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The gammaherpesvirus Kaposi’s sarcoma-associated herpesvirus (KSHV) (or human herpesvirus 8) is
associated with the endothelial tumor Kaposi’s sarcoma (KS) and lymphoproliferative disorders in immuno-
compromised individuals. Only a small number of viral proteins are expressed in B cells latently infected with
KSHYV; here we characterize the mechanism of expression of one of these, the viral FLICE inhibitory protein
v-FLIP (K13, ORF71). The v-FLIP coding region is present in a bicistronic message, following the v-cyclin
coding region. Using both in vitro translation and cell transfection assays, we have identified an internal
ribosome entry site (IRES) preceding the v-FLIP start codon and overlapping the v-cyclin (ORF 72) coding
region, which allows v-FLIP translation. Using an antibody against v-FLIP we have detected expression of the
endogenous protein in latently infected KSHV-positive primary effusion lymphoma (PEL) cell lines. Induction
of apoptosis by serum withdrawal from PEL cells results in a relative increase in v-FLIP synthesis, as
previously described for some cellular proteins translated from IRES.

In 1994 Kaposi’s sarcoma (KS)-associated herpesvirus
(KSHV) was first identified in an AIDS-KS patient (15).
KSHV DNA is present in all epidemiological types of KS and
can be detected in all fresh biopsies and most paraffin-embed-
ded lesions (9, 33a). KSHV sequences are also present in
hematopoietic tumors primary effusion lymphoma (PEL) and a
subtype of multicentric Castleman’s disease (MCD) (13, 20,
59). PEL represents the clonal expansion of virally infected B
lymphocytes (36). MCD is a polyclonal proliferation of mantle
zone B cells, with only a few cells within the lesion infected by
KSHV (20, 21, 36, 59). Sequencing the KSHV genome re-
vealed that the virus has acquired a large number of cellular
genes which might affect cell proliferation, differentiation, or
death (8, 45, 46, 54). Of these, the v-cyclin (ORF 72), the viral
FLICE inhibitory protein (v-FLIP, K13, ORF71), v-interleu-
kin-6 (v-IL-6), and one of the viral interferon response factors
are transcribed in some latently infected PEL cell lines (45,
60), and the v-FLIP and v-cyclin are transcribed in latently
infected KS spindle cells (60).

A single transcript containing the sequences of the viral
latent nuclear antigen (LNA-1, ORF 73), the v-cyclin, and
v-FLIP has been detected by in site reverse transcriptase PCR
in latently infected KS spindle cells and B cells, as has a spliced
derivative encoding v-cyclin and v-FLIP (17, 18, 37, 53, 56, 61,
65). The longer form is thought to express LNA-1, while v-
cyclin and v-FLIP are believed to be coexpressed from the
spliced bicistronic transcript. Northern hybridization analysis
of RNA from PEL cell lines BC-1 (56) and BCP-1 (65) with a
v-FLIP probe failed to detect a monocistronic v-FLIP tran-
script.
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Expression of v-cyclin protein has been detected in PEL cell
lines and primary isolates (12, 50). v-Cyclin is a D-type cyclin
which binds to cellular cyclin-dependent kinase 6 (CDK6) to
form an active kinase (15, 29, 42). LNA-1 maintains the viral
episome and tethers KSHV DNA to chromatin during mitosis
(3) and may contribute to cell transformation by inhibiting p53
and retinoblastoma protein function (25, 52). Cellular FLIPs
and FLIPs encoded by other viruses block Fas-mediated apo-
ptosis (34, 66), and expression of KSHV v-FLIP has been
shown to enhance growth of a mouse tumor by blocking cyto-
toxic-T-cell lysis (19). v-FLIP has also been shown to activate
NF-kB signaling (16).

As v-cyclin and v-FLIP coding sequences are present within
a single transcript, in situ reverse transcriptase PCR results do
not define how, or indeed whether, the proteins are coex-
pressed in cells latently infected with KSHV. For the majority
of cellular messages the 5" mRNA cap is essential for binding
part of the translation initiation complex. A 43S preinitiation
complex then scans the RNA until it reaches the first favorable
initiation codon for translation, which is often the first AUG.
The nucleotides surrounding the initiation codon are impor-
tant; analysis of eukaryotic mRNAs has defined a consensus
sequence for the initiation of translation (40). Following initi-
ation, elongation occurs until a termination codon is reached.
Occasionally, the 40S ribosome can stay bound to the RNA
after the termination codon and continue scanning to the next
favorable initiation codon to translate a further message. This
process, known as reinitiation of translation, appears to be
favored by a short first message (up to 30 codons) and an
optimal intercistronic distance of about 80 nucleotides (nt)
(41).

Cap-independent translation was first described for poliovi-
rus, where a sequence in the 5’ untranslated region which
could mediate internal initiation of translation when inserted
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FIG. 1. Invitro translation of the the v-cyclin/v-FLIP cassette. The bicistronic plasmids (A), with monocistronic controls and empty vector, were
transcribed in vitro. RNA was analyzed on a 1% agarose-formaldehyde gel (B) and translated in reticulocyte lysate as described in Materials and
Methods. (C) Labeled proteins resolved by SDS-15% PAGE. HA, hemagglutinin.

into a bicistronic plasmid was identified (49). Such RNA re-
gions, which can mediate cap-independent translation, have
become known as internal ribosome entry sites (IRES) and
contain conserved elements of secondary structure which allow
direct binding of a translation initiation complex (reviewed in
reference 35). IRES have now been identified in a number of
RNA viruses with positive-sense, nonsegmented genomes
(4-7, 27, 28, 67). Our aims were therefore to determine how
the second, v-FLIP, reading frame is translated and to examine
v-FLIP expression and its regulation in KSHV-infected B cells.

MATERIALS AND METHODS

IRES analysis. The v-cyclin/v-FLIP coding sequence of 1,423 nt, including
both the initiation codon for v-cyclin and the termination codon for v-FLIP, was
amplified by PCR from plasmid IgHP/E-73cycK13. The 5’ primer contained a
Kozak consensus. This fragment was subcloned into the BamHI-Xhol sites of
pcDNA 3.1(+) (Invitrogen) to give plasmid pcDNA3.1-cyclinFLIP-(wt) with the
T7 bacteriophage promoter upstream of the v-cyclin/v-FLIP coding sequence.
Mutations in the cyclin coding sequence were made by site-directed mutagenesis
to give pcDNA3.1-cyclinFLIP-(frame shift), in which a base from the second
codon for v-cyclin was deleted resulting in a 10-codon nonsense open reading
frame and pcDNA3.1-cyclinFLIP-(truncation), in which codon 135 of v-cyclin
was mutated to a stop. The monocistronic v-FLIP coding sequence was amplified
by PCR from plasmid IgHP/E-73cycK13 with a 5’ primer that encoded an
N-terminal HA epitope. The v-cyclin coding sequence was also amplified by PCR
from plasmid IgHP/E-73cycK13 with a 5" primer containing a Kozak consensus.
Both were subcloned into pcDNA 3.1(+). pcDNA 3.1(+) was used as a vector
control. The plasmids were linearized by digestion with Xhol prior to in vitro
transcription.

PCR was used to amplify fragments corresponding to the 82, 363, and 655 nt
proximal to the v-FLIP AUG from plasmid IgHP/E-73cycK13. PCR fragments
were cloned into the Clal-Ncol sites of plasmid pBSK-p35-p40 (31) between the
coding sequences for the two subunits of IL-12 in which the Ncol site contains
the initiation codon for p40. Plasmid pBSK-E12 (31), containing the IRES from
encephalomyocarditis virus (EMCV) between the coding sequences for the IL-12
subunits was used as a positive control for IRES function. In each case cassette
p35-IRES-p40 was excised with BamHI and inserted into pcDNA 3.1(+). Plas-
mids pcDNA-p40 and pcDNA-p35 contain the coding sequences for individual
p35 and p40 subunits of IL-12 respectively. The above constructs and an empty
pcDNA 3.1(+) control were linearized by digestion with NorI prior to in vitro
transcription.

Plasmids were transcribed to produce capped RNA using the mMESSAGEm
MACHINE kit (Ambion). RNA was precipitated by adding an equal volume of
isopropanol and chilling at —20°C for 20 min. RNA size and concentration were
determined by running an aliquot on a 1% agarose-formaldehyde gel. The
translation reaction mixture was assembled from 5 pl of amino acid mixture, 5 pl
of 0.2 M creatine phosphate, 5 pl of 2 M KCI-10 mM MgCl,, 5 ul of [**S]me-
thionine-cysteine mixture (Amersham Pharmacia), and 80 pl of rabbit reticulo-
cyte lysate. Equal amounts of capped, full-length RNA were added to 10 to 20 pl
of translation mixture and incubated at 30°C for 90 min. Then 1 wl was removed
and added to 9 pl of sodium dodecyl sulfate (SDS) sample buffer for resolution
by SDS-polyacrylamide gel electrophoresis (PAGE).

293T-cell transfection. Semiconfluent 10-cm-diameter dishes of 293T cells
were transfected with 8 wg of plasmid using Lipofectamine. After 6 h of incu-
bation at 37°C the cells were washed and incubated in Dulbecco’s modified
Eagle’s medium containing 10% fetal calf serum (FCS) at 37°C for a further 48 h.
Anti-v-FLIP polyclonal antibodies were raised in rabbits against a keyhole limpet
hemocyanin-conjugated peptide corresponding to the N-terminal region of v-
FLIP (TYEVLCEVARKLGT) (Severn Biotech). The immunization protocol
was as described in reference 30. Anti-v-FLIP rat monoclonal antibody 6/14 was
raised against full-length recombinant v-FLIP expressed in Escherichia coli. For
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FIG. 2. Mapping a region upstream of v-FLIP which allows translation. The portions of the v-cyclin/v-FLIP cassette (A) and a previously
characterized IRES from EMCV (25) were cloned between the coding sequences for the subunits of heterodimeric cytokine IL-12. The bicistronic
plasmids, with monocistronic controls and empty vector, were transcribed in vitro. RNA was analyzed on a 1% agarose-formaldehyde gel (B) and
translated in reticulocyte lysate as described in Materials and Methods. (C) Labeled proteins resolved by SDS-12.5% PAGE.

immunodetection the polyclonal anti-v-FLIP rabbit serum was diluted 1:250 and
detected by a goat anti-rabbit horseradish peroxidase (HRPO) antibody (1:2,000;
Harlan) and enhanced chemiluminescence (Amersham) and the purified mono-
clonal anti-v-FLIP antibody was diluted 1:100 and detected by a goat anti-rat
HRPO antibody (1:2,000; Harlan). The anti-v-cyclin was a rat monoclonal anti-
body (kind gift from Sybille Mittnacht, Institute of Cancer Research, London,
United Kingdom) used at a dilution of 1:100 and detected with goat anti-rat
HRPO (1:2,000; Harlan). Total cellular RNA was isolated using the RNAzol
(Biogenesis) method, in accordance with the manufacturer’s instructions. For
RNA blot analysis, 10 g of total RNA was loaded on a 1% agarose-formalde-
hyde gel and transferred to a nylon HybondN+ membrane (Amersham). Pre-
hybridization, hybridization, and washes of the membrane were performed using
the HybondN+ protocol. The v-FLIP and p40 probes were labeled with
[«-*?P]dCTP (Amersham) using a random-prime-labeling system (Promega).
IL-12 was determined using a commercial sandwich enzyme-linked immunosor-
bent assay (ELISA) with antibodies which detect the p40 subunit; each super-
natant was assayed in triplicate (Cytoscreen human IL-12; BioSource Interna-
tional Inc.).

v-FLIP expression in KSHV-infected cells. The KSHV-transformed primary
effusion lymphoma (PEL) cell lines BC3 and BCP1 (10, 26), Epstein-Barr virus
(EBV)-transformed B-cell line B.45, and EBV-negative B-cell line DG75 were
cultured in RPMI 1640 supplemented with 10% FCS, penicillin, and streptomy-
cin at 37°C in 5% CO,. For immunostaining BC3 cells were fixed in 3% para-
formaldehyde for 10 min and then washed in 0.2% Triton X-100 for 5 min. Cells
were stained for v-FLIP with rat monoclonal antibody 6/14 (1/30 dilution),
followed by a biotinylated rabbit anti-mouse antibody and peroxidase-conjugated
avidin. The stained proteins were visualized with diaminobenzidine tetrahydro-
chloride and briefly counterstained with hematoxylin. For immunoprecipitation
BC3 cells were washed twice with serum-free RPMI 1640 and incubated for 20
to 24 h in RPMI 1640 with or without serum. Cells were then incubated for 30
min in methionine- and cysteine-free RPMI1640 (Sigma) and then labeled for
2 h in the same medium supplemented with a mixture of [**S]methionine-
cysteine (Redivue Pro-Mix; Amersham) and, where appropriate, with 10% FCS.
After three washes in ice-cold phosphate-buffered saline (PSB), the cell pellets
were lysed for 30 min on ice in 1 ml of radioimmunoprecipitation assay buffer

(30) supplemented with protease inhibitors. Lysates were then centrifuged at
14,000 X g for 15 min at 4°C. Supernatant from the equivalent of 107 cells was
precleared for 1 h with protein G-Sepharose (Sigma) for anti-LNA-1 (38) or
protein A-sepharose (Sigma) for anti-v-FLIP and then immunoprecipitated for
2 h at 4°C with 2 pg of anti-LNA-1 or 10 pg of anti-v-FLIP antibodies. Immu-
noprecipitates were extensively washed with lysis buffer and then resuspended in
sample buffer and loaded onto a 7% (for LNA-1) or 14% (for v-FLIP) SDS-
polyacrylamide gel. Dried gels were exposed to a phosphorimager (Molecular
Dynamics), and the relative levels of protein expression were determined using
densitometry software (Imagequant; Molecular Dynamics). Apoptotic cells were
quantitated by staining with ANNEXIN-V-Fluos (Boehringer). Cells were
washed twice with ice-cold PBS and resuspended in 100 wl of annexin buffer (140
mM NaCl, 10 mM HEPES [pH 7.4] 5 mM CaCl,) containing 2 pl of annexin. The
samples were incubated at room temperature in the dark for 15 min; at the end
of the incubation 300 pl of annexin buffer was added to all samples, which were
analyzed by FACScan.

RESULTS

An upstream RNA sequence allows v-FLIP translation in
vitro. In the viral bicistronic transcript, the v-cyclin coding
sequence is followed after 82 nt by the v-FLIP coding se-
quence. The constructs shown in Fig. 1A were designed to
examine v-FLIP translation from this transcript in reticulocyte
lysate. v-cyclin and v-FLIP contain similar numbers of methi-
onine and cysteine residues for *>S incorporation (9 and 10,
respectively). In vitro transcription of these constructs pro-
duced a single bicistronic RNA of approximately 1.5 kb, the
predicted length, as shown in Fig. 1B. Translation of the bicis-
tronic v-cyclin/v-FLIP transcript gave a strong v-cyclin band of
28 kDa and a slightly weaker 23-kDa v-FLIP band (Fig. 1C).
v-FLIP expression was unlikely to be the result of cap-depen-
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FIG. 3. Function of the v-cyclin/v-FLIP transcript in mammalian
cells. 293T cells were transiently transfected with parental pcDNA
3.1(+) vector or with vectors containing the coding sequence for bi-
cistronic v-cyclin/v-FLIP. After 48 h, half the cells were used to prepare
RNA as described in Materials and Methods and half were lysed in
radioimmunoprecipitation assay buffer for SDS-PAGE. (A) RNA
probed with a v-FLIP probe. (B) v-cyclin and v-FLIP detected on a
Western blot as described in Materials and Methods.

dent translation, as the v-cyclin AUG lies within a strong
Kozak consensus sequence (39) and a further five AUGs lie
between the v-cyclin start codon and the v-FLIP start codon.
Translation of v-FLIP was then examined in bicistronic con-
structs containing mutations in the v-cyclin coding region. In
the first construct a guanosine residue in the second codon for
v-cyclin was deleted, resulting in a change of frame to generate
a predicted product of 10 amino acids, which was undetectable.
When codon 135 for v-cyclin was changed to a termination
codon, the predicted truncated protein of approximately 15
kDa was detected. v-FLIP translation was unaffected by both
mutations (Fig. 1C). This suggested that reinitiation of trans-
lation was not responsible for v-FLIP expression because such
reinitiation occurs efficiently only after a short intercistronic
gap (40).

To identify the region of the bicistronic transcript that allows
v-FLIP translation, three regions of the transcript were cloned
into a bicistronic vector between the subunits of the het-
erodimeric cytokine IL-12, with the p40 initiation codon in the
position of that for v-FLIP (Fig. 2A). Again in vitro transcrip-
tion produced bicistronic RNAs of the expected lengths (Fig.
2B), which were added to reticulocyte lysate to analyze trans-
lation. When the intercistronic 82-nt region between the cod-
ing sequences for v-cyclin and v-FLIP was inserted between the
coding sequences for the two IL-12 subunits a p35 signal but no
p40 signal was seen, whereas the 363- and 655-nt KSHV se-
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quences allowed p40 translation. The p40 band densities seen
with the two KSHV constructs were similar to that seen with an
encephalomyocarditis virus (EMCV) IRES (Fig. 2C). p35 con-
tains 18 potential methionine or cysteine residues compared to
14 such residues in p40, which may account for the stronger
intensity of the p35 signal. The size of p35 is about 30 kDa, as
p35 is extensively glycosylated in vivo. Again cap-dependent
translation or reinitiation of translation was unlikely to explain
p40 expression, as this was not observed with the intercistronic
82-nt region. Therefore we concluded that an IRES was
present upstream of the FLIP start codon and overlapping the
v-cyclin coding sequence. It should be noted that translation of
v-cyclin does not inhibit the activity of this IRES, as demon-
strated in Fig. 1C.

Function of the IRES in mammalian cells. The expression of
v-FLIP was also examined in mammalian cells where the cy-
tomegalovirus promoter drives expression of the bicistronic
v-cyclin/v-FLIP transcripts. Figure 3A shows that the predicted
1.9-kb bicistronic transcript was detected in transfected 293T
cells, with no shorter v-FLIP transcripts being detected even on
overexposure of the blot (data not shown). To detect v-FLIP
expression, we raised a polyclonal antiserum against a peptide
corresponding to the 14 N-terminal amino acids. Figure 3B
shows that both v-cyclin and v-FLIP were expressed from the
bicistronic message. p40 expression from the bicistronic IL-12
cassettes was also examined following mammalian cell trans-
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FIG. 4. Mapping a region upstream of v-FLIP which allows trans-
lation in mammalian cells. 293T cells were transiently transfected with
parental pcDNA 3.1(+) vector or with vectors containing sequences
from the v-cyclin/v-FLIP-coding region of KSHV between the coding
sequences for the subunits of the heterodimeric cytokine IL-12. The
same plasmid containing the IRES from EMCYV was used for compar-
ison. After 48 h, cell supernatant was collected and the cells were used
to prepare RNA as described in Materials and Methods. (A) RNA
probed with a p40 probe. (B) Level of p40 protein in supernatant
detected by ELISA, as described in Materials and Methods. p40 levels
are shown as the means of triplicate determinations with standard
errors of the means (SEM).
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FIG. 5. v-FLIP protein expression in KSHV-infected B cells. (A)
Western blot of 70 pg of protein from the EBV-transformed B.45 cells
and the KSHV-transformed EBV-negative PEL BC3 and BCP1 cells
and protein from BC3 cells uninduced or induced for 48 h with 200 ng
of tetradecanoyl phorbol acetate (TPA)/ml and separated by SDS-
14% PAGE. Immunoblotting with a polyclonal anti-v-FLIP antiserum
was performed as described in Materials and Methods. (B) Western
blot of 70 ng of protein from EBV-negative B-cell line DG75 and the
KSHV-transformed PEL BC3 cells separated by SDS-14% PAGE.
Immunoblotting with monclonal anti-v-FLIP antibody 6/14 was per-
formed as described in Materials and Methods.

fection with expression vectors. Figure 4A shows that only the
predicted bicistronic transcripts encoding p40 were detected in
the transfected cells. Levels of p40, measured using an ELISA
which detects p40 whether present as a homodimer or het-
erodimer, are shown in Fig. 4B. A low level of p40 was detected
following the transfection of the vector containing the 82-nt
intercistronic v-cyclin/v-FLIP coding sequence region. The vec-
tor containing the 655-nt v-cyclin/v-FLIP coding sequence re-
gion produced more p40 than that the 363-nt region. The low
activity of the 82-nt sequence is in contrast to its inactivity in
vitro. Furthermore, while a sequence of 363 nt can function

J. VIROL.

optimally in vitro, full activity in cells occurs with the longer
655-nt sequence. This could imply that the interaction of cel-
lular proteins with sequences proximal to the 363-nt sequence
is required for translation or alternatively could suggest that
the longer sequence is required for optimum stability of an
IRES structure in cells.

v-FLIP expression in KSHV-transformed PEL cells. To
demonstrate that v-FLIP is expressed from the bicistronic mes-
sage detected in latently infected cells, we used the polyclonal
antiserum which recognizes v-FLIP. Figure 5A shows that this
antiserum recognized a protein of approximately 23 kDa in
lysates from the EBV-negative PEL cell lines BC3 and BCP1,
but not the EBV-transformed cell line B.45. Induction of
KSHYV replication by tetradecanoyl phorbol acetate in BC3
cells (25) caused only a small increase in v-FLIP expression
(Fig. 5A), demonstrating that it is a latently expressed protein.
Anti-v-FLIP rat monoclonal antibody 6/14 was raised against
full-length recombinant v-FLIP expressed in E. coli. This
monoclonal antibody also recognized a protein of approxi-
mately 23 kDa in BC3 cell lysate (Fig. 5B) and stained the
cytoplasm of BC3 cells (Fig. 6).

During apoptosis cap-dependent protein translation is inhib-
ited due to cleavage of eIF4G by caspase 3 (11, 44). Recently,
the translation of cellular proteins involved in apotosis induc-
tion, myc (63) and apoptosis inhibition, XIAP (32), was shown
to be initiated from an IRES and therefore maintained during
apoptosis. The rate of v-FLIP synthesis was therefore exam-
ined during apoptosis of PEL cell line BC3 induced by serum
withdrawal, which caused eIF4G cleavage (data not shown)
and induced apoptosis as detected by ANNEXIN-V-Fluos
staining (Fig. 7B). For comparison the rate of LNA-1 synthesis
was measured, since this requires cap-dependent protein trans-
lation and since v-cyclin could not be immunoprecipitated with
the available antibody. Figure 7A shows that the rate of syn-
thesis of LNA-1 decreased in serum-deprived cells whereas
that of v-FLIP was maintained. Quantitation of the relative
amounts of newly synthesized LNA-1 and v-FLIP demon-
strated a threefold increase in the ratio of v-FLIP synthesis to
LNA-1 synthesis during apoptosis (Fig. 7). This is a change
similar to the previously reported relative up-regulation of myc
(63) or XIAP (32) synthesis during apoptosis. Clearly v-FLIP
synthesis may be relatively higher in individual apoptotic cells,
as not all the cells are apoptotic at any one time (Fig. 7B).

M (V7
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FIG. 6. BC3 cells (X500 magnification) stained with a second-layer antibody only (A) or monoclonal anti v-FLIP antibody 6/14, where a brown
stain in the cytoplasm was detected (B) as described in Materials and Methods.
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FIG. 7. Synthesis of LNA-1 and v-FLIP during apoptosis of PEL
cells. BC3 cells were serum starved for 20 h to induce apoptosis, which
was detected by ANNEXIN-V Fluos staining (B) as described in Ma-
terials and Methods. Viable cells (107) were then pulsed for 2 h with
labeled methionine and cysteine, after which LNA-1 and v-FLIP were
immunoprecipitated as described in Materials and Methods and the
immunoprecipitates were separated by SDS-7 or 14% PAGE, respec-
tively (A). The relative levels of labeled protein were determined using
densitometry software on a phosphorimager as described in Materials
and Methods. The FLIP/LNA-1 labeled-protein ratio was normalized
to 1 in cells with serum; the relative FLIP/LNA-1 labeled-protein ratio
in cells without serum was 3.25. In a second experiment cells were
serum starved for 24 h and the relative FLIP/LNA-1 labeled-protein
ratio increased from 1 to 3.1 on serum starvation.

DISCUSSION

We have demonstrated that a sequence upstream of the
v-FLIP coding sequence functions to allow translation by act-
ing as an IRES. IRES have previously been identified in RNA
viruses with a positive-sense, nonsegmented genome (4-7, 27,
28, 67); they possess certain conserved RNA secondary struc-
tural features (35, 62). In such viruses the RNA must serve
both as the genome and as an mRNA for translation of viral
proteins; thus IRES have been thought to be crucial for this
dual usage.

The putative IRES upstream of the v-FLIP coding sequence
is the first to be identified in a DNA virus; its presence and the
unusual overlap of the IRES with the v-cyclin coding sequence
suggest that expression of v-cyclin and v-FLIP needs to be
tightly coordinated. Three other gammaherpesviruses closely
related to KSHV (1) are known to contain adjacent v-cyclin
and v-FLIP reading frames. In ateline herpesvirus 3 (unpub-
lished) (GenBank accession no. AF083424) and herpesvirus
saimiri (2) a single base pair separates the v-cyclin and v-FLIP
reading frames. Macaca mulatta rhadinovirus 17577 shows
spacing similar to that for KSHV, with 69 bp between the
v-cyclin and v-FLIP reading frames (57). Whether any of these
viruses employ a bicistronic transcript to express v-cyclin and
v-FLIP remains to be determined. The nearest relative to this
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group, the gammaherpesvirus murine herpesvirus 68, encodes
v-cyclin alone (1, 68), suggesting that v-FLIP was a later ac-
quisition from cellular DNA. A second bicistronic transcript
from KSHV may also use an IRES to allow expression of the
G-protein-coupled receptor (v-GPCR) during lytic replication
(39).

We have also shown for the first time that v-FLIP is ex-
pressed in latently infected PEL cell lines. These lines express
Fas but are resistant to Fas-mediated killing (data not shown).
It is likely that this v-FLIP inhibition of Fas-mediated cell
killing is one mechanism by which KSHV evades anti-viral
cytotoxic T-lymphocyte (CTL) responses. This may occur dur-
ing persistent KSHV infection of immunocompetent individu-
als, in whom KSHV-specific CTL have been detected (48).
However, v-FLIP expression continues when tumors arise in
immunosuppressed individuals, whose anti-KSHV CTL re-
sponses are likely to be compromised. This suggests that v-
FLIP also directly affects the survival of the tumor cells.

The v-cyclin-CDKG6 complex is resistant to inhibition by p16
and p21 (64), and its expression causes degradation of the p27
inhibitor (22, 43). It can therefore override normal controls to
induce G,/S-phase transition. However, constitutive expression
of molecules which potentiate G,/S transition such as c-myc
(23), E2F (51), and cyclin D1 (58) in the absence of optimal
growth factors or v-cyclin in the presence of a high level of
CDKG6 (47) has been shown to cause apoptosis. It therefore
seems an attractive hypothesis that v-cyclin may cooperate with
v-FLIP to transform endothelial cells and/or B cells, which
could explain the need to link their expression. Indeed, death
receptor signaling is known to be involved in apoptosis of
myc-expressing cells following serum removal (33) or of epi-
thelial cells following substrate detachment (55), and v-FLIP
has been shown to activate NF-«B signaling (16). However, the
fact that v-FLIP synthesis can be up-regulated when apoptosis
is triggered may also provide a survival advantage for KSHV-
infected cells under some circumstances and could be another
reason for an IRES-dependent translation of v-FLIP.
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