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Kaposi’s sarcoma-associated herpesvirus (KSHV) has been consistently identified in Kaposi’s sarcomas
(KS), body cavity-based lymphomas (BCBL), and some forms of Castleman’s disease. Previous serological tests
with KS patient sera have detected lytic-cycle polypeptides from KSHV-infected BCBL cells. We have found
that these polypeptides are predominantly encoded by the K8.1 open reading frame, which is present in the
same genomic position as virion envelope glycoproteins of other gammaherpesviruses. The cDNA of K8.1 from
BCBL-1 cells was found to encode a glycosylated protein with an apparent molecular mass of 37 kDa. K8.1 was
found to be expressed during lytic KSHYV replication in BCBL-1 cells and was localized on the surface of cells
and virions. The results of immunofluorescence and immunoelectron microscopy suggest that KSHV acquires
K8.1 protein on its virion surface during the process of budding at the plasma cell membrane. When KSHV
K8.1 derived from mammalian cells was used as an antigen in immunoblot tests, antibodies to K8.1 were
detected in 18 of 20 KS patients and in 0 of 10 KS-negative control subjects. These results demonstrate that
the K8.1 gene encodes a KSHYV virion-associated glycoprotein and suggest that antibodies to K8.1 may prove

useful as contributory serological markers for infection by KSHV.

Herpesviruses express a number of transmembrane glyco-
proteins which are virion associated and involved in binding to
and entry of the virus into cells (27). These proteins are ex-
pressed on the surface of infected cells and on the virion and
are generally glycosylated on asparagine (N-linked) and serine
(O-linked) residues. Functions of the gB, gH, and gL glycop-
roteins of the alphaherpesviruses have been well characterized
(27). Most of the glycoproteins encoded by the gammaherpes-
viruses appear to be unique to this subfamily (10, 17, 29).
Glycoproteins with function in virus entry have been identified
for two gammaherpesviruses, Epstein-Barr virus (EBV) gp340/
220 (17, 31) and murine gammaherpesvirus 68 (MHV 68)
gp150 (28). EBV gp340/220 is found to serve as a ligand for
CR2 (CD21), which is the receptor for the C3d component of
the complement complexes (17, 31). Soluble gp340/220 has
been shown to block virus infection, indicating an essential role
for the gp340/220-CD21 interaction in virus entry (17). The
gene for gp340/220 has been mapped near the center of the
virus genome in the BamHI L fragment (32). gp340/220 is
synthesized abundantly late in the replication cycle of EBV.
The mRNA for gp340 is not spliced, whereas the mRNA for
gp220 is spliced in frame (32). The gp150 (BPRF1) gene of
MHY 68 is in the same relative position and orientation as the
gene encoding EBV gp340/220 (28). It is expressed as a trans-
membrane glycoprotein and is found to be a component of the
virus particle (28). In addition, antibodies to EBV gp340/220
and MHV 68 gp150 neutralize the virus in the absence of
complement (28, 34).

Many lines of epidemiological evidence suggest an infectious
etiology for Kaposi’s sarcoma (KS). DNA sequences of a novel
member of the herpesvirus group, called Kaposi’s sarcoma-
associated herpesvirus (KSHV) or human herpesvirus 8, have
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been consistently identified in KS tumors from human immu-
nodeficiency virus-positive and -negative patients (3, 5, 35).
KSHYV has also been consistently identified in body cavity-
based lymphomas and some forms of Castleman’s disease (3,
5). Analyses of KSHV genomic sequences indicate that KSHV
is a gammaherpesvirus that is closely related to herpesvirus
saimiri (HVS) (24) and rhesus monkey rhadinovirus (6).

Although KSHV can be produced from latently infected
body cavity-based lymphoma (BCBL-1) cells treated with
phorbol esters, little is know about virion components. Lin et
al. (14) have shown that KSHV open reading frame 65 (ORF
65) encodes a small viral capsid antigen (sSVCA) and exhibits
significant homology to gammaherpesvirus ORFs which en-
code sVCA components, namely, EBV BFRF3 (2), HVS
ORF65 (1), and MHV 68 ORF65 (33). O’Neill et al. have also
shown that KSHV ORF26 encodes one of the viral tegument
proteins (18). Both ORF65 and ORF26 genes have been
shown to be expressed in the late, lytic phase of viral replica-
tion in body cavity-based lymphoma cells (14, 18). Both HVS
(25) and KSHYV (21) have a very limited range of cells that will
support productive infection, and essentially no information is
available on what these primate rhadinoviruses may use as
receptor for entry to cells. Recent work has shown that differ-
ent members of cellular proteins that includes the poliovirus
receptor family and tumor necrosis factor receptor family are
used by different individual alphaherpesviruses as receptors for
entry (9, 13, 16).

A variety of serologic tests for KSHV infection have been
developed (4, 7, 8, 11, 12, 15). Most involve the detection of a
latency-associated nuclear antigen (LANA) that is present in
infected B-cell cultures; other tests have examined reactivity to
Iytic cycle antigens (12, 20). While the tests for anti-LANA are
highly specific, they detect only about 80% of infected KS
patients. The use of several different tests for antibodies to lytic
antigens has yielded prevalence estimates similar to those re-
vealed by anti-LANA testing (7, 11, 26). Specifically, antibod-
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FIG. 1. Primary amino acid sequence analysis of K8.1 from BCBL-1 cells.
The empty box indicates the signal peptide sequence, asterisks indicate the
predicted N-glycosylation sites, and the filled box indicates the hydrophobic
region. The underlined sequences indicate the removed nucleotide sequences
after splicing.

ies to recombinant sVCA have been shown to correlate with
KS in high-risk populations (14).

In this report, we identify and characterize a novel trans-
membrane glycoprotein encoded by K8.1 of KSHV, which
resides at the same genetic locus and orientation as EBV
gp340/220 and MHYV 68 gp150. K8.1 was found to be expressed
in lytic KSHYV replication in BCBL-1 cells and was present on
the surface of infected cells and virion particles. In addition,
immunoblot and immunofluorescence tests demonstrate that
antibodies to K8.1 can serve as a serological marker for KSHV
infection.

MATERIALS AND METHODS

Cell culture and transfection. COS-1 cells were grown in Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal calf serum. BJAB, BC-1, and
BCBL-1 cells were grown in RPMI 1640 supplemented with 10% fetal calf
serum. BCBL-1 cells were induced with 20 ng of phorbol-12-tetradecanoyl-13-
acetate (TPA) per ml. A DEAE transfection was used for transient expression in
COS-1 cells.

Cloning of KSHV K8.1 ¢cDNA from BCBL-1 cells. The KSHV K8.1 cDNA was
cloned by reverse transcriptase-mediated PCR. mRNA from BCBL-1 cells was
isolated by using an mRNA isolation kit from Qiagen (Santa Clarita, Calif.).
Approximately 0.3 pg of mRNA was reverse transcribed by murine leukemia
virus reverse transcriptase in a 20-pl reaction mixture with poly(dT) primer for
20 min at 42°C. As a control, cDNA synthesis was performed without reverse
transcriptase. One-microliter aliquots of the same cDNA preparation were used
for PCR amplification in a 50-pl volume of final reaction mixture with 100 pmol
of specific primers [5" primer (ATGTTCCTGTATGTTGTTTGC; nucleotides 1
to 21) and 3’ poly(dT)] per liter. The primers used for PCR contain a BarmHI site
at the 5" end and an EcoRI site at the 3’ end for subsequent cloning. The
PCR-amplified DNA was digested with restriction enzymes BamHI and EcoRI
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FIG. 2. Identification and glycosylation of K8.1. After transfection, COS-1
cells were incubated in the presence of tunicamycin (20 pg/ml) overnight. Cell
lysates were used for immunoblot assay with an anti-K8.1 antibody. Lane 1, pFJ;
lane 2, pFJ-K8.1; lane 3, pFJ-K8.1 with tunicamycin treatment. Polypeptides
from cell lysates were separated by SDS-PAGE, transferred to nitrocellulose
membrane, and reacted with the anti-K8.1 antibody. Sizes are indicated in
kilodaltons.

and subcloned into vector pSP72 for DNA sequence analysis. KSHV K8.1 cDNA
was completely sequenced with an ABI Prism 377 automatic DNA sequence. For
transient expression in COS-1 cells, KSHV K8.1 DNA was subcloned into the
pFJ vector (30).

Recombinant K8.1 protein and antibodies. For purification of recombinant
K8.1 protein from Escherichia coli, the K8.1 DNA fragment corresponding to
amino acid residues 26 to 142 was amplified by PCR using primers containing
BamHI and Sall recognition sequences at the ends and subcloned into BamHI
and Sall cloning sites of the pQE-40 expression vector (Qiagen, San Diego,
Calif.) with the potential of incorporating six histidines at the amino terminus.
The lack of unwanted mutations was confirmed by direct DNA sequencing.
When E. coli XL-1 Blue containing plasmid pQE40-K8.1 reached an optical
density at 600 nm of approximately 0.6, 1 mM isopropyl-p-p-thiogalactopyrano-
side was added; cells were harvested 3 h after induction and then solubilized with
6 M guanidine hydrochloride. Due to the presence of the affinity tail, Hiss-KS8.1
protein was purified to virtual homogeneity in one step by Ni*>* chelate affinity
chromatography. The purified recombinant Hiss-K8.1 protein was used to gen-
erate polyclonal antibody in New Zealand White rabbits. A Ni>* chelate affinity
column containing K8.1 protein was used to purify the antigen-specific antibod-
ies. Antibody specific for K8.1 was eluted with high pH solution (0.1 M trieth-
ylamine [pH 11.5]).

Immunoprecipitation and immunoblotting. Cells were harvested and lysed
with lysis buffer (0.15 M NaCl, 1% Nonidet P-40, 50 mM Tris [pH 7.5]) contain-
ing 0.1 mM Na,VO;, 1 mM NaF, and protease inhibitors (leupeptin, aprotinin,
phenylmethylsulfonyl fluoride, and bestatin). For protein immunoblots, polypep-
tides in cell lysates corresponding to 10° cells were resolved by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to ni-
trocellulose membrane filter. Immunoblot detection was performed with a
1:2,000 dilution of K8.1 antibody or 1:1,000 dilution of KS patient sera, kindly
provided by Ellen Feigel (National Cancer Institute human tumor reagent re-
pository).

Construction of recombinant K8.1-GST baculovirus. The extracellular portion
(amino acids 1 to 196) of the K8.1 gene was fused in frame into glutathione
S-transferase (GST) gene. Kpnl-Xhol fragments containing K8.1-GST gene were
inserted into the KpnlI and Sall sites of the baculovirus transfer vector pAcSG1
(Pharmingen, San Diego, Calif.). Vector plasmids were cotransfected into Spo-
doptera frugiperda Sf9 cells with linearized baculovirus DNA. Four days later,
virus-containing supernatants were harvested. The recombinant baculovirus was
amplified to obtain a high-titer stock solution. Sf9 cells infected with baculovirus
were assayed for expression of recombinant protein by immunoblotting. For
routine production of recombinant proteins, 10° cells were infected with 0.2 ml
of each baculovirus supernatant, and supernatant was harvested at 48 h postin-
fection. K8.1-GST fusion protein was purified from supernatant on a gluta-
thione-Sepharose column.

Immunofluorescence. Cells (10°) were washed with phosphate-buffered saline
(PBS), centrifuged in a Cytospin at 400 rpm for 4 min, and dried overnight. Cells
were permeabilized in acetone at —20°C for 15 min, blocked with 10% goat
serum for 30 min, and reacted with anti-K8.1 antibody or human serum diluted
1:100 in PBS containing 10% goat serum for 1 h at room temperature. After
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FIG. 3. Localization of K8.1. After stimulation of TPA, permeabilized (A and B) or nonpermeabilized (C) BCBL-1 cells were treated with preimmune serum (A)
or anti-K8.1 antibody (B and C) and then with fluoresceinated goat anti-rabbit total immunoglobulin. Immunofluorescence was detected with an Olympus immuno-

fluorescence microscope. Magnification, X332.

incubation, cells were washed extensively with PBS, incubated with 1 pg of
fluoresceinated goat F(ab'), anti-rabbit total immunoglobulin for 30 min at room
temperature, and washed three times with PBS. Immunofluorescence was de-
tected with an Olympus immunofluorescence microscope.

Immunoelectron microscopy. Cytospins of TPA-stimulated BCBL-1 cells were
fixed with 4% paraformaldehyde-0.1% glutaraldehyde in 0.1 M phosphate
buffer, permeabilized, and washed for 15 min in 50 mM glycine-bovine serum
albumin with 10% normal goat serum. The slides were incubated overnight in an
antigen-specific rabbit polyclonal anti-K8.1 antibody at 4°C and washed in PBS-
bovine serum albumin before application of a 10-mm-diameter gold-conjugated
goat F(ab’), anti-rabbit immunoglobulin G (IgG) antibody overnight at 4°C.
After being washed in PBS, the cells were fixed in 1% glutaraldehyde for 10 min
and washed in ultrapure water (10 MQ) before a 20-min silver enhancement
(Electron Microscopy Sciences, Fort Washington, Pa.) followed by additional
ultrapure water wash. The cells were fixed in 1% osmium tetroxide, dehydrated
in graded ethanol, and rinsed with three changes of Eponate 12 resin (Ted Pella,
Inc., Redding, Calif.) before placement of inverted microcentrifuge tubes par-
tially filled with resin onto the cells. The resin was cured at 60°C for 24 h, and the
tubes with the cells embedded in the resin were separated from the slide by
gentle heating of the slides on a hot plate. Sections were cut on a Sorvall
Porter-Blum MT-2 ultramicrotome and then stained with methanolic uranyl
acetate and SATO’s lead stain. The sections were photographed on a JEOL 1010
electron microscope.

FACS analysis. Cells (5 X 10°) were washed with RPMI medium containing
10% fetal calf serum and incubated with antigen-specific K8.1 antibody followed
by fluorescein isothiocyanate (FITC)-conjugated anti-rabbit IgG for 30 min at
4°C. After washing, each sample was fixed with 1% formalin solution, and
fluorescence-activated cell sorting (FACS) analysis was performed with a
FACScan (Becton Dickinson Co., Mountain View, Calif.).

RESULTS

Cloning and sequence analysis of K8.1. Initial DNA se-
quence analysis of the KSHV genome did not detect an ORF
between K8 and ORF52 (24). This ORF was subsequently
referred to as K8.1 (19). K8.1 is located at the same genetic
locus and orientation as the genes of EBV gp340/220 and
MHY 68 gp150 virion-associated proteins. KSHV K8.1 cDNAs
were cloned from mRNA of TPA-stimulated BCBL-1 cells by
reverse transcriptase-mediated PCR as described in Materials
and Methods, using an oligo(dT) primer at the 3’ and a gene-
specific primer which overlapped the predicted translational
initiational site at the 5" end of the gene (24). Ten independent
cDNA clones were isolated and sequenced; these revealed a
splice site (nucleotides 76338 to 76433 of the published KSHV
sequence [22]) which removed 94 nucleotides (Fig. 1). The
spliced product was predicted to encode an ORF of 228 amino
acids for the K8.1 protein. None of 10 clones revealed un-
spliced mRNA from this region with this orientation. An un-
spliced mRNA of K8.1 has been detected at low abundance
(19).

The putative K8.1 protein encoded by this mRNA has a
signal peptide sequence at the amino terminus, an extracellular
domain, a transmembrane domain, and a short cytoplasmic tail

at the carboxyl terminus (Fig. 1). The position of a potential
signal peptide cleavage site is indicated in Fig. 1; cleavage of
the signal peptide would yield a mature core protein of 201
residues with a predicted molecular mass of 22 kDa for an
unmodified product. The second hydrophobic domain (resi-
dues 197 to 217) was long enough to be a membrane-spanning
domain. Four potential N-linked glycosylation sites were
present in the extracellular domain (Fig. 1). Analysis of the
amino acid composition of the protein revealed a high content
of serine and threonine residues (21%), which suggests the
potential for O-linked glycosylation. These results indicate that
K8.1 has structural motifs indicative of a type I membrane-
bound glycoprotein.

K8.1 is a glycoprotein. To analyze the K8.1 gene product, we
generated a rabbit polyclonal antibody against a purified bac-
terial His-K8.1 fusion protein which contained the putative
extracellular portion of K8.1 as described in Materials and
Methods. When lysates of COS-1 cells prepared 2 days follow-
ing transfection with expression vector containing K8.1 cDNA
were used for an immunoblot assay with the anti-K8.1 anti-
body, the antibody reacted specifically with a 37-kDa protein as
the major species and a 27-kDa protein as a very minor species
(Fig. 2, lane 2). Also, 60- to 65-kDa proteins were detected by
the anti-K8.1 antibody. In contrast, these proteins were not
detected in control COS-1 cells not expressing the K8.1 gene
(Fig. 2, lane 1). These results suggested posttranslational mod-
ifications of the K8.1 protein. Four potential sites for N-linked
glycosylation (NX[S/T]) in the extracellular region likely con-
tributed to the slow migration of the K8.1 protein in SDS-
PAGE. To examine this possibility, cells were treated with
tunicamycin, which inhibits the addition of N-linked oligosac-
charide to glycoprotein. In the presence of tunicamycin, the
37-kDa protein disappeared and the 27-kDa protein was the
major band detected (Fig. 2, lane 3). These results indicate that
the 27- and 37-kDa proteins are a precursor and an N-glyco-
sylated form of K8.1, respectively.

Localization of KSHV K8.1. The localization of K1 was
determined by indirect immunofluorescence tests. TPA-stim-
ulated BCBL-1 cells were permeabilized with acetone and
stained with the anti-K8.1 antibody. The staining pattern sug-
gested that K8.1 was principally associated with the plasma
membrane (Fig. 3B). Since the anti-K8.1 antibody was gener-
ated against the putative extracellular region of K8.1, nonper-
meabilized BCBL-1 cells were also used for immunofluores-
cence tests. A similar staining pattern with anti-K8.1 antibody
was seen regardless of whether the BCBL-1 cells were perme-
abilized (Fig. 3B and C). These results demonstrate that K8.1
is located principally on the plasma membrane and that the
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FIG. 4. Immunoelectron microscopy of TPA-stimulated BCBL-1 cells with anti-K8.1 antibody. TPA-stimulated BCBL-1 cells were fixed, embedded in low-
temperature resin, sectioned, and labeled with a combination of antigen-specific anti-K8.1 antibody and 5-nm-diameter colloidal gold. The sections were analyzed with
a JEOL 1010 electron microscope. Magnifications: (A) x3,600; (B) X12,000; (C) X36,000; (D) x72,000.

amino terminus of K8.1 was exposed to the extracellular re- electron microscopic visualization. BCBL-1 cells stimulated
gion. with TPA for 92 h were fixed, embedded in resin, and cut into

To confirm the localization of K8.1 and examine whether sections in preparation for immunoelectron microscopy. The
K8.1 was present on the surface of virions, we used immuno- sections were then reacted with the anti-K8.1 antibody and an
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FIG. 5. Lytic expression of K8.1. BC-1 and BCBL-1 cells were stimulated with TPA for 0, 24, 48, and 72 h, permeabilized with methanol-ethanol, reacted with rabbit
anti-K8.1 antibody, and then incubated with 1 g of fluoresceinated goat F(ab’), anti-mouse total immunoglobulin. Immunofluorescence was detected with an Olympus

immunofluorescence microscope.

anti-rabbit antibody conjugated to gold particles. The K8.1
protein was localized almost exclusively at the periplasmic
membrane (Fig. 4A and B). At high magnification, K8.1 was
also detected on the surfaces of KSHV virion particles released
from the surface of TPA-stimulated BCBL-1 cells (Fig. 4C and

D). In contrast, it was not detected on the surface of KSHV
virion particles which were in the cytoplasm (Fig. 4C). In ad-
dition, the K8.1 protein was detected in cells which produced
KSHYV virion particles but not detected in cells which did not
produced KSHV virion particles (data not shown). The N-
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FIG. 6. FACS analysis of surface expression of K8.1. Unstimulated (B) or TPA-stimulated (C) BCBL-1 cells were reacted with purified antigen-specific K8.1
antibody followed by FITC-conjugated anti-rabbit IgG. As a negative control, unstimulated BCBL-1 cells (A) were stained with FITC conjugated anti-rabbit IgG

without incubation with the anti-K8.1 antibody.

terminal domain of K8.1 was localized to the outside of in-
fected BCBL-1 cells and virion membranes, demonstrating
that K8.1 is indeed a type I membrane glycoprotein. The dis-
tribution of the anti-K8.1 antibody suggested that K8.1 was a
component of the surface of infected cells and of virion parti-
cles, that the protein protruded from the surface of the parti-
cles, and that virions acquired K8.1 protein in the process of
budding from the plasma membrane.

Lytic expression of K8.1 protein. To examine the level of
K8.1 expression, BCBL-1 and BC-1 cells were stimulated with
TPA for 24, 48, and 72 h and then subjected to immunofluo-
rescence staining with anti-K8.1 antibody as described above
(Fig. 3). Unstimulated BCBL-1 and BC-1 cells were used as
controls. K8.1 was not detected in unstimulated BC-1 cells. In
contrast, the level of K8.1 gradually increased in BC-1 cells
during the time course of TPA stimulation: 1 to 2% at 24 h, 10
to 15% at 48 h, and 30% at 72 h (Fig. 5). Since BCBL-1 cells
exhibit approximately 1% spontaneous lytic viral replication
(22), K8.1 expression was detected at a low level before the
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FIG. 7. Identification of K8.1 as an immunogen detected by KS-positive
human sera. (A) Immunoblot analysis with KS-positive human sera. Lane 1,
BCBL-1 cell lysates without treatment; lane 2, BCBL-1 cell lysates with treat-
ment of TPA for 72 h; lane 3, COS-1 cells transfected with pFJ vector; lane 4,
COS-1 cells transfected with pFJ-K8.1. KS-positive human sera were used at
1:1,000 dilution. Enhanced chemiluminescence was used to detect proteins. (B)
Expression and purification of K8.1-GST fusion protein from S. frugiperda Sf9
cells, using recombinant baculovirus. Sf9 cells were infected with recombinant
baculovirus K8.1-GST. After 72 h, supernatant was used for purification of
K8.1-GST protein on a glutathione-Sepharose column. Whole-cell lysates (lane
1), purified proteins from mock-infected insect cells (lane 2), and purified protein
from recombinant K8.1-GST baculovirus-infected insect cells (lane 3) was sub-
jected to immunoblot analysis with anti-K8.1 antibody. (C) Depletion of K8.1-
specific antibody from KS-positive human sera. Lysates from TPA-stimulated
BCBL-1 cells were used for immunoblot analysis with KS-positive human serum
mixed with GST beads (lane 1) or with KS-positive human serum mixed with
K8.1-GST beads (lane 2). Sizes are indicated in kilodaltons.

TPA stimulation in these cells (Fig. 5). The level of K8.1 also
gradually increased during TPA stimulation of the BCBL-1
cells: 2 to 5% at 24 h, 15 to 20% at 48 h, and 30% at 72 h (Fig.
5). A sustained or slightly increased level of K8.1 expression
was detected after 96 h of TPA stimulation (data not shown).
Since K8.1 was expressed on the cell surface, the level of
expression of K8.1 was further examined by FACS analysis
with antigen-specific anti-K8.1 antibody. Less than 5% of un-
stimulated BCBL-1 cells exhibited surface expression of K8.1,
whereas over 30% of BCBL-1 cells exhibited surface expres-
sion of K8.1 after TPA stimulation (Fig. 6). These results
indicate that K8.1 is a lytic gene product whose expression is
greatly stimulated by TPA treatment.

Detection of K8.1 by KS-positive human sera. Human KS-
positive sera reacted predominantly with a 37-kDa protein as
well as other proteins on immunoblots with lysates from TPA-
stimulated BCBL-1 cells (Fig. 7A, lane 2). This 37-kDa protein
comigrated with K8.1 protein produced by transfection of
cloned cDNA in COS-1 cells (Fig. 7A, lane 4). To determine
whether the 37-kDa protein detected by KS-positive human
sera was encoded by the K8.1 gene, we attempted to deplete
K8.1-specific antibodies from the KS-positive human sera us-
ing purified glycosylated K1 fusion protein. The amino-termi-
nal region from residues 1 to 196 of K8.1, which corresponds to
the putative extracellular region, was fused in frame to GST
protein, and the K8.1-GST fusion gene was expressed in insect
cells, using a baculovirus expression system. Purified glycosy-
lated K8.1-GST protein from the supernatant migrated with an
apparent molecular mass of 50 kDa in SDS-PAGE (Fig. 7B).
KS-positive human serum was depleted of K8.1-specific anti-
bodies by mixing with K8.1-GST conjugated with Sepharose
beads or mixing with GST conjugated with Sepharose beads.
The treated sera were then used for immunoblot analysis with
TPA-stimulated BCBL-1 cell lysates. While the 37-kDa protein
was readily detected by KS-positive serum preincubated with
GST protein, the reactivity of human KS-positive sera with the
37-kDa protein was specifically and dramatically reduced by
preincubation with K8.1-GST fusion protein (Fig. 7C). These
results demonstrate that the 37-kDa K8.1 protein in BCBL-1
cell lysates is a major protein reactive to human KS-positive
sera by immunoblotting.

Prevalence of antibodies to KSHV K8.1. We next examined
the ability of K8.1 to serve as a serological marker to detect
KSHYV infection. K8.1 expressed in COS-1 cells was used as an
antigen in immunoblotting and immunofluorescence tests with
KS-positive human sera. A rabbit anti-K8.1 antibody was used
as a positive control for both assays. Immunoblot screening
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FIG. 8. Evaluation of anti-K8.1 antibody as a serological marker for KSHV infection. (A) Immunoblot screening. COS-1 cells were transfected with pFJ vector (lane
1) or with pFJ-K8.1 (lane 2). Polypeptides from these cells were resolved by SDS-PAGE in reducing conditions and reacted with 1:1,000-diluted KS-negative control
human sera (158 and 159) or KS-positive human sera (636, 581, 571, 560, 596, 545, 715, and 726). Rabbit anti-K8.1 antibody was used as a positive control. (B)
Immunofluorescence tests. COS-1 cells transfected with pFJ-K8.1 were permeabilized with methanol-ethanol, reacted with 1:100-diluted human sera as described
above, and then incubated with 1 pg of fluoresceinated goat F(ab’), anti-human total immunoglobulin. Immunofluorescence was detected with an Olympus

immunofluorescence microscope.

with 20 KS-positive human sera and 10 KS-negative control
human sera showed that antibodies to K8.1 were detected in
90% of 20 KS patients and in none of 10 KS-negative control
subjects (Fig. 8A and Table 1). No such protein was detected
in control cells lacking the K8.1 gene in COS-1 cells with
KS-positive and KS-negative human sera. In addition, different
levels of reactivity against the K8.1 protein were detected
among KS-positive sera (Fig. 8A and Table 1). To further
investigate the ability of K8.1 to serve as an antigen to detect
KSHYV infection, COS-1 cells transfected with a K8.1 expres-
sion vector were used for immunofluorescence tests. Trans-
fected COS-1 cells were permeabilized with acetone and re-
acted with human sera at a 1:100 dilution. The rabbit anti-K8.1
antibody was used as a positive control. Consistent with the
results obtained from immunoblot screening, 80% of KS-pos-
itive human sera showed reactivity to the K8.1 protein in im-

munofluorescence tests (Fig. 8B and Table 1). The staining
pattern of K8.1 with KS-positive sera was essentially the same
as that obtained with the rabbit anti-K8.1 antibody (data not
shown).

DISCUSSION

In this report, we have demonstrated that viral polypeptides
detected by KS-positive human sera are encoded by the K8.1
OREF which is present in the same genomic position and ori-
entation as ORFs for virion envelope glycoproteins of other
gammaherpesviruses. The glycosylated K8.1 protein is ex-
pressed during lytic KSHV replication in BCBL-1 cells and is
localized on the surface of infected cells and virion particles.
Antibodies to K8.1 were detected by immunoblotting in 18 of
20 KS patients and in 0 of 10 KS-negative control subjects. Our



1348 LI ET AL.

J. VIROL.

TABLE 1. Serological screen of anti-K8.1 antibody in KS patients

Immunoblot assay

Immunofluoresence assay

Source of sera

No. of patients with intensity” of:

No. of
patients with
intensity of:

No. of patients
with antibody

No. of patients
with antibody

to K8.1 _ to K8.1
- + ++ ++4+ - +
KS-positive patients (n = 20) 2 3 4 10 18 4 16 16
KS-negative controls (n = 10) 10 0 0 0 0 9 1 1

“ —, negative; +, very weak; ++, weak; +++, strong.

results demonstrate that the K8.1 gene encodes a KSHYV viri-
on-associated glycoprotein and suggest that antibodies to K8.1
can serve as a serological marker for infection with KSHV.

In gammaherpesviruses for which sequence data are avail-
able, a potential glycoprotein gene has been found at the same
locus as the gene for K8.1: gp340/220 of EBV (17), gp150 of
MHYV 68 (28), and ORF51 of HVS (1). In EBV, gp340/220 has
been shown to be responsible for the binding of EBV to B
lymphocytes via the CD21 surface protein and mediating the
initial step of virus infection (17, 31). In addition to virus
absorption, this interaction leads to the activation of a signal
transduction pathway, resulting in an increased CD19 tyrosine
phosphorylation level, which ultimately facilitates efficient ex-
pression of viral genes following infection (17). The motif on
gp340/220 that is responsible for CD21 interaction is EDPG-
FFNVE, which is located near the amino terminus (17). In
MHYV 68, gp150 has been identified as a virion envelope pro-
tein and antibodies to gp150 neutralize virus infectivity (28).
This finding suggests that gp150 of MHYV 68 is involved in the
binding of the virus to a cellular receptor (28). However, K8.1
of KSHV and gpl150 of MHV 68 do not contain sequence
homology with the CD21-interacting motif of gp340/220 of
EBV. While KSHV and MHV 68, like EBV, are tropic for B
cells, they may employ the different cellular molecules for their
entry.

While our studies isolated a single spliced form of K8.1, an
alternatively spliced form of the K8.1 gene has been detected
as a minor population in TPA-stimulated BCBL-1 cells (19).
These results suggest that multiple forms of K8.1 gene prod-
ucts may exist, similar to what is observed for the EBV gp340/
220 (32). However, whether the alternatively spliced form of
K8.1 indeed encodes a protein has not yet been studied.

Herpesviruses have been typically found to bud from the
nuclear membrane (23). However, it has been suggested that
herpes simplex virus may often lose this envelope coat by
fusion with cytoplasmic membranes (23). Our data quite
clearly indicate that KSHV acquires K8.1 by a process of bud-
ding from the plasma membrane. Further studies are required
to elucidate the detailed mechanisms of KSHV envelopment
and release.

Of sera from humans with KS, 80 to 90% reacted with
mammalian-expressed K8.1 protein by immunoblot or immu-
nofluorescence assays. In contrast, all KS-negative control sera
used in this study did not detect K8.1 in the immunoblot
screening, and 90% of KS-negative control sera did not detect
K8.1 in the immunofluorescence tests. These observations sug-
gest that antibodies to K8.1 may be useful serological marker
for KSHYV infection. However, as found in serological tests
with lytic antigens and LANA by other investigators (4,7, 8, 11,
12, 15), a significant proportion (10 to 20%) of sera from
human with KS did not detect the K8.1 protein in our immu-
noblot and immunofluorescence tests. Such incomplete sensi-

tivity may be accounted by the insensitivity of the test systems,
the requirement of conformational epitopes on K8.1, the large
genetic complexity of KSHV, or genetic polymorphism of K8.1.
Any of these possibilities would require the use of multiple
antigens or testing formats in order to generate a highly sen-
sitive assay system to screen human sera for KSHV infection.
However, it is also possible that some human infected with
KSHYV scant or no antibodies to the virus because of immune
deficiency, antigen excess, or other factors.
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ADDENDUM IN PROOF

After the manuscript was submitted, Chandran et al. (B.
Chandran, C. Bloomer, S. R. Chan, L. Zhu, E. Goldstein, and
R. Horvat, Virology 249:140-149, 1998) published similar re-
sults.
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