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Human herpesvirus 8 (HHV-8) is likely to be involved in the pathogenesis of Kaposi’s sarcoma (KS) and
body cavity-based lymphomas (BCBLs). The HHV-8 genome is primarily in a latent state in BCBL-derived cell
lines like BCBL-1, but lytic replication can be induced by phorbol esters (R. Renne, W. Zhang, B. Herndier,
M. McGrath, N. Abbey, D. Kedes, and D. E. Ganem, Nat. Med. 2:342–346, 1996). A 35- to 37-kDa glycoprotein
(gp35-37) is the polypeptide most frequently and intensively recognized by KS patient sera on Western blots
with induced BCBL-1 cells. Its apparent molecular mass is reduced to 30 kDa by digestion with peptide-N-
glycosidase F. By searching the known HHV-8 genomic sequence for open reading frames (ORF) with the po-
tential to encode such a glycoprotein, an additional, HHV-8-specific reading frame was identified adjacently to
ORF K8. This ORF, termed K8.1, was found to be transcribed primarily into a spliced mRNA encoding a
glycoprotein of 228 amino acids. Recombinant K8.1 was regularly recognized by KS patient sera in Western
blots, and immunoaffinity-purified antibodies to recombinant K8.1 reacted with gp35-37. This shows that the
immunogenic gp35-37 is encoded by HHV-8 reading frame K8.1, which will be a useful tool for studies of
HHV-8 epidemiology and pathogenesis.

Kaposi’s sarcoma (KS) is a multifocal, proliferative lesion of
uncertain pathogenesis. The originally described form occurs
sporadically in elderly men of eastern- or southern-European
descent. The frequent occurrence of KS in young homosexual
patients has been one of the first hallmarks of the AIDS epi-
demic. From the very beginning, the epidemiology of KS
among AIDS patients has suggested that an infectious agent
other than human immunodeficiency virus is involved in KS
pathogenesis (6, 15). This led to a broad search in patients with
KS for both known and new transmissible human pathogens. A
new era of KS research began when Chang et al. (11) detected
DNA sequences of a novel herpesvirus in KS tissues of AIDS
patients. Meanwhile, DNA of this virus, now termed human
herpesvirus 8 (HHV-8) or KS-associated herpesvirus, has been
found in all epidemiological forms of KS (1, 12, 14, 19, 24). In
addition to KS, HHV-8 DNA has also been found in certain
forms of Castleman’s disease (33) and in AIDS-associated
body cavity-based lymphomas (BCBL) (9, 10). Cell lines estab-
lished from BCBL harboring the HHV-8 genome facilitated
first studies of HHV-8 seroepidemiology. By using nonstimu-
lated BCBL-derived cells, antibodies against latent nuclear
antigens (LNA) of HHV-8 were found in 70 to 80% of AIDS-
KS patients (17, 20, 25). In the United States and northern
Europe, anti-LNA seropositivity has been found to closely
reflect the risk of KS development. Only 1% of adult blood
donors were anti-LNA positive. Likewise, only 1 to 3% of
human immunodeficiency virus (HIV)-infected hemophiliacs
were found to be anti-LNA positive, whereas 35% of HIV-
infected homosexual patients had detectable levels of antibod-
ies against LNA (20). In contrast to northern Europe and the

United States, 84 to 100% of the general population have been
found to be HHV-8 anti-LNA positive in several African coun-
tries (16, 21). KS is known to be endemic in several areas of
sub-Saharan Africa. However, as noted by Gompels and Ka-
solo (18), the high seroprevalence of HHV-8 in Africa is not
limited to areas of high KS incidence. Whereas only 70 to 80%
of Caucasian AIDS-KS patients had antibodies detectable with
HHV-8 LNA, Lennette et al. were able to detect HHV-8 an-
tibodies in 100% of KS patients when they included HHV-8
lytic antigens that are expressed after phorbol ester induction
of BCBL-1 cells (21). Surprisingly, 24% of healthy adults were
HHV-8 positive by this assay. Although HHV-8 seropositivity
still correlates with risk of KS in this assay, a seroprevalence of
24% in the general population would not allow for the cur-
rently favored dual-factor scenario of KS pathogenesis, where
HHV-8 is the relatively infrequent, sexually transmitted deter-
minant of KS in conjunction with immunosuppression and/or
genetic predisposition. The immunofluorescence assay based
on both lytic and latent antigens of HHV-8 is likely to be more
sensitive than the LNA assay, but it may well be compromised
by reduced specificity. A reliable evaluation of the pathogenic
role of HHV-8 in KS, BCBL, Castleman’s disease, and multi-
ple myeloma (31) will not be possible until a serologic assay is
available that is both sensitive and specific. This calls for map-
ping HHV-8 lytic antigens of immunologic relevance and char-
acterization of non-cross-reactive epitopes.

MATERIALS AND METHODS

Serum samples. Sera were collected from patients at hospitals and outpatient
departments of the University of Erlangen. All sera were stored at 220°C and
heat inactivated at 56°C for 30 min prior to use.

Cell culture. Suspension cultures of HHV-8 carrying BCBL-1 (30) and BC-3
(5) cells, as well as the HHV-8-negative Burkitt’s lymphoma cell line BJAB, were
maintained at 37°C with 7.5% CO2 in RPMI 1640 supplemented with 15%
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heat-inactivated fetal calf serum, 100 mg of gentamicin per ml, and 350 mg of
L-glutamine per ml. Expression of viral genes in BCBL-1 and BC-3 cells was
stimulated with 12-O-tetradecanoylphorbol-13-acetate (TPA; Sigma Chemicals,
St. Louis, Mo.) at 25 ng/ml for 4 days.

Endoglycosidase digestion of glycoproteins. Peptide-N-glycosidase F (PNGase
F) was obtained from New England Biolabs (Beverly, Mass.), and protein lysate
from BCBL-1 cells was digested as recommended by the manufacturer. Briefly,
BCBL-1 cells were lysed in 0.5% sodium dodecyl sulfate (SDS)–2% b-mercap-
toethanol at 95°C for 10 min, followed by digestion of 400 mg of protein with 150
International Union of Biochemistry (IUB) mU PNGase F (1 IUB mU 5 65
New England Biolabs U) for 2 h at 37°C in 150 ml of 50 mM sodium phosphate
(pH 7.5)–1% Nonidet P-40.

Western blot analysis. TPA-stimulated and nonstimulated BCBL-1 and BJAB
cells were harvested by centrifugation (10 min, 400 3 g), washed twice in phos-
phate-buffered saline, and lysed in 23 SDS sample buffer (4% SDS, 10% b-mer-
captoethanol, 20% glycerol, 2 mM EDTA, 120 mM Tris-HCl [pH 6.8], 0.1 mg
bromphenol blue per ml). An equivalent of 105 cells was separated per lane on
discontinuous SDS–12 and 15% (wt/vol) polyacrylamide gels containing methyl-
enebisacrylamide and acrylamide at a ratio of 1:29. Western blot analyses were
carried out as described previously (28). Briefly, proteins were transferred from
discontinuous SDS–12 and 15% polyacrylamide gels onto nitrocellulose mem-
branes by using the Hoefer SemiPhor TE70 blotting apparatus as described by
the manufacturer (Pharmacia Biotech, Uppsala, Sweden). The membranes were
first blocked for 2 h at 20°C in blocking buffer (10 mM Tris [pH 7.5], 150 mM
NaCl, 0.5% Tween, 5% low-fat milk) and then incubated for 2 h with human sera
diluted 1:200 in blocking buffer, followed by three washes in TBS-Tween (10 mM
Tris [pH 7.5], 150 mM NaCl, 0.5% Tween) and 1 h of incubation with rabbit
anti-human immunoglobulin G alkaline phosphatase conjugate (Dako Diagnos-
tika GmbH, Hamburg, Germany). After two washes in Tris-buffered saline
(TBS)-Tween, in TBS, and in H2O, membranes were stained with nitroblue
tetrazolium–5-bromo-4-chloro-3-indolyphosphate toluidinium (salt) RAD-free
tablets as recommended by the supplier (Schleicher & Schuell, Inc., Dassel,
Germany). All steps were carried out at room temperature.

RT-PCR and DNA sequencing. Total RNA was extracted from BCBL-1 cells
both prior to and following stimulation with TPA by acid guanidinium thiocya-
nate-phenol-chloroform extraction as described by Chomczynski and Sacchi (13).
For reverse transcription-PCR (RT-PCR), Superscript mouse mammary tumor
virus reverse transcriptase (Gibco/BRL) and the Expand high-fidelity PCR sys-
tem (Boehringer Mannheim, Mannheim, Germany) were used essentially as
specified in the manufacturer’s instructions. Briefly, reverse transcription of 0.5
mg of total RNA was performed at 50°C for 30 min in a 50-ml reaction mixture
containing 0.2 mM deoxynucleoside triphosphates, 5 mM dithiothreitol, 0.4 mM
(each) primers K8.1-B1 (GAT CGG ATC CTA ACC ATG AGT TCC ACA
CAG ATT C) and K8.1-X1 (GAT CTC TAG AGG TTT TGT GTT ACA CTA
TGT AGG), 0.5 ml of Superscript, and 0.5 ml of Expand high-fidelity polymerase,
an enzyme mix containing thermostable Taq DNA and Pwo DNA polymerase.
Subsequently, the above reaction mixture was heated to 94°C for 2 min, and
cDNA was amplified by 35 cycles (94°C for 30 s, 62°C for 30 s, and 68°C for 45 s).
From the 11th cycle on, the time of the elongation reaction (68°C) was increased
by 5 s/cycle. Control reactions were performed without Superscript reverse tran-
scriptase. Amplified DNA was separated on 1% agarose gels, and the PCR
products were purified by the Qia-EX method according to the manufacturer’s
instructions (Quiagen Inc., Hilden, Germany). Purified RT-PCR products were
sequenced with primers K8.1rt-59 and K8.1rt-39 and dye terminator chemistry on
an ABI-377A sequencing system (Applied Biosystems, Foster City, Calif.).

Expression of recombinant proteins. Reading frames ORF47, vIL-6, and K8.1
were amplified from genomic DNA without the sequences coding for the pre-
dicted N-terminal signal peptide. Primer pairs were H8-47bam (GAT TGG ATC
CAT GGG GAT CTT TGC GCT ATT TG) and H8-47Hind (GAT CAA GCT
TGC AAC CAT GCG TCC ATG TTG AAC) for ORF47, K8.1mBam (GTG
CGG ATC CAA TTG TCC CAC GTA TCG TTC) and K8.1HindR (GGC AAA
GCT TGG CAC ACG GTT ACT AGC ACC) for K8.1, and vIL6-5H-Bam
(AGC TGG ATC CAA GTT GCC GGA CGC CCC CGA GTT TG) and
vIL6-3-Hind (AGC TAA GCT TAT CGT GGA CGT CAG GAG TCA C) for
vIL-6 (K2). The complete HHV-8 reading frame K1 was expressed as three
overlapping fragments: K1-N (N terminus), K1-M (middle), and K1-C (C ter-
minus). Primer pairs K1-Bam3 (GAT GGA TCC ATG TCC CTG TAT GTT
GTT TGC)-Klr-NHind (GGT TAA GCT TCG TCC GTT TGG TAG ATG C),
H8K1-MBam (ATA TGG ATC CCC TGT CTT ACA AAC CTT GTG)-H8K1r-
MHind (TAT TAA GCT TCC TAT CAG AGC TAC GAG TG), and H8K1-
CBam (ATA TGG ATC CAC TCA TAC TGT ATC TGT CAG C)-K1-hindR3
(GAT CAA GCT TAC CTG AAT GTC AGT ACC) were used to amplify inserts
for pQK1N, pQK1M, and pQK1C, respectively. PCR products were cloned into
the prokaryotic expression vector pQE9 (Quiagen Inc.) via BamHI and HindIII
restriction sites (underlined). The resulting expression plasmids encode an N-
terminal tag containing six histidine residues (MRGSHHHHHHGS). Recombi-
nant proteins were expressed in Escherichia coli JM109 or M15prep4 and puri-
fied under denaturing conditions according to the manufacturer’s instructions
(Quiagen Inc.). Briefly, isopropyl-b-D-thiogalactopyranoside (IPTG) was added
to E. coli cultures to a final concentration of 2 mM at mid-log phase, and the
bacteria were incubated for another 1 to 3 h at 37°C. Cells were harvested by
centrifugation at 4,000 3 g and lysed in 6 M guanidinum rhodanide–10 mM Tris

(pH 8.0). The cleared lysate was applied immediately to an Ni-nitrolotriacetic
acid resin column (Quiagen Inc.). The column was rinsed with 5 volumes of wash
buffer (8 M urea, 100 mM sodium phosphate, 10 mM Tris-HCl [pH 6.3]). Wash
buffer containing increasing amounts of imidazole (10 mm to 400 mM) was
applied to the column to elute recombinant protein. Collected fractions were
checked for the presence of recombinant protein by electrophoretic separation
on 15% polyacrylamide gels followed by Coomassie brilliant blue staining. Pu-
rified recombinant proteins were dialyzed against 20 mM HEPES (pH 8.0)–1
mM MgCl2–20 mM KCl–0.5 mM dithiothreitol–0.5 mM phenylmethylsulfonyl
fluoride–0.1 mM EDTA–10% glycerol, and the concentration of protein was
determined by the colorimetric bicinchoninic acid assay as described by the
manufacturer (Pierce Inc., Rockford, Ill.). Amino acids 2 to 170 of HHV-8
ORF65 were expressed as gluthatione S-transferase (GST) fusion protein. To
generate the expression constructs, primers GAG AGA GAT CTG TTC CAA
CTT TAA GGT GAG AGA C and TCT GCA TGC CGG TTG TCC AAT CGT
TGC CTA (32) were used. The amplified fragment was ligated into expression
vector pGEX-3X (Amersham Pharmacia-Biotech, Uppsala, Sweden) and puri-
fied on gluthatione-Sepharose 4B as instructed by the manufacturer (Amersham
Pharmacia-Biotech).

Generation of rabbit antiserum. Recombinant K8.1b was first affinity purified
by Ni-chelate chromatography followed by separation on preparative SDS–12%
polyacrylamide gels. Proteins were visualized by Coomassie brilliant blue stain-
ing, and the area containing K8.1b was excised from the gel and homogenized.
Male New Zealand White rabbits were immunized intramuscularly with a sus-
pension of homogenized polyacrylamide in Freund’s incomplete adjuvant con-
taining 200 mg of recombinant protein. Rabbits were boosted three times at
2-week intervals with the same amount of protein and bled 7 days after the last
injection.

Affinity purification of antibodies. Recombinant K8.1g (200 mg) was separated
on preparative SDS–12% polyacrylamide gels. After transfer onto a nitrocellu-
lose membrane the recombinant protein was visualized by Ponceau red staining
and excised. The excised nitrocellulose strip containing recombinant protein was
blocked with 5% low-fat milk–TBS and incubated with KS patient serum as
described above. The nitrocellulose was washed extensively in TBS-Tween, and
antibodies were eluted with 100 mM glycine (pH 3.0), neutralized immediately
with 1 M Tris (pH 8.0). The affinity-purified antibodies were stabilized by sodium
azide until use.

Nucleotide sequence accession number. The sequences presented here have
been given GenBank accession no. AF009173.

RESULTS

A glycoprotein of 35 to 37 kDa is regularly recognized by KS
patient sera. Sera from HIV-negative and HIV-positive KS
patients were collected at the Erlangen University hospital. To
identify immunoreactive viral polypeptides, reactivities of KS
patient sera with HHV-8 antigens were characterized by West-
ern blot using TPA-stimulated BCBL-1 cells. Five examples of
the staining pattern typically observed with HIV-positive KS
patient sera are shown in Fig. 1 and 2. All five sera clearly
reacted with HHV-8-infected BCBL-1 cells (lanes 2), whereas
no reactivity was seen with proteins from the HHV-8-negative
human B-cell line BJAB (lanes 1). Although the sera shown in

FIG. 1. Reactivity of an AIDS KS patient serum with a glycosylated BCBL-1
cell protein. The patient serum was tested at a dilution of 1/200. Lane M,
molecular weight marker; lane 1, BJAB cells; lanes 2 to 4, BCBL-1 cells induced
with TPA (25 ng/ml, 4 days); lane 5, uninduced BCBL-1 cells. BCBL-1 cells in
lanes 3 and 4 were mock digested and digested with PNGase F, respectively.
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Fig. 1 and 2 certainly reacted with several proteins of TPA-
induced BCBL-1 cells, a BCBL-1 cell protein of 35- to 37-kDa
was most frequently and strongly recognized (lanes 2 in Fig. 1
and 2). Seventeen of 19 HIV-positive KS patient sera and two
sera from classical-KS patients were clearly reactive with the
35- to 37-kDa protein, whereas no reactivity was seen with the
majority of 50 blood donor sera (Table 1). More focused bands
of 11 kDa (Fig. 2, sera B and C), 18 kDa (Fig. 1), 36 kDa (Fig.
2, serum C) and about 55 kDa (Fig. 2, serum C) were seen less
frequently. As blurred appearance is often indicative of protein
glycosylation, BCBL-1 cell proteins were subjected to PNGase
F digestion prior to electrophoresis. Proteolysis was not de-
tected when PNGase F-digested proteins were checked by
polyacrylamide gel electrophoresis (PAGE). When deglycosy-
lated proteins were used for Western blots with KS patient
sera, the blurred 35- to 37-kDa antigen disappeared and a
sharply focused antigen of 30 kDa was recognized instead,
albeit with reduced reactivity (Fig. 1, lane 4). Expression of
gp35-37 was clearly inducible by TPA (Fig. 1, lane 2), although
lower levels of gp35-37 are expressed in BCBL-1 cells prior to
induction with TPA (Fig. 1, lane 5). This is in good agreement
with the finding that 2 to 5% of BCBL-1 cells enter the lytic
cycle spontaneously, and the percentage of cells expressing
lytic antigens can be increased three- to fivefold by TPA in-
duction (30).

Identification of putative glycoprotein genes in the HHV-8
genomic sequence. Sequence analysis methods were used to
identify HHV-8 genes with the potential to encode a glyco-
protein of 35 to 37 kDa. First, the HHV-8 genomic sequence
derived from a KS biopsy specimen (26, 27) was searched for
open reading frames presumably encoding a polypeptide with

a calculated molecular mass ranging from 15 to 40 kDa. A total
of 32 open reading frames was selected of which two, K8.1 and
K10.1, had not been identified before. Next, the putative amino
acid sequences were screened for the presence of consensus
sequences for N-linked glycosylation (Asn-X-[Ser/Thr]). Pep-
tides with such putative N-glycosylation sites were analyzed for
the presence of an N-terminal signal peptide by the method of
Nielsen et al. (29). Only HHV-8 open reading frames ORF47
(18 kDa), K8.1 (21.8 kDa), viral IL-6 (23.4 kDa), and K1 (30.4
kDa) met all three criteria.

Two spliced mRNAs are transcribed from the K8.1 locus of
HHV-8. Open reading frame K8.1 is located between open
reading frames K8 and ORF52 of HHV-8. With respect to its
relative position in the genome, K8.1 is therefore similar to
ORF51 of herpesvirus saimiri (2), M7 of murine herpesvirus 68
(37), BORFD1 of bovine herpesvirus 4 (BHV-4) (22), and
gp220/350 of Epstein-Barr virus (EBV). These genes invariably
encode transmembrane glycoproteins that have been shown to
be translated from a spliced message whenever examined. RT-
PCR was performed with RNA extracted from TPA-induced
BCBL-1 cells, uninduced BCBL-1 cells, and the HHV-8-neg-
ative human B-cell line BJAB by using primer K8.1-B1, located
close to the 59 end, and primer K8.1-X1, which binds immedi-
ately upstream of a putative polyadenylation site (Fig. 3). Am-
plification of HHV-8 genomic DNA with these primers yields
a fragment of 815 nucleotides. However, in addition to a frag-
ment the size of an unspliced message, termed K8.1g, two
fragments of about 720 and 540 nucleotides were amplified by
RT-PCR from RNA extracted from TPA-induced BCBL-1
cells (Fig. 4). The latter fragments were designated K8.1b and
K8.1a, in Fig. 4, respectively, with K8.1b being clearly the most
abundant message. As shown in Fig. 4, none of the three
fragments could be amplified without prior reverse transcrip-
tion (lane 1). Direct sequencing of all three amplicons (K8.1g,
K8.1b, and K8.1a) showed that K8.1g is an unspliced RNA,
whereas K8.1a and K8.1b correspond to two singly spliced
messages (Fig. 3). K8.1a and K8.1b messages have the same 39
exon. It encodes a putative transmembrane region and, like the
positional analogous glycoproteins of other rhadinoviruses, is
relatively rich in serine and threonine (Fig. 3). The calculated
molecular masses of proteins translated from K8.1b and K8.1a
are 24.8 and 18.6 kDa, respectively. They are reduced to 21.8
and 15.6 kDa if the predicted signal peptide (amino acids 1 to
28 [Fig. 3]) is omitted. The calculated molecular mass of a
protein possibly translated from the unspliced K8.1g message
would be 21.8 or 18.8 kDa after cleavage of the 28-amino-acid
signal peptide.

The procaryotically expressed first exon of K8.1 is regularly
recognized by KS patient sera. Reading frames ORF47 (en-
coding the HHV-8 homolog of glycoprotein L), viral IL-6, and
K8.1g were amplified from genomic DNA without sequences

FIG. 2. Reactivities of four AIDS-KS patient sera (A to D) with BCBL-1 cell
proteins and recombinant HHV-8 proteins. All four sera clearly reacted with
gp35-37 in BCBL-1 cells and recombinant K8.1. In addition, there is reactivity
with proteins of about 50 kDa (serum C), 11 kDa (sera A and C), and 18 kDa
(serum C), as well as p18-GST (serum C). Lanes 1, BJAB cells; lanes 2, BCBL-1
cells; lanes 3, recombinant K8.1g; lanes 4, p18 (ORF65)-GST fusion protein;
lanes 5: recombinant viral IL-6.

TABLE 1. Reactivities of human sera with HHV-8 proteins in Western blotsa

Group BCBL-1 gp35-37 rK8.1 rvIL-6 GST-p18

HIV1/KS1 17/19 17/19 2/19 10/19
Classical KS 2/2 2/2 0/2 NT
Blood donors 2/18 2/50 0/50 2/50
EBV primary infection 0/10 0/10 0/10 2/10
Nasopharyngeal carcinoma NT 0/9 NT 0/9

a All sera were tested at a dilution of 1/50. HIV1/KS1, AIDS-associated KS; classical KS, KS without HIV infection; EBV primary infection, clinically diagnosed
and serologically confirmed infectious mononucleosis; BCBL-1 gp35-37, reactivity with the 35- to 37-kDa glycoprotein in TPA-stimulated BCBL-1 cells; rK8.1,
procaryotically expressed recombinant K8.1g or K8.1b; rvIL-6: recombinant HHV-8 IL-6; GST-p18, HHV-8 ORF65 expressed as a GST fusion protein. The two blood
donor sera positive for rK8.1 (confirmed by Western blot on BCBL-1 cells) were not identical with the blood donor sera positive for GST-p18. Only 18 blood donor
sera were tested by Western blot on BCBL-1 cells. NT, not tested.
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coding for the predicted N-terminal signal peptides. Sequences
coding for K8.1b were amplified from cDNA by using primers
K8.1mBam and K8.1-X1. The recombinant proteins (200 ng
each) were used to assess reactivity with human sera in immu-
noblot assays. Sera that had been found to be reactive with
native gp35-37 were tested at a dilution of 1:200. Both K8.1b
and K8.1g reacted with all 17 sera (Table 1). Reactivity with
any of the other recombinant proteins was seen much less
frequently (Fig. 2, lanes 3 to 5, and Table 1). Further testing of
KS and non-KS sera confirmed the suitability of K8.1 for se-
rologic assays: 17 of 19 KS patient sera clearly reacted with
recombinant K8.1 (both b and g). Most notably, all sera that
recognized gp35-37 in TPA-stimulated BCBL-1 cells also re-
acted with recombinant K8.1. Likewise, the two KS patient
sera that did not recognize recombinant K8.1 were also nega-
tive for antibodies against native gp35-37. Two of the KS sera
that were positive for gp35-37 also showed moderate reactivity
with recombinant viral IL-6. None of the sera tested reacted
with recombinant ORF47 protein (Table 1). Similarly, antibod-
ies against recombinant viral IL-6 or recombinant ORF47 were
not detectable in any of 50 blood donor sera, two of which
reacted with recombinant K8.1. Two additional sera reacted
with HHV-8 ORF65 expressed as GST fusion protein (GST-
p18). Recombinant K8.1 did not react with nine sera from
Chinese nasopharyngeal carcinoma patients (Table 1). It was
also not reactive with 10 sera from serologically proven pri-
mary EBV infection which also did not recognize gp35-37 in
BCBL-1 cells. Thus, K8.1 is not cross-reactive with EBV, as

FIG. 3. Map of reading frame K8.1. The amino acid sequence is shown in single-letter code below the nucleotide sequence. Nucleotides matching the splice donor
(A64 G73 G100 T100 A62 A68 G84 T63) or splice acceptor (C65 A100 G100) consensus sequence are boldfaced. Putative CAT (CCAT) and TATA (TATTAAA) boxes are
indicated, as are the oligonucleotides (K8.1-B1, K8.1-X1, K8-1mBam, K8.1-HindR) used for RT-PCR and sequencing. The predicted N-terminal signal peptide is
italicized and shaded; the intron of K8.1a is boxed between splice donor 1 and the common splice acceptor. The nucleotide sequence corresponding to the intron of
K8.1b is shaded. The amino acid sequence of the predicted transmembrane region of K8.1a and K8.1b is boldfaced and boxed. The C-terminal amino acid sequence
of the nonspliced putative K8.1g is not shown.

FIG. 4. RT-PCR of reading frame K8.1. using DNase I-digested RNA ex-
tracted from TPA-induced BCBL-1 cells. Three fragments can be amplified by
reverse transcription and are not detectable without reverse transcription. The
size of K8.1g is in agreement with the size expected for an unspliced transcript
(815 bp). Primers K8.1-B1 and K8.1-X1 (Fig. 3) were used. Lane M, molecular
weight marker (kb ladder; Gibco BRL); lane 1, PCR without reverse transcrip-
tion; lane 2, RT-PCR; lane 3, H2O control RT-PCR.
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can be expected from the lack of detectable sequence conser-
vation. In contrast, recombinant HHV-8 ORF65 protein did
show moderate reactivity with 2 of the 10 sera from patients
with primary EBV infection, pointing to a possible cross-reac-
tivity of ORF65 with its homolog in EBV, the immunogenic
protein p40. HHV-8 ORF65 has already been reported to
encode an HHV-8 lytic antigen of 18 kDa (p18) (32) and is
currently used for serological testing (8). Ten of the 19 sera
from HIV-positive KS patients tested here were reactive with
recombinant ORF65; all of them also reacted with recombi-
nant K8.1. Antibodies directed against HHV-8 ORF65 protein
have been reported to be specific for HHV-8 (32), and none of
the nine highly EBV-reactive nasopharyngeal carcinoma pa-
tient sera tested here showed reactivity with ORF65 (Table 1).
However, antibodies produced early in the course of a natural
infection often exhibit reduced affinity and specificity, and this
may explain the low reactivities of two sera from patients with
primary EBV infection to recombinant ORF65 of HHV-8. All
sera were tested with both recombinant K8.1g and recombi-
nant K8.1b, and reactivities were found to be identical. As
recombinant K8.1g and K8.1b share only amino acids 28 to 108
of the K8.1 protein, the immunogenic epitopes of HHV-8 K8.1
must be located within the first exon.

The immunogenic glycoprotein gp35-37 of HHV-8 is en-
coded by K8.1. K8.1-specific antibodies were affinity purified
from KS patient serum. An immunoblot of unabsorbed serum
from an AIDS-KS patient is shown in Fig. 5A. The serum
clearly recognized gp35-37 in whole BCBL-1 cells. It also re-
acted with recombinant K8.1g and recombinant ORF65-GST
fusion protein. As can be seen in Fig. 5B, antibodies affinity
purified with recombinant K8.1g also reacted with both cellu-
lar gp35-37 and recombinant K8.1; however, no reactivity was
seen with other recombinant HHV-8 proteins. It is thus con-
cluded that gp35-37 is encoded by HHV-8 reading frame K8.1.
To show more directly that the immunogenic glycoprotein
gp35-37 is encoded by the HHV-8 gene K8.1, a rabbit serum
was raised against recombinant K8.1b. At a dilution of 1:200,
the rabbit serum clearly recognized recombinant K8.1b (Fig.
6A, lane 5) and gp35-37 in TPA-induced BCBL-1 cells (Fig.
6A, lane 2). However, no reactivity was seen with either the
protein from BJAB cells or recombinant human IL-6 (Fig. 6A,
lanes 1 and 4). Thus, at least three lines of evidence indicate
that gp35-37 is in fact encoded by K8.1. Antibodies absorbed
from human serum with recombinant K8.1 show the charac-
teristic staining pattern, as does an antiserum raised against

recombinant K8.1. In addition, all sera that did react with
BCBL-1 gp35-37 also reacted with recombinant K8.1b, and
sera that were not reactive to recombinant K8.1 also did not
show the characteristic gp35-37 reactivity. In SDS-polyacryl-
amide gels, recombinant K8.1g migrates with an apparent mo-
lecular mass of 26 kDa (Fig. 5, lanes 3), and K8.1b migrates
with an apparent molecular mass of 30 kDa (Fig. 6A, lane 5).
The latter is in good agreement with the apparent molecular
weight observed for deglycosylated gp35-37 (Fig. 1, lane 4).
Most likely, the 35- to 37-kDa protein is translated from the
K8.1b transcript.

DISCUSSION

We show that the HHV-8 open reading frame K8.1 identi-
fied here encodes an immunogenic, TPA-inducible glycopro-
tein of HHV-8. This conclusion is based on four findings. First,
several features predicted for a protein encoded by reading
frame K8.1 are in concordance with the characteristics of gp35-
37. Second, all KS patient sera that recognized gp35-37 also
reacted with recombinant K8.1, whereas sera that did not react
with gp35-37 did not react with recombinant K8.1. Third, an-
tibodies affinity purified from KS patient serum recognized
gp35-37 in TPA-stimulated BCBL-1 cells. Fourth, a rabbit se-
rum was raised against recombinant K8.1 which recognized
both K8.1 and gp35-37. HHV-8 serologic assays including
TPA-inducible antigens have recently been shown to be more
sensitive than the more widely used LNA-based assay (21).
However, the use of whole cells for Western blot or immuno-
fluorescence assay may be hampered by cross-reactivity of the
usually well-conserved structural proteins, as has already been
shown for the major capsid proteins of HHV-8 and EBV (4).
In addition, we observed reactivity of procaryotically expressed
HHV-8 ORF65 (p18) with a few sera from patients with pri-
mary EBV infection. The use of purified, HHV-8-specific lytic-
cycle antigens generated by chemical synthesis or recombinant
expression will increase the sensitivity of current HHV-8 se-
rology without sacrificing specificity. This is certainly of partic-
ular importance for studies of HHV-8 seroepidemiology in the
general population. HHV-8 antibody titers in healthy adults
are likely to be much lower than those in KS patients, where
both latent (34, 36) and lytic-cycle antigens are permanently
produced (7). When only recombinant K8.1 was used, about
90% (17 of 19) of KS patient sera were clearly HHV-8 sero-
positive. Cross-reactivity of K8.1 with other herpesvirus pro-

FIG. 5. Western blot of anti-K8.1 antibodies affinity purified from an
AIDS-KS patient serum. (A) Whole serum; (B) K8.1g affinity-purified antibod-
ies. The purified antibodies still recognize gp35-57 in BCBL-1 cells as well as
recombinant K8.1g; however, they do not react with GST-p18 (ORF65). Lanes
1, BJAB cells; lanes 2, TPA-induced BCBL-1 cells; lanes 3, recombinant K8.1g
(200 ng); lanes 4, recombinant p18-GST fusion protein (HHV-8 ORF65); lanes
5, recombinant viral IL-6.

FIG. 6. Reactivity of a rabbit serum raised against recombinant K8.1b. (A)
Serum from an immunized rabbit, diluted 1/200; (B) preimmune serum. Serum
from the immunized rabbit recognized both recombinant K8.1b and a protein of
35 to 37 kDa in TPA-induced BCBL-1 cells. Lanes 1, BJAB cells; lanes 2,
TPA-induced BCBL-1 cells; lanes 3, water; lanes 4, recombinant human IL-6
(200 ng); lanes 5, recombinant K8.1b (200 ng). Lanes M, molecular weight
markers.
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teins is unlikely, as K8.1 is not conserved among known her-
pesviruses. Accordingly, we did not observe reactivity in sera
from patients with EBV primary infection or nasopharyngeal
carcinoma. The immunogenic protein encoded by reading
frame K8.1 will thus be useful for epidemiological studies.
RT-PCR revealed that at least three different mRNAs—
K8.1a, K8.1b, and K8.1g—map to open reading frame K8.1.
K8.1b and K8.1a share the same splice acceptor but employ
two different donor sites. Both K8.1b and K8.1a are predicted
to encode typical transmembrane glycoproteins with a C-ter-
minal membrane anchor and short cytoplasmic tail. In addi-
tion, an unspliced message was amplified by RT-PCR in low
amounts (K8.1g). Although we show that this amplicon is not
due to contaminating genomic DNA, we cannot exclude the
possibility that nuclear pre-mRNA was amplified. It is thus not
known whether the corresponding protein is made in a natural
infection. If so, K8.1g could code for a soluble form of K8.1, as
the predicted protein would lack a transmembrane anchor. As
procaryotically expressed recombinant K8.1g and K8.1b were
equally reactive in immunoblot assays, the immunogenic
epitopes of K8.1 must be located within the first exon. HHV-8
K8.1 does not have overt amino acid sequence homology with
any sequence currently available in DNA and protein data-
bases. However, a reading frame predicted to encode an ap-
parently nonconserved glycoprotein is present at the same
genomic position in all gammaherpesviruses sequenced so far.
Thus, the positional analog to HHV-8 K8.1 in herpesvirus
saimiri is ORF51. The latter is predicted to encode a noncon-
served polypeptide with a calculated relative molecular mass of
30 kDa with an N-terminal signal peptide, a C-terminal trans-
membrane region, and nine N-linked glycosylation sites (3).
The BHV-4 reading frame BORFD1 is the positional analog of
K8.1 and ORF51 of HHV-8 and herpesvirus saimiri, respec-
tively. BORFD1 has been predicted to encode a spliced trans-
membrane glycoprotein of 273 amino acids (22), which has
been confirmed by experimental evidence more recently (23).
Reading frame M7 is the positional analog of murine herpes-
virus 68 (MHV-68) (37). The predicted molecular mass of the
core unglycosylated protein encoded by M7 is 48 kDa. How-
ever, the corresponding glycoprotein migrates with an appar-
ent molecular mass of 130 to 150 kDa when separated by
denaturating PAGE (35). The reading frame BLLF1a/b of
EBV shares relative genomic position and orientation with
K8.1. It encodes a membrane glycoprotein with a relative mo-
lecular mass of 220 to 340 kDa which is known to be involved
in binding to host cells via CD21. Like K8.1 of HHV-8 and
gp80 of BHV-4, gp340/220 is translated from a spliced mes-
sage. We thus conclude that proteins encoded by K8.1 (gp35-
37; HHV-8), ORF51 (herpesvirus saimiri), BORFD1 (gp80;
BHV-4), M7 (gp150; MHV 68), and possibly BLLF1 (gp220/
350; EBV) belong to one family of serine- and threonine-rich
virion transmembrane glycoproteins. It has been shown that
two members of this family, EBV gp340/220 and MHV-68
gp150, are involved in binding to the host cell. The high degree
of variability observed within this family of glycoproteins may
thus reflect the divergence in cell tropism. Studies are under-
way in this laboratory to show whether HHV-8 K8.1 is involved
in cell attachment or virus entry. Beyond its use for studies of
epidemiology, HHV-8 K8.1 might prove useful for studies of
HHV-8 target cell recognition.
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