
JOURNAL OF VIROLOGY,
0022-538X/98/$04.0010

July 1998, p. 5433–5440 Vol. 72, No. 7

Copyright © 1998, American Society for Microbiology. All Rights Reserved.

Kaposi’s Sarcoma-Associated Herpesvirus Viral
Interferon Regulatory Factor

MENGTAO LI,1 HEUIRAN LEE,1 JIE GUO,1 FRANK NEIPEL,2

BERNHARD FLECKENSTEIN,2 KEIKO OZATO,3

AND JAE U. JUNG1*

New England Regional Primate Research Center, Harvard Medical School, Southborough, Massachusetts 017721;
Institute fur Klinishe und Molekulare Virologies, Friedrich-Alexander Universitat, D-8520 Erlangen,

Germany2; and Laboratory of Molecular Growth Regulation, National Institute of
Child Health and Human Development, Bethesda, Maryland 208923

Received 29 October 1997/Accepted 23 March 1998

Interferons (IFNs) are a family of multifunctional cytokines with antiviral activities. The K9 open reading
frame of Kaposi’s sarcoma-associated herpesvirus (KSHV) exhibits significant homology with cellular IFN
regulatory factors (IRFs). We have investigated the functional consequence of K9 expression in IFN-mediated
signal transduction. Expression of K9 dramatically repressed transcriptional activation induced by IFN-a, -b,
and -g. Further, it induced transformation of NIH 3T3 cells, resulting in morphologic changes, focus forma-
tion, and growth in reduced-serum conditions. The expression of antisense K9 in KSHV-infected BCBL-1 cells
consistently increased IFN-mediated transcriptional activation but drastically decreased the expression of
certain KSHV genes. Thus, the K9 gene of KSHV encodes the first virus-encoded IRF (v-IRF) which functions
as a repressor for cellular IFN-mediated signal transduction. In addition, v-IRF likely plays an important role
in regulating KSHV gene expression. These results suggest that KSHV employs an unique mechanism to
antagonize IFN-mediated antiviral activity by harboring a functional v-IRF.

Interferons (IFNs) are a family of cytokines that exhibit such
diverse biological effects as the inhibition of cell growth and
protection against viral infection. Newly synthesized IFN in-
teracts with cellular surface receptors, resulting in the synthesis
of a group of cellular proteins (7). An important regulatory
step unique to the response to IFN treatment is the activation
of a transcriptional factor that recognizes a conserved cis-act-
ing DNA element located within the regulatory sequences of
target genes (7). Alpha and beta IFNs (IFN-a and IFN-b) and
gamma IFN (IFN-g) regulate the expression of overlapping
sets of genes and elicit similar yet distinct biological activities
(7). The conserved cis-acting IFN-stimulated response element
(ISRE) binds to members of the IFN regulatory factor (IRF)
family, which include IRF-1, IRF-2, the IFN consensus se-
quence binding protein (ICSBP), and the IFN-a-stimulated
gene factor 3g (ISGF3g) (8, 10, 31). IRF-1, a transcriptional ac-
tivator, and IRF-2, its antagonistic repressor, have been iden-
tified as regulators of IFN-a and IFN-inducible genes (12).
ICSBP has been shown to repress IFN- and IRF-1-mediated
activation of a number of reporter genes that are driven by the
conserved cis-acting DNA element, suggesting that ICSBP acts
by interfering with the function of these activators (8). IRF-1,
IRF-2, and ICSBP are constitutively expressed in the nucleus,
while ISGF3g is expressed as a latent cytoplasmic protein that
is translocated into the nucleus as part of a multisubunit com-
plex formed upon IFN treatment (6).

The IFN-g activation site (GAS) overlaps with the ISRE but
binds to distinct trans-acting factors called STATs (signal trans-
ducers and activators of transcription) (6). STATs transduce a
signals from cytokine receptors to DNA transcription regula-
tory elements. STAT proteins are cytoplasmic proteins that are

activated by the phosphorylation of a specific tyrosine residue
by a Jak family kinase (14). Phosphorylated STATs dimerize
and translocate to the nucleus, where they bind to GAS or the
ISRE and direct transcription (14).

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 KS-associated her-
pesvirus (KSHV) or human herpesvirus 8, have been widely
identified in KS tumors from human immunodeficiency virus-
positive and -negative patients (4, 5, 39). KSHV has also been
consistently identified in body cavity-based lymphomas and
some forms of Castleman’s disease (4, 5). Analyses of KSHV
genomic sequences indicate that KSHV is a gammaherpesvirus
that is closely related to herpesvirus saimiri (HVS) (28).

DNA sequence analysis of the entire 140.5 kbp of the KSHV
genome reveals a number of cellular homologs which could
possibly contribute to the pathogenesis associated with this
virus (22, 28). These include a virus-encoded interleukin-6 IL-6
(vIL-6) (20, 21, 24), a vMIP1-a/b chemokine (20, 24), a Bcl-2
homolog (30), a viral IRF homolog (K9), a virus-encoded
cyclin (11, 18), a virus-encoded G protein-coupled receptor
(vGCR) (2), a virus-encoded FLICE inhibitory protein (v-
FLIP) (34), and a neural cell adhesion molecule (N-CAM)
homolog. The K9 open reading frame of KSHV was found to
have overall amino acid identity of 13% to human ISGF3g and
ICSBP, with a conservation of the tryptophan-rich DNA bind-
ing region at the amino terminus (20). To investigate the role
of K9, we have examined the functional consequence of K9
expression in IFN-mediated signal transduction. The expres-
sion of the K9 gene dramatically represses IFN-mediated gene
regulation activity and also induces transformation of mouse
fibroblasts. In addition, the K9 gene plays an important role in
regulating the expression of some KSHV genes. These results
demonstrate an elaborate molecular mimicry that has been
developed by KSHV to antagonize the IFN-mediated cellular
antiviral activity.
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MATERIALS AND METHODS

Cell culture and transfection. 293 and NIH 3T3 cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% fetal calf serum.
BJAB, BC-1, and BCBL-1 cells were grown in RPMI 1640 supplemented with
10% fetal calf serum. A calcium phosphate transfection was used for transient
expression in 293 cells and for stable expression in NIH 3T3 cells.

Cloning of KSHV K9 from BCBL-1 cells. The KSHV K9 open reading frame
includes bp 86074 to 88164 of the published sequence of KSHV (28). A DNA
fragment corresponding to the KSHV K9 was synthesized from BCBL-1 genomic
DNA by PCR using primers containing a BamHI site at the 59 end and an EcoRI
site at the 39 end for subsequent cloning. The 764-bp PCR-amplified DNA was
digested with the restriction enzymes BamHI and EcoRI and subcloned into
vector pcDNA3. DNA containing the KSHV K9 open reading frame was cloned
in an antisense orientation into the NotI and BamHI sites of the tetracycline-
inducible retroviral vector pBP JTR-1, kindly provided by Steven Reeves (25). In
this construct, the antisense K9 gene is expressed from the cytomegalovirus early
promoter, of which activity is regulated by the tetracycline treatment. The ret-
roviral vector was electroporated into BCBL-1 cells, and these cells were selected
for puromycin resistance for the next 5 weeks. For transient expression in 293
cells, KSHV K9 DNA was amplified by PCR and subcloned into the pFJ vector
(33). The KSHV K9 gene was completely sequenced to verify 100% agreement
with the original sequence using an ABI PRISM 377 automatic DNA sequencer.

Recombinant K9 protein and antibodies. For purification of recombinant K9
protein from Escherichia coli, the K9 DNA fragment was amplified by PCR using
primers containing BamHI- and SalI-recognition sequences at the ends and
subcloned into BamHI and SalI 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-K9
reached an optical density at 600 nm of approximately 0.6, 1 mM isopropyl-b-
D-thiogalactopyranoside was added, and cells were harvested 3 h after induction.
Cells were solubilized with 6 M guanidine hydrochloride. Due to the presence of
the affinity tail, His6-K9 protein was purified to virtual homogeneity in one step
by Ni21-chelate affinity chromatography. The purified recombinant His6-K9 pro-
tein was used to generate polyclonal antibody in New Zealand White rabbits. A
Ni21-chelate affinity column containing K9 protein was used to purify the anti-
gen-specific antibodies. Antibody specific for K9 was eluted with high-pH solu-
tion (0.1 M triethylamine, pH 11.5).

Northern blot analysis. Northern blot analysis was performed under standard
conditions with random-labeled probes derived from vIL-6, K8, PAN/T1.1, small
viral capsid antigen (sVCA), orf73, and cellular actin DNA. Total RNA was
purified from BCBL-1 and BCBL-1/anti-K9 cells as instructed by the manufac-
turer (Qiagen), and 10 mg of total RNA was loaded in each lane. The filters were
baked at 80°C for 2 h and then hybridized with radioactive probes.

Southern blot analysis. Genomic DNA was digested overnight with restriction
enzyme PstI. Digested DNA was separated on a 1% agarose gel, transferred to
a nitrocellulose membrane, and subjected to a hybridization reaction. A labeled
DNA fragment containing the vIL-6 or orf73 gene was used as a probe. Detec-
tion of DNA bands was performed with the protocol provided by the manufac-
turer (Boehringer Mannheim, Indianapolis, Ind.).

Luciferase assays. NIH 3T3 cells were transfected by calcium phosphate pro-
tocol, and BCBL-1 cells were electroporated at 960 mF and 200 V. Cells were
harvested 48 h after incubation with or without IFNs. All transfections includ-
ed pGKbgal, which expresses b-galactosidase from a phosphoglucokinase pro-
moter, and GAS-luc, GASmt-luc, GBP-ISRE-luc, or ISG15-ISRE-luc, described
previously (16, 23, 36). Assays for luciferase or b-galactosidase activity were
performed with a luminometer, using luciferase assay reagent or a b-galactosi-
dase assay kit (Promega, Madison, Wis.). Luciferase values were normalized to
b-galactosidase activity.

Immunoprecipitation and immunoblotting. Cells were harvested and lysed
with lysis buffer (0.3 M NaCl, 0.1% Nonidet P-40, 50 mM HEPES buffer [pH
8.0]) or radioimmunoprecipitation assay buffer (0.15 M NaCl, 1% Nonidet P-40,
0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate [SDS], 50 mM Tris [pH
7.5]) containing 0.1 mM Na2VO3, 1 mM NaF, and protease inhibitors (leupeptin,
aprotinin, phenylmethylsulfonyl fluoride, and bestatin). Immunoprecipitated
proteins from cleared cell lysates were separated by SDS-polyacrylamide gel
electrophoresis (PAGE), and detected by autoradiography of the dried gel slabs.
For protein immunoblots, polypeptides in cell lysates corresponding to 105 cells
were resolved in SDS-PAGE and transferred to a nitrocellulose membrane filter.
Immunoblot detection was performed with a 1:2,000 dilution of primary antibody
by enhanced chemiluminescence (Amersham).

Fluorescence-activated cell sorting (FACS) analysis. Exponentially growing
BCBL-1 cells were incubated with 50 mg of plasmid LXSG or LXSG-anti-vIL-6
in a 0.4-cm gap cuvette and given a 200-V and 960-mF charge from a Gene Pulser
(Bio-Rad, Hercules, Calif.). After 48 h, green fluorescent cells were sorted out in
a FACS Vantage (Becton Dickinson). Sorted cells were washed twice with
phosphate-buffered saline and lysed with lysis buffer.

Assays for growth properties. For serum dependence, 106 cells were seeded in
100-mm-diameter tissue culture dishes in DMEM plus 10% serum for 24 h. The
cultures were washed four times with serum-free medium and transferred to
DMEM with 0.1% serum. The cells were observed daily, and medium was

changed every 4 days for 2 weeks. For assays for focus formation, 106 cells were
plated in 100-mm-diameter tissue culture dishes and maintained with DMEM
plus 10% serum changed every 4 days. At day 14, cells were photographed.

RESULTS

Identification of the KSHV K9 gene product. To demon-
strate the expression of K9, we generated a rabbit polyclonal
antibody against a purified bacterial His6-K9 fusion protein. To
facilitate transient expression in 293 cells, an expression vector
containing the KSHV K9 was constructed in plasmid pFJ con-
taining the SRa-0 promoter (33). The anti-K9 antibody react-
ed specifically with a protein having an apparent molecular size
of 50 kDa on immunoblots in 293 cells transfected with the K9
expression vector (Fig. 1A, lane 5). No such protein was de-
tected in control 293 cells lacking the K9 gene. Lysates from
BC-1 cells coinfected with KSHV and Epstein-Barr virus,
BCBL-1 cells infected with KSHV, and uninfected BJAB cells
were used in an immunoblot assay with rabbit anti-K9 anti-
body. This experiment showed that a 50-kDa K9 protein was
detected only in the BCBL-1 cells (Fig. 1A). In contrast, K9
was not detected from BC-1 cells and control BJAB cells.
Previously, it has been shown that a K9 transcript was detected
in BCP-1 cells, which are equivalent to BCBL-1 cells, but was
not detected in BC-1 cells (20).

Repression of IFN-mediated signal transduction by KSHV
K9. To investigate the role of K9 in IFN-mediated signal trans-
duction, the K9 reading frame was cloned into the retroviral
expression vector pBabe-puro. NIH 3T3 cells were stably trans-
fected with plasmid pBabe-puro or pBabe-K9 and then se-
lected with puromycin (5 mg/ml). The 50-kDa K9 protein was
detected by immunoblot analysis in NIH 3T3 cells stably trans-
fected with pBabe-K9 (Fig. 1B). To examine the effect of K9 ex-
pression on transcriptional activation induced by IFNs, we
measured the transcriptional activity of IFN-regulated promot-
ers by using a luciferase reporter gene. Since type I IFN (IFN-
a and IFN-b) and type II IFN (IFN-g) act on overlapping but
distinct sets of cis-acting elements (6, 7), we used three
luciferase constructs that contained the different cis-acting
elements: the GAS and the ISREs of the ISCBP15 promoter
(ISG15-ISRE) and the guanylate binding protein (GBP-
ISRE). The GAS element is regulated by IFN-g, ISG15-ISRE
is regulated by IFN-a/b, and GBP-ISRE is regulated by IFN-
a/b and -g (6, 7, 16, 23, 36).

NIH 3T3-babe and NIH 3T3-K9 cells were transfected with
a luciferase reporter plasmid and control b-galactosidase plas-

FIG. 1. (A) Identification of KSHV K9 protein. Lysates from BJAB cells
(lane 1), BC-1 cells (lane 2), BCBL-1 cells (lane 3), 293 cells transfected with the
pFJ vector (lane 4), and 293 cells transfected with pFJ-K9 (lane 5) were used for
immunoblot assay with anti-K9 antibody. (B) Construction of the NIH 3T3-K9
cell line. After selection with puromycin, lysates of NIH 3T3-babe cells (lane 1)
and NIH 3T3-K9 cells (lane 2) were immunoblotted with anti-K9 antibody.
Arrows indicate the K9 protein. Sizes are indicated in kilodaltons.
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mid pGKbgal. After transfection, cells were incubated for 48 h
in the presence or absence of IFNs. Luciferase activity was
normalized for transfection efficiency by b-galactosidase activ-
ity. IFN-g activated GBP-ISRE activity approximately 230-fold
in NIH 3T3-babe cells, whereas the level of activation of GBP-
ISRE by IFN-g was drastically reduced in NIH 3T3-K9 cells
(Fig. 2A). Unlike the level of GBP-ISRE activity the level of
GAS activity was high in NIH 3T3-babe cells in the absence of
IFN-g, and IFN-g treatment only weakly induced GAS activity
in these cells (Fig. 2B). In contrast, the level of GAS activity in
NIH 3T3-K9 cells was repressed approximately 200-fold in the
absence of IFN-g compared to that of NIH 3T3-babe cells
(Fig. 2B). Additionally, IFN-g treatment had almost no effect
on GAS activity in NIH 3T3-K9 cells (Fig. 2B). No luciferase
was detected in either cell line that was transfected with the
mutant GAS element, which did not bind to the STAT1 tran-
scriptional factor (6) (Fig. 2B). To determine the effect of K9
expression on type I IFN-a/b signal transduction, we examined
the level of transcriptional activation of ISG15-ISRE by IFN-
a/b treatment in NIH 3T3-babe and NIH 3T3-K9 cells. These
experiments also showed that the level of transcriptional acti-
vation of ISG15-ISRE by IFN-a/b was dramatically reduced in
NIH 3T3-K9 cells compared to NIH 3T3-babe cells (Fig. 2C).
These results demonstrate that K9 expression in NIH 3T3 cells

leads to marked repression in type I and II IFN-mediated
signal transduction activity.

Transformation of NIH 3T3 cells by the KSHV K9 expres-
sion. Cellular IRF-2 has been shown to function as a transcrip-
tional repressor of IFN-mediated signal transduction (12).
When IRF-2 was overexpressed in NIH 3T3 cells, cells became
transformed and displayed enhanced tumorigenicity in nude
mice (12). To investigate the potential transforming activity of
the K9 gene, the growth properties of NIH 3T3-K9 cells were
compared with those of NIH 3T3-babe cells. As shown in Fig.
3, the growth properties of NIH 3T3-K9 cells differed marked-
ly from those of NIH 3T3-babe cells. NIH 3T3-K9 cells were
considerably smaller than control NIH 3T3-babe cells (Fig.
3A). In focus-forming assays, NIH 3T3-K9 cells formed mul-
tiple foci which were recognizable even before cells reached
confluence (Fig. 3B). The number of foci observed for NIH
3T3-K9 cells was over 1,000 per 100-mm-diameter tissue cul-
ture dish, while NIH 3T3-babe cells grew in flat monolayers
and formed fewer than 50 foci (data not shown). Serum de-
pendence of the cell lines was also tested over 14 days at 0.1%
serum concentration. NIH 3T3-babe cells showed little, if any,
increase in cell number at 0.1% serum concentration (Fig. 3C).
In contrast, NIH 3T3-K9 cells continued to grow and reached
confluence under the same conditions (Fig. 3C). Thus, the K9
gene of KSHV induces transformation of NIH 3T3 cells, re-
sulting in morphologic changes, focus formation, and growth in
reduced-serum conditions.

Antisense K9 expression in BCBL-1 cells. Since K9 was read-
ily detected in BCBL-1 cells by immunoblot analysis, we ex-
amined the effect of K9 on IFN-regulated gene expression in
these cells. We constructed a BCBL-1/anti-K9 cell line in which
an antisense form of K9 gene was expressed. The full-length
K9 gene was cloned into a tetracycline-inducible retroviral vec-
tor in an antisense orientation, which was then electroporated
into BCBL-1 cells. After electroporation, puromycin-resistant
BCBL-1 cells were selected in the presence of tetracycline
to suppress the antisense K9 expression. Lysates of control
BCBL-1 and BCBL-1/anti-K9 cells were used for immunoblot
assays with a rabbit anti-K9 antibody to measure the level of
K9 expression. As shown in Fig. 4, K9 expression was drasti-
cally reduced in BCBL-1/anti-K9 cells in comparison with
BCBL-1 cells. However, because of the leakiness of the tetra-
cycline-inducible gene regulation, BCBL-1/anti-K9 cells showed
a similar reduction of K9 expression in the presence or absence
of tetracycline in the culture medium (Fig. 4). While slight
morphologic changes were observed in BCBL-1/anti-K9 cells,
no difference in growth rate between BCBL-1 cells and BCBL-
1/anti-K9 cells was detected (data not shown).

Increase of IFN-mediated transcriptional activity by the ex-
pression of antisense K9 in BCBL-1 cells. To determine the
effect of antisense K9 expression on IFN-regulated transcrip-
tional activity in KSHV-infected B cells, BCBL-1 and BCBL-
1/anti-K9 cells were electroporated with the luciferase reporter
plasmids and the control b-galactosidase plasmid pGKbgal.
The level of GAS and ISG15-ISRE activity of BCBL-1/anti-K9
cells was approximately four- to fivefold higher than that in the
parental BCBL-1 cells in the presence or absence of IFN-g
stimulation (Fig. 5). These results demonstrated that the anti-
sense K9 expression in BCBL-1 cells caused a significant in-
crease of IFN-mediated transcriptional activity. Consistent with
the results for NIH 3T3 cells, KSHV K9 functions as a repres-
sor of IFN-mediated signal transduction in BCBL-1 cells.

Downregulation of KSHV viral gene expression in BCBL-1/
anti-K9 cells. The detection of p27, p40, and p60 polypeptides
in chemically stimulated BC-1 cells with KS-positive human
sera has been described (19). We examined the expression of

FIG. 2. Expression of K9 represses IFN-mediated induction of GAS, GBP,
and ISG15 promoter activity. NIH 3T3-babe (_) and NIH 3T3-K9 (u) cells were
cotransfected with GBP-ISRE-luc (A), GAS-luc or GASmt-luc (B), or ISG15-
ISRE-luc (C) together with pGKbgal, which expresses b-galactosidase from a
phosphoglucokinase promoter. After transfection, cells were cultured in the
presence or absence of mouse IFN-a/b or IFN-g for 48 h. Assays for luciferase
or b-galactosidase activity were performed as described in Materials and Meth-
ods. Values represent the average of three independent experiments.
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these polypeptides in BCBL-1 cells in which 1% of the culture
displayed a spontaneous lytic cycle (27). Sera from patients
with KS were used as the source of antibody for immunoblot
analysis. KS-positive human sera detected two polypeptides,
p40 and p60, in unstimulated BCBL-1 cells, while KS-negative
normal human sera did not (Fig. 6A). Surprisingly, polypep-
tides p40 and p60 were not detected to an appreciable extent in
BCBL-1/anti-K9 cells with the same KS-positive human sera as
was used in BCBL-1 cells (Fig. 6A). Immunoblots with three
additional KS-positive human sera exhibited similar results
although with the different levels of reactivity against BCBL-1
cells (data not shown). We also measured the expression of
KSHV vIL-6, which has been found previously in BC-1 and
BCBL-1 cells (20). As was seen with p40 and p60, the amount
of vIL-6 was dramatically decreased in BCBL-1/anti-K9 cells
compared to BCBL-1 cells (Fig. 6A).

To investigate further the downregulation of KSHV gene
expression in BCBL-1/anti-K9 cells, we performed Northern
blot analysis to measure the level of mRNA expression of
several KSHV genes. Consistent with the results from the
immunoblot assay, expression of the 0.8-kb mRNA of IL-6 was
dramatically decreased in BCBL-1/anti-K9 cells compared to
parental BCBL-1 cells (Fig. 6B). Since the identities of KSHV

p40 and p60 are unknown, we measured the level of mRNA
expression of other KSHV genes. Expression of the 0.7-kb
mRNA of the K8 gene, which contains a putative purine bind-
ing motif (28), and the 1.1-kb PAN/T1.1 RNA, which has been

FIG. 3. Transformation of NIH 3T3 cells by the KSHV K9 gene. Puromycin-resistant cells were obtained after transfection with the retroviral vector pBabe-puro
or pBabe-K1. Puromycin-resistant cells were plated at 106 cells per 100-mm-diameter tissue culture dish. Preconfluent puromycin-resistant cells were photographed at
a magnification of 3100 (A). After 14 days incubation, cells were photographed to show morphologic transformation at 340 (B). For serum dependence (C), 106 cells
were placed in 100-mm-diameter tissue culture dish, maintained in 0.1% serum for 14 days, and photographed at 340.

FIG. 4. Decreased K9 expression in BCBL-1/anti-K9 cells. Cell lysates were
used for immunoblot assay with the anti-K9 antibody. Lane 1, control BJAB
cells; lane 2, BCBL-1 cells; lane 3, BCBL-1/anti-K9 cells with tetracycline; lane
4, BCBL-1/anti-K9 cells without tetracycline. The arrow indicates K9 protein.
Sizes are indicated in kilodaltons.
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shown to be a lytic cycle gene (32, 38), was also reduced in
BCBL-1/anti-K9 cells compared to BCBL-1 cells (Fig. 6B). In
contrast, the expression levels of sVCA and orf73 were not
altered in BCBL-1/anti-K9 cells compared to BCBL-1 cells
(Fig. 6B and data not shown). In addition, Southern blot anal-
ysis with the vIL-6 and orf73 genes as probes showed that the
reduction of viral gene expression in BCBL-/anti-K9 cells
was not due to the altered level of KSHV genomic DNA (Fig.
6C). Furthermore, PCR analysis with purified cellular genomic
DNA confirmed the presence of KSHV DNA in BCBL-1/
anti-K9 cells (data not shown).

To examine the specific effect of the K9 antisense expression
on KSHV expression, the vIL-6 gene was cloned into the ret-
roviral vector LXSG in an antisense orientation. The retroviral
vector LXSG, which contains the enhanced green fluorescence
protein gene under the control of the simian virus 40 early
promoter (Fig. 7A), has been used as a transient assay system
for the expression of foreign genes (1). LXSG and LXSG-anti
vIL-6 DNA were electroporated into BCBL-1 cells. FACS
analysis showed that 15% of target BCBL-1 cells electropo-
rated with LXSG, 35% of target BCBL-1 cells electroporated
with LXSG-anti vIL-6, but less than 0.5% of BCBL-1 cells
showed green fluorescence (Fig. 7B). Green fluorescent cells
were sorted by FACS and lysed with lysis buffer. Equivalent
amounts of proteins from sorted cells were used to examine the
expression of vIL-6 by immunoblot analysis, which showed that
the level of vIL-6 in BCBL-1/LXSG-anti-vIL-6 cells was lower
than that in BCBL-1/LXSG cells (Fig. 7C). However, unlike
BCBL-1/anti-K9 cells, similar levels of p40 and p60 polypep-

tides were detected in BCBL-1/LXSG-anti-vIL-6 cells com-
pared to BCBL-1/LXSG cells (Fig. 7C). In addition, equivalent
levels of K9 were detected in the two cell lines (Fig. 7C). This
finding suggests that the reduction in the expression of several
KSHV genes is likely due to the specific expression of the K9
antisense gene.

DISCUSSION

In this report, we have demonstrated that the K9 of KSHV
encodes the first viral IRF (v-IRF). v-IRF functions as a re-
pressor for cellular IFN-mediated signal transduction, it plays
an important role in regulating the expression of several
KSHV genes, and it has transforming activity in NIH 3T3 cells.
Recently, we have shown that a recombinant HVS in which the
STP oncogene of HVS was replaced with the K1 gene immor-
talized primary T lymphocytes to IL-2-independent growth and
induced lymphoma in a common marmoset (17). KSHV also
encodes a number of other gene products whose properties
suggest a possible role in cell growth transformation. These
include a G-protein-coupled receptor (2), a viral FLICE-inhib-
itory protein which can prevent apoptosis (34), and a virus-
encoded cyclin (11, 18).

FIG. 5. Increased level of IFN-mediated transcriptional activity by decreased
K9 expression. BCBL-1 (_) and BCBL-1/anti-K9 (u) cells were electroporated
with GAS-luc (A) or ISG15-ISRE-luc (B) together with pGKbgal. After elec-
troporation, cells were incubated with or without human IFN-b or IFN-g for
48 h. Assays for luciferase or b-galactosidase activity were performed as de-
scribed in Materials and Methods. Values represent the average of three inde-
pendent experiments.

FIG. 6. Downregulation of KSHV gene expressions in BCBL-1/anti-K9 cells.
(A) Immunoblot assay of KSHV proteins. Lysates from BCBL-1 cells (lane 1)
and BCBL-1/anti-K9 cells (lane 2) were immunoblotted with KS-negative normal
human serum (a), KS-positive human serum 19 (b), KS-positive human serum 20
(c), or rabbit anti-vIL-6 antibody (d). Arrows indicate locations of the specific
proteins. Sizes are indicated in kilodaltons. (B) Northern blot analysis of KSHV
genes. Total RNA from BCBL-1 cells (lane 1) and BCBL-1/anti-K9 cells (lane 2)
was separated on a 1% agarose gel, transferred to nitrocellulose, and hybridized
with 32P-labeled PAN/T1.1, vIL-6, K8, sVCA, or cellular actin. Arrows indicate
the location of the specific transcripts. (C) Southern blot analysis of KSHV
genes. Purified genomic DNA of BCBL-1 (lane 1) or BCBL-1/anti-K9 cells (lane
2) was digested with restriction enzyme PstI. Labeled vIL-6 or orf73 probe was
used for the hybridization. The vIL-6-positive band is expected to be a 6.3-kb
DNA fragment, and the orf73-positive band is expected to be a 1.5-kb DNA
fragment. Arrows indicate locations of the vIL-6- and orf73-specific bands. Sizes
are indicated in kilobases.
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FIG. 7. Reduced vIL-6 expression in BCBL-1 cells containing the vIL-6 antisense sequence. (A) Genetic organization of LXSG and LXSG-anti-vIL-6. LTR, long
terminal repeat; SV40, simian virus 40. (B) FACS analysis of BCBL-1 cells electroporated with either LXSG or LXSG-anti-vIL-6. a, BCBL-1 (M1 , 0.5%); b,
BCBL/LXSG (M1 5 15%); c, BCBL-1/LXSG-anti-vIL-6 (M1 5 35%). M1 indicates the gated cells for the green fluorescence. (C) Immunoblot assays. The same
amounts of proteins from the sorted cells were used for immunoblot assay with anti-vIL-6 antibody (a), anti-K9 antibody (b), and human KS serum (c). Lane 1,
BCBL-1/LXSG; lane 2, BCBL-1/LXSG-anti-vIL-6. Sizes are indicated in kilodaltons.
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Transcriptional stimulation in response to IFNs is mediated
by cellular IRFs (6, 7). These proteins are composed of a con-
served DNA binding domain in the amino-terminal region and
a divergent carboxyl-terminal region that serves as the regula-
tory domain (6, 7). The amino terminus of v-IRF is significant-
ly homologous with the amino terminal DNA binding region of
IRF, while the carboxyl terminus of v-IRF is divergent from
the carboxyl transactivator/repressor region of IRF (20). KSHV
v-IRF contains an additional 80 amino acids at the amino
terminus which are not homologous with cellular IRFs. In-
terestingly, this region contains six repeats of a proline-rich
P(X)2-3P motif, which matches well with the SH3 binding se-
quence (26, 37).

IRF-1 and IRF-2 exhibit opposite activities in IFN-mediat-
ed transcriptional activation, although they bind to the same
ISRE sequence. IRF-1 activates the transcription of genes
containing ISRE sites in their promoters, whereas IRF-2 re-
presses the transcription of these genes (13). This finding sug-
gests that IRF-2 antagonizes IRF-1 activity by competing with
IRF-1 for binding to the promoter region. IRF-1 has also been
suggested to function in a manner analogous to the tumor
suppressor p53 in that it activates a set of genes whose prod-
ucts are required for the negative regulation of cell growth
(12). Overexpression of IRF-2 induces transformation by an-
tagonizing the cell growth-arresting activity of IRF-1 (12). By
analogy to cellular IRF-2, the v-IRF of KSHV represses IFN-
mediated transcriptional activation and induces cell growth
transformation. This finding suggests that like IRF-2, v-IRF of
KSHV may block IFN-mediated transcriptional activation by
antagonizing IRF-1 activity.

ICSBP, which is expressed predominantly in macrophages
and lymphocytes, represses transcriptional activation induced
by type I and type II IFNs (8). ICSBP has been shown to form
a complex with IRF-1 or IRF-2 in vivo and in vitro (8, 23).
Multiple forms of interaction of ICSBP with the IRF family
lead to transcriptional repression of IFN-regulated genes (3).
Thus, identification of the cellular proteins which the v-IRF of
KSHV interacts with will be important for understanding the
mechanism of v-IRF action in repressing IFN-mediated signal
transduction.

IFNs are a family of multifunctional cytokines that manifest
antiviral activities. In fact, IFN is the first known cytokine.
Although the detailed mechanism of the effects of IFNs against
most viruses remains elusive, the steps of viral multiplication
that are affected by IFNs have been identified for several
families of viruses (35). For instance, IFNs have been shown to
affect both the transactivation of immediate-early gene and the
release of mature virions of herpes simplex virus (29, 31).
While viruses are both inducers of IFN synthesis and the prin-
cipal target of its action, it is not surprising that viruses have
evolved a variety of mechanisms to counteract the inhibitory
effects of IFN on viral replication (35). E1A of adenovirus
inhibits IFN-induced signaling by downregulating the expres-
sion of STAT-1 and ISGF3g (31), the terminal protein of
hepatitis B virus also blocks the signaling by IFNs (9), EBNA-2
of Epstein-Barr virus inhibits IFN signaling by abolishing the
induction of IFN-stimulated genes (15), and a major secreted
protein (M-T7) of myxomavirus specifically binds IFN-g and
neutralizes its activity (35). Here, we describe an unique mech-
anism used by KSHV to antagonize IFN actions. Unlike other
viruses, KSHV has developed an elaborate form of molecular
mimicry by expressing a functional v-IRF gene which has sig-
nificant homology with cellular IRFs. Thus, v-IRF may circum-
vent IFN-mediated functions by the host defenses by directly
binding to cis-acting elements to repress the transcriptional
activation or by sequestering cellular factors which are nor-

mally involved in IFN-regulated gene expression. We have
found that v-IRF, in addition to having transcriptional repres-
sor activity, plays an important role in KSHV gene expression.
Further studies are required to understand the detailed role of
v-IRF in the inhibition of IFN-mediated signal transduction
and in the regulation of KSHV gene expression.
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ADDENDUM IN PROOF

After the manuscript was submitted, Gao et al. (S.-J. Gao,
C. Boshoff, S. Jayachandra, R. A. Weiss, Y. Chang, and P. S.
Moore, Oncogene 15:1979–1985, 1997) and Zimring et al.
(J. C. Zimring, S. Goodbourn, and M. K. Offermann, J. Virol.
72:701–707, 1998) published similar results.
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