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Kaposi’s sarcoma-associated herpesvirus (KSHV) latently infects KS tumors, primary effusion lymphomas
(PELs), and PEL cell lines. K12 (T0.7) is the most abundant transcript expressed in latent KSHV infection.
We characterize here the K12 transcript from a PEL tumor prior to passage in cell culture. The PEL tumor
KSHYV K12 transcript contained additional complex nucleotide repeat elements compared to the previously
described K12 message of the BCBL-1 PEL cell line. The PEL tumor lacked kaposin B, the predominant
BCBL-1 K12 protein product, but encoded kaposins A and C. The K12 transcript was spliced and the splicing
event occurred in all KSHYV isolates tested. The 5’ end of the K12 transcript was mapped by 5" RACE (rapid
amplification of cDNA ends) and S1 nuclease protection assays and was at the site of an active promoter. This
work demonstrates that the K12 transcript contains variable, complex repeat elements, is spliced and is

expressed from a novel KSHV promoter.

Kaposi’s sarcoma-associated herpesvirus (KSHV) or human
herpesvirus-8 (HHV-8) is a gamma-2 herpesvirus tightly linked
to KS, primary effusion lymphoma (PEL), and multicentric
Castleman’s disease, an aggressive lymphoproliferative disor-
der (6, 8, 18, 30). KSHYV infection in tumors and PEL cell lines
is predominantly latent, and latently infected cells express a
limited number of KSHV genes. The latency-associated nu-
clear antigens 1 and 2 (5, 15, 16, 23, 25), v-cyclin (7, 9, 11),
v-FLIP (2, 33), K15 (10, 13, 22, 29), and the T0.7 (27, 35)
transcript are expressed in latent infection.

TO0.7 was originally described as a 0.7 kb, highly abundant
transcript in KS which initiated just upstream of the KSHV
K12 open reading frame (ORF) (35). K12 encodes a 60-amino-
acid protein termed kaposin A. In situ hybridization analyses
by using probe to detect T0.7 sequence demonstrate that it is
present in nearly all spindle cells, in all stages of KS, and is also
found in PEL cell lines (31, 32). Subsequent work demon-
strated that the K12 transcript is almost always much longer
than 0.7 kb. Northern blots of KSHV-infected tumors and PEL
cell lines probed with T0.7 lacked 0.7-kb transcripts and in-
stead had K12 transcripts which varied between ~1.5 and ~2.5
kb, depending on the tumor or cell line (27). In fact, the initial
tumor that had the 0.7-kb fragment also had a larger transcript
detected by the T0.7 probe (27, 35). These longer transcripts
extend further upstream from the initially reported 0.7-kb start
site. The upstream sequence contains two GC-rich repeat se-
quences termed DR2 and DR1. The number of DR2 and DR1
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repeat units vary among different KSHYV isolates, resulting in
variable sizes of the K12 transcripts (27).

Protein expression from the K12 transcript is complex and
incompletely understood (17, 27). Investigation of the BCBL-1
(27) PEL cell line K12 transcript showed that expression oc-
curs from more than one reading frame. Kaposin A (frame 1)
initiates with an AUG codon but other expressed ORFs initi-
ate from non-AUG codon(s). For instance, the BCBL-1 K12
transcript expresses kaposin B (frame 2) from a CUG codon
(27). Kaposin B is the predominant protein expressed by the
BCBL-1 K12 transcript, although other polypeptides are also
expressed at lower levels. Kaposin B is largely comprised of
DR2 (HPRNPARRTPGTRRGAPQEPGAA) and DR1 (PG
TWCPPPREPGALLPGNLVPSS) repeat elements (27). In-
triguingly, the amino acid sequences of DR2 and DR1 remain
the same in all three reading frames. Kaposin C (frame 1) fuses
kaposin A with upstream DR2/DR1 repeats and also initiates
from a CUG.

Kaposin A has multiple functions in single gene transfer
assays (17, 19, 20, 34). It induces focus formation in Rat-3 cells
and NIH 3T3 cells and causes anchorage-independent growth
and loss of contact inhibition in NIH 3T3 cells. Rat-3 cells
expressing kaposin A are tumorigenic in nu/nu mice (19). Ka-
posin A induces reorganization of cellular F-actin and causes
increased adhesion in Jurkat cells (17). The transforming and
adhesion effects of kaposin A are mediated through its asso-
ciation with cytohesin-1, a guanine nucleotide exchange factor,
which regulates integrin activity (17). In fact, a dominant-
negative cytohesin-1-inhibited kaposin A induced focus forma-
tion and restored normal actin organization.

We investigated the K12 transcript from a PEL tumor (14)
prior to passage in cell culture and found significant differences
from the BCBL-1 sequence (27). The PEL tumor K12 se-
quence contained additional, complex repeat elements up-
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stream of the DR2 and DRI repeats. Kaposin B, which en-
codes the predominant BCBL-1 K12 expression product, was
absent from the PEL tumor K12 transcript. The K12 transcript
was spliced and the splicing event was conserved among KSHV
isolates. Novel KSHV promoter activity was identified at the
K12 transcription initiation site.

MATERIALS AND METHODS

Cell lines. BCBL-1 (24), BC-1 (6), BC-2 (6), BC-3 (1), and BCP-1 (3) are
KSHV-infected PEL cell lines.

Northern blot analysis. A 4-mm punch biopsy was obtained with informed
consent from a patient with AIDS-related KS according to the human experi-
mental guidelines of the U.S. Department of Health and Human Services and
Beth Israel Deaconess Medical Center. Total RNA was isolated from the PEL,
PEL cell lines, and the KS biopsy with Trizol Reagent (Gibco) and poly(A) RNA
was purified with Messagemaker Reagent Assembly (Gibco). A total of 25 pg of
total RNA or 1.5 pg of poly(A) RNA was resolved on a 1% agarose formalde-
hyde gel, transferred onto a nylon filter, and probed. Primers K12F (GCCCTC
GATACGCCTGCTCT) and KI2R (TGCCCTCCTCCCTCCTCACT) were
used to PCR amplify DNA from within the T0.7 sequence. The amplification
product was 2P labeled (T0.7 probe) and used to probe the nylon filter.

cDNA library construction and screening. A total of 5 pg of poly(A) RNA was
used as a template for each cDNA library. The SUPERSCRIPT Choice System
(Gibco) was used to construct cDNA libraries according to the manufacturer’s
directions except for first-strand cDNA synthesis. In order to enhance synthesis
through GC-rich regions, first-strand synthesis was modified. First-strand syn-
thesis for the oligo(dT) primed cDNA library was performed at 50°C for 1 h
instead of 37°C. First-strand synthesis for random hexamer-primed cDNA library
was performed by first incubation at 37°C for 15 min to allow the primers to
anneal to the template RNA and the initial synthesis to occur. An additional 2
wl of Superscript IT RT was then added, and the temperature increased to 50°C
for 50 min. A total of 150 ng of each cDNA was ligated into Lambda ZAP II
(Stratagene) and packaged into Lambda phages by using Gigapack Gold IIT
Packaging extract (Stratagene). A total of 3 X 10° ¢DNA clones from the
oligo(dT) primed library and 3 X 10° clones from the random hexamer primed
library were screened with K12 probe. Seven positive clones that contained single
inserts were purified from the oligo(dT) primed cDNA library and one positive
clone containing a single insert was purified from the random hexamer primed
c¢DNA library.

In vivo excision of cDNAs and sequencing. In vivo excision of pBluescript
containing cDNA inserts from the lambda phage was performed according to the
manufacturer’s instructions (Stratagene). DNA sequencing was performed at
local core facilities. Extensive repeat regions were sequenced by using exonucle-
ase III (Exo-Size Deletion Kit; NEB) to generate unidirectional nested deletions.

RT-PCR and PCR. Access RT-PCR System (Promega) was used for reverse
transcription-PCR (RT-PCR) according to the manufacturer’s directions. The
DR2/DRI1 repeat region was PCR amplified from genomic PEL DNA and
RT-PCR amplified from PEL RNA with primers 5'P2 (GATTTACACGTATC
GAGGAG; nucleotides [nt] 118703 to 118722) and ZPPA low (CTATCCATG
CATTGGGATTG; nt 118094 to 118113 [26]). Primers Splicel (nt 118698 to
118718) CACCGCTCCTCGATACGTGTA and Splice2 (nt 123630 to 123611)
AACCTGACAGAGCACCCTGA amplify a 138-bp product across the K12
mRNA splice site. In the absence of splicing, the PCR product is ~5.0 kb. PCR
enhancer buffer was added to the PCRs which were amplified at 95°C for 3 min,
followed by 35 cycles of 95°C for 45 s, 46°C for 30 s, and 68°C for 1.5 min,
followed by 68°C for 7 min.

5" RACE. 5" RACE System (version 2; Gibco) was used according to the
manufacturer’s instructions. 5' RACE (rapid amplification of cDNA ends) was
performed on total RNA from PEL tumor cells. The primers were GSP1 (CT
CCTCGATACGTGTAAATC), GSP2 (ATCCAAGAGATCCGTCCTC), and
GSP3 (CAUCAUCAUCAUCTTGTCTTTATAGCGTTTC). RT-PCR ampli-
fied products were cloned into pAMP1 vector.

S1 nuclease protection assay. PEL DNA between nt 123303 and 123983 was
PCR amplified by using primers SITUP (CACCTGCTTTATAAGTAGGA) and
S1 DOWN (ATTGTCAGAACAAAGACACA). The PCR product was cloned
into PCR2.1 (Invitrogen) and sequenced. S1 nuclease protection was performed
with the S1 Assay kit (Ambion) with 5 ug of PEL poly(A) RNA. Probe was
generated by linearizing PCR2.1 containing the PCR product 3 to the insert with
HindIII, priming with T7, and transcribing with T7 RNA polymerase with
[3?P]JUTP. After digestion with S1 nuclease, fragments were size separated on an
8 M urea-6% polyacrylamide gel and then visualized by autoradiography.
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FIG. 1. Northern blot of PEL cell lines and a PEL tumor for K12.
Total RNA (25 pg) was loaded into each lane except for lane 2 in
which poly(A) of RNA (1.5 ng) was loaded. RNA was size separated
in a 1% agarose-formaldehyde gel and transferred to a nylon mem-
brane, and signal was detected with *?P-labeled T0.7 probe. Cells were
harvested directly or after pretreatment with 20 ng/ml of TPA (indi-
cated at top). Total (lane 1) and poly(A) (lane 2) RNA from PEL
tumor cells was probed. PEL cell lines BCBL-1 (lanes 3 and 4), BC-1
(lanes 5 and 6), BC-2 (lanes 7 and 8), BC-3 (lanes 9 and 10), and BCP-
1 (lanes 11 and 12) are shown. B95-8 (lane 13) is an EBV-infected,
KSHV-uninfected cell line. BJAB (lane 14) is an uninfected B lym-
phoma cell line. Size markers (in kilobases) are indicated at the left.

Plasmids. Since the in vivo excision process caused alterations in the K12
repeat region, a reconstructed K12 cDNA clone was made by substituting PCR-
amplified, sequence-confirmed repeat elements between the Nsil and BsaAl
restriction sites in K12 cDNA. —400+317Luc was generated by inserting the
BamHI (nt 123526) to Agel (nt 124241) fragment into pGL2 Basic (Promega).
+317—400Luc was generated by inserting the same BamHI/Agel fragment in the
opposite orientation in GL2 Basic. —3,552+349Luc was constructed by insert-
ing the SspI (nt 123494) to Sacl (nt 127393) fragment into pGL2 Basic.
+349—3,552Luc was constructed by inserting the SspI/Sacl fragment into pGL2
Basic in the opposite orientation. —3,552+180Luc was constructed by insert-
ing the Nhel (nt 123663) to Sacl (nt 127393) fragment into pGL2 Basic.
+180—3,552Luc was constructed by inserting the Nhel/Sacl fragment into pGL2
Basic in the opposite orientation.

Reporter assays. Reporter DNA (40 pg) and 5 pg of a vector expressing
B-galactosidase from an SV40 promoter were electroporated into 107 BJAB cells
at 200 V and 960 pF in 400 pl at room temperature by using a Bio-Rad
electroporator. At 48 h after transfection, the cells were lysed in luciferase lysis
buffer (Promega), and the luciferase and B-galactosidase activities were deter-
mined by using an Optocomp I Luminometer (MGM Instruments). B-Galacto-
sidase activity was used to normalize for transfection efficiency.

Nucleotide sequence accession number. The GenBank accession number for
the K12 cDNA sequence reported here is AY157025.

RESULTS

Northern blot analysis of the K12 transcript. K12 transcripts
of a primary PEL tumor prior to passage in cell culture and
PEL cell lines were investigated by Northern blotting. K12
transcripts were detected with *?P-radiolabeled T0.7 probe,
which contains sequence from the 3’ end of the K12 transcript.
As expected, K12 transcript sizes varied since the number of
DR2 and DRI1 repeats vary among KSHYV isolates (27). PEL
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cell line K12 transcripts were ~2.5 kb for BCBL-1 (Fig. 1, lanes
3 and 4), ~1.8 kb for BC-1 (Fig. 1, lane 6), ~2.3 kb for BC-2
(Fig. 1, lanes 7 and 8), ~1.8 kb for BC-3 (Fig. 1, lanes 9 and
10), and ~2.0 kb for BCP-1 (Fig. 1, lane 12). BCBL-1 and BC-3
K12 transcript sizes were similar to other reports (27). Consis-
tent with other observations, the expression of PEL cell line
K12 transcripts increased after tetradecanoyl phorbol acetate
(TPA) treatment (Fig. 1, lanes 4, 6, 8, 10, and 12) (27). In fact,
K12 signal was not detected from BC-1 (Fig. 1, lane 5) and
BCP-1 (Fig. 1, lane 11) prior to TPA treatment. K12 probe
detected a ~2.5-kb transcript from both total (Fig. 1, lane 1)
and poly(A) (Fig. 1, lane 2) RNA of the PEL tumor. No signal
was detected for the B95-8 (EBV-infected, KSHV-uninfected;
Fig. 1, lane 13) and BJAB (uninfected; Fig. 1, lane 14) cell
lines.

Generation of a PEL tumor cDNA library and sequencing of
K12 c¢DNA clones. In order to further investigate the K12
transcript from the PEL tumor, a lambda phage cDNA library
was constructed from RNA harvested prior to cell passage, and
K12-positive clones were isolated. The release of several K12
cDNA inserts from lambda DNA by EcoRI digestion revealed
~2.1-kb K12 ¢cDNAs (data not shown). After accounting for
polyadenylation, this size is slightly smaller than the ~2.5-kb
K12 migration observed on Northern blotting of the PEL (Fig.
1, lanes 1 and 2), suggesting that the clones were not full length
or that the transcript migrates slightly larger than predicted.
Prior to sequencing the cDNAs, pBluescript plasmids contain-
ing K12 cDNAs were excised from parental lambda phage by
in vivo excision after coinfecting bacteria with the lambda
phage and helper phage (Stratagene). Sequencing the ends of
seven clones from the oligo(dT)-primed cDNA library and one
clone from the random hexamer-primed library demonstrated
that the 5’ ends of all eight cDNAs were located within 32 nt
of each other and the 3’ ends of the oligo(dT)-primed cDNAs
were colinear with the previously described K12 (T0.7) 3" end
(27, 34). The proximity of the 5’ ends was consistent with the
sequences being close to full length, or with stalling of the
reverse transcriptase in this region. DR2 and DR1 repeats and
also upstream, complex repeat elements were identified.

It was observed that the in vivo excision process introduced
alterations within the central repeat elements since pBluescript
cDNAs from single parental lambda phage isolates had vari-
able sequences within these repeat elements. In contrast, the
sequence of unique regions at the ends of the cDNAs re-
mained constant. Therefore, the repeat region was further
investigated by PCR so as to be independent of phage cloning
and in vivo excision. PEL tumor DNA was PCR amplified,
PEL tumor RNA was reverse transcribed and PCR amplified,
and both products were sequenced. The PCR-amplified
genomic DNA sequence was identical to that of the RT-PCR
amplified RNA, demonstrating an absence of splicing events in
this region. The invariable sequence results were also consis-
tent with an accurate rendering of the repeat sequence. The
complete K12 transcript sequence is shown in Fig. 2 with the
repeat region from the PCR-amplified sequences.

The K12 message is spliced and contains complex GC-rich
repeat elements upstream of the DR2 repeats. Analysis of the
PEL tumor K12 cDNA sequences revealed significant differ-
ences from the previously described BCBL-1 sequence (27)
(Fig. 3). First, all eight of the PEL tumor cDNA sequences
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were spliced in contrast to the BCBL-1 K12 transcript, which
was unspliced (27). The splice junction was located at nt
118799, 41 nt upstream of the previously reported BCBL-1
transcription start site (nt 118758) (27). nt 118799 was spliced
to nt 123594, resulting in introduction of a new exon at the 5’
end of the K12 transcript (Fig. 3A). Canonical splice site donor
and acceptor sequences are present at the splice junction.

A second major difference between the BCBL-1 K12 tran-
script and that of the PEL tumor was the presence of extensive
GC-rich repeat elements upstream of the DR2 and DRI re-
peat elements. The first repeat element (termed repeat I GCA
CCCC) (Fig. 2 and 3B) occurred in multiples of one to four
copies of direct repeats and occurred at four locations. In
contrast, BCBL-1 has two regions of type I elements (Fig. 3B),
with one and two copies, respectively. The second repeat ele-
ment is 81 nt and occurs in three variations in the PEL K12
transcript termed Ila, IIb, and Ilc (Fig. 2 and 3B). Although
the BCBL-1 K12 transcript does not contain repeats of type II,
it has one copy of a type II element (27) (Fig. 3B). One copy
of a type II element is also present in the two other previously
reported KSHV genomic sequences of this region, from BC-1
and a KS tumor (21, 26). The BC-1 and BCBL-1 type II
sequences are identical and termed II-BC1/BCBL-1, and the
KS type II element is termed type II-KS. Table 1 summarizes
the nucleotide differences between the type Ila, IIb, Ilc, II-
BC1/BCBL-1, and II-KS.

In contrast to the type I and II repeats, the DR2 and DR1
repeat sequences were completely conserved between the PEL
tumor and BCBL-1 and varied only in the number of copies.
The number of DR2 and DR1 copies was initially expected to
be similar to that of BCBL-1 since the transcript sizes of the
PEL tumor (Fig. 1, lanes 1 and 2) and BCBL-1 (Fig. 1, lanes 3
and 4) were similar. However, the type I and II repeat elements
contributed significantly to the transcript size and the PEL
tumor contained only 9 DR2 and 20 DR1 elements compared
to 17 DR2 and 39 DR1 elements (27) in BCBL-1.

The PEL K12 transcript encodes kaposins A and C but lacks
kaposin B. Analysis of the PEL K12 transcript demonstrates
multiple potential ORFs in all three reading frames (Fig. 3C).
Frame 1 encodes kaposin A and kaposin C. Frame 1 ORFs
also initiate within the DR1 repeats. Frame 2 encodes poten-
tial ORFs which initiate within the first and second Ilc ele-
ments and also within the DR1 repeats (Fig. 3C). Frame 3 of
the PEL K12 transcript has an ORF which initiates in the first
IIc element and ORFs which initiate within the DR1 repeats.

Comparison of ORFs encoded by the PEL K12 transcript
with that of BCBL-1 (27) reveals that frame 1 is similar, but
frames 2 and 3 differ significantly. Both the PEL and BCBL-1
transcripts encode frame 1 kaposin A and C and ORFs that
initiate within the DR1 repeats. However, the only shared
frame 2 feature are the ORFs which initiate within the DR1
repeats. BCBL-1 lacks the frame 2 PEL ORFs that initiate
upstream of the DR1 repeats, and the PEL lacks kaposin B,
which encodes the predominant protein expressed by the
BCBL-1 K12 transcript (27). Kaposin B initiates at a CUG (27)
within the type II element of BCBL-1 but this CUG is absent
from the PEL K12 transcript due to variant nucleotides at
positions 12 and 13 of the type Ila, IIb, and Ilc elements in the
PEL K12 transcript (Table 1). The PEL and BCBL-1 share
frame 3 ORFs which initiate in the DR-1 repeats but BCBL-1
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11883

FIG. 2. Sequence of the PEL K12 transcript. The 5" ends mapped by cDNA and 5" RACE analyses are indicated by “cDNA” (nt 95) and
“5'RACE” (nt 44), respectively. Repeat elements I, Ila, IIb, IIc, DR2, and DR1 and the kaposin A ORF are indicated. The splice junction is
labeled with “Spli” (positions 250 to 251). Sequence analyzed for T0.7 strain differences is from nt 1457 to 2104 (22).
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FIG. 3. Schematic diagram of the K12 transcript. (A) PEL and
BCBL-1 K12 transcripts in relation to the KSHV genome (26). The
PEL transcript is spliced between nt 118779 and 123594 and intiates at
nt 123842. The BCBL-1 transcript (27) initiates at nt 118758 and is
unspliced. The 3’ ends of the PEL and BCBL-1 transcripts are co-
terminal. ORFs 73, 72, 71, and K12 are indicated. (B) The PEL tumor
K12 transcript contains complex repeat elements upstream of the DR
repeats. I, ITa, IIb, IIc, DR2, and DR1 repeat elements are indicated.
The BCBL-1 type II element contains the CUG kaposin B initiation
site which is absent in the PEL K12 transcript. (C) Potential PEL K12
transcript ORFs. Potential ORFs (of at least 30 amino acids) which
initiate with CUG or GUG and include the DR1 repeats are indicated
by arrows. Kaposin A initiates with ATG. Some arrows represent two
potential ORFs with nearby initiation codons. Multiple potential
OREFs are present within the DR1 repeats in all reading frames but
only the largest such ORF for each reading frame is shown. The 5’
end of the transcript is at nt 123842 and the 3’ end is at nt 117432.
Genome coordinates are from BC-1 (26).
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TABLE 1. KSHV K12 type II element nucleotide variation®

nt at position:

KSHV K12
clement 10 12 13 17 20 29 31 38 53 79 80 81

IIa G G C G CCCAGTT C

1Ib G G CGCCcCCcGgATT C

IIc G G CGACCGATT C

II-BCI/BCBL-1> T C T A C A C G A

II-KS T C T A C C A G A

“ Numbers at the top indicate the nt number of the 81 nt type II elements. IIa,
IIb, and IIc are present in PEL cells, II-BC1/BCBL-1 is present in BC-1 (26) and
BCBL-1 (27) cells, and II-KS is present in a KS tumor (21).

® II-BC1/BCBL-1 also has nt A inserted between positions 31 and 32.

lacks any larger ORF in contrast to the PEL. Therefore, frame
2 and 3 K12 transcript ORFs which initiate upstream of the
DRI repeats differ significantly between the PEL and BCBL-1.
However, ORFs which initiate within the DR1 repeats are
shared between the PEL and BCBL-1 in all reading frames.

PEL tumor K12 sequence is a KSHV type B subgroup.
T0.7/K12 region sequences from geographically diverse KSHV
isolates have been subtyped based on variations at certain
nucleotides (between positions 1457 and 2104 in Fig. 2) (22).
Based on these variations, the PEL tumor sequence is a type
B3 subgroup and is the same as a PEL cell line, VG-1 (4) (Gary
Hayward, unpublished data), which was generated from the
same subject. Interestingly, four of six cDNAs had a G at
position 1583 (Fig. 2), similar to an earlier reported cDNA
sequence (35), but different from the A at this position in other
reported genomic sequences (21, 26), including VG-1. Two of
six cDNAs had an A at this position, suggesting that either
RNA editing was occurring or that a mutation occurred at this
site after infection of the subject. To further investigate this
phenomenon, high-fidelity PCR (Vent polymerase; New En-
gland Biolabs) of genomic DNA was performed on this region,
amplified DNA ligated into vector, and seven independent
clones sequenced. All seven clones had G at nt 1583. Although
RNA editing may be occurring, it is more likely that two closely
related viruses are present, since the VG-1 cell line derived
from the same patient has A at nt 1583 after PCR amplification
of genomic DNA. The G at position 1583 changes the kaposin
A codon to glycine from serine.

It is possible that the complex repeat elements upstream of
the DR2 repeats in the PEL K12 transcript, which are largely
absent in BCBL-1 (Fig. 3B), is a strain-related phenomenon.
BC-1, a KS tumor, and BCBL-1 have a similar genomic se-
quence in the region, which differs from the PEL, and are
KSHYV subtypes A2, A/C, and A3, respectively (22). In con-
trast, the PEL tumor is KSHV subtype B3.

Identification of the initiation site of the K12 message by
using 5" RACE and S1 analyses. Experiments were performed
to investigate whether the initiation site of the K12 transcript
extended upstream of the longest cDNA (Fig. 2, position 95)
(BC-1 genomic position 123749 [26]). 5" RACE was performed
on total RNA from PEL tumor cells. Seventeen clones con-
taining single K12 amplified inserts were obtained. Twelve
clones had similar sized inserts, one clone had a larger insert
and four clones had smaller inserts. Sequence analysis of 2 of
the 12 clones with similar size inserts demonstrated 5’ ends
corresponding to positions 90 and 95 of Fig. 2. Since the ma-
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FIG. 4. S1 nuclease protection assay to map the 5’ end of the K12
transcript. (A) Schematic diagram of the S1 nuclease protection assay.
The single-stranded [**P]UTP-radiolabeled RNA probe spans KSHV
(26) nt 123983 to 123303 and extends into the K12 intron (nt 123593 to
118800). After S1 nuclease digestion, a ~250-bp fragment is protected.
nt 123842 is the initiation site of the K12 transcript as determined by
S1 nuclease protection. The asterisk indicates the 2P radiolabel.
(B) S1 nuclease protection assay. Radiolabeled probe was incubated
with PEL tumor poly(A) RNA (lane 1), yeast RNA (lanes 2 and 3), or
alone (lane 4) and digested with S1 nuclease (lanes 1 and 2). The
protected ~250-nt fragment in lane 1 is indicated by the arrow.

jority of the 5" RACE clones were of similar size to these and
because these 5’ ends were near the positions mapped by the
cDNA:g, it was likely that reverse transcriptase tended to stall at
this region. Sequence analysis of the largest insert extended the
5’ end to position 44 of Fig. 2.

In order to further define the K12 transcript initiation site in
a reverse transcriptase-independent manner, S1 nuclease pro-
tection experiments were performed. A [**P]JUTP-radiolabeled
ribonucleotide probe antisense to the K12 transcript and span-
ning between BC-1 positions 123983 and 123303 (26) (Fig. 4A)
was hybridized to RNA and nonannealed, single-stranded re-
gions were then digested with S1 nuclease. PEL tumor RNA
(Fig. 4B, lane 1), but not yeast RNA (Fig. 4B, lane 2), pro-
tected a ~250-bp fragment in the presence of S1 nuclease. In
the absence of S1 nuclease (Fig. 4B, lanes 3 and 4) probe was
not digested and migrated near the gel origin. These results
extend the initiation site of the K12 transcript further upstream
at or near BC-1 position 123842 (position 1 in Fig. 2).

Splicing of the K12 transcript occurs in other KSHYV iso-
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FIG. 5. RT-PCR of the K12 transcript splice region. RT-PCR with
primers flanking the K12 splice sites amplify a 138-bp product after
splicing has occurred but would amplify a ~5-kb fragment in the
absence of splicing. Lanes: 1, PO (primers only); 2 to 6, PEL cell lines
BCBL-1, BC-1, BC-2, BC-3, and BCP-1, respectively; 7, PEL tumor; 8,
KS tumor; 9, IB4 EBV-infected (KSHV-uninfected) lymphoblastoid
cell line. Size markers are shown at the right in base pairs.

lates. Experiments were performed to investigate whether the
splicing event was unique to the PEL tumor or also occurred in
other KSHYV isolates. RT-PCR with primers flanking the splice
sites was performed on RNA from the PEL cell lines BCBL-1,
BC-1, BC-2, BC-3, and BCP-1 and a KS tumor. RT-PCR
amplified a 135-bp fragment from all PEL cell lines (Fig. 5,
lanes 2 to 6), the PEL tumor (Fig. 5, lane 7), and the KS tumor
(Fig. 5, lane 8), a finding consistent with the presence of the
splice junction. In the absence of splicing, the RT-PCR prod-
uct was expected to be ~5 kb. RT-PCR of an EBV-trans-
formed lymphoblastoid cell line which lacks KSHV, 1B4, did
not amplify a 135-bp fragment (Fig. 5, lane 9). These results
indicate that the K12 splicing event is common and perhaps
universal among KSHYV isolates, including in BCBL-1. How-
ever, it does not rule out the possibility that some transcripts
may lack the splicing event. The splice extends the transcrip-
tion initiation site significantly upstream (Fig. 3A).

A novel KSHV promoter drives K12 transcription. The re-
gion at the K12 transcriptional start site was assayed for pro-
moter activity (Fig. 6). Reporter —400 + 317Luc, which con-
tains 400-bp upstream and 317-bp downstream of the K12
transcription initiation site cloned upstream of the luciferase
reporter gene (Fig. 6A), produced ~150-fold activation in
BJAB cells compared to pGL2 vector alone (Fig. 6B). Trans-
fection of BJAB cells with —3,552+349LLuc, which contains
3,552 bp upstream and 349 bp downstream of the start site
upstream of luciferase (Fig. 6A), produced an activation 21-
fold greater than that produced by vector alone (Fig. 6B).
Reporter —3,552+180Luc, which contains 3,552 bp upstream
and 180 bp downstream of the K12 start site upstream of
luciferase (Fig. 6A), produced an activation 23-fold greater
than that produced with vector alone (Fig. 6B). Since
—3,552+349Luc and —3,552+180Luc had a lower activity
than did —400+317, sequence upstream of position —400
appears to dampen promoter activity. The promoter activity of
—400+317Luc, —3,552+349Luc, and —3,552+180Luc were
orientation specific since +317—400Luc, +349—3,552Luc, and
+180—3,552Luc, which contain the promoter in reverse orien-
tation relative to the luciferase gene (Fig. 6A), produced com-
paratively less or no activity (Fig. 6B).
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FIG. 6. Reporter assays of the K12 transcript promoter region.
BJAB (uninfected) cells were co transfected with a luciferase reporter
and a beta galactosidase expression vector. Luciferase values were
normalized by beta galactosidase activity. (A) Schematic diagram of
the K12 promoter region. The genome spanning between the Sacl
(nt 127393) and Sspl (nt 123494) is shown in relation to the KSHV
genome. K12 transcription initiates at nt 123842. Numbers indicate
genomic positions (26). K12 promoter reporter constructs are
shown. Promoter regions were cloned upstream (—400+317Luc,
—3,552+349Luc, and —3,552+180Luc) or in reverse orientation
(+317—400Luc, +349—3,552Luc, and +180—3,552Luc) of the lucif-
erase (Luc) reporter gene in the pGL2 vector. (B) Fold activation
of luciferase after transfection of pGL2 vector, —400+317Luc,
+317—400Luc, —3,552+349Luc, +349-3,552Luc, —3,552+180Luc,
and +180—3,552Luc into BJAB cells. The data shown are from four
experiments. The standard deviation is shown with error bars.

DISCUSSION

We investigated the KSHV K12 transcript from a PEL tu-
mor prior to passage in cell culture. In contrast to the BCBL-1
PEL cell line sequence (27), the K12 transcript contained ad-
ditional highly complex repeat elements (types I and II) (Fig.
2 and 3B) upstream of the DR2 repeats. It is possible that this
difference is due to KSHYV strain differences as evidenced by
their absence in non-subtype B KSHVs BCBL-1, BC-1, and a
KS tumor (21, 22), although further investigation is needed to
confirm whether this finding is a strain-related phenomenon.
The PEL K12 transcript was spliced, and the splicing event was
highly conserved among KSHV subtypes, including BCBL-1,
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as demonstrated by RT-PCR with primers flanking the splice
site (Fig. 5). Since the previously reported BCBL-1 transcript
(27) was unspliced, it is possible that there are two species of
BCBL-1 K12 mRNAs, one of which is unspliced, or that there
was incomplete 5" mapping of the BCBL-1 transcript. Consis-
tent with the finding of this splice junction in multiple isolates,
the canonical splice donor and acceptor sequences are pre-
served in all reported sequences of this region.

The absence of K12 signal on Northern blotting of the BC-1
and BCP-1 PEL cell lines and the relatively low K12 signal of
other PEL cell lines prior to TPA treatment (Fig. 1) raises the
possibility that passage in cell culture alters expression of the
K12 transcript. KSHYV latently infects the vast majority of cells
in KSHV-infected tumors or PEL cell lines, and only a small
percentage of cells undergo lytic KSHV infection. TPA treat-
ment of PEL cell lines dramatically increases the percentage of
cells undergoing lytic infection. The absent or low levels of K12
signal on Northern blots and the high level of induction after
TPA treatment are consistent with K12 transcript expression
during lytic infection in PEL cell lines. In contrast, in primary
KS tumors, in situ hybridization for K12 (T0.7) message dem-
onstrates signal in nearly all spindle cells (31, 32) and Northern
blotting of KS tumors detects K12 signal (27) consistent with
latent infection. Interestingly, Northern blot analysis of the
VG-1 PEL cell line, which was derived from the same tumor as
the primary PEL cells used in this work, had barely detectable
K12(T0.7) message. However, incubation of VG-1 cells with
TPA upregulated the VG-1 K12 message to a level similar to
that of the PEL tumor (data not shown). LANAI expression
was present in the majority of PEL tumor cells (14), a finding
consistent with latent infection, so it is unlikely that the
K12(T0.7) message in the PEL tumor cells resulted from lytic
infection.

Despite the sequence variation upstream of the DR2 re-
peats, complete DR2 and DR1 sequence identity was main-
tained between the PEL tumor and BCBL-1. In fact, all re-
ported sequences of these repeat elements are identical. DR2
and DR1 each encode different repetitive 23-amino-acid se-
quences that each remain the same in all reading frames (27).
Since nucleotide sequence alterations can easily disrupt the
amino acid sequence in at least one reading frame, the nucle-
otide sequence identity is essential to maintaining amino acid
sequence identity in all reading frames. Therefore, DR2 and
DR1 sequence identity among KSHV subtypes is consistent
with an underlying importance for the virus’s ability to express
these proteins from all reading frames. This finding combined
with the low conservation of sequence upstream of the DR2
elements, including the absence of the BCBL-1 kaposin B
initiation codon in the PEL tumor, suggest that expression of
the DR2 and DRI repeat elements is of primary importance
regardless of which initiation codons are used to express them.
In fact, kaposin B, the BCBL-1 predominant K12 message
expression product, is almost completely comprised of DR2
and DRI repeats (27). Interestingly, although the number of
DR2 and DRI repeat elements vary significantly between
KSHYV subtypes, the ratio of DR2 to DR1 elements tends to
remain at about 1 to 2. BC-1 contains 7 DR2 and 13 DRI1
elements, BCBL-1 contains 17 DR2 and 39 DRI, a KS se-
quence contains 11 DR2 and 17 DR1 elements, and the PEL
tumor contains 9 DR2 and 20 DR1 elements (Fig. 2) (21, 26,
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FIG. 7. Schematic diagram of the K12 promoter region from —400
to +317. The arrow indicates the transcription initiation site. Potential
transcription factor binding sites are indicated. The BC-1 genomic
coordinates are also given (26).

27). Maintenance of this ratio of DR2 to DR1 repeats may be
important for proper folding or structure of the proteins.

Reporter assays revealed potent promoter activity in the
region surrounding the K12 transcriptional start site. This start
site is located in the 3’ end of ORF73 (LANAI, LNA, and
LNA1) and just upstream of ORF72 (v-cyclin) (Fig. 3A). Of
note, despite the proximity to the K12 promoter, ORF72 is
expressed from a promoter upstream of LANAI as part of a
multicistronic transcript (12, 28). A TATA box is located ~35
nt upstream of the K12 start site and a CAAT element at ~25
nt upstream of the start site (Fig. 7). The —400+317Luc re-
porter exerted robust activity in BJAB cells (Fig. 6B). Consis-
tent with the strong promoter activity of —400+317Luc, there
are multiple potential transcription factor binding sites located
both upstream and downstream of the transcription initiation
site, including sites for SP1, NF-kB, Octl, and AP-1 (Fig. 7).
The multiple AP1 sites are consistent with the promoter’s
responsiveness to TPA (Fig. 1) (27). Regulation of the pro-
moter activity also appears to be exerted by sequences more
than 400 bp upstream of the start site since inclusion of such
sequence in —3,552+349Luc and —3,552+180Luc resulted in
reduced reporter activity (Fig. 6B).

The K12 locus is clearly complex. It encodes many potential
OREFs, but the relative importance of the different ORFs is not
clear. In fact, although kaposin A has multiple functions (17,
19, 20, 34), the role(s) of the DR2/DR1-containing proteins
remain to be defined. The conservation of DR2 and DRI
repeat sequences among KSHV subtypes is consistent with
important function(s) exerted by these proteins, which future
work should elucidate.
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