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Abstract

Kaposi's sarcoma-associated herpesvirus (KSHV), also known as human herpesvirus 8, is associated
with several malignant disorders, including Kaposi's sarcoma, primary effusion lymphoma (PEL)
and multicentric Castleman's disease. An early lytic gene of KSHV encodes vIL-6, a viral homolog
of the pro-inflammatory cytokine and an autocrine/paracrine growth factor human interleukin 6. In
this study, we examined the effects of suppressing vIL-6 expression in PEL cells with antisense
peptide-conjugated phosphorodiamidate morpholino oligomers (PPMO). PPMO are single-stranded
DNA analogues that have a modified backbone and enter cells readily. Treatment of PEL cells with
aPPMO designed against vIL-6 mRNA led to a marked reduction in the proportion of vIL-6-positive
cells detected by immunofluorescence assay. Analysis by Western blot confirmed a specific reduction
in the vIL-6 protein level, and demonstrated that the reduction was dependent on the dose of vIL-6
PPMO. PEL cells treated with the vIL-6 PPMO exhibited reduced levels of cellular growth, IL-6
expression and KSHV DNA, as well as an elevated level of p21 protein. Treatment of PEL cells with
a combination of two vIL-6 PPMO compounds targeting different sequences in the viL-6 mMRNA led
to an inhibitory effect that was greater than that achieved with either PPMO alone. These results
demonstrate that PPMO targeting vIL-6 mRNA can potently reduce vIL-6 protein translation, and
indicate that further exploration of these compounds in an animal model for potential clinical
application is warranted.
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INTRODUCTION

Kaposi's sarcoma-associated herpesvirus (KSHV) is a member of the gamma herpesviruses
and is closely related to Herpesvirus Saimiri (HVS) and Epstein-Barr virus (EBV) (1). KSHV
is a double-stranded DNA virus encoding over 80 genes (2). The KSHV gene product vIL-6
has been implicated in the pathogenesis of KSHV-associated lymphoproliferative disorders,
such as Primary Effusion Lymphoma (PEL) and Multicentric Castleman's Disease (MCD)
(3,4). PEL is a type of B-cell lymphoma known to invade the pleural, pericardial, and peritoneal
cavities (5). MCD is characterized by multi-systemic lesions and adenopathy (6). Although the
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use of highly active anti-retroviral therapy (HAART) has resulted in a reduced incidence of
Kaposi's sarcoma (KS) in industrialized countries, it remains one of the most common
malignancies in patients with AIDS (7). Current anti-herpesvirus drugs such as ganciclovir,
cidofovir, and foscarnet offer little benefit against either KS and PEL (8,9) because these drugs
target KSHV lytic replication, while most tumor cells are latently infected. Thus, drugs
effective against KSHV in its latent stage, as well as its lytic stage, may offer significant benefits
for the treatment of KSHV-associated malignancies.

KSHV ORF-K2 encodes vIL-6, a homolog of human IL-6 (hIL-6) (3,4). hIL-6 is an important
autocrine/paracrine growth factor and is expressed at a relatively high level in some types of
lymphoma and leukemia (10-12). Typically, vIL-6 is expressed in only a few cells of KS
lesions, but in a greater number of cells in PEL and MCD lesions, indicating a role of vIL-6 in
the KSHV-associated lymphoproliferative disorders (13-16). hlL-6 and vIL-6 exhibit
differences in receptor usage, with hlL-6 having an absolute requirement for both the gp80 and
gp130 subunits of the IL-6 receptor, while vIL-6 apparently requires only gp130 (17).
Nevertheless vIL-6 can stimulate all of the known IL-6-induced signaling pathways (17,18)
and has been shown to induce the expression of hIL-6 (19). Studies in vitro and in vivo have
shown that vIL-6 can stimulate the growth of KSHV-infected lymphoma cells, promote
hematopoiesis, and act as an angiogenic factor through the induction of VEGF (20-23).
Intracellular retention and neutralization of vIL-6 with a single-chain antibody inhibited vIL-6-
mediated growth of PEL cells and blocked STAT3 phosphorylation in the human hepatoma
cell line HepG2 (24). Thus, vIL-6 is a multifunctional cytokine that likely contributes to KSHV-
associated lymphoproliferative disorders. Two distinct non-spliced viL-6 mRNA of 0.95 and
1.1 kb are produced in KSHV-infected PEL cells (25). Two forms of vIL-6 mMRNA are
transcribed; one initiates at nucleotide (nt) 17980 and the other at nt 18128. Both transcripts
end at nt 17182 of the KSHV genome (2).

Phoshorodiamidate morpholino oligomers (PMO) are single-stranded DNA analogs that
contain a backbone of morpholine rings and phosphorodiamidate linkages (26). PMO bind to
complementary target mRNA by Watson-Crick base pairing and exert an antisense effect by
preventing access to critical segments of RNA sequence, such as a translation initiation site,
through steric blockade. This is a distinctly different process than the RNase H-dependent
mechanism induced by antisense based on DNA chemistry, such as phosphorothioate DNA
(26). It has been shown that PMO conjugated to short arginine-rich peptides have a significantly
higher efficiency of delivery into cells in culture than do non-conjugated PMO (27). Peptide-
conjugated PMO (PPMO) was found to be fairly stable in human serum for at least 24 h (28).
Sequence-specific antiviral efficacy of PPMO has been documented against a number of
viruses in cell cultures (29-35), and in murine models against Ebola Virus (36), Coxsackievirus
B3 (37), murine Coronavirus (38), and West Nile virus (39). In this study, we explored the
effects of blocking vIL-6 expression with PPMO in KSHV-infected PEL cells.

Inaprevious study (33), we documented the efficacy of PPMO designed against mRNA coding
for KSHYV replication and transcription activator (RTA) and latency-associated nuclear antigen
(LANA). An RTAPPMO suppressed RTA protein expression and downstream KSHV proteins
in a dose-dependent and sequence-specific manner. KSHV lytic replication was also inhibited.
Treatment of BCBL-1 cells with LANA PPMO resulted in a reduction of LANA expression.
Considering the important role of vIL-6 in KSHV replication, we sought to explore PPMO
technology as a means to reduce vIL-6 expression, with an eye towards development of a
therapeutic strategy to treat KSHV-associated malignant diseases.

In the present study, we evaluated four PPMO targeting various regions of vIL-6 transcripts
and found that three of the four effectively inhibited vIL-6 expression, as evaluated by
immunofluorescence assay and Western blotting. The inhibition of vIL-6 expression in turn
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led to reductions of hIL-6 level and KSHV yield in BCBL-1 cells, and to the growth rate of
BCBL-1 cells, as well as to an up-regulation of p21 expression.

MATERIALS AND METHODS

Cells and viruses

KSHV-infected cells BC-1 (EBV-positive) and BCBL-1 (EBV-negative) were derived from
body cavity-based lymphomas (40,41). BJAB is a KSHV-and EBV-negative lymphoma cell
line (42). All cell lines were maintained in RPMI 1640 medium supplemented with 10% fetal
bovine serum. For induction of KSHV lytic replication, TPA (12-O-tetratdecanoylphorbol 13-
acetate) (Sigma, St Louis, MO) was added to the cell growth medium to a final concentration
of 20 ng/mL.

PPMO design and synthesis

PMO were produced at AVI BioPharma Inc. (Corvallis, OR) as previously described (43).
Each PMO was covalently conjugated at the 5’ end to one of the peptides, NH»-RgFoR4C-
CONH, or NH»-(RXR)4XB-COOH (where R = arginine, F = phenylalanine, C = cysteine, X
= 6-aminohexanoic acid, and B = B-alanine) (abbreviated P4 and P7, respectively), to make
PPMO. The conjugation, purification, and analysis of PPMO compounds were similar to
methods described elsewhere (27,44). PPMO were designed to be complementary to specific
KSHYV vIL-6 RNA sequences.

The PPMO sequences used in this study and their target sites are defined in Table 1 and depicted
in Figure 1. A random sequence PPMO (named ‘CP1’), having little agreement with KSHV

or human mRNA sequences, was conjugated to either P4 or P7 peptide and used as negative

control PPMO.

PPMO treatment of KSHV-infected PEL cells

Treatment of KSHV-infected BC-1 and BCBL-1 cells was conducted as reported previously
(33). Briefly, the cells were pelleted and resuspended in RPMI 1640 medium supplemented
with 100 ug/mL BSA, and plated in a 12-well cell culture plate. PPMO was immediately added,
mixed, and incubated for 4 h at 37°C. Growth medium was then added to a final volume of 1.5
mL per well. For those cells to be induced with TPA, the medium was supplemented with TPA
at 20 ng/mL. The cells were incubated for 48 h at 37°C and both cells and culture supernatants
then harvested for further analysis.

Immunofluorescence assay (IFA)

IFA was utilized to detect KSHV proteins in cells as described previously (33). Briefly, cells
were pelleted, rinsed in PBS three times, and spotted onto Teflon-coated slides. The slides were
air dried, fixed with 1% paraformaldehyde for 10 minutes, and treated with 0.5% Triton X-100
for 5 minutes at room temperature. Rabbit anti-vIL-6 antibody (Advanced Biotechnologies
Inc., Columbia, MD) was used to detect vIL-6 expression in PEL cells. Goat anti-rabbit
IgGFITC (Sigma) conjugate was used to identify specific reactions between primary antibody
and target protein. The stained cells were observed under fluorescence microscopy.

Western blot analysis

Expression of vIL-6 protein in KSHV-infected cells was detected by Western blot. BCBL-1
cells were lysed and resolved in 12% polyacrylamide gels by SDS-PAGE. The separated
proteins were transferred to nitrocellulose membrane, probed with rabbit anti-vIL-6 antibody
and goat anti-rabbit 1gG conjugated with horseradish peroxidase (Sigma), and revealed with
the addition of chemiluminescence substrate. Chemiluminescence signals were collected in
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ChemiDoc digital imaging system (Bio-Rad Laboratories, Hercules, CA). Beta-tubulin was
detected on the same blot membrane to normalize the protein loading in the blot analysis.
Similarly, p21 protein in PEL cells was detected with mouse anti-p21 monoclonal antibody
(Invitrogen, Carlsbad, CA). Digital image analyses were conducted using Quantity One
software (Version 4.4) (Bio-Rad).

Detection of hiL-6 in BCBL-1 culture supernatant

PPMO was added to BCBL-1 cells and culture supernatant was harvested 48 h later. IL-6 level
in the supernatant was analyzed by IL-6 EIA kit (Assay Designs, Ann Arbor, Michigan) to
assess hIL-6 expression under the different treatment conditions. Standard curve of 1L-6
concentration was generated with IL-6 supplied in the kit per manufacturer’s instructions.
BCBL-1 cells with or without TPA induction were included as controls.

Cell viability assay

The viability of BCBL-1 cells after PPMO- or mock-treatment was determined with CellTiter-
Glo® Luminescent Cell Viability Assay (Promega, Madison, WI). Briefly, BCBL-1 cells were
treated with ILP1 or CP1 and cultured for 24 h. No TPA was included in the culture medium.
CellTiter-Glo reagent was added and incubated for 10 min at room temperature. The
luminescence signal was measured with a VICTOR3™ Multilabel Counter (PerkinElmer Life
and Analytical Sciences, Wellesley, MA). Relative percentages of luminescence intensity were
calculated by comparison to mock-treated controls.

Statistical analysis

A single factor ANOVA statistical analysis was conducted to test differences between the
treatment groups. A two-tailed P value of less than 0.05 was considered to be a significant
difference.

DNA isolation and real-time PCR

RESULTS

Genomic DNA from cell culture supernatant was isolated using DNAzol (Invitrogen) and DNA
from cells with Wizard Genomic DNA Purification Kit (Promega). Real-time PCR was
conducted with a Chromo 4 Detector system (Bio-Rad) using a primer set (73-RF2, 5’ TGACT
TCGCC AACCG TAG 3’ and 73-RR2, 5" CCTAT GGAGA TGGGA GATGT AG 3’) that
was expected to amplify sequence in the ORF73 gene, and iQ SYBR Green Supermix (Bio-
Rad). A recombinant plasmid pcDNA3.1/His-ORF73 was quantified and used to generate
standard curves for the real-time PCR. DNA of B-actin was also amplified from the cellular
DNA in order to assure normalized quantitative PCR detection of KSHV DNA from cells.

Design of PPMO against KSHV vIL-6 transcripts

A 21mer PPMO (ILP1) complementary in sequence to the ORF-K2 translation initiation region
(Table 1 and Fig. 1) was prepared for use in initial cell-culture studies as a P4-PMO. Two
transcripts of different lengths encoding vIL-6 have been found in KSHV-infected PEL cells
(25). These two transcripts have the same 3’ terminus but different 5’ transcription start sites,
leading to 148 nucleotides difference in the length of 5” untranslated region (UTR). PPMO
ILP2, ILP3, and ILP4 were were prepared as P7-PMO and designed to target various other
sites in the 5’UTR of the vIL-6 transcripts (Fig. 1), with the intention of further exploring
PPMO-mediated inhibition of vIL-6 expression. Specifically, ILP2, a 23mer, is contiguously
complementary to the 17 nucleotides at the 5’-terminus of the longer transcript and 6
nucleotides of KSHV DNA immediately upstream of the transcription start site of the longer
vIL-6 transcript; ILP3 is complementary to sequence of the longer transcript located
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immediately upstream of sequence corresponding to the 5’terminus of the shorter transcript,
and ILP4 is complementary to sequence found in the 5’UTR of both the shorter and the longer
transcripts..

IFA detection of PPMO-mediated reduction of vIL-6 protein expression in KSHV-infected PEL

cells

Initially, ILP1 PPMO was tested for its effect on vIL-6 protein expression. BCBL-1 cells were
treated with ILP1 or CP1 at 8 and 16 uM. Growth medium containing TPA was added to
BCBL-1 cells to induce KHSV lytic replication. After two-days in culture, a portion of the
cells were fixed for IFA to determine the vIL-6 protein expression after PPMO treatment.
Another portion was harvested for SDS-PAGE and Western blot analysis. In a separate
experiment, ILP2, ILP3, ILP4, and CP1 were used to treat BCBL-1 cells in a similar manner.

Observation by fluorescence microscopy revealed that after TPA induction approximately 16%
of BCBL-1 cells expressed vIL-6 (Fig. 1B). In non-induced BCBL-1 cells, approximately 1%
of cells were vIL-6-positive, indicating spontaneous KSHV lytic replication was occurring in
only a small number of cells, as expected. In TPA-induced cells, treatment with 16 uM I1LP1
PPMO resulted in 4% vIL-6-positive cells, compared to 13% for cells treated with 16 uM CP1
PPMO (Fig. 1B). Pursuant to this observation, ILP2, ILP3, and ILP4 were used to treat BCBL-1
cells. Cells treated with ILP2, ILP3, and ILP4 had approximately 10%, 4%, and 3%,
respectively, vIL-6-positive cells. The results demonstrated that treatment with ILP1, ILP3,
and ILP4, but not ILP2, substantially reduced vIL-6 protein expression.

Western blot detection of PPMO-mediated inhibition of vIL-6 protein expression in PEL cells

Having observed reduction of vIL-6 expression in PPMO-treated BCBL-1 cells by IFA, we
conducted Western blot analysis to confirm and further characterize PPMO suppression of
VIL-6 protein level in the cells. Total cell lysates were prepared from BCBL-1 cells treated
with ILP1 PPMO and subjected to SDS-PAGE and Western blotting with vIL-6 antibody. In
comparison with the mock-treated control, treatment of BCBL-1 cells with ILP1 decreased
VIL-6 protein expression, while treatment with CP1 resulted in no detectable change (Fig. 2A).
Quantitative image analysis revealed that 8 and 16 uM ILP1 PPMO reduced vIL-6 expression
by approximately 60% and over 90%, respectively, compared to mock-treated control (Fig
2A). This result confirmed the IFA observation and demonstrated that ILP1 inhibited vIL-6
expression in a sequence-dependent manner.

Samples from cells treated with PPMO ILP2, ILP3, and ILP4 were also evaluated for reduction
of vIL-6 protein level. Western blot analysis showed that ILP3 and ILP4 treatment reduced
vIL-6 protein expression, while ILP2 had no inhibitory effect (Fig. 2B). Quantitative image
analysis revealed that treatment of BCBL-1 cells with ILP3 and ILP4 at 16 pM led to reduction
of vIL-6 protein level by 79% and 99%, respectively, compared to mock-treated control (Fig.
2B).

Inhibition of vIL-6 expression by PPMO in BC-1 cells. PEL cells can be infected by both KSHV
and EBV. To assess the inhibitory effect of PPMO on vIL-6 expression in such PEL cells, we
conducted PPMO treatment of BC-1 cells in the same manner as that described above for
BCBL-1 cells. IFA showed that after TPA induction and ILP1 treatment, the number of vIL-6-
positive BC-1 cells was markedly reduced (data not shown).

Western blot analysis confirmed that treatment of BC-1 cells with ILP1 resulted in reduced
VIL-6 protein expression, while CP1-treated cells had a similar vIL-6 level to that of the mock-
treated control (Fig 2C). Quantitative image analysis revealed that treatment of BC-1 cells with
8 and 16 pM ILP1 led to 77% and 85% reduction of vIL-6 protein level, compared with the
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mock-treated control (Fig. 2C). This result demonstrates that ILP1 is effective at inhibiting
VIL-6 protein expression in BC-1 cells and that the effectiveness of this PPMO is not cell-line
specific.

Combinatory effect of PPMO against vIL-6. To determine whether combination of two PPMO
compounds against vIL-6 would yield significantly higher inhibition than either PPMO alone,
we tested treatment of BCBL-1 cells with ILP3 and ILP4, individually and together. Western
blot analysis and quantitative image analysis of the blot (Fig. 2D) show that a combination
treatment with ILP3 and ILP4, each present at 2 uM (lane 9), led to a significantly lower level
of vIL-6 protein than either PPMO alone at 2 uM (compare lane 9 with lane 3 or 6). Treatment
with 4 uM ILP4 resulted in a far lower level of vIL-6 expression than did treatment with 4
uM ILP3. Together, the results suggest that a combination of ILP3 and ILP4 PPMO compounds
produced an enhanced inhibition of vIL-6 expression in BCBL-1 cells.

These results indicate that ILP1, ILP3, and ILP4 inhibited vIL-6 protein expression in BCBL-1
cells in a sequence-specific manner. Since these three PPMO produced a similar level of
inhibitory effect on vIL-6 protein expression, and the ILP1 PPMO contained the same peptide
as those PPMO used in our previous study (33), we chose ILP1 to conduct further analysis of
the effects of vIL-6 PPMO on KHSV-infected PEL cells.

PPMO effect on hIL-6 expression

Since vIL-6 is both a structural and functional homolog of hIL-6, and the presence of vIL-6
has been shown to up-regulate the expression of hlL-6 (19), we sought to determine if
suppression of vIL-6 could lead to a reduction of hIL-6 expression. As hlL-6 is a secreted
cytokine, supernatants from each well of PPMO-treated BCBL-1 cells were analyzed with an
IL-6 EIA kit (Assay Designs).

After TPA induction in BCBL-1 cells, hlL-6 expression was elevated approximately 6-fold
(Fig. 3A), as expected. Treatment of the cells with 16 uM ILP1 led to ~2-fold reduction of
hIL-6, while the cells treated with CP1 exhibited similar level of hIL-6 as the TPA-induction
control. Thus, ILP1-mediated inhibition of vIL-6 in BCBL-1 cells resulted in a substantial
reduction of hIL-6 expression.

Reduction of growth of BCBL-1 cells

IL-6 is thought to play an important role in the growth of KSHV-infected PEL cells.
Intracellular retention of single chain anti-vIL-6 antibody in BCBL-1 cells inhibited growth
(24). Since vIL-6 expression was inhibited by vIL-6 PPMO, we sought to test whether ILP1
treatment could result in inhibition of growth of PEL cells. BCBL-1 cells were treated with
ILP1, with no TPA induction. BJAB cells were treated in the same manner and included as a
control. At 24 h after PPMO treatment, a cell-viability assay was conducted. Treatment of
BCBL-1 cells with 8 uM ILP1 led to an approximately 2-fold reduction of cell growth (Fig.
3B). The application of ILP1 or CP1 to BJAB cells did not have an observable effect on cell
growth (Fig. 3C).

Elevation of p21 level in PPMO-treated BCBL-1 cells

Since treatment of BCBL-1 cells with ILP1 led to reduction of cell growth, and p21 is a cyclin-
dependent kinase inhibitor in cell cycle regulation, we sought to evaluate the effect of ILP1
treatment on p21 protein expression. Western blotting demonstrated that p21 level in BCBL-1
cells after ILP1 treatment was elevated (Fig. 4). Quantitative image analysis showed that the
p21 protein level in cells treated with ILP1 was 13-fold higher than that in the mock-treated
control. The result indicates that ILP1 treatment led to an up-regulation of p21 expression,
which we assume could have an impact on cell growth.
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PPMO effect on KSHV replication

As an early lytic gene, vIL-6 likely plays an important role in maintaining PEL cell growth.
Therefore, suppression of vIL-6 expression could be expected to have an effect on KSHV lytic
replication. To test this speculation, BCBL-1 cells were treated with ILP1 and CP1 and treated
with TPA to induce KSHYV lytic replication. Cell culture supernatant and cells were harvested
for DNA isolation. Cells without TPA induction were included for comparison. To measure
KSHV DNA level, real-time PCR was conducted with DNA from intracellular and cell culture
supernatant samples. In this experiment, TPA induction led to an elevation of KSHV viral
DNA level by 3.0- and 3.3-fold in cells and culture supernatants, respectively (Fig. 5). Cells
treated with CP1 had a viral DNA level similar to the background level observed in the mock-
treated samples. The intracellular and supernatant levels of KSHV DNA from cells treated with
ILP1 at 16 uM was 2.2- and 2.1-fold lower, respectively, than those of mock-treated controls
(Fig. 5). The result indicates treatment with ILP1 resulted in reduction of KSHV replication in
BCBL-1 cells.

DISCUSSION

In this study, we show that vIL-6 PPMO treatment inhibited vIL-6 protein expression in two
lines of KSHV-infected PEL cells, BCBL-1 and BC-1. In addition, the antisense-mediated
inhibition of vIL-6 expression was sequence-specific, as both the control PPMO CP1 and the
ILP2 PPMO had minimal effect.

Two species of vIL-6 transcript are produced in BCBL-1 cells, with one transcript 148
nucleotides longer in the 5’UTR than the other (25). PPMO were designed to complement the
two types of transcripts at different target sites. ILP1 and ILP4 are fully complementary to both
species of transcripts and were shown to be effective inhibitors of vIL-6 expression. ILP3
complements only the longer vIL-6 transcript, suggesting that the vIL-6 protein in ILP3-treated
cells was produced at least partially from translation of the shorter vIL-6 transcript. These
results suggest that both vIL-6 transcripts are translated in TPA-induced BCBL-1 cells.
However, the possibility that ILP1 and ILP4 are simply more effective than ILP3 at blocking
translation of the longer mMRNA transcript cannot be excluded.

IL-6 is believed to be an important growth factor in KSHV-infected PEL cells (12,45).
Apparently as a result of vIL-6 reduction, the h1L-6 level in BCBL-1 cells was decreased (Fig.
3A). Pursuant to this finding, we further conducted cell growth assays in the presence and
absence of ILP1 PPMO. The growth assays were done without TPA induction, to avoid any
effect from KSHV lytic replication. The growth of BCBL-1 cells was reduced after treatment
with ILP1 (Fig. 3B). This result is consistent with a previous report that vIL-6 induces the
expression of hlL-6 (19). Further, it indicates that even if it is expressed in less than 5% of the
cells, vIL-6 plays a role in maintaining BCBL-1 cell growth, suggesting a paracrine mechanism
for its activity. The result here showing BCBL-1 growth inhibition by vIL-6 PPMO is consistent
with a previous finding that intracellular retention and neutralization of vIL-6 by a single-chain
anti-vIL-6 antibody inhibited BCBL-1 cell growth (24).

It was previously reported that clonal growth of KS-1 and BC-1 cells was inhibited by hiL-6
antisense phosphorothioate oligonucleotides, but not by vIL-6- or IL-10-directed
phosphorothioates (45). We obtained different results using PPMO vIL-6 antisense, perhaps
because of the different chemistries of the antisense structural types employed, or because the
exact vIL-6 target sequences varied between the two studies.

p21 is an important inhibitor of cyclin-dependent kinase, and the upregulation of this protein
may have an impact on cell growth. An elevated p21 level may lead to growth arrest. IL-6 is
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a growth factor, and its reduction may lead to increased p21 expression. However, our result
does not represent a causal link between the relative expression of IL-6 and p21 proteins.

In PEL cells, TPA induction activates KSHV lytic replication (41). Due to the important role
of vIL-6 in BCBL-1 growth, we speculated that vIL-6 blockade may have a negative
consequence for KSHV replication. Using real-time PCR, we found that both intracellular and
extra-cellular KSHV DNA vyield in BCBL-1 cells was reduced after ILP1 treatment. Since the
expression of vIL-6 is downstream of RTA, an immediate early gene in KSHV lytic replication,
vIL-6 blockade may not have a direct effect on the KSHV lytic cascade. In addition, protein
expression of KSHV RTA, vIRF-1, K8.1A, and LANA were not affected by a reduction of
vIL-6 protein expression (data not shown).

Our earlier study showed that PPMO can specifically suppress protein expression of KSHV
RTA and LANA (33). Application of RTA-specific PPMO to BCBL-1 cells resulted in
inhibition of KSHV viral DNA levels in intracellular and culture supernatant samples. In the
present study, we observed that vIL-6 PPMO treatment produced effective inhibition of vIL-6
protein expression and that treatment with the vIL-6 PPMO produced a higher inhibition of
VIL-6 protein production than that of RTA PPMO treatment (data not shown). This observation
indicates that, not surprisingly, directly targeting vIL-6 transcripts with PPMO produces more
effective inhibition than blocking expression of an upstream gene.

Current anti-herpesvirus drugs target the Iytic rather than the latent phase of herpesvirus
replication, and it has been reported that cidofovir and foscarnet are the most efficient
commercially available compounds against KSHV (46-48). Cidofovir and foscarnet have no
effect on expression of latent or early lytic genes (49), as these drugs are inhibitors of the viral
DNA polymerase, and transcription of early lytic genes occurs before DNA replication in
KSHV. Early lytic genes such as vIL-6 play important roles in KSHV replication and
pathogenesis (16,20,21). Blocking expression of these genes could contribute to the treatment
of KSHV-associated malignancies. Our results indicate that vIL-6 may be an effective target
for controlling PEL cell growth, which may have positive implications for managing KSHV-
induced lymphoma development. Further studies to investigate the capacity of PPMO
compounds to block lymphoma development in a SCID mouse model of PEL are warranted.
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viral homolog of human IL-6; RTA, replication and transcription activator; LANA, latency-
associated nuclear antigen; ILP1, PPMO 1 against vIL-6; CP1, control PMO..
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Fig. 1. Schematic of PPMO against viL-6 and immunofluorescence assay of inhibition

A. Schematic of the KSHV genome, vIL-6 mRNA transcripts and location of PPMO targets.
The numbers above the transcript lines indicate nucleotide positions in the KSHV genomic
sequence. PPMO ILP1, ILP2, ILP3, and ILP4 are antisense to vIL-6 mRNA and are shown
below the transcripts. TR: terminal repeat. The two vIL-6 transcripts have 5’UTRs of differing
lengths, but the same coding region and 3’ UTR.

B. Inhibition of vIL-6 expression in BCBL-1 cells detected by immunofluorescence assay with
rabbit anti-vIL-6 antibody. Cells were treated with ILP1, ILP2, ILP3, ILP4, or CP1 PPMO (16
M) and induced with TPA, as described in text. The lower image panel was taken with a DAPI
filter to reveal all cells. The percentage of vIL-6-positive cells in the samples of the upper panel
is reported below the lower panel.
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Fig. 2. Suppression of vIL-6 expression in PEL cells by PPMO treatment

A. Western blot analysis of vIL-6 expression in BCBL-1 cells. The same blot was incubated
with an anti-p-tubulin antibody as a protein loading control. Mock-treated cells are also
included for comparison. Quantitative digital image analysis confirms the dose-responsive
inhibition of vIL-6 expression in BCBL-1 cells by ILP1. The vIL-6 expression in cells treated
with PPMO is shown as a relative percentage of the mock-treated control.

B. Western blot of BCBL-1 cells treated by PPMO ILP2, ILP3, and ILP4. Quantitative image
analysis confirms the inhibition of vIL-6 expression in BCBL-1 cells by ILP3 and ILP4.

C. Suppression of vIL-6 expression in BC-1 cells by PPMO ILP1 treatment. Quantitative image
analysis confirms the ILP1-mediated inhibition of vIL-6 expression in BC-1 cells. D. Western
blot of BCBL-1 cells after combinatory treatment with ILP3 and ILP4. Quantitative image
analysis confirms that inhibition of vIL-6 expression was enhanced when ILP3 and ILP4 were
used together.
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Fig. 3. ILP1 PPMO treatment of BCBL-1 cells reduces hlL-6 expression and cell growth

A. Reduction of hIL-6 expression in BCBL-1 cells after ILP1 treatment. Cells were mock-
treated or treated with indicated PPMO, and induced with TPA. Cell culture supernatants were
harvested to detect hlL-6 level with EIA. The level of hIL-6 in culture supernatants are
expressed as the fold-change relative to the mock treated control. A representative experiment
is shown.

B. Reduction of BCBL-1 cell growth after ILP1 treatment. BCBL-1 cells were treated with
indicated PPMO and incubated in the absence of TPA. Cells were then assayed for viability.
The results are presented as the relative percentage of viable cells as compared to the mock-
treated control, which is set as 100%. The average of three tests is shown and the error bar
represents variation among the experiments.

C. ILP1 treatment had no effect on BJAB cells. BJAB cells were treated with ILP1 PPMO in
a manner similar to that of BCBL-1 cells above. Cell viability assay results are reported as in
Fig. 3B.
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Elevation of p21 expression after ILP1 PPMO treatment. Western blot of BCBL-1 cell samples
treated as indicated was conducted with p21 antibody. The same blot was stripped and then
incubated with an anti-B-tubulin antibody as a protein loading control. A graphic illustration
of quantitative image analysis of the blot is shown. The p21 level of each sample is represented
as the relative-fold-increase compared to that of the mock-treated control.
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Fig. 5.

Decrease of extra-cellular (A) and cell-associated (B) KSHV DNA level detected by real-time
PCR. BCBL-1 cells were treated with PPMO and harvested at 72 h post treatment. DNA was
isolated from culture supernatant and from cells. Viral DNA in samples is shown as copies in
logyg. The average of three experiments is shown and error bars indicate variations of the
averages of all three experiments. Real-time PCR was performed with primers from ORF73
and normalized with p-actin, as described in Methods.
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Table 1
PPMO sequences and target sites
PPMO PPMO sequence (5’ to 3') Position” relative to start PPMO target site region
codon of ORF-K2

||_p1,*T GCGGCATACACTAGCCGGTGG -14t0 7 ORF-K2 translation initiation site
|Lp2¢ GAAACACGTCACACGCAAAGTCA —243t0 219 5’ UTR of vIL-6 mRNA

||_|:33t ACGCCGTATCCGAACTCTGAGT —106 to —84 5" UTR of viL-6 mRNA

|Lp4¢ AGCGGGAGTTACGAAGTCTCAC —42 to —20 5’ UTR of vIL-6 mRNA

Cp1§ GATATACACAACACCCAATT None nonsense sequence control

*
The underlined nucleotides correspond to the AUG translation initiation codon of vIL-6 mRNA.
7‘Prepared with the peptide R5F2R4C (P4) conjugated to the PMO at 5’ end.

iPrepared with the peptide (RXR)4XB (P7) conjugated to the PMO at 5’ end.

§Two PPMO versions prepared, one conjugated to P4 and the other to P7.

//GenBank accession number for the KSHV genome sequence is U75698. The position numbers indicate PPMO target sites relative to the ORF-K2 AUG

translation initiation codon in vIL-6 mRNA.
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