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We describe a recombinant antigen for use in serologic tests for antibodies to Kaposi’s sarcoma (KS)-
associated herpesvirus (KSHV). The cDNA for a small viral capsid antigen (sVCA) was identified by immu-
noscreening of a library prepared from the BC-1 body cavity lymphoma cell line induced into KSHV lytic gene
expression by sodium butyrate. The cDNA specified a 170-amino-acid peptide with homology to small viral
capsid proteins encoded by the BFRF3 gene of Epstein-Barr virus and the ORF65 gene of herpesvirus saimiri.
KSHV sVCA was expressed from a 0.85-kb mRNA present late in lytic KSHV replication in BC-1 cells. This
transcript was sensitive to phosphonoacetic acid and phosphonoformic acid, inhibitors of herpesvirus DNA
replication. KSHV sVCA expressed in mammalian cells or Escherichia coli or translated in vitro was recognized
as an antigen by antisera from KS patients. Rabbit antisera raised to KSHV sVCA expressed in E. coli detected
a 22-kDa protein in KSHV-infected human B cells. Overexpressed KSHV sVCA purified from E. coli and used
as an antigen in immunoblot screening assay did not cross-react with EBV BFRF3. Antibodies to sVCA were
present in 89% of 47 human immunodeficiency virus (HIV)-positive patients with KS, in 20% of 54 HIV-positive
patients without KS, but in none of 122 other patients including children born to HIV-seropositive mothers and
patients with hemophilia, autoimmune disease, or nasopharyngeal carcinoma. Low-titer antibody was detected
in three sera from 28 healthy subjects. Antibodies to recombinant sVCA correlate with KS in high-risk
populations. Recombinant sVCA can be used to examine the seroepidemiology of infection with KSHV in the
general population.

The several distinct clinical and epidemiological variants of
Kaposi’s sarcoma (KS) may differ in their modes of transmis-
sion and pathogenesis. Among homosexual men with human
immunodeficiency virus type 1 (HIV-1) infection, the tumor
seems to result from sexual transmission of an infectious agent
(4). The high frequency of KS among adults of both sexes in
Africa is consistent with heterosexual transmission of an infec-
tious agent; however, since KS also occurs in African children,
there are likely to be other routes of person-to-person trans-
mission (42). The occurrence of classical KS in elderly men of
Eastern Europe or Mediterranean origin is not consistent with
the hypothesis that development of KS is associated with pri-
mary infection with the etiologic agent; rather, reactivation of
a latent virus is more likely. The development of KS following
renal transplantation could be explained by opportunistic de
novo infection or by reactivation of a latent agent.
Sequences of the newly discovered gammaherpesvirus KS-

associated herpesvirus (KSHV) are detectable in KS tissue
from all variant forms of the disease (10, 17, 31, 35, 42).
Moreover, the KSHV sequences are found in tissue from pa-
tients with body cavity lymphoma and those with multicentric
Castleman’s disease (6, 34). These sequences are part of a
herpesvirus genome that, at least in certain body cavity lym-
phoma cell lines, can give rise to virions (22, 23, 30). KSHV
genomes have also been found in non-KS skin lesions from

renal transplant recipients and in semen from healthy individ-
uals (20, 25, 29).
The discovery of KSHV raises several questions concerning

the association of the virus with KS and the distribution of the
virus in human population. (i) Is the association specific for
KS? (ii) Does the association represent de novo infection or
reactivation of a silent latent infection? (iii) Is KSHV infection
ubiquitous in the human population or distributed only within
selected high risk populations?
The development of serological tests to measure antibodies

to KSHV should help to clarify the significance of the associ-
ation of the virus with Kaposi’s sarcoma and body cavity lym-
phoma. Seroepidemiological tests may also help to determine
whether the infection is primary or reactivated. Several differ-
ent serological tests with KSHV-infected body cavity lym-
phoma cells measure antibodies to lytic- or latent-cycle anti-
gens of the virus. One test detects antibodies to a lytic-cycle
polypeptide, p40, induced by butyrate (24). Two other tests
measure antibodies to latent nuclear antigens detected by im-
munofluorescence and immunoblotting (14, 18). The general
conclusions from these three seroepidemiological analyses are
similar. There is high concordance between the presence of
antibodies to KSHV antigens and the presence of KS (13, 14,
18, 24). Antibodies are found less frequently among high-risk
populations, for example, HIV-infected patients without KS,
than among patients with KS. Antibodies are generally lacking
among people who are healthy or at low risk for KS, such as
HIV-infected hemophiliacs (13, 14, 18). However, a recent
fourth study, measuring antibody to phorbol-induced lytic-cy-
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cle antigens detectable by indirect immunofluorescence, has
found antibody in about 25% of the U.S. general population (19).
Until now, all serological tests have detected antibodies to

antigens present in KSHV-infected cells. Here we describe the
cloning and expression of a small viral capsid antigen (sVCA)
of KSHV. Using recombinant sVCA in serological tests, we
found that antibodies to sVCA were present in nearly all pa-
tients with KS but less common in other population groups
including HIV-infected patients without KS.

MATERIALS AND METHODS

Cell culture. BC-1 cells (7) were grown at 378C in RPMI 1640 supplemented
with 15% fetal bovine serum in the presence of 5% CO2. HH514-16 cells, derived
from the African Burkitt’s lymphoma line, P3J-HR-1, were grown at 378C in
RPMI 1640 supplemented with 8% fetal bovine serum (28). Both Epstein-Barr
virus (EBV) and KSHV genomes are present in BC-1 cells, while only EBV
DNA is present in HH514-16 cells. To induce lytic-cycle gene expression, cells
were harvested after exposure to 3 mM sodium butyrate and/or 20 ng of TPA
(phorbol 12-myristate 13-acetate) per ml. COS-7 and 293T cells were used for
mammalian cell expression (16, 27).
cDNA library construction and cloning. Total cellular RNA was extracted by

standard procedures (2) from BC-1 cells which had been treated with sodium
butyrate for 48 h. The poly(A)1 RNA was selected on an oligo(dT) column.
cDNAs were synthesized with a commercial kit (ZAP cDNA synthesis kit; Strat-
agene). The library was cloned in the LambdaZAPII vector (Stratagene) as
specified by the manufacturer. Isolated clones were plaque purified before in vivo
excision.
Genomic library. Total genomic DNA prepared from BC-1 cells by standard

procedures (2) was partially digested with Sau3A so that the DNA fragments
were 20 to 40 kb in size. DNA was then ligated to a cosmid vector, Supercos-1
(Stratagene), or to a lambda phage vector, lFix (Stratagene), and packaged with
Gigapack LX (Stratagene).
DNA sequence analysis. The sequences of cDNA clone CA20 and its gene

were determined in both directions via primer walking. DNA sequence data were
compiled and analyzed by using GELASSEMBLE, TESTCODE, BLAST, and
FRAMES of Wisconsin sequence analysis package GCG, version 8 (Genetics
Computer Group, Madison, Wis.).
RNA preparation and Northern blot analysis. Each sample contained total

RNA prepared from 2 3 106 cells; the RNA was fractionated on 1% formalde-
hyde–agarose gels and transferred to a nylon membrane (Nytran; Schleicher &
Schuell) by standard procedures (2). The DNA probe for Northern blotting was
a 620-bp PCR product of CA20, amplified by primers 17809 (59-tggaccatggccaa
ctttaaggtgagagacc-39) and 17810 (59-ggaattcaacaaaaagtggccgccctatcgg-39). Hy-
bridization was carried out in 50% formaldehyde–53 SSC (13 SSC is 0.15 M
NaCl plus 0.015 M sodium citrate)–53 Denhardt’s solution–1% sodium dodecyl
sulfate (SDS)–100 mg of salmon sperm DNA per ml at 458C overnight. The filters
were washed with 33 SSC–0.1% SDS twice for 15 min each and then with 0.13
SSC–0.1% SDS once for 30 min at 688C. For quantitation of RNA loading, blots
were stripped and reprobed with genes for RNase P H1 RNA (3). The band
intensity was quantitated with a PhosphorImager (Molecular Dynamics).
Expression of KSHV sVCA in mammalian cells. A 10-mg portion of each

plasmid DNA was transfected into 75% confluent COS-7 or 293T cells by the
calcium phosphate precipitation method for 5 h followed by a 10% glycerol shock
for 2 min at the end of transfection (2). At 3 days after transfection, total cellular
proteins were prepared for Western blotting.
In vitro translation and immunoprecipitation. A commercial in vitro tran-

scription and translation system, TNT Coupled Reticulocyte Lysate System (Pro-
mega, Madison, Wis.), was used to generate the in vitro translation product of
KSHV sVCA. A 1-mg portion of plasmid DNA containing the CA20 cDNA
downstream of a T3 promoter in pBK-CMV (Stratagene) was added to 50 ml of
TNT reaction mixture in the presence of [35S]methionine at 800 mCi/ml. The
reaction mixtures were incubated at 308C for 90 min. Translation products were
analyzed on by SDS-polyacrylamide gel electrophoresis (PAGE) (12% acryl-
amide) and visualized by autoradiography or used directly in immunoprecipita-
tion. For immunoprecipitation, 2 ml of TNT product, 5 ml of serum, and 1.5 mg
of protein A-Sepharose CL-4B (Pharmacia) were added to 400 ml of radioim-
munoprecipitation/bovine serum albumin buffer (10 mM Tris-HCl [pH8.0], 1%
Triton X-100, 0.5% deoxycholate, 0.1% SDS, 100 mM NaCl, 1% bovine serum
albumin) and incubated at 48C for 2 h. Protein A-Sepharose beads were washed
thoroughly three times in 13 RIP buffer and once in 10 mM Tris-HCl (pH 6.8).
The immunoprecipitation complex was resolved on by SDS-PAGE (12% poly-
acrylamide) and detected by autoradiography.
Expression of KSHV sVCA in E. coil and partial purification. The open

reading frame (ORF) of KSHV sVCA was amplified by PCR from CA20 with
primers 17809 (59-tggaccatggccaactttaaggtgagagacc-39) and 17810 (59-ggaattcaa
caaaaagtggccgccctatcgg-39). The resulting PCR product was subcloned into the
pET30b vector (Novagen) with NcoI and EcoRI sites (underlined), yielding the
recombinant plasmid pET30b-sVCA. E. coli BL21(DE3)pLysS harboring
pET30b-sVCA in logarithmic-phase growth was induced by treatment with 0.1

mM isopropyl-b-D-thiogalactopyranoside (IPTG) for 2 h at 378C. A crude extract
of the induced cells was prepared by 1:20 concentration of the cell pellet in 50
mM Tris-HCl (pH 8.0). KSHV sVCA was purified by chromatography of crude
extracts onto two consecutive affinity columns, a Nickel column and S z Tag
agarose (Novagen). The elution buffer used in the Nickel column was a gradient
of 0.1 to 1.0 M imidazole in 50 mM NaCl–20 mM Tris-HCl (pH 8.0). The elution
buffer used for S z Tag agarose was 0.5% SDS in 20 mM Tris-HCl (pH 7.5)–0.15
M NaCl–0.1% Triton X-100.
Immunization of rabbits. Nickel column eluents containing the sVCA protein

were electrophoresed on a preparative SDS–10% polyacrylamide gel. The gel
was stained with Coomassie brilliant blue, and strips containing the sVCA were
ground and emulsified in complete Freund adjuvent (0.5 ml per rabbit). Rabbits
were immunized by subcutaneous injection and boosted every 2 weeks with an
equivalent amount of protein emulsified in incomplete Freund adjuvent (0.5 ml
per rabbit). Serum was collected 1 to 2 weeks following each boost.
Western immunoblot analysis. After SDS-PAGE, proteins were transferred to

nitrocellulose filters (Schleicher & Schuell) by standard procedures (2). The
filters were incubated with blocking buffer (5% nonfat dried milk, 10 mM Tris-
HCl [pH 7.4], 30 mM NaCl) for 1 h at room temperature. A 1:150 dilution of
serum was added for 2 h at room temperature or overnight at 48C. The filters
were subsequently washed in Tween 20-Tris buffer (0.2% Tween 20, 0.15 M
NaCl, 10 mM Tris-HCl [pH 7.0]) three times for 10 min each. After the washing
step, 125I-labeled protein A was added at a 1:2,000 dilution to trace the bands by
autoradiography. A cassette miniblot system (Immunetics) was used to screen 25
sera at one time. A 1.5-ml volume of serum diluted 1:33 in blocking buffer was
used in each channel of the miniblot apparatus.
Sera. Sera were collected from HIV-infected patients in Connecticut, New

York, and California (24). Other sera from patients with hemophilia, autoim-
mune disease, febrile illness, or nasopharyngeal carcinoma, children born to
HIV-seropositive mothers, or healthy subjects were obtained from serum collec-
tions in our laboratory.
Nucleotide sequences accession number. The cDNA sequence reported in this

study has been deposited into GenBank under accession number U50141.

RESULTS

Molecular cloning of KSHV sVCA. Sera from KS patients
recognize KSHV-associated polypeptides in butyrate-treated
BC-1 cells. These polypeptides were assumed to represent the
lytic-cycle gene products of KSHV (23, 24). To clone lytic-cycle
antigens, about 106 plaques of a cDNA library constructed
from BC-1 cells induced by sodium butyrate for 48 h were
immunoscreened with KS patient serum 0103. Positive phage
clones were identified and subjected to in vivo excision. A
partial nucleotide sequence of the insert in each plasmid was
determined from both ends; homologs were sought in the
database. Among 54 clones analyzed, 11 showed significant
homology to gammaherpesvirus ORF which encode sVCA
components, namely, EBV BFRF3 and herpesvirus saimiri
(HVS) ORF65 (1, 40). After alignment of these 11 clones,
clone CA20 was chosen for further study since it was likely to
represent a full-length cDNA. The genomic counterpart of
CA20 was obtained from cosmids which contained other
KSHV sequences including KS631Bam (8). DNA sequences of
this 716-bp cDNA as well as its gene are summarized in Fig.
1A. The putative TATA box (TATTAAA) was located 50 bp
upstream of the start of CA20 cDNA; the polyadenylation
signal (AATAAA) was located 22 bp upstream of the polyad-
enylation site. The ORF of CA20 encodes a 170-amino-acid
(aa) polypeptide, which was designated KSHV sVCA (Fig.
1A). Amino acid sequences of KSHV sVCA shared 48% sim-
ilarity and 27% identity with EBV BFRF3 and 60% similarity
and 40% identity with HVS ORF65, suggesting that these
three ORFs may possess related biological functions (Fig. 1B).
Detection of KSHV sVCA transcripts in BC-1 cells. To study

the kinetics of expression of KSHV sVCA, a PCR product
representing the coding region of CA20 was used as a probe to
detect mRNAs prepared from chemically treated BC-1. As
shown in Fig. 2A, expression of KSHV sVCA was detected
after chemical treatment of KSHV-positive cells (lanes 5 to 7
and 13 to 15) but not of KSHV-negative EBV-positive
HH514-16 cells (lanes 2 and 10). The size of the major tran-
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script, 0.85 kb, was consistent with the size of the cDNA clone,
which was 716 nucleotides. This stable transcript was detect-
able between 12 and 18 h after chemical induction (data not
shown); its expression was sustained for at least 48 h (Fig. 2A).
Sodium butyrate induced a higher level of expression of the
0.85-kb sVCA mRNA than did TPA, as previously shown for
the mRNA detected by KS330Bam, which represents the gene
for another capsid component (23).
KSHV sVCA is encoded by a viral lytic late gene. To deter-

mine the stage of the viral life cycle in which KSHV sVCA was

expressed, BC-1 cells were pretreated with a protein synthesis
inhibitor, cycloheximide, or with one of the herpesvirus DNA
polymerase inhibitors phosphonoacetic acid (PAA), phospho-
noformic acid (PFA), or acycloguanosine (ACG) before addi-
tion of butyrate as the inducing agent. Expression of the
0.85-kb sVCA mRNA was dramatically inhibited by the addi-
tion of either cycloheximide, PAA, or PFA (Fig. 2B). Since
protein synthesis and viral DNA replication were required for
its expression, KSHV sVCA could be classified as a late-gene
product. sVCA expression was not inhibited by ACG. It is not

FIG. 1. Sequence analysis of the KSHV sVCA gene. (A) Nucleotide and predicted amino acid sequence of sVCA. cDNA sequences are shown in capital letters;
59-flanking genomic sequences are shown in lowercase type. The 170 amino acids of the ORF deduced from the sequence are depicted beneath each line of nucleotide
sequence. The first nucleotide of the cDNA was arbitrarily assigned as position 1. The putative TATA element tattaaa is shown in boldface type, and the polyadenylation
recognition sequence AATAAA is underlined. (B). Amino acid sequence comparison among KSHV sVCA, EBV BFRF3, and HVS ORF65. Sequences were aligned
with the GCG PILEUP program. The gap weight is 3.00, and the gap length weight is 0.1. The percent similarity and identity are 48 and 27% between KSHV sVCA
and EBV BFRF3 and 60 and 40% between KSHV sVCA and HVS ORF65.
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known whether ACG resistance resulted from insensitivity of
the BC-1 KSHV thymidine kinase or DNA polymerase (12, 26,
38).
Expression of KSHV sVCA in mammalian cells. sVCA was

transiently expressed in COS-7 or 293T cells transfected with
the pBK-CMV vector containing the CA20 cDNA. A protein
band estimated at 30 kDa was recognized by KS patient sera on
immunoblots prepared from extracts of both cell types (Fig.
3A). The 30-kDa protein represents a fusion between 56 aa of
b-galactosidase encoded in the vector and the 170 aa of the
sVCA ORF. These results suggested that CA20 encoded an
antigen recognized by KS sera.
In vitro translation of KSHV sVCA. To determine the in-

trinsic molecular weight of the KSHV sVCA ORF product, the
protein was synthesized in a rabbit reticulocyte lysate (Fig. 3B).
In this experimental system, the sVCA protein was not fused to
another peptide; the first ATG of KSHV sVCA was used as the
initiation codon. A predominant 22-kDa protein was seen
when plasmid DNA containing the sVCA gene served as a
template for in vitro transcription and translation (Fig. 3B,
lane 2). As with the sVCA encoded by BFRF3 of EBV, the
migration was slightly slower than predicted (32). The size of in
vitro translated sVCA corresponded to that expressed in chem-
ically treated BC-1 cells (Fig. 3D). The 22-kDa in vitro-trans-
lated product was immunoprecipitated by sera from patients
with KS (lanes 3 to 6) but not by control sera (lanes 7 to 10).
These results provided further evidence that KSHV sVCA was
a potential serological marker for KS.
Expression of KSHV sVCA in E. coli. To obtain large quan-

tities of protein for further serological studies, sVCA ORF was
expressed in E. coli with the pET30b system (Novagen). A
44-aa peptide containing His z Tag and S z Tag encoded in the
vector was fused to the N terminus of sVCA. A protein band
with an estimated molecular mass of 29 kDa was detected by
immunoblotting in extracts from E. coli harboring pET30b-
sVCA (Fig. 3C, lane 3) but not in extracts of control cells

containing vector alone (lane 1) or plasmid containing an un-
related insert (lane 2). These results suggested that immuno-
reactive epitopes of KSHV sVCA were retained when ex-
pressed in E. coli.
KSHV sVCA was detected as a 22-kDa viral lytic protein in

BC-1 cells.Antisera to sVCA were raised in rabbits immunized
with the protein expressed in E. coli. These antisera recognized
a 22-kDa protein in BC-1 cells treated with sodium butyrate
(Fig. 3D, lane 2) or TPA plus sodium butyrate (lane 4) but only
faintly detected the protein in cells treated with TPA (lane 3).
The size of the polypeptide corresponded to the in vitro trans-
lation product (Fig. 3B); its pattern of expression following
chemical induction corresponded to that of the sVCA 0.85-kb
mRNA (Fig. 2A). Therefore, the 22-kDa immunoreactive pro-
tein in BC-1 cells is KSHV sVCA.
KSHV sVCA does not share cross-immunogenicity with EBV

BFRF3. EBV infection is widespread in the general popula-
tion; antibodies to EBV BFRF3 represent an immunodomi-
nant serological marker for the past EBV infection (33, 39).
EBV BFRF3 and KSHV sVCA are 48% similar at the level of
the primary amino acid sequence. If KSHV sVCA was to be
used as a serological marker, it was essential to determine
whether any cross-reactivity existed between these two related
proteins. Therefore, 10 EBV-positive sera were tested for an-
tibodies to KSHV sVCA by a Western immunoblot analysis
(Fig. 4). Protein extracts prepared from E. coli containing
either pET30b alone or recombinant pET30b-sVCA were run
in parallel in each test. The five sera from KS patients reacted
with KSHV sVCA; none of the other EBV-positive sera rec-
ognized the 29-kDa sVCA fusion protein. In an independent
experiment, a healthy donor serum which has been used as a
reference positive control for antibodies to EBV BFRF3 failed
to detect KSHV sVCA (data not shown). Moreover, rabbit
antibodies to KSHV sVCA did not react with BFRF3 ex-
pressed in mammalian cells (data not shown). These results
indicate that EBV BFRF3 and KSHV sVCA, although similar

FIG. 2. Transcription of sVCA in BC-1 cells. (A). sVCA mRNA expressed upon chemical induction of BC-1 cells. U, B, T, and B1T represent cells that were
untreated, induced with butyrate, induced with TPA, or induced with butyrate and TPA, respectively. No RNA was loaded in lanes 3, 8, and 11. The probe was a
PCR-amplified product of sVCA ORF labeled with [a-32P]dCTP by the random-prime method. RNA loading was quantitated by hybridizing the same filter with DNA
encoding H1 RNA of human RNase P. (B). Sensitivity of sVCA expression to inhibitors of viral DNA synthesis and protein synthesis. Cells were pretreated with 500
mM PAA, 500 mM PFA, or 100 mM ACG for 10 h or with cycloheximide (100 mg/ml) for 6 h before induction with sodium butyrate for 18 h. RNAs prepared from
each sample were analyzed by Northern blot analysis. MW, molecular size.
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at the level of the primary amino acid sequence, do not present
cross-reactive epitopes in the milieu of the human immune
system.
Purification of KSHV sVCA. With the aid of two tags at its

N terminus, His z Tag and S z Tag, KSHV sVCA was partially
purified from E. coli extracts using two consecutive affinity
columns (Fig. 5). A highly purified soluble form of KSHV

sVCA was present in fractions 3 to 7 eluted from the S z Tag
agarose affinity column. The antigenicity of the purified pro-
tein was preserved on immunoblot analysis and provided ma-
terial for large-scale screening (Fig. 6).
Prevalence of antibodies to KSHV sVCA. There was a high

correlation between the presence of antibody to p40 antigen in
butyrate-treated KSHV-infected cells and the presence of an-

FIG. 4. Recognition of KSHV sVCA expressed in E. coli by sera from KS patients. Extracts from E. coli transformed with pET30b or pET30b-sVCA were used
to detect specific antibodies by immunoblotting. Sera 0104, 0105, 0106, 0118, and 0438 were from patients with KS. Sera 0107, 0117, 0202, 0205, and 0421 were from
patients without KS. MW, molecular mass in kilodaltons.

FIG. 3. Expression of sVCA polypeptide. (A) Expression of sVCA in COS-7 and 293T cells. Cells were transfected with pBK-CMV-sVCA (lanes 1 and 3) or with
vector control pBK-CMV (lanes 2 and 4). An immunoblot was probed with human serum 0103 from a patient with KS. (B) In vitro translation and immunoprecipitation
of KSHV sVCA. Lanes 1 and 2 represent proteins synthesized in the TNT system from the pBK-CMV vector control and pBK-CMV-sVCA. Lanes 3 to 10 represent
immunoprecipitation of the in vitro-translated product by patient sera. p1 and p2, AIDS patients with KS; p3, Mediterranean KS patient; p4, transplant KS patient;
p5, AIDS patient without KS; p6, Mediterranean patient without KS; p7, transplant patient without KS. (C) Expression of sVCA in E. coli. Lanes: 1, vector control
(pET30b); 2, pET30b-vMIP1 (a KSHV-encoded chemokine); 3, pET30b-sVCA. An immunoblot containing bacterial extracts was probed with KS patient serum 0103.
(D) Expression of sVCA from the KSHV genome in BC-1 cells. Lane 1 to 4 contain extracts from BC-1 cells untreated, induced with butyrate, induced with TPA, and
induced with TPA plus butyrate, respectively. Lane 5 and 6 contain extracts from bacteria transformed with pET30b vector or pET30b-sVCA. An immunoblot was
probed with serum from a rabbit which was immunized with purified sVCA expressed in E. coli. MW, molecular mass in kilodaltons.
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tibody to sVCA in HIV-positive patients. Of 34 sera with
antibody to p40, 31 (91%) also contained antibody to sVCA.
However, antibody to sVCA was detected in 23 of 67 HIV-
infected patients lacking antibody to p40. These included 13 of
15 patients with KS and 10 of 52 patients without KS. Thus,
antibody to sVCA appeared to be a more sensitive serological
marker than antibody to p40. Nearly 90% of HIV-infected
patients with KS were seropositive (Table 1). In other studies,
we have found that sera from more than 90% of patients with
Mediterranean KS and posttransplantation KS also react to
sVCA (data not shown). Of HIV-infected patients without KS,

20% were seropositive to sVCA. Antibodies to sVCA were not
detected in children with hemophilia or acute viral illness and
were not detected in female patients with autoimmune disease;
they were not detected in children born to HIV-seropositive
mothers or in sera from Chinese patients with nasopharyngeal
carcinoma. Since these sera have extremely high antibody titers
to EBV proteins, the results underscore the lack of immuno-
logic cross-reactivity between sVCA and EBV proteins. Three
sera from 28 healthy adults showed weak seroreactivity by
comparison with six sera from AIDS patients with KS as a
reference (Fig. 6C and D).

FIG. 5. Purification of KSHV sVCA expressed in E. coli. Lanes: 2, total extracts from E. coli with pET30b-sVCA induced by IPTG; 3, soluble supernatant of the
total extract; 4, flowthrough of Nickel column; 5 to 12, eluate fractions from the Nickel column after washing (see Materials and Methods). Fractions E4, E5, and E6
were pooled and loaded on an S z Tag agarose column. Lanes 13 to 20 are eluate fractions from the S z Tag agarose column. The gels were stained with Coomassie
blue. MW, molecular mass in kilodaltons.

FIG. 6. Screening of human sera for antibodies to purified KSHV sVCA. A cassette miniblot system was used in the Western blot procedure. Eluate fraction E3
from the S z Tag agarose column was used in panels A and C. Comparable eluate from E. coli transformed with pET30b was used as a negative control antigen in panels
B and D. (A and B) The same 25 sera were tested against purified sVCA (A) and control antigen (B). The signal representing specific antibody binding to KSHV sVCA
is indicated by an arrow. Positive reactions are seen in lanes 1, 5, 7, 12, 13, 14, 17, and 21 in panel A. Serum 16, with a high background, is not scored as positive. (C)
Reactions with sera from AIDS patients with KS are shown in lanes 1 to 6; strongly positive reactions are seen in lanes 1, 3, 4, and 5, and a weakly positive reaction
is seen in lane 6. Reactions with sera from people without KS are shown in lanes 7 to 21. Lanes: 7 and 8, hemophilia; 9 to 12, autoimmune disease; 13, acute viral illness;
14 to 17, healthy adults; 18 to 21, Chinese patients with nasopharyngeal cancer. Weak reactions with sera from healthy adults are seen in lanes 14, 15, and 17. (D) The
same sera were reacted with control antigen. MW, molecular mass in kilodaltons.
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DISCUSSION

In this study, we identify, clone, and express a KSHV-en-
coded protein with homology to small virion capsid compo-
nents of other herpesviruses. We show that this small viral
capsid component is immunogenic in humans and can serve as
a serological marker for infection with KSHV. KSHV sVCA is
homologous to structural components of several other herpes-
viruses including VP26 of herpes simplex virus (HSV), BFRF3
of EBV, ORF65 of HVS, and the recently identified smallest
capsid protein (SCP) of human cytomegalovirus (15). Despite
this homology, KSHV sVCA does not appear to be antigeni-
cally cross-reactive. KSHV sVCA is similar in size to its coun-
terparts among the gammaherpesvirus (Fig. 1B); however, the
comparable proteins among alpha- and betaherpesvirus are
smaller, in the range of 10 to 12 kDa (9, 21). All proteins of this
group are highly basic. KSHV sVCA contains 12% arginine
and lysine and has a predicted pI of 10.45. Among the gam-
maherpesvirus, the homology extends throughout the proteins
(Fig. 1B). The smaller HSV VP26 and cytomegalovirus SCP
are homologous to the C-terminal portion of KSHV of sVCA.
Among this group of related herpesvirus structural compo-

nents, only HSV VP26 has been studied in any detail (5, 37,
41). Computer analysis of images collected by cryoelectron
microscopy shows that each hexon tip is surrounded by six
copies of VP26 (5, 37); however, VP26 does not associate with
the penton (37). The in vitro assembly by HSV nucleocapsids
from components purified from a baculovirus expression sys-
tem does not require VP26 (36). A comparison of capsid struc-
tures with or without VP26 suggests that the small virion pro-
tein may play a role in linking the viral capsid to outer virion
structures (5). The location of this group of proteins on the
outer surface of the capsid may contribute to their immuno-
dominant behavior.
This is the first report in which a recombinant viral gene

product was used as an antigen to determine the prevalence of
antibodies to KSHV in different populations. We have found a
high seroreactivity rate against KSHV sVCA among patients
with different types of KS: 89% among AIDS KS patients, 93%
among posttransplantation KS patients, and 95% among clas-
sic KS patients (Table 1 and unpublished results). This rate of
seroreactivity among KS patients is higher than that previously
reported for antibodies to KSHV antigens present in B cells
(13, 14, 18, 24). The frequency of antibodies to inducible p40
(24), latent nuclear antigens p226/234 (13, 14), and latency-
associated nuclear antigen (18) detectable by immunofluores-
cence ranged from 67 to 83% of patients with KS. The recom-
binant sVCA antigen may therefore be a more sensitive
serological marker than antigens present in infected cells. We
found that 20% of sera from HIV-infected patients without KS
contained antibodies to KSHV sVCA. This frequency is similar

to that of other studies with antigens prepared from KSHV-
infected cell lines. In those studies, 13 to 30% of HIV-infected
homosexual patients were seropositive. Also in agreement with
three other studies which used cell antigens, we did not detect
a high frequency of antibodies to KSHV sVCA in patients with
hemophilia, acute viral syndromes, or autoimmune disease or
in healthy donors (13, 18).
The low frequency of antibodies to KSHV sVCA in the

general population stands in marked contrast to the pattern of
antibodies to its EBV homolog, BFRF3. Antibodies to BFRF3
are present in nearly all human adults, since EBV infection is
nearly universal in humans. This comparison of seroepidemi-
ology between EBV and KSHV suggests two alternative pos-
sibilities: (i) KSHV infection, unlike EBV infection, is not
ubiquitous in the human population, or (ii) antibodies to
KSHV sVCA, unlike those to EBV sVCA, do not reflect
KSHV infection.
The question that remains unanswered is whether seropos-

itivity to KSHV sVCA reflects de novo infection, reactivated
latent infection, or an alteration in the host immune response
which stimulates the production of detectable antibodies (11).
The availability of recombinant sVCA should facilitate further
seroepidemiological studies to address this question.

ACKNOWLEDGMENTS

Su-Fang Lin and Ren Sun contributed equally to this work.
We are indebted to Y. Chang and P. Moore for supplying BC-1 cells.

We thank W. Andiman J. Craft, D. Beardsley, J. Levy, C. Metroka, M.
Landry, and D. Levine for patient sera. We are grateful to T. Serio for
providing EBV BFRF3 and BLRF2 expression plasmids.
This work was supported by NIH grants AI22959 and CA70036 to

G.M.

REFERENCES

1. Albrecht, J. C., J. Nicholas, D. Biller, K. R. Cameron, B. Biesinger, C.
Newman, S. Wittmann, M. A. Craxton, H. Coleman, B. Fleckenstein, and
R. W. Honess. 1992. Primary structure of the herpesvirus saimiri genome.
J. Virol. 66:5047–5058.

2. Ausubel, F. M., R. Brent, R. E. Kingston, D. D. Moore, J. G. Seidman, J. A.
Smith, and K. Struhl. 1995. Current protocols in molecular biology. John
Wiley & Sons, Inc., New York.

3. Bartkiewicz, M., H. Gold, and S. Altman. 1989. Identification and charac-
terization of an RNA molecule that copurifies with RNase P activity from
HeLa cells. Genes Dev. 3:488–499.

4. Beral, V., T. A. Peterman, R. L. Berkelman, and H. W. Jaffe. 1990. Kaposi’s
sarcoma among persons with AIDS: a sexually transmitted infection? Lancet
335:123–128.

5. Booy, F. P., B. L. Trus, W. W. Newcomb, J. C. Brown, J. F. Conway, and A. C.
Steven. 1994. Finding a needle in a haystack: detection of a small protein (the
12-kDa VP26) in a large complex (the 200-MDa capsid of herpes simplex
virus). Proc. Natl. Acad. Sci. USA 91:5652–5656.

6. Cesarman, E., Y. Chang, P. S. Moore, J. W. Said, and D. M. Knowles. 1995.
Kaposi’s sarcoma-associated herpesvirus-like DNA sequences in AIDS-re-
lated body-cavity-based lymphomas. N. Engl. J. Med. 332:1186–1191.

7. Cesarman, E., P. S. Moore, P. H. Rao, G. Inghirami, D. M. Knowles, and Y.
Chang. 1995. In vitro establishment and characterization of two acquired
immunodeficiency syndrome-related lymphoma cell lines (BC-1 and BC-2)
containing Kaposi’s sarcoma-associated herpesvirus-like (KSHV) DNA se-
quences. Blood 86:2708–2714.

8. Chang, Y., E. Cesarman, M. S. Pessin, F. Lee, J. Culpepper, D. M. Knowles,
and P. S. Moore. 1994. Identification of herpesvirus-like DNA sequences in
AIDS-associated Kaposi’s sarcoma. Science 266:1865–1869.

9. Davison, M. D., F. J. Rixon, and A. J. Davison. 1992. Identification of genes
encoding two capsid proteins (VP24 and VP26) of herpes simplex virus type
1. J. Gen. Virol. 73:2709–2713.

10. Dupin, N., M. Grandadam, V. Calvez, I. Gorin, J. T. Aubin, S. Havard, F.
Lamy, M. Leibowitch, J. M. Huraux, J. P. Escande, and H. Agut. 1995.
Herpesvirus-like DNA sequences in patients with Mediterranean Kaposi’s
sarcoma. Lancet 345:761–762.

11. Ensoli, B., G. Barillari, and R. C. Gallo. 1992. Cytokines and growth factors
in the pathogenesis of AIDS-associated Kaposi’s sarcoma. Immunol. Rev.
127:147–155.

12. Furman, P. A., D. M. Coen, M. H. St. Clair, and P. A. Schaffer. 1981.
Acyclovir-resistant mutants of herpes simplex virus type 1 express altered

TABLE 1. Prevalence of antibody to KSHV sVCA in
various populations

Sample profile Source No. (%) of patients with Ab
to KSHV sVCA/total no.

HIV-positive with KS United States 42/47 (89%)
HIV-positive without KS United States 11/54 (20%)
HIV-positive children United States 0/12
HIV-negative children United States 0/10
Hemophilia patients United States 0/25
Autoimmune patients United States 0/25
Children with acute illness United States 0/25
Healthy adults United States 3/28 (11%)
Nasopharyngeal cancer China 0/25

VOL. 71, 1997 KSHV-ENCODED SMALL VIRAL CAPSID ANTIGEN 3075



DNA polymerase or reduced acyclovir phosphorylating activities. J. Virol.
40:936–941.

13. Gao, S.-J., L. Kingsley, D. R. Hoover, T. J. Spira, C. R. Rinaldo, A. Saah, J.
Phair, R. Detels, P. Parry, Y. Chang, and P. S. Moore. 1996. Seroconversion
to antibodies against Kaposi’s sarcoma-associated herpesvirus-related latent
nuclear antigens before the development of Kaposi’s sarcoma. N. Engl.
J. Med. 335:233–241.

14. Gao, S.-J., L. Kingsley, M. Li, W. Zheng, C. Parravicini, J. Ziegler, R.
Newton, C. R. Rinaldo, A. Saah, J. Phair, R. Detels, Y. Chang, and P. S.
Moore. 1996. KSHV antibodies among Americans, Italians and Ugandans
with and without Kaposi’s sarcoma. Nat. Med. 2:925–928.

15. Gibson, W., K. S. Clopper, W. J. Britt, and M. K. Baxter. 1996. Human
cytomegalovirus (HCMV) smallest capsid protein identified as product of
short open reading frame located between HCMVUL48 and UL49. J. Virol.
70:5680–5683.

16. Gluzman, Y. 1981. SV40-transformed simian cells support the replication of
early SV40 mutants. Cell 23:175–182.

17. Huang, Y. Q., J. J. Li, M. H. Kaplan, B. Poiesz, E. Katabira, W. C. Zhang,
D. Feiner, and K. A. Friedman. 1995. Human herpesvirus-like nucleic acid in
various forms of Kaposi’s sarcoma. Lancet 345:759–761.

18. Kedes, D. H., E. Operskalski, M. Busch, R. Kohn, J. Flood, and D. Ganem.
1996. The seroepidemiology of human herpesvirus 8 (Kaposi’s sarcoma-
associated herpesvirus): distribution of infection in KS risk groups and evi-
dence for sexual transmission. Nat. Med. 2:918–924.

19. Lennette, E. T., D. J. Blackbourn, and J. A. Levy. 1996. Antibodies to human
herpesvirus type 8 in the general population and in Kaposi’s sarcoma pa-
tients. Lancet 348:858–861.

20. Lin, J. C., S. C. Lin, E. C. Mar, P. E. Pellett, F. R. Stamey, J. A. Stewart, and
T. J. Spira. 1995. Is Kaposi’s-sarcoma-associated herpesvirus detectable in
semen of HIV-infected homosexual men? Lancet 346:1601–1602.

21. McNabb, D. S., and R. J. Courtney. 1992. Identification and characterization
of the herpes simplex virus type 1 virion protein encoded by the UL35 open
reading frame. J. Virol. 66:2653–2663.

22. Mesri, E. A., E. Cesarman, L. Arvanitakis, S. Rafii, M. A. Moore, D. N.
Posnett, D. M. Knowles, and A. S. Asch. 1996. Human herpesvirus-8/Kapo-
si’s sarcoma-associated herpesvirus is a new transmissible virus that infects B
cells. J. Exp. Med. 183:2385–2390.

23. Miller, G., L. Heston, E. Grogan, L. Gradoville, M. Rigsby, R. Sun, D. Shedd,
V. M. Kushnaryov, S. Grossberg, and Y. Chang. 1997. Selective switch
between latency and lytic replication of Kaposi’s sarcoma herpesvirus and
Epstein-Barr virus in dually infected body cavity lymphoma cells. J. Virol.
71:314–324.

24. Miller, G., M. O. Rigsby, L. Heston, E. Grogan, R. Sun, C. Metroka, J. A.
Levy, S. J. Gao, Y. Chang, and P. Moore. 1996. Antibodies to butyrate-
inducible antigens of Kaposi’s sarcoma-associated herpesvirus in patients
with HIV-1 infection. N. Engl. J. Med. 334:1292–1297.

25. Monini, P., L. de Lellis, M. Fabris, F. Rigolin, and E. Cassai. 1996. Kaposi’s
sarcoma-associated herpesvirus DNA sequences in prostate tissue and hu-
man semen. N. Engl. J. Med. 334:1168–1172.

26. Pallasch, T. J., C. E. Joseph, and C. J. Gill. 1984. Acyclovir and herpesvirus
infections. A review of the literature. Oral Surg. Oral Med. Oral Pathol.
57:41–44.

27. Pear, W. S., G. P. Nolan, M. L. Scott, and D. Baltimore. 1993. Production of

high-titer helper-free retroviruses by transient transfection. Proc. Natl. Acad.
Sci. USA 90:8392–8396.

28. Rabson, M., L. Heston, and G. Miller. 1983. Identification of a rare Epstein-
Barr virus variant that enhances early antigen expression in Raji cells. Proc.
Natl. Acad. Sci. USA 80:2762–2766.

29. Rady, P. L., A. Yen, J. L. Rollefson, I. Orengo, S. Bruce, T. K. Hughes, and
S. K. Tyring. 1995. Herpesvirus-like DNA sequences in non-Kaposi’s sar-
coma skin lesions of transplant patients. Lancet 345:1339–1340.

30. Renne, R., W. Zhong, B. Herndier, M. McGrath, N. Abbey, D. Kedes, and D.
Ganem. 1996. Lytic growth of Kaposi’s sarcoma-associated herpesvirus (hu-
man herpesvirus 8) in culture. Nat. Med. 2:342–346.

31. Schalling, M., M. Ekman, E. E. Kaaya, A. Linde, and P. Biberfeld. 1995. A
role for a new herpes virus (KSHV) in different forms of Kaposi’s sarcoma.
Nat. Med. 1:705–706.

32. Serio, T. R., A. Angeloni, J. L. Kolman, L. Gradoville, R. Sun, D. A. Katz,
W. Van Grunsven, J. Middeldorp, and G. Miller. 1996. Two 21-kilodalton
components of the Epstein-Barr virus capsid antigen complex and their
relationship to ZEBRA-associated protein p21 (ZAP21). J. Virol. 70:8047–
8054.

33. Shedd, D., A. Angeloni, J. Niederman, and G. Miller. 1995. Detection of
human serum antibodies to the BFRF3 Epstein-Barr virus capsid component
by means of a DNA-binding assay. J. Infect. Dis. 172:1367–1370.

34. Soulier, J., L. Grollet, E. Oksenhendler, P. Cacoub, H. D. Cazals, P. Babinet,
M. F. d’Agay, J. P. Clauvel, M. Raphael, L. Degos, and F. Sigaux. 1995.
Kaposi’s sarcoma-associated herpesvirus-like DNA sequences in multicen-
tric Castleman’s disease. Blood 86:1276–1280.

35. Su, I. J., Y. S. Hsu, Y. C. Chang, and I. W. Wang. 1995. Herpesvirus-like
DNA sequence in Kaposi’s sarcoma from AIDS and non-AIDS patients in
Taiwan. Lancet 345:722–723.

36. Thomsen, D. R., L. L. Roof, and F. L. Homa. 1994. Assembly of herpes
simplex virus (HSV) intermediate capsids in insect cells infected with re-
combinant baculoviruses expressing HSV capsid proteins. J. Virol. 68:2442–
2457.

37. Trus, B. L., F. L. Homa, F. P. Booy, W. W. Newcomb, D. R. Thomsen, N.
Cheng, J. C. Brown, and A. C. Steven. 1995. Herpes simplex virus capsids
assembled in insect cells infected with recombinant baculoviruses: structural
authenticity and localization of VP26. J. Virol. 69:7362–7366.

38. van der Horst, C. M., J. C. Lin, N. Raab-Traub, M. C. Smith, and J. S.
Pagano. 1987. Differential effects of acyclovir and 9-(1,3-dihydroxy-2-
propoxymethyl)guanine on herpes simplex virus and Epstein-Barr virus in a
dually infected human lymphoblastoid cell line. J. Virol. 61:607–610.

39. van Grunsven, W. M., A. Nabbe, and J. M. Middeldorp. 1993. Identification
and molecular characterization of two diagnostically relevant marker pro-
teins of the Epstein-Barr virus capsid antigen complex. J. Med. Virol. 40:
161–169.

40. van Grunsven, W. M., E. C. van Heerde, H. J. de Haard, W. J. Spaan, and
J. M. Middeldorp. 1993. Gene mapping and expression of two immunodom-
inant Epstein-Barr virus capsid proteins. J. Virol. 67:3908–3916.

41. Zhou, Z. H., B. V. Prasad, J. Jakana, F. J. Rixon, and W. Chiu. 1994. Protein
subunit structures in the herpes simplex virus A-capsid determined from 400
kV spot-scan electron cryomicroscopy. J. Mol. Biol. 242:456–469.

42. Ziegler, J. L. 1993. Endemic Kaposi’s sarcoma in Africa and local volcanic
soils. Lancet 342:1348–1351.

3076 LIN ET AL. J. VIROL.


