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ABSTRACT

Background If Kaposi's sarcoma-associated her-
pesvirus (KSHV) is the cause of Kaposi’'s sarcoma,
serologic evidence of infection should be present in
patients before the disease develops.

Methods Using an immunoblot assay for two la-
tent nuclear antigens of KSHV, we tested serum sam-
ples from homosexual male patients with the ac-
quired immunodeficiency syndrome (AIDS) with and
without Kaposi’s sarcoma, HIV-infected men with he-
mophilia, HIV-seronegative blood donors, and HIV-
seronegative patients with high titers of antibodies
against Epstein—Barr virus (EBV). Serial serum sam-
ples obtained from patients with Kaposi’s sarcoma
before the diagnosis of the disease were tested for
evidence of seroconversion.

Results Of 40 patients with Kaposi's sarcoma,

32 (80 percent) were positive for antibodies against
KSHV antigens by the immunoblot assay, as com-
pared with only 7 of 40 homosexual men (18 per-
cent) without Kaposi’s sarcoma immediately before
the onset of AIDS. Of 122 blood donors, 22 EBV-
infected patients, and 20 HIV-infected men with
hemophilia, none were seropositive. When studied
by the immunoblot assay over a period of 13 to 103
months, 21 of the 40 patients with Kaposi’s sarcoma
(52 percent) seroconverted 6 to 75 months before the
clinical appearance of Kaposi's sarcoma. The median
duration of antibody seropositivity for KSHV-related
latent nuclear antigens before the diagnosis of Kapo-
si’s sarcoma was 33 months.

Conclusions In most patients with Kaposi’s sarco-
ma and AIDS, seroconversion to positivity for anti-
bodies against KSHV-related nuclear antigens occurs
before the clinical appearance of Kaposi's sarcoma.
This supports the hypothesis that Kaposi’'s sarcoma
results from infection with KSHV. (N Engl J Med
1996;335:233-41.)
©1996, Massachusetts Medical Society.

APOSI’S sarcoma-associated herpesvirus
(KSHV; also known as human herpesvi-
rus 8)!2 is found in over 95 percent of
Kaposi’s sarcomas of all types, but rarely
in solid tissue from control patients with neither the
acquired immunodeficiency syndrome (AIDS) nor
Kaposi’s sarcoma.l:37 KSHYV is closely related to her-
pesvirus saimiri and Epstein—Barr virus (EBV),2 which

are both tumorigenic gammaherpesviruses.®? Infec-
tion with other human herpesviruses usually takes
place during childhood, and nearly all adults are in-
fected before adolescence. If KSHYV is also ubiqui-
tous, then people with and those without Kaposi’s
sarcoma would be equally likely to be infected, and
this virus would not be likely to cause Kaposi’s sar-
coma.l9.11 However, if KSHV infection is rare and is
primarily found in adults at risk for Kaposi’s sarco-
ma, then it is likely that the virus has a causal role in
the sarcoma.!?

A rare B-cell body-cavity—based lymphoma is also
associated with KSHV.13 KSHV was first cultured in
vitro with BC-1, a naturally infected B-cell line also
infected with EBV that was derived from an AIDS-
related body-cavity—based lymphoma.!* Immunoflu-
orescence assays using this cell line show that pa-
tients with Kaposi’s sarcoma have a specific immune
response to KSHV-related antigens.2 We describe a
new immunoblot assay based on KSHV-related latent
nuclear antigens. Using this assay, we show KSHV-
specific antibody seroconversion among homosexual
men infected with the human immunodeficiency vi-
rus (HIV) in whom Kaposi’s sarcoma subsequently
developed.

METHODS
Study Design and Patients

The serum samples studied were from 40 HIV-seropositive ho-
mosexual men enrolled in the Multicenter AIDS Cohort Study in
whom AIDS-associated Kaposi’s sarcoma developed.!'s Serum
samples were collected at regular intervals from the time of entry
into the study until the visit immediately before the onset of Ka-
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posi’s sarcoma. The first of four control groups included 40 high-
risk HIV-seropositive homosexual men enrolled in the study who
died from AIDS but did not have Kaposi’s sarcoma; these men
were frequency-matched to the case patients according to the
CD4+ cell count at the study visit preceding the diagnosis of
AIDS. A second control group of 20 low-risk patients with he-
mophilia who had HIV infection but no Kaposi’s sarcoma was
also studied. Two other control groups, not infected with HIV,
included 122 blood donors (seronegative for HIV, human T-cell
lymphotropic virus type 1, hepatitis B virus, hepatitis C virus, and
Treponema pallidum), recruited from various sites in the United
States, and 22 patients with high antibody titers to EBV viral
capsid antigen, recruited from clinical sites at Columbia Univer-
sity—Presbyterian Hospital. Case and control serum samples were
evaluated in a blinded, randomized manner to determine the sen-
sitivity and specificity of the assay. After unblinding, samples with
discordant results (i.e., a case sample that tested negative or a
control sample that tested positive) were tested again.

Samples from two HIV-seronegative patients in complete re-
mission from Kaposi’s sarcoma were also examined. The first pa-
tient was a homosexual man with six serum samples obtained over
a 5-year period; he had remained in complete remission from Ka-
posi’s sarcoma for 3%2 years. The second patient had a single se-
rum sample drawn seven years after he had a complete remission
from Kaposi’s sarcoma after surgical excision; in this patient, a
disseminated body-cavity-based lymphoma containing KSHV
also developed.

Cell Lines and Cultures

BC-1 is infected with both KSHV and EBV.!4 The form of EBV
found in BC-1 is capable of both lytic replication and immortal-
ization of lymphocytes.2 Resting cells express EBV nuclear anti-
gen 1 (EBNA-1) but not latent membrane protein 1 (LMP-1),
EBNA-2, or lytic-phase antigens. CB33 (a gift of Dr. Riccardo
Dalla Favera), an EBV-infected lymphoblastoid cell line; P3HR-1;
and Raji (American Type Culture Collection, Rockville, Md.)
containing various forms of EBV possess the major forms of EBV
lytic-phase and latent-phase antigen expression. All the cell lines
were cultured with RPMI-1640 medium, supplemented with 10
percent fetal-calf serum.

To induce expression of viral lytic-phase antigens, the cells were
treated with 20 ng of phorbol ester (12- O-tetradecanoylphorbol-
13-acetate, TPA, Sigma Chemical, St. Louis) per milliliter or 3 mM
sodium #-butyrate (Sigma) for 48 hours. To inhibit expression of
viral lytic-phase antigens, the cells were treated with 150 ug of
phosphonoacetic acid (Sigma) per milliliter for 48 hours.

Preparation of Cytoplasmic and Nuclear Fractions

The BC-1 cells were solubilized for 10 minutes with three vol-
umes of hypotonic buffer containing 10 mM TRIS-hydrochloric
acid (pH 79), 1.5 mM magnesium chloride, 10 mM potassium
chloride, and 1 percent Nonidet P-40, supplemented with 100 uM
phenylmethylsulfonyl fluoride (Sigma) and 27 uM Na-p-tosyl-
L-lysine chloromethyl ketone (Sigma) to prevent proteolytic deg-
radation. The samples were then centrifuged at 2000X 4 for 10
minutes, and the supernatant and the pellet containing the cyto-
plasmic and nuclear fractions, respectively, were separated.

Immunoblot Assay

The KSHV-related latent nuclear antigens (p226 and p234)
were found in uninduced BC-1 cell lysates by testing serum sam-
ples from an unblinded convenience sample of 21 patients with
AIDS-associated Kaposi’s sarcoma and 5 control patients with
AIDS but no Kaposi’s sarcoma. These serum samples were differ-
ent from those used subsequently in the blinded evaluation of the
assay. Initial evaluation identified a doublet of 226-kd and 234-kd
proteins that reacted with 20 of the 21 case serum samples but
none of the controls. The proteins used in the immunoassay were
prepared from lysed cells or nuclear fractions with 100 ug of pro-
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tein per lane in loading buffer, which were separated on a 10 per-
cent sodium dodecyl sulfate—polyacrylamide gel'¢ and transferred
electrophoretically to a nitrocellulose membrane.!” After satura-
tion with 5 percent skim milk, the membrane was incubated with
the serum samples from the patients at a dilution of 1:100 in
1 percent skim milk. Antibody binding was detected with goat
antihuman IgG, IgM, and IgA alkaline phosphatase conjugate
(Sigma) at a dilution of 1:5000 and was developed with 5-bromo-
4-chloro-3-indolylphosphate p-toluidine salt and nitroblue tetra-
zolium chloride as substrates (GIBCO BRL, Grand Island, N.Y.).
Only serum samples that showed reactivity to both p226 and
p234 were scored as positive. Preparations of BC-1 nuclear frac-
tions were used in the immunoblot assays of serum samples from
patients.

Polymerase-Chain-Reaction Amplification

Peripheral-blood mononuclear cells from the patients with Ka-
posi’s sarcoma, the control homosexual patients with AIDS, and
the HIV-infected control patients with hemophilia were exam-
ined by nested polymerase chain reaction (PCR) as described
elsewhere.!® To control for contamination of the PCR, only sam-
ples that tested consistently positive with two nonoverlapping sets
of primers were considered positive; all samples were tested in a
random, blinded fashion; water control samples were processed
and amplified alternately with the specimens from patients; and
the samples were extracted in laboratories separate from those
where the PCR amplification was performed. The results of PCR
amplification for 10 patients with Kaposi’s sarcoma, 23 control
homosexual patients with AIDS, and 19 control HIV-infected pa-
tients with hemophilia have been reported elsewhere.8

Statistical Analysis

The statistical analyses were performed with Epi Info, version
6 (USD, Stone Mountain, Ga.), with the chi-square test used to
compare dichotomous variables and the Kruskal-Wallis test used
for continuous variables. Data obtained by the immunoblot and
PCR assays were compared by the McNemar test for paired data.
Least-squares curve fitting was used to estimate the trend in se-
roprevalence over time for the patients with Kaposi’s sarcoma. Se-
roconversion was assumed to have occurred halfway between the
date of a patient’s last seronegative examination and the date of
the first seropositive examination.

RESULTS
Identification of p226 and p234

The doublet of KSHV-related latent nuclear anti-
gens comprises a 226-kd protein and a 234-kd pro-
tein that react with serum samples from patients
with Kaposi’s sarcoma (Fig. 1A and 1D). Represen-
tative immunoblots with BC-1 and three EBV-
infected cell lines are shown in Figure 1 for serum
samples from a patient with AIDS-associated Kapo-
si’s sarcoma (Fig. 1A); a patient with AIDS but no
Kaposi’s sarcoma (Fig. 1B); a patient with nasopha-
ryngeal carcinoma, a condition associated with high
titers of antibody against EBV antigens?® (Fig. 1C);
and an HIV-seronegative patient with Kaposi’s sar-
coma (Fig. 1D). The BC-1 antigen doublet was de-
tectable with serum samples from most patients with
Kaposi’s sarcoma (Fig. 1A and 1D) but not with
most control serum samples (Fig. 1B and 1C). The
doublet was also not detected in lysates of three rest-
ing B-cell lines that were not infected with KSHV
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