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Kaposi’s sarcoma-associated herpesvirus (KSHV), or human herpesvirus 8 (HHV-8), belongs to the gam-
maherpesvirus subfamily and encodes ;80 open reading frames (ORFs). Among them are a few candidates for
immediate-early genes (e.g., K5). We developed a monoclonal antibody (MAb), 328C7, against the K5 antigen.
This MAb reacted with the K5 gene product by immunoscreening of a cDNA library from BCBL-1 cells, and
this result was confirmed by transfection of the K5 ORF into Cos-7 cells. After induction of lytic infection by
treatment with 12-O-tetradecanoylphorbol-13-acetate, MAb 328C7 reacted with an antigen in the cytoplasm of
BCBL-1 and BC-3 cells as early as after 4 h of induction. Immunoelectron microscopy showed that the K5
antigen was situated mainly in the endoplasmic reticulum but was not present on the virion or in the nucleus.
Northern blotting with a K5-specific probe revealed a single transcript of 1.2 kb, while Western blotting showed
the antigen to be a 36-kDa polypeptide. The 5* and 3* ends were then determined by rapid amplification of
cDNA, followed by sequencing of RACE products, and a splice was revealed upstream of the K5 ORF. K5
expression was unaffected by the respective DNA and protein synthesis inhibitors phosphonoformic acid and
cycloheximide plus actinomycin D, confirming its immediate-early nature. Transient-transfection assays
showed that the K5 promoter was transactivated by ORF 50 (KSHV Rta), a homolog of Epstein-Barr virus Rta,
but the K5 gene product exhibited no transregulation of its own promoter or those of DNA polymerase and the
human immunodeficiency virus type 1 long terminal repeat. This is the first such analysis of an immediate-
early gene product; determination of its specific biological function requires further investigation.

Kaposi’s sarcoma-associated herpesvirus (KSHV), or human
herpesvirus 8 (HHV-8), was recently discovered in tissues iso-
lated from varied forms of Kaposi’s sarcoma (7, 18, 38), Castle-
man’s disease (39), and body cavity-based lymphoma (BCBL;
primary effusion lymphoma) (5). The etiology and pathogenic
mechanisms of HHV-8 are as yet unknown, but its origin and
kindred strongly suggest that HHV-8 promotes a particular
type of cell proliferation (28). All of the cell lines derived from
BCBL harbor the HHV-8 genome in a latent state; the virus is
transformed to a lytic state by chemical agents such as 12-O-
tetradecanoylphorbol-13-acetate (TPA) and n-butyrate (1, 5,
24, 25, 34, 37). The first such cell line reported, BC-1, was also
infected with Epstein-Barr virus (EBV) (6, 13), but later BCBL
lines were EBV negative (1, 34). Although HHV-8 is difficult
to transmit, it can be maintained in some cell lines and virus
production can be induced by treatment with TPA or n-bu-
tyrate (12, 27).

HHV-8 is a new member of the gammaherpesvirus sub-
family and has genetic similarity to herpesvirus saimiri (HVS)
and EBV (27, 35). Its genome, which has been completely
sequenced, consists of a double-stranded long unique DNA
sequence of 140.5 kbp flanked by GC-rich terminal repeat
sequences (30, 35). It encodes about 80 complete open reading
frames (ORFs), some of which have similarity to those of HVS
(35). Among them, 15 ORFs, designated K1 to K15, are unique
to HHV-8. In addition, HHV-8 encodes a number of human

gene homologs related to immune function and cell cycle reg-
ulation, including ORFs 16 (viral Bcl-2) (8, 36), 72 (viral cyclin
D) (14, 21, 33), 74 (viral interleukin-8 receptor) (2, 16), K2
(viral interleukin-6) (4, 26, 30, 31), K4 and K6 (viral macro-
phage inflammatory proteins I and II, respectively) (3, 20, 31),
K9 (viral interferon regulatory factor) (19, 22, 47), and K13
(vFLIP/vFLICE [caspase-8]-inhibitory protease) (42). Earlier
reports suggested that some of these factors do, indeed, initiate
cell proliferation, thereby promoting tumor progression.

Herpesvirus genes are classified as latent, immediate-early
(IE), early (E), and late (L) (17, 41, 46). Expression of the IE
and E genes is independent of viral DNA replication, and
some are involved in gene regulation and DNA replication (17,
23, 40). The L genes, by contrast, are dependent on viral DNA
replication and mainly encode structural proteins (17). Regu-
lation of gene expression in cells infected with herpesviruses is
generally ordered in a cascade fashion: IE genes are tran-
scribed first following cell penetration of the virus, after which
the E and L genes are expressed. Recent analysis of the com-
plete DNA sequence suggests that HHV-8 possesses several IE
candidate genes, including K3, K5, K8, ORF 45, ORF 50, and
ORF 57 (35). Of these, the K3 and K5 genes have homology to
the IE-1 gene from bovine herpesvirus 4 (BHV-4) (35), which
is also a gammaherpesvirus (9).

To analyze HHV-8 gene function more precisely, we devel-
oped monoclonal antibodies (MAbs) against viral proteins and
attempted to identify their antigens using the lgt11 cDNA
library of HHV-8-infected BCBL-1 cells. Among our MAbs,
six specifically recognized the K5 gene product and we have
used one of them (MAb 328C7) as a probe to characterize the
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K5 gene and its product. To our knowledge, this is the first
such analysis of a candidate IE gene product.

MATERIALS AND METHODS

Cell lines and cell culture. BCBL-1 (34) or BC-3 (1) cells, which harbor
HHV-8, and BC-1 cells (6), which harbor both EBV and HHV-8, were grown in
RPMI 1640 medium supplemented with 10 or 20% heat-inactivated fetal calf
serum (FCS), penicillin, and streptomycin at 37°C under an atmosphere of 95%
air and 5% CO2. B95-8 and Raji cells, which harbor EBV, and uninfected Ramos
cells, a human B-cell line, were cultured in RPMI 1640 medium supplemented
with 10% FCS, penicillin, and streptomycin. The latter three cell lines served as
controls throughout the study. When necessary, lytic gene expression was in-
duced in HHV-8-infected and control cells by treatment with TPA (Sigma) at 20
ng/ml. Cos-7 and 293T cells were maintained in Dulbecco modified Eagle me-
dium supplemented with 10% FCS, penicillin, and streptomycin and were used
for transient-transfection and cotransfection assays, respectively.

Establishment and characterization of MAbs. BALB/c mice were immunized
with lysates from 107 TPA-induced BCBL-1 cells. The first immunization was
carried out with a mixture of cell lysates in complete Freund’s adjuvant. That was
followed by two or three boosters, 3 to 4 weeks apart, in incomplete Freund’s
adjuvant. Three to 4 days prior to cell fusion, 107 TPA-induced BCBL-1 cells in
500 ml of phosphate-buffered saline (PBS) were administered intraperitoneally.

Hybridomas were established by fusing splenocytes from the hyperimmune
mice with a nonproducing myeloma cell line, Sp-2/0-Ag14. After selection in
medium containing hypoxanthine-aminopterin-thymidine, cells secreting MAbs
were screened by indirect immunofluorescence assays (IFA; see below for de-
tails). TPA-induced and uninduced BCBL-1 cells were fixed in acetone and
exposed to supernatants of the hybrid cells. Clones secreting antibodies reactive
with TPA-induced BCBL-1 cells were expanded and cloned twice more by
limiting dilutions. Ascites fluids with high antibody titers were then accumulated
by injecting cloned hybrid cells intraperitoneally into Pristane (Sigma)-treated
mice.

IFA. BCBL-1, BC-3, and BC-1 cells were kept uninduced or induced with
TPA. At selected times after induction, cells were harvested, washed twice with
PBS, spotted onto slide glass in 24-well plates, air dried, and fixed with acetone
for 20 min at 220°C. The fixed cells were incubated with hybridoma supernatants
for 30 min at room temperature in a humid chamber. After washing with PBS
containing 0.05% Tween 20 for 10 min, the slides were air dried and incubated
for another 30 min with appropriately diluted fluorescein isothiocyanate (FITC)-
conjugated goat anti-mouse immunoglobulin G (IgG; DAKO, Copenhagen,
Denmark). After being washed once again as described above, the slides were
mounted with 50% glycerol in PBS and signals were detected by fluorescence
microscopy.

Confocal immunohistochemistry. BCBL-1 cells were induced with TPA for
24 h, washed in PBS, spotted onto slide glass, air dried, and fixed with acetone
as described for the IFA. They were then incubated with a primary anti-K5 MAb
for 30 min, followed by a 1:100 dilution of FITC-conjugated goat anti-mouse IgG
and Hoechst 33342 for another 30 min at 37°C. Specific immunofluorescence was
observed under a confocal laser scanning microscope (Carl Zeiss Co. Ltd.).

Immunoelectron microscopy. BCBL-1 cells were induced with TPA for 24 h,
washed with PBS, and fixed in 0.1% glutaraldehyde and 4% paraformaldehyde
buffered in 0.1 M phosphate buffer (pH 7.4) for 10 min, after which they were
fixed for an additional 12 h in 4% paraformaldehyde. To determine the exact
localization of the antigen, we used the cryo-thin-section immunogold method
(15). The specimens were immersed in 1.89 M sucrose with 20% polyvinylpyr-
rolidone and frozen with liquid nitrogen. Thin frozen sections were then cut with
a microtome (ULTRACUTS; Reichert-Nissei, Tokyo, Japan) and mounted on
Formvar carbon-coated nickel grids. The sections were rinsed with PBS and then
Tris-buffered saline containing 1% bovine serum albumin and incubated over-
night with MAb 328C7 in Tris-buffered saline. The following day, the cells were
incubated for 1 h with anti-mouse IgG conjugated with 5-nm colloidal gold
particles, fixed again in 2% glutaraldehyde in PBS, postfixed with 1% OsO4, and
stained with uranyl acetate. After dehydration in ethanol, the sections were
embedded in LR white (London Resin.) and observed using a Hitachi H-7100
electron microscope.

Western blot analysis. Cell lysates in Laemmli’s buffer were prepared from
TPA-induced and uninduced BCBL-1, BC-3, and Raji cells 24 h after induction.
Samples were subjected to sodium dodecyl sulfate–10% polyacrylamide gel elec-
trophoresis (SDS-PAGE) under reducing conditions and then electrophoreti-
cally transferred to polyvinylidene difluoride membranes (Bio-Rad, Hercules,
Calif.) using standard procedures (19). The membranes were then blocked for
1 h while shaking at room temperature in PBS containing 0.05% Tween 20 and
5% skim milk, after which they were incubated with the primary antibody (1:
1,000 dilution of ascitic fluid in PBS–0.05% Tween 20–2% skim milk) for an
additional 1 h while again shaking at room temperature. The membranes were
then washed three times for 10 min each in 0.05% Tween 20 in PBS and finally
incubated for 1 h as described above with an appropriate dilution of alkaline
phosphatase-conjugated goat anti-mouse IgG (Bio-Rad). After washing, bound
enzyme-labeled MAb was detected with 5-bromo-4-chloro-3-indolylphosphate
(BCIP) and nitroblue tetrazolium substrate (Wako Chemicals, Osaka, Japan).

Construction of a cDNA library and immunoscreening with anti-HHV-8 MAb.
Construction of a cDNA library from BCBL-1 cells was described previously
(19). This library was screened with MAb 328C7 using a picoBlue Immuno-
screening Kit (Stratagene) in accordance with the manufacturer’s instructions.
Briefly, 5 3 104 PFU of recombinant phages per 150-mm-diameter agar plate
were mixed with Escherichia coli Y1090 and plated. After incubation at 37°C for
6 to 7 h, expression of fusion proteins was induced by overlaying 10 mM IPTG-
treated nitrocellulose membranes. The membranes were blocked for 1 h in buffer
containing 20 mM Tris-HCl (pH 7.5)–150 mM NaCl–1% bovine serum albumin
and then reacted with the MAb. Following incubation with an appropriate
dilution of alkaline phosphatase-conjugated goat anti-mouse IgG, reactivity was
detected with BCIP and nitroblue tetrazolium as described for Western blotting.
Immunoreactive phages were collected, diluted, replated, and isolated by sub-
sequent screening until they were clonally pure. Four immunoreactive phages
were then selected and rescreened through three cycles of cloning. Purified
recombinant phages were transferred to SM buffer, and cDNA inserts were
amplified by PCR and cloned into TA cloning vector pCR2.1 (Invitrogen).

Analysis of the DNA sequence. The cDNA subcloned into pCR2.1 was se-
quenced using SequiTherm EXCEL long-read DNA sequencing kit-LC (Epi-
centre Technologies). DNA sequence data were compiled, and homology was
analyzed by searching data banks using FASTA and BLAST software.

Construction of plasmids. The viral DNA from HHV-8-harboring BCBL-1
cells was used as a template for all PCR amplifications. The HHV-8 K5 gene
fragment was amplified by PCR using primers with NheI and XhoI restriction
sites at the 59 and 39 ends, respectively. The amplified products were digested
with NheI and XhoI and inserted into pcDNA3.1(1)/Zeo (Invitrogen) to create
plasmid pcDNA3-K5. To construct plasmid pcDNA3-KSHV/Rta, a gene frag-
ment encoding KSHV Rta was amplified by PCR, digested with XbaI, and
inserted into the XbaI site of pcDNA3.1. Luciferase reporter plasmids pk5-Luc
and p8pol-Luc were constructed by PCR amplification of fragments extending 1
kbp upstream of the respective genes relative to their translation start (ATG)
codons. The amplified products were digested with SacI and NcoI and cloned
into pGL3-Basic vectors (Promega) previously digested with the same enzymes.
Construction of a heterologous reporter plasmid containing the human immu-
nodeficiency virus type 1 (HIV-1) long terminal repeat (LTR) (PLTR-Luc) was
described previously (30).

Transient expression in Cos-7 cells. Prior to transfection, 4 3 105 Cos-7 cells
were seeded onto 60-mm-diameter dishes and incubated for 16 h at 37°C in a 5%
CO2 incubator. They were then transfected with expression plasmid pcDNA3-K5
using SuperFect Transfection Reagent (Qiagen) in accordance with the manu-
facturer’s instructions. Twenty-four hours after transfection, cells were washed in
PBS, collected by trypsinization, again washed in PBS, and fixed for 20 min in
cold acetone at 220°C. Expression of K5 was then detected as described for
confocal immunohistochemistry of BCBL-1 cells.

RT-PCR and nested PCR. Reverse transcription (RT)-PCR was carried out on
poly(A)1 RNA extracted from TPA-induced and uninduced BCBL-1 cells using
Superscript II reverse transcriptase (GIBCO Bethesda Research Laboratories
[BRL]), essentially as indicated in the manufacturer’s instructions. Briefly, RT of
0.5 mg of poly(A)1 RNA was performed at 42°C for 50 min in a 20-ml reaction
mixture containing 1 ml of Superscript II reverse transcriptase and 0.5 mM primer
AP (59-GGCCA CGCGT CGACT AGTAC TTTTT TTTTT TTTTT TT-39)
(provided in the kit). Thereafter, 2 ml of the reaction mixture was amplified by
PCR using primers K5-F (59-TGGAC GGGCA CGAAG CGTTG AT-39) and
AUAP (59-GGCCA CGCGT CGACT AG-TAC-39) (provided in the kit).
Nested PCR was carried out using 5 ml of 1:100 diluted RT-PCR mixture and
primers K5-F and K5R3 (59-AGAAT GTTCC CGCAG GAGCA GTTAG
GATGA-39). Control reactions were carried out using genomic HHV-8 DNA as
a template.

5* and 3* RACE. All primers used for cDNA synthesis and PCR were designed
on the basis of cDNA sequence data from the HHV-8 cDNA library. 39 and 59
rapid amplification of cDNA ends (RACE) was performed using a cDNA ends
amplification kit (GIBCO BRL) and poly(A)1 RNA extracted from uninduced
and TPA-induced BCBL-1 cells. The first-strand cDNA of 39 RACE was syn-
thesized using Superscript II reverse transcriptase and an oligo(dT) primer
provided with the kit. The cDNA was amplified by PCR using an adapter-specific
primer also provided in the kit and an HHV-8-specific primer (K5F1) corre-
sponding to the ORF K5 39 end (59-GACTT AGGGG GACAG CGCGT ACCGA
CCTAT-39). The first-strand cDNA of 59 RACE was synthesized using HHV-8-
specific primer K5R1 (59-GTCAC CCGGG TGTTAT TTGCC GCGTA TAAT-39)
and tailed with dCTP. The cDNA was amplified by PCR using an adapter-
specific primer provided in the kit and a second HHV-8-specific primer (K5R2)
corresponding to the ORF K5 59 end (59-CACTT ACGCG GCATA TGCCG
CCAAA TGCAA-39). Both 39 and 59 RACE cDNA PCR products were cloned
into the pCR2.1 vector (Invitrogen) in accordance with the manufacturer’s in-
structions and sequenced. The TA clones of the 39 and 59 RACE PCR products
were sequenced using a SequiTherm EXCEL sequencing kit (EPICENTRE
TECHNOLOGIES) based on the dideoxynucleotide termination method, and
sequence analyses were carried out by comparison with the published HHV-8
sequence data (35).

Primer extension. Oligonucleotide primer K5R4 (59-TACGT CCTTG
GACGC CATCT-39) was 59 end labeled with IRD41 (Aloka), creating a dye
primer. Ten micrograms each of poly(A)1 RNA extracted from TPA-induced
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and uninduced BCBL-1 cells was then mixed with 5 ml of 1 mM K5R4 dye primer,
heated to 70°C for 10 min, and then immediately transferred to a 50°C chamber,
where the extension reaction was carried out for 50 min in a total volume of 50
ml, which included 200 U of Superscript II reverse transcriptase (GIBCO BRL).
After digestion with an RNase mixture for 30 min at 37°C, the samples were
precipitated with ethanol and analyzed on 6% polyacrylamide sequencing gels
containing 8 M urea and on a Li-Cor DNA sequencer (model 4000; Aloka).
Sequence reactions using the same labeled primer were run in parallel experi-
ments using a cDNA clone as a template to verify the size of the primer.

Time course of K5 antigen expression. The kinetics of HHV-8 gene expression
were examined in uninduced and TPA-induced BC-3 and BCBL-1 cells. To
analyze K5 expression, cells were harvested and washed in PBS 2, 4, 5, 6, 8, and
12 h after induction, spotted onto antigen plates, and permeabilized with acetone
for IFA using MAb 328C7 as a probe. For comparison, the early gene K9 (19)
was similarly analyzed using MAb B291.

Northern blotting. BCBL-1 cells (1 3 107 to 2 3 107) were induced for 12 h
with TPA alone, TPA plus the DNA synthesis inhibitor phosphonoformic acid
(PFA; 200 mg/ml), or TPA plus cycloheximide (CHX), a protein synthesis inhib-

FIG. 1. Fluorescence (FITC) photomicrographs showing MAb 328C7 immunoreactivity in HHV-8-infected, uninfected, and transfected cells after selected periods
of induction or after transfection. BCBL-1 and Raji cells were fixed and labeled after 12 and 24 h of exposure to TPA, respectively; pcDNA3-K5-transfected Cos-7 cells
were fixed and labeled 24 h posttransfection. a, untreated BCBL-1 cells; b, TPA-treated BCBL-1 cells; c, TPA-treated Raji cells; d, TPA-treated BCBL-1 cells; e, Cos-7
cells transfected with pcDNA3-K5 also stained with Hoechst 33342.

FIG. 2. Electron micrographs demonstrating the presence of K5 antigen in BCBL-1 cells. Immunogold labeling (arrows) is detected only on membranes of
endoplasmic reticulum-like structures (A and B) but not in a nucleus (N) and mitochondria (M). Immunogold labeling was performed using cryo-thin sections (gold
particles, 5 nm in diameter). Original magnifications: A, 357,000; B, 360,000.
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itor, at 10 to 100 mg/ml. Total RNA was then isolated from the cells using a total
RNA purification kit (Qiagen) in accordance with the manufacturer’s instruc-
tions. After ethanol precipitation, the RNA was stored at 270°C for further use.
For Northern blot hybridization, 20 mg of total RNA was subjected to electro-
phoresis on 1% agarose-formaldehyde gels, blotted onto Hybond-N nylon mem-
branes (Amersham), and hybridized to an oligonucleotide probe specific for the
K5 gene (59-CCCGC AGGAG CAGTT AGGAT GACCA GGAGC-39) at 42°C
in a 25 mM sodium phosphate buffer containing 53 SSC (13 SSC is 0.15 M NaCl
plus 0.015 M sodium citrate) and 53 Denhardt’s solution. After hybridization,
the membranes were washed at 42°C in solutions of decreasing ionic strength
(23 SSC–0.1% SDS and 13 SSC–0.1% SDS) for 30 min each time and then
exposed to Kodak XAR film with an intensifying screen. A b-actin probe (59-A
GCATTTGCGGTGGACGATGGAG-39) was used as a control. An antisense
oligonucleotide probe specific for the K9 gene (59-TTGGCCTGGGTCCATTG
TCC-39) was also used to detect the K9 transcript on the same filter. Antisense
oligonucleotides were 59 labeled with T4 polynucleotide kinase and [g-32P]ATP
using a Mega label kit (Boehringer, Mannheim, Germany).

Metabolic labeling and immunoprecipitation. BCBL-1 cells (5 3 106) were
washed twice with PBS and resuspended in Dulbecco’s modified Eagle medium
(DMEM; GIBCO BRL) supplemented with 5% dialyzed FCS without methio-
nine. To differentiate HHV-8 IE and E gene products, BCBL-1 cells were
induced for 12 h with TPA alone or with TPA plus PFA (300 mg/ml). The cells
were labeled with [35S]methionine at 220 mCi/ml during the final 1 h. As a
control, uninduced BCBL-1 cells were labeled for the same period.

Sequential application of metabolic inhibitors enabled us to demonstrate the
true IE nature of the K5 gene product. A sample of BCBL-1 cells (5 3 107) was
divided into two aliquots that were resuspended in DMEM, induced for 4 h with
TPA in the presence of CHX, an inhibitor of protein synthesis, at 100 mg/ml, and
cultured. One aliquot was then washed three times with PBS to remove the CHX,
resuspended for an additional 6 h in labeling medium containing TPA plus
actinomycin D (AcD), an mRNA synthesis inhibitor, at 10 mg/ml, and cultured.
CHX- and AcD-treated cells were each labeled with [35S]methionine as de-
scribed above, after which they were harvested, washed with PBS, lysed for 30
min on ice in RIPA buffer (0.05 M Tris-HCl [pH 8.0], 0.15 M NaCl, 0.5% sodium
deoxycholate, 1% Triton X-100, 0.1% SDS), and centrifuged at 13,000 3 g for 15
min. The resultant supernatant was then used for immunoprecipitation assays as
follows.

Two microliters of MAb 328C7 containing ascites fluid was mixed with 200 ml
of protein G-Sepharose 4 FF (Pharmacia Biotech) beads and incubated at 4°C
for 3 h while rotating. The beads were then washed six times with RIPA buffer
to remove unbound protein and isotope. The radiolabeled cell lysate was mixed
with protein G-Sepharose antibody complex and rotated overnight as described
above. After extensive washing with RIPA buffer, the immunoprecipitate was
eluted by boiling in Laemmli’s buffer, separated by SDS–10% denaturing PAGE,
and analyzed by fluorography.

Transregulation assay. Prior to transfection, 293T cells were plated to a
density of 5 3 105 cells per 60-mm-diameter tissue culture dish in DMEM
supplemented with 10% FCS and allowed to grow overnight at 37°C in a 5% CO2
incubator. Transient cotransfection was accomplished by using SuperFect Trans-
fection Reagent (Qiagen). A 4-mg sample of total DNA was used for each 60-mm
dish with 1 mg of reporter and 2 mg of effector plasmid, and the total quantity of

transfected DNA was kept constant by adding an appropriate amount of
pcDNA3.1. Cells were harvested 24 h after transfection, and luciferase activity
was assayed. Values were normalized to the protein concentration using a Bio-
Rad protein assay with bovine serum albumin as the standard.

Nucleotide sequence accession number. The nucleotide sequence reported
here has been deposited in the GenBank database and assigned accession no.
AF117253.

RESULTS

A protein specific for HHV-8-infected cells is recognized by
MAb 328C7. In order to identify individual HHV-8 proteins,
we raised several MAbs against whole-cell lysates of TPA-
induced BCBL-1 cells. From a list of six MAbs specifically
recognizing the K5 gene, in this study we used one of them,
named MAb 328C7, to analyze the K5 gene. Using IFA, MAb
328C7 was observed to react with an antigen apparently
present in the cytoplasm of BCBL-1 cells (Fig. 1a and b).
Although only 4 to 5% of uninduced cells exhibited specific
staining, the percentage of positive cells increased to 80 to 90%
after TPA treatment. The staining was specific for HHV-8-
infected cells: Raji (Fig. 1c), B95-8, and Ramos cells (not
shown) were all not stained specifically by MAb 328C7.

To more accurately localize K5 protein, TPA-induced
BCBL-1 cells and K5-transfected Cos-7 cells were double la-
beled with MAb 328C7 and Hoechst 33342 and examined
under a confocal imaging microscope. Figure 1d and e shows
that antigen was, indeed, distributed in the cytoplasm of in-
duced and transfected cells, appearing as dots. The greater
resolution achieved with immunoelectron microscopy using
MAb 328C7 revealed that the antigen was localized particu-
larly in the endoplasmic reticulum (Fig. 2A and B) but not in

FIG. 3. Western blot analysis of cell lysates obtained from TPA-treated (lane
1) and untreated (lane 2) BCBL-1 cells and untreated Raji cells (lane 3) using
MAb 328C7 as a probe. Polypeptides were separated by SDS–10% PAGE under
reducing conditions, transferred to a polyvinylidene difluoride membrane, and
reacted with MAb 328C7. Molecular mass markers are shown on the left. The
arrow indicates the HHV-8-specific polypeptide recognized by MAb 328C7.

FIG. 4. RT-PCR and nested PCR of K5. Using DNase I-digested poly(A)
RNA extracted from untreated and TPA-treated BCBL-1 cells, a spliced frag-
ment encoding K5 was amplified by RT-PCR and subsequent nested PCR. (A)
Schematic representation of the primers used in the assays. (B) Nested PCR
results obtained with primers K5F and K5R3. Lanes: M, molecular weight mark-
ers (fX174 HaeIII digest); 1, untreated cells; 2, TPA-treated cells; 3, control
PCR with HHV-8 genomic DNA.
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the nucleus and mitochondria, suggesting that the K5 protein
is not a structural protein.

MAb 328C7 recognizes the K5 gene product in HHV-8-
infected cells. To identify a coding gene for the protein recog-
nized by MAb 328C7, the cDNA library constructed from
TPA-induced BCBL-1 cells was immunoscreened with the
MAb. Proteins from four cDNA clones reacted with MAb
328C7, and in each clone, the size of the inserted cDNA was
approximately 0.8 to 1.0 kbp. The clone with the longest cDNA
insert was sequenced and compared with the previously pub-
lished HHV-8 sequence (35); the sequence was found to be
identical to that part of the HHV-8 sequence encoding ORF
K5 (data not shown). The sequences of the 59 and 39 ends of
the other three cDNA inserts overlapped those of the K5
clone.

To confirm that the antigen recognized by MAb 328C7 and
the K5 protein was the same K5 ORF was amplified by PCR,
inserted into pcDNA, and transfected into Cos-7 cells. MAb
328C7 specifically recognized the expressed K5 protein located
in the cytoplasm of the transfectants (Fig. 1e).

MAb 328C7 recognizes a 36-kDa protein in Western blots.
To identify the viral protein recognized by the anti-K5 MAb,
we performed Western blot analysis. Figure 3 shows that MAb
328C7 recognized a 36-kDa polypeptide in BCBL-1 cells, and
this band was more intensively recognized in cells treated with
TPA than in untreated ones (Fig. 3, lanes 1 and 2). It has no

reactivity with any polypeptides obtained from EBV-infected
Raji cells (Fig. 3, lane 3) or from uninfected cell lines (data not
shown). Thus, synthesis of this antigen appears to be highly
dependent on induction of HHV-8 infection.

Analysis of K5 gene transcription. When sequencing of the
59 RACE products was carried out, based on the sequence data
from the cDNA library, it was found that an mRNA with a
splice occurring in the 59 noncoding region was transcribed
from the K5 locus of HHV-8 (see Fig. 6). To confirm the 59
RACE results, RT-PCR and subsequent nested PCR were
carried out with RNA extracted from BCBL-1 cells; extracted
DNA served as a control against detection of genomic DNA
using the K5F and K5R3 primers (Fig. 4A). Amplification of
HHV-8 genomic DNA yielded a 610-nucleotide fragment, as
predicted by HHV-8 sequence data (Fig. 4, lane 3); however, a
fragment of only about 440 nucleotides was amplified by RT-
PCR and nested PCR from RNA extracted from TPA-treated
or untreated BCBL-1 cells (Fig. 4, lanes 1 and 2, respectively).

To map precisely the 59 end of the K5 transcript, a primer
extension assay was carried out with K5R4 dye primer (Fig. 5).
One product was situated 141 bp upstream of the initiation
codon, with a splice occurring at the 59 noncoding region; a
typical splice donor-acceptor site (GT. . .AG) was present in
the intron of the K5 locus (Fig. 5); there was a putative CCAT
box-like sequence at a position 126 to 129 bp upstream of the

FIG. 5. Map showing the K5 transcription pattern. (A) Schematic represen-
tation of the primer used in the primer extension assay and summary of the maps
obtained using primer extension and 59 and 39 RACE. (B) Initiation site of the
K5 transcript identified by primer extension. The size of the primer extension
product is indicated by a sequencing ladder initiated with the same primer. The
arrowhead indicates the position of the cDNA product, and the number indicates
its position with respect to the initiation codon (ATG).

FIG. 6. Map of the K5 ORF. A putative CCAT box and the poly(A) signal
are boxed and in boldface; note that they lack a distinguishable TATA box. The
asterisk indicates the initiation site of the K5 transcript. The nucleotide sequence
corresponding to the intron is boxed and shaded. The splice donor (GT. . .) and
splice acceptor (. . .AG) sites are in boldface. The primers (K5F, K5F1, K5R1,
K5R2, and K5R3) used for 39 and 59 RACE and RT-PCR are underlined. The
arrows indicate the orientations of the primers.

VOL. 74, 2000 IDENTIFICATION AND ANALYSIS OF THE HHV-8 K5 GENE 2871



initiation site; but no obvious TATA box-like sequence was
found within 1.0 kb upstream of the starting codon using the
transcription factor database (32).

To determine the location of the 39 end of the K5 transcript,
a 39 RACE assay was performed and only a single product was
generated. Sequencing showed the 39 end to be situated 24
nucleotides downstream of the putative poly(A) signal (Fig. 6).

K5 is expressed as an IE protein. The time course of K5
gene expression was determined using antigen plates prepared
after selected periods of TPA treatment. BC-3 cells were used
in this experiment instead of BCBL-1 cells because less than
1% of uninduced BC-3 cells expressed the K5 protein (Fig. 7a).
This provided a lower background against which to detect
increases in K5 expression than would be obtained with
BCBL-1 cells (4 to 5%; Fig. 1a). We found that approximately
20% of BC-3 cells were K5 positive after 4 h of TPA induction
(Fig. 7c) and that number increased to a maximum (80%)
within 12 h after induction (Fig. 7f). By contrast, the K9 gene
product, which is an early gene product (19), was first ex-
pressed 12 h after treatment (data not shown).

Northern blot analysis of total RNA extracted from BCBL-1
cells carried out using an ORF K5-specific probe showed a
single transcript of approximately 1.2 kb (Fig. 8A, lane 2). The
same transcript was clearly detected in cells treated with TPA
plus PFA for 12 h (Fig. 8A, lane 6), indicating its independence
of viral DNA synthesis, and in cells treated with TPA plus
CHX at 10 mg/ml (Fig. 8A, lanes 5), although the transcript
was barely detectable in cells exposed to CHX at 33 mg/ml (Fig.
8A, lane 4). Diminished b-actin in the presence of either CHX
concentration was indicative of inhibited protein synthesis. On
the other hand, K9, which is supposed to be an E gene, was
repressed in the presence of CHX at any concentration. This
result confirmed that K5 was one of the IE genes.

Immunoprecipitation assays yielded a 36-kDa band in sam-
ples treated with TPA alone or with TPA plus PFA (Fig. 8B,
lanes 2 and 3). No K5 protein expression was detected in cells

treated with CHX (Fig. 8B, lane 5), but replacement of CHX
with AcD restored expression of the 36-kDa protein. Thus,
synthesis of the K5 gene product is independent of de novo
viral gene expression and protein synthesis, which is consistent
with its being an IE gene product. In addition, a second prom-
inent band was observed at 70 kDa (Fig. 8B, lane 6). Although
its origin is unknown, this band may indicate that under some
conditions, the K5 protein exists as a dimer.

Transregulation of the K5 gene. Because the majority of IE
genes exert a regulatory effect on E and L gene expression,
transregulation of the K5 gene was examined in two types of
experiment. In the first, the responsiveness of the K5 gene
promoter was assessed in cells transiently cotransfected with
expression vectors pcDNA3-K5 and pcDNA3-KSHV/Rta and
with reporter plasmid pk5-Luc. After 24 h of transfection, the
cells were collected by trypsinization, washed twice with PBS,
and assayed for luciferase activity. As shown in Fig. 9, lucif-
erase activity was increased about fivefold when pcDNA3-
KSHV/Rta was cotransfected with pk5-Luc. In contrast, when
pcDNA3-K5 and pk5-Luc were cotransfected, there was no
significant stimulation of luciferase activity compared with co-
transfection of an empty vector. In a second experiment, the
transregulatory effect of K5 on homologous and heterologous
promoters of the HHV-8 polymerase (p8pol-Luc) and the
HIV-1 LTR (pLTR-Luc) was tested and in neither case did K5
affect luciferase activity driven by these promoters (data not
shown).

DISCUSSION

The HHV-8 K5 gene is a homologue of BHV-4 IE-1. BHV-4
possesses two IE genes, IE-1 and IE-2 (43), the latter being a
homologue of EBV R and HVS R which acts as a transacti-
vator and interacts with other proteins (44, 45). On the other
hand, BHV-4 IE-1 has no homology with the EBV genome;
rather, it is a positional homologue of HVS gene 14 (9). Its

FIG. 7. Fluorescence (FITC) photomicrographs showing the time course of K5 protein expression. BC-3 cells were left uninduced or induced with TPA. After 2,
4, 6, 8, and 12 h of induction, cells were labeled with MAb 328C7.

2872 HAQUE ET AL. J. VIROL.



putative product contains a cysteine-rich region that may form
zinc fingers characteristic of some DNA-binding proteins (44),
but no function has yet been ascribed to BHV-4 IE-1.

Using Western blots probed with an anti-K5 MAb, we iden-
tified a 36-kDa polypeptide in BCBL-1 (Fig. 3) and BC-3 cells
infected with HHV-8, but not in those infected with EBV, and
cDNA screening showed the protein to be encoded by ORF
K5. This finding was confirmed by the ability of MAb 328C7 to
react with a eukaryotically expressed fusion protein containing
ORF K5 (Fig. 1e). Both cell types were strongly positive for
virus-specific antigen only after induction with TPA, suggesting
that the K5 gene was not expressed during the latent stage of
infection but was reactivated as part of a cascade leading to
replication. The low level of expression observed in uninduced

cells (Fig. 1 and 7) probably indicates that a certain amount of
spontaneous virus replication occurs in BCBL-1 and BC-3
cells, as is seen in some cell lines harboring EBV (6, 25).

K5 protein synthesis in the presence of PFA, CHX, and
AcD—DNA, protein, and mRNA synthesis inhibitors, respec-
tively—indicates the independence of K5 gene expression from
de novo viral protein synthesis, confirming its IE nature. In-
deed, IE genes are known to code for regulatory proteins and
are expressed by host cell transcription and translation systems
prior to viral DNA replication. Other HHV-8 IE and E gene
candidates have been reported based on levels of mRNA ex-
pression in BCBL-1 and BC-1 cells (23, 40, 41, 46), but the
method of their analysis was different from ours. They inves-
tigated the mRNA expression level using BCBL-1 and BC-1
cells. K5 protein was detected as early as 4 h after TPA induc-
tion in BCBL-1 and BC-3 cells, and expression was maximal
within 12 h. In contrast, when BC-1 cells were induced with
TPA and reacted with MAb 328C7, antigen expression was not
detected until 12 h after induction (data not shown). The
reason for the delayed expression in BC-1 cells is unclear, but
the presence of EBV in BC-1 cells may inhibit expression of
the K5 gene. Therefore, to our knowledge, this is the first
account of an HHV-8 IE gene product.

The K5 antigen was present in the cytoplasm—particularly
the ER—of both HHV-8-infected cells and ORF K5 transfec-
tants (Fig. 1 and 2) but was absent from the virion and from the
nucleus. Almost all other known herpesvirus IE antigens are
found in the nucleus and are involved in regulation of the
expression of other genes (e.g., E and L genes). One exception
is the varicella-zoster virus IE-4 antigen, which, like K5, is
localized in the cytoplasm (10, 11). On the other hand, the
varicella-zoster virus IE-4 antigen has transactivational activity
toward homologous and heterologous promoters (10, 11) and
during very early stages of infection, it is detectable in the
nucleus (11). We observed no apparent transactivational activ-
ity toward homologous and heterologous promoters on the
part of K5; nevertheless, by analogy, K5 may exert a regulatory

FIG. 8. (A) Northern blot analysis demonstrating the resistance of K5 tran-
scription to the presence of inhibitors of DNA and protein synthesis (PFA and
CHX, respectively). Total cellular RNA was prepared from TPA-stimulated
BCBL-1 cells after 12 h of exposure to PFA and CHX, size fractionated on a 1%
agarose-formaldehyde gel, transferred to nylon membrane, and probed with K5-
and K9-specific antisense DNA probes. From top to bottom, the autoradiograms
shown are of blots hybridized with probes for the K5, K9, and b-actin (used as a
loading control) genes, respectively. (B) Immunoprecipitation of K5 protein
expressed in BCBL-1 cells following metabolic labeling with PFA and CHX. For
detection of HHV-8 IE and E proteins, cells were induced with TPA and
incubated for 12 h with PFA at 300 mg/ml. For detection of HHV-8 IE genes,
cells were induced with TPA and incubated for 4 h with CHX at 100 mg/ml and
then for 6 h with AcD at 10 mg/ml. Labeling with [35S]methionine was performed
1 h before cells were harvested. Lysates were prepared and immunoprecipitated
with MAb 328C7. Samples were separated by SDS–10% denaturing PAGE.
Molecular mass markers are shown on the left (lane 1). The position of the
36-kDa protein is indicated. Samples in lanes 2, 3, 4, 5, and 6 are TPA treated,
TPA-PFA treated, untreated, CHX treated, and CHX-AcD treated, respectively.

FIG. 9. Responsiveness of the K5 gene promoter to the K5 gene and KSHV
Rta. Transfected cells were harvested 24 h after transfection, and luciferase
activity was assayed. Shown are the means 6 standard deviations of triplicate
transfections.
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effect on gene expression at times earlier than those at which
we were first able to detect the protein in the present study.

Recently, KSHV Rta was shown to encode an IE gene that
acts as a transactivator (23, 40). KSHV Rta is a homolog of
EBV Rta; its mRNA is partially resistant to treatment with
CHX (40, 41); and it transactivates the K5 promoter (Fig. 9).
As the K5 protein did not transregulate its own promoter or a
promoter driving the expression of DNA polymerase or the
HIV-1 LTR, it appears that K5 expression occurs downstream
of KSHV Rta expression. Further analysis is required to more
precisely evaluate the activity of K5 at very early times and to
gain a more complete understanding of the biological function
of K5.
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