoxicity correlated with the
magnitude of the signal for KSHV that could be de-
tected by Southern blot analysis of the PCR product
(Fig. 2D). Cytotoxicity and positive PCR signals for
KSHV were consistently maintained with viral titers
of 1 million per milliliter or more, as determined by
the dilution at which no cytotoxicity was seen, for ap-
proximately 20 serial infections of 293 cells. The
transfer of the cytotoxic effect among the cell cul-
tures and the PCR signals after serial passage were
maintained consistently after the infected-cell ly-
sates were filtered through a 0.45-um membrane,
but these characteristics disappeared after inacti-
vation by heat (data not shown). Under identical
culture conditions, serial passages of KSHV derived
from body-cavity—based lymphomas were unsuccess-
ful, and no cytotoxicity was seen (unpublished data).

Replication of Viral DNA in Infected Cells and Sensitivity
of Virus to Treatment with Nuclease

To passage the virus serially, we prepared cell ly-
sates from infected 293 cells on day 3, before the
generation of cytotoxicity. Although tumor necrosis
factor a enhanced viral replication during the cocul-
ture of primary Kaposi’s sarcoma cells and 293 cells,
it did not increase cytotoxicity or viral titers during
serial passage of 293 cells and thus was not used fur-
ther. Replication of viral DNA was confirmed by
semiquantitative PCR. With this technique, as little
as about 0.001 fg of viral DNA (or about one copy
per 100,000 infected cells) could be detected. After
one hour of incubation with infected-cell lysates
from passage 15 (a 102 dilution, containing 1000
to 10,000 viral-genome equivalents), followed by

extensive washing with Dulbecco’s modified Eagle’s
medium, viral DNA was barely detectable in the in-
tected cells four hours after the removal of the viral
supernatant. By 24 hours, a definite signal was de-
tected. The peak replication was observed two days
after infection, with amplification of viral DNA in-
creased by at least three orders of magnitude.

Exposure to a smaller quantity of lysate in a 10~
dilution (containing 10 to 100 viral-genome equiv-
alents) revealed sustained but decreased peak repli-
cation of viral DNA (Fig. 3A and 3B), which may
have been due to a slower spread in the infected cell
culture and to reduced cytotoxicity. No viral DNA
was detected in uninfected cells (Fig. 2A and 3A).
Thus, for the cultures of 293 cells exposed to infect-
ed lysates (passage 15), there was a period in which
the viral titer was minimal, followed by one in which
it increased exponentially, providing evidence that
this virus is competent to replicate. Analysis of pas-
sage 1 and passage 5 virus showed a similar increase
in the synthesis of viral DNA in infected 293 cells
(Fig. 3C). These results are representative of those
obtained with at least six infections in which virus
from different passages (from passage 2 to passage
22) was studied by PCR. At least three primary iso-
lates of the virus with similar properties have now
been obtained and propagated (data not shown).
Quantitation of the Southern blot signal suggested
that there was a relatively low copy number of viral
genomes in each cell (on average, 1 to 10 copies per
cellular genome; data not shown), as is consistent
with results of quantitative PCR and electron-micro-
scopical data.

To determine whether the virus particles released
from infected cells contained KSHV DNA, pelleted
virus was subjected to treatment with DNase and
pronase,'! with or without prior exposure to NP40,
and was then analyzed by PCR and Southern blot-
ting. The KSHV DNA from passage 15 in the prep-
aration treated with pronase and DNase was resist-
ant to nuclease digestion. In contrast, no PCR signal
was detected in the preparation exposed to NP40
before treatment with DNase and pronase (Fig. 4A).
This finding provides evidence that the DNA is pro-
tected from the combined action of a protease and
DNase by a virus-associated membrane. Furthermore,
transmission of KSHV DNA in 293 cells was dem-
onstrated at passage 22 after treatment with DNase
alone (Fig. 4B), indicating that filtered and DNase-
treated viral particles retained their infectivity. In
this experiment, but not routinely, the preparation
of virions was also treated with RNase-free DNase
(1 U per milliliter, Promega). Similar results were
observed with passage 15 virus.

Electron Microscopy of Infected 293 Cells

To further document the presence of the virus af-
ter serial propagation, we performed additional anal-
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Figure 3. Replication of Viral DNA in 293 Cells and Analysis of Extracellular Viral Particles.

Panel A shows the course of viral propagation over time in infected 293 cells, as estimated by semiquantitative PCR. A Southern
blot analysis of the PCR product amplified from DNA extracted from cells (passage 15) after infection with two dilutions of virus
(10-2 and 10-4) is shown at the top. DNA from cultures of infected cells was isolated at various times, extracted, precipitated with
ethanol, and amplified by PCR. For comparison, a known amount of DNA (the same 233-bp PCR product) was quantitated in the
presence and absence of cellular DNA lysate isolated from 100,000 uninfected cells. Viral-genome equivalents were calculated with
standards containing cellular DNA. The quantity of the viral PCR product was standardized initially by ethidium agarose-gel elec-
trophoresis and spectrophotometry. DNA from cells infected with virus at two dilutions (10-2 and 10-4) was extracted 4, 24, 48, 72,
and 96 hours after infection (lanes 1 through 5). Positive controls containing various amounts of DNA (the 233-bp KSHV PCR prod-
uct from a Kaposi's sarcoma lesion) are shown in lanes 6 through 9, and a negative control sample with buffer alone is shown in
lane 10. Samples purified by phenol-chloroform extraction were subjected to PCR as described in the Methods section. Specific
hybridization is shown of PCR products from the infected cell extracts and the positive control DNA to the 32P-labeled 233-bp PCR
product from a Kaposi’'s sarcoma lesion after transfer of the gel to nylon membranes.

Panel B shows copy numbers of viral genomes estimated by semiquantitative PCR at various times after infection, as quantitated
from Panel A by phosphor imaging. The copy numbers were calculated on the basis of image analysis by a Phosphorimager (Mo-
lecular Dynamics) and compared with the standards in Panel A.

Panel C shows the kinetics of viral DNA synthesis in earlier-passage cells, derived from passages 1 and 5. In these infections, a
10-2 dilution of cellular lysate prepared from approximately 2 million infected 293 cells was incubated with the same number of
uninfected 293 cells.
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yses using electron microscopy. In early-passage Ka-
posi’s sarcoma cells, particles were found in the
cytoplasm whose size and structure were consistent
with those of herpes virions (Fig. 5A). Electron-
microscopical analysis of 293 cells infected with viral
lysate (passage 5) revealed multiple particles that re-
sembled viral nucleocapsids (Fig. 5B). These viral
nucleocapsids containing electron-dense cores (ap-
proximately 100 nm in diameter) were observed in
nuclei of infected cells, but not those of uninfected
cells, as soon as two days after exposure to lysate
(Fig. 5C). Furthermore, enveloped virions (approxi-
mately 140 nm in diameter) were detected in the
perinuclear cisternae and the cytoplasm of infected
293 cells (Fig. 5D and 5E). We estimated that about
1 percent of cells in the infected cultures contained
herpesvirus-like particles, but none of the cells in the
control cultures contained such particles (300 cells
were analyzed in each group).

DISCUSSION

Since DNA sequences associated with Kaposi’s
sarcoma were first described, several reports have
either supporteds$2325 or challenged?¢:2” the no-
tion that this novel DNA virus is important in
Kaposi’s sarcoma. We used early-passage cell lines
from biopsy specimens of Kaposi’s sarcoma skin le-
sions as a source of the virus and defined condi-
tions that allowed it to be propagated in vitro.
KSHV DNA sequences were detected by PCR in
early passages of these cell lines (in six of seven
primary cultures), and these sequences resembled
previously described herpesvirus-like DNA sequenc-
es.2829 It is noteworthy that the PCR signal disap-
peared from the primary Kaposi’s sarcoma cell lines
by passage 3 or 4, suggesting that viral replication
in these cultures was limited. In coculture experi-
ments, the virus was transmitted to the embryonal-
kidney epithelial-cell line 293 in a manner that cor-
related with the presence of the viral PCR signal.
In addition, substantial cytotoxicity was observed,
which could be due to the direct toxic effects of vi-
ral proteins on infected cells or, indirectly, to the
release of cytokines, as noted in the case of EBV in-
fections,? to the presence of soluble factors, or to
the action of virus particles on uninfected cells in
the culture. Because a small fraction of cells appear
to be infected (0.1 to 1 percent) at the time cyto-
toxicity is observed, it is likely that this effect is
largely indirect.

Independent evidence of the presence of the virus
was obtained by analysis of viral DNA, studies of
cellular morphology, and electron microscopy. Al-
though replication of viral DNA was repeatedly
demonstrated by PCR, the viral copy number was
relatively low (1 to 10 copies per cell). For this rea-
son, Southern blotting for the routine detection of
virus was not feasible, although the virus was detect-

A No NP40 NP40
1 2
B No DNase DNase

Figure 4. Nuclease Sensitivity Assays for Enveloped Virions De-
rived from Infected 293 Cells.

Panel A shows the results of an assay in which particles from
the culture fluids (passage 15) of infected cells were concen-
trated and incubated both without NP40 (lane 1) and with NP40
(lane 2), as described.2" Each preparation was then exposed
to pronase and digested with DNase before the extraction of
nucleic acid. The isolated DNA underwent PCR amplification,
and specific hybridization of PCR products to the 32P-labeled
233-bp KSHV DNA probe was performed as described in the
Methods section.

Panel B shows the results of an assay in which particles from
culture fluids (passage 22) of infected 293 cells were concen-
trated and incubated at 37°C for 30 minutes both with and
without DNase. Equal numbers of 293 cells were exposed to
each viral preparation, and DNA was extracted 4 hours (lanes
1 and 3) and 48 hours (lanes 2 and 4) after infection. Purified
samples were amplified by PCR, and specific hybridization of
PCR products was performed as described in the Methods
section.

able by this technique in larger-scale preparations
(Fig. 2C). The disappearance of viral DNA (Fig. 3B
and 3C) was probably due to the cytotoxic effects
observed in the culture, with the release of nucle-
ases, proteases, and lipases that may degrade cell-
associated viral DNA. Although KSHV appears to
replicate with a low copy number, the features we
observed are consistent with previous reports based
on DNA analysis and in situ hybridization of Kapo-
si’s sarcoma tissue.531

Renne et al.!! have described a body-cavity—based
lymphoma that contains KSHV. Contrary to Cesar-
man et al. in an earlier report,'? they showed that a
lymphoma that carries KSHV DNA is devoid of
EBV sequences. Although the formation of virus was
induced in a proportion of cells (5 to 10 percent) by
treatment with phorbol 12-myristate 13-acetate,!!
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Figure 5. Electron-Microscopical Analyses of Cultures of Infected 293 Cells.

Panel A shows a herpesvirus-like particle in the cytoplasm of a passage 2 Kaposi's sarcoma cell
(X70,000). Panel B shows a 293 cell two days after exposure to infected cellular lysate. Margination of
the chromatin is readily apparent, and nucleocapsids (arrows) are detectable within the nuclei
(X12,900). Panel C shows a higher magnification of a typical viral nucleocapsid with an electron-dense
central core (approximately 100 nm, X67,840). Panel D shows a representative enveloped virion in the
cytoplasm of an infected 293 cell (X82,400). Panel E shows an enveloped viral particle in the perinu-
clear cisternae of an infected 293 cell (xX82,400). The cells shown in Panels D and E were incubated
with brefeldin A, as described in the Methods section.

serial passage of replication-competent virus was not
demonstrated. Another report suggested that tran-
sient transmission of KSHV derived from an EBV-
containing B-cell lymphoma line was observed, but
that virus also could not be propagated serially.32 We
studied and propagated KSHV from primary Kapo-
si’s sarcoma lesions. Further research is needed to
clarify the relation between the viruses in body-cav-
ity-based lymphomas and those in primary Kaposi’s
sarcoma lesions.

Despite our ability to propagate this virus in vitro

170 - January 16, 1997

and its close association with the presence of Kapo-
si’s sarcoma in vivo,333* whether KSHV has a causal
role in the disease remains uncertain. The ability to
propagate KSHV should facilitate the development
of diagnostic reagents, allow more detailed study of
the association of the virus with Kaposi’s sarcoma le-
sions, and improve our understanding of how people
respond after exposure to the virus. Finally, it re-
mains uncertain whether the pathogenesis of Kapo-
si’s sarcoma derives from its ability to transform
primary cells in vivo or whether the sarcoma repre-
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sents an immune-mediated inflammatory and angio-
genic response to virally infected cells. The fact that
cloned viral isolates can be maintained and propa-
gated should facilitate further study of the molecular
regulation of the virus and help define its role in the
causation and pathogenesis of Kaposi’s sarcoma.
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