with DC protein assay reagent (Bio-Rad Laboratories, Hercules,
CA, USA). Cell lysates or supernatants were heat-denatured,
resolved by 10% SDS-PAGE, and electrotransferred to PVDF
membrane (Millipore, Billerica, MA, USA). The membranes
were blocked in TBS-Tween 20 (10 mM Tris [pH 7.4], 150 mm
NaCl, and 0.1% Tween 20) containing 5% non-fat milk for 2 h
at room temperature and incubated overnight at 4°C with pri-
mary antibodies: anti-SPARC (Haematologic Technologies,
Essex Junction, VT, USA), anti-p53 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), anti-ERK (Cell Signaling Technology,
Beverly, MA, USA), and anti-B-actin (Sigma), followed by reac-
tion with HRP-conjugated secondary antibody (Jackson Immuno
Reseach, West Grove, PA, USA). In addition, polyclonal HRP-
conjugated anti-p21 antibody (Santa Cruz Biotechnology) was
used. The bands were visualized by ECL (GE Healthcare, Little
Chalfont, UK). -

. Cell proliferation assay. HMV-I, MeWo, CRL1579, and
SK-Mel-28 cells were transfected with SPARC siRNA or nega-
tive control siRNA at indicated concentrations, then seeded in
96-wel] flat bottom plates at 3 x 10°, 2 x 10°, 4 x 10%, or
2 x 10° cells/100 pL per well, respectively. The cells were
cultured in the presence of WST-8 (2-(2-methoxy-4-nitrophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monoso-
dium salt) (Dojindo, Kumamoto, Japan) for 3 h, followed by
measurement of absorbance at 450 nm and 650 nm. For the
swapping experiment, the conditioned media from siRNA-trans-
fected MeWo cells (1 X 10° cells in six-well plate) were har-
vested at 72 h post-transfection, centrifuged at 1700g for 5 min
to remove cellular debris, and stored at —80°C until use.

Cell cycle lysis and in V For flow cytomet-
ric cell cycle analysis, the cells treated with siRNA were col-
lected, washed with PBS, fixed in cold 70% ethanol, and stored
at —20°C until staining. After fixation, the cells were washed
with PBS and incubated with 50 pg/mL RNaseA (Sigma) for
30 min at 37°C, before staining with 50 pg/mL propidium
jodide (Sigma). Apoptotic cells in early and late stages were
detected using an annexin V-FITC Apoptosis Detection Kit
from BioVision (Mountain View, CA, USA). In brief, the cells
were transfected with siRNA at 10.nm. At 96 h post-transfec-
tion, culture media and cells were collected and centrifuged.
After washing, cells were resuspended in 490 L annexin V
binding buffer, followed by the addition of 5 pL annexin
V-FITC and 5 pL propidium iodide. The samples were incu-
bated in the dark for 5 min at room temperature and analyzed
using flow cytometry.

In vivo tumor experiment. For assessment of tumor growth
in vivo, MeWo cells were transfected with SPARC siRNA-3
or negative control siRNA. Twenty-four hours later, the cells
were trypsinized, and resuspended in serum-free DMEM.
Four female athymic nude mice, ages 6- to 8-weeks-old were
s.c. implanted with 1x 10° or 3 x 10° MeWo cells per
0.1 mL into the right and left flanks resulting in two tumors
per mouse. The tumor volume in mm® was calculated by the
formula: volume = (width)? x length/2. The mice were main-
tained under specific pathogen-free conditions. Animal experi-
ments in this study were approved by the Animal Research
Committee of the National Cancer Center Hospital East (Kas-
hiwa, Japan).

Statistical analysis. All data are presented as the mean *
SD. The data from the WST-8 assay were statistically ana-
lyzed by one-way ANOVA followed by Dunnett’s multiple
comparison test or Tukey’s multiple comparison test. Tumor
volume between SPARC siRNA-treated cells and negative
control siRNA-treated cells was compared for statistical sig-
nificance using the Mann—Whitney U-test or Student’s z-test.
The results were considered significant when P < 0.05. All
tests were carried out with Dr. SPSS II for Windows (SPSS
Japan, Tokyo, Japan).
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Results

Silencing of SPARC expression in human melanoma cell
lines. We examined the knockdown effect of SPARC siRNAs
on melanoma cells in this study. To assess the knockdown effi-
ciency of SPARC, we transfected negative control siRNA or
siRNAs targeted to SPARC (SPARC siRNA-1, -2, or -3) into
SPARC expressing cell lines, MeWo, CRL1579, and SK-MEL-
28 (Fig. 1A,B). Transfection with three SPARC siRNAs
decreased the level of SPARC protein in all tested cell lines
compared with negative control siRNA. This silencing effect
was enhanced in a dose-dependent manner. The level of SPARC
protein was not affected among the cells transfected with nega-
tive control siRNA at each concentration. Treatment with 10 nm
SPARC siRNAs resulted in the robust downregulation of
SPARC expression. SPARC siRNA-3 showed the strongest
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Fig. 1. Secreted protein acidic and rich in cysteine (SPARC) siRNA
inhibits SPARC expression in melanoma cell lines. (A) The expression
of SPARC protein in MeWo, CRL1579, SK-MEL-28, and HMV-I cells was
analyzed using Western blot. B-actin was used as an internal control.
(B) Knockdown efficiency of three SPARC siRNAs. At 48 h post-
transfection with indicated concentrations, the expression of SPARC
protein in MeWo, CRL1579, and SK-MEL-28 cells was analyzed using
Western blot. B-actin was used as an internal control. (C) Transfection
efficiency of siRNA on melanoma cells was assessed by flow cytometry
at 24 h post-transfection with 50 nm FITC-conjugated negative control
siRNA. The plot shows the relative cell number of melanoma cells
(v axis) and the log fluorescence intensity (x axis).
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effect. Knockdown efficiency of SPARC protein was the highest
in MeWo cells and the lowest in the SK-MEL-28 cells. These
results suggest that these SPARC siRNAs successfully exert a
silencing effect for SPARC expression. Transfection efficiency
of siRNA was the highest in MeWo cells and the lowest in SK-
MEL-28 cells (41.05%, 32.3%, and 27.97% at >10 of log fluo-
rescence intensity in MeWo, CRL1579, and SK-MEL-28 cells,
respectively) (Fig. 1C). This result was similar to knockdown
efficiency among the melanoma cell lines.

Silencing of SPARC inhibits the growth of melanoma cells.
‘We examined the effect of SPARC siRNA on the growth of mel-
anoma cell lines. To check for non-specific side-effects of three
siRNAs, we transfected SPARC siRNAs into SPARC non-pro-
ducing cell line, HMV-I (Fig. 2A). As SPARC siRNA-2 showed
a growth inhibition in HMV-I cells (data not shown), this sSiRNA
was excluded from subsequent studies. SPARC siRNA-1 and -3
at 10 nM had no effect on cell growth. Therefore, we judged this
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Fig. 2. Effects of secreted protein acidic and rich in cysteine (SPARC)
knockdown on cell growth in melanoma cell lines. (A) HMV-I, MeWo,
CRL1579, and SK-MEL-28 cells were transfected with SPARC siRNA-1,
siRNA-3, or negative control siRNA at 10 nm. (B) MeWo and CRL1579
cells were transfected with SPARC siRNA-3 at the indicated
concentrations. Cell growth was measured daily using WST-8 assay.
The data at day 4 were statistically analyzed by one-way ANOVA
followed by Dunnett’s multiple comparison test (A) or Tukey’s
multiple comparison test (B). Error bars indicate SD. *P < 0.05.
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concentration of SPARC siRNA to be reasonable in the experi-
ments. SPARC siRNA-3 showed a marked growth inhibitory
effect compared to SPARC siRNA-1 in MeWo and CRL1579
cells. The inhibition of the proliferation in MeWo cells was
stronger than in CRL1579 cells. Silencing of SPARC hardly
affected the growth of SK-MEL-28 cells. SPARC siRNA-3
inhibited the growth of MeWo cells in a dose-dependent man-
ner, but did not significantly inhibit the growth of CRL1579
cells at 1 nm (Fig. 2B). These data indicate that silencing of
SPARC can inhibit the growth of melanoma cell lines in vitro.
Furthermore, we investigated whether the growth inhibition by
silencing of SPARC in MeWo cells could be canceled by the
addition of exogenous SPARC (Fig. 3A). As a source of exoge-
nous SPARC, we prepared the conditioned media from MeWo
cells transfected with negative control siRNA, or SPARC
siRNA-3 (Fig. 3B). Western blot analysis revealed that the con-
ditioned media from MeWo cells treated with negative control
siRNA contained a substantial amount of SPARC protein. In
contrast, SPARC protein in conditioned media from SPARC
siRNA-3-treated MeWo cells was negligible. At 24 h post-trans-
fection, conditioned media were swapped, and SPARC-silenced
MeWo cells were cultured under both conditioned media. The
growth of SPARC-silenced MeWo cells was not significantly
different between SPARC-containing and SPARC-free condi-
tioned media. These results indicate that intracellular SPARC,
but not extracellular, is involved in the growth of melanoma
cells.
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Fig. 3. _Intracellular secreted protein acidic and rich in cysteine
(SPARC), but not extracellular, is involved in the growth of melanoma
cells. (A) Effect of exogenous SPARC on SPARC-silenced melanoma
cells. MeWo cells were transfected with SPARC (SP) siRNA-3 (squares)
or negative control (neg.) siRNA (circles) at 10 nm. After 24 h, cell
culture media were swapped for MeWo cells treated with SP siRNA-3
(closed squares and circles) or neg. siRNA (open squares and circles).
Cell growth was measured by using WST-8 assay. The data were
statistically analyzed by one-way ANOVA followed by Tukey’s multiple
comparison test. Error bars indicate SD. C.M., conditioned media. (B)
The preparation of siRNA-treated MeWo cell conditioned media. The
amount of SPARC protein in conditioned media was analyzed using
Western blot. sup., supernatants.
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Inhibition of SPARC expression induces cell cycle arrest in

I cells. We examined the effects of SPARC siRNA on
cell cycle progression. Silencing of SPARC in MeWo cells
increased G, and decreased S phase populations at 72 h post-
transfection with SPARC siRNA-1 or -3 (Fig. 4A). These results
indicate that silencing of SPARC induces G, arrest. Similarly,
the induction of G; arrest was observed in SPARC-silenced
CRL1579 cells. However, no change was observed in SPARC-
silenced SK-MEL-28 cells. To confirm G; arrest induced by
SPARC siRNA, p21 and p53 protein expressions were investi-
gated (Fig. 4B). When SPARC siRNA induced G; arrest in
MeWo and CRL1579 cells, notable p21 induction was observed.
The base level of p21 protein was very low in SK-MEL-28 cells.

The accumulation of p21 protein was not observed in SPARC-
silenced SK-MEL-28 cells. In SPARC-silenced MeWo cells, the
level of p53 protein was increased compared with negative con-
trol siRNA-treated cells. However, it was not observed in
SPARC-silenced CRL1579 or SK-MEL-28 cells. These results
indicate that there is no correlation between p21 and p53 induc-
tion in CRL1579 and SK-MEL-28 cells. Taken together, these
results indicate that the downregulation of SPARC induces
growth inhibition with G, arrest and p53-dependent or -indepen-
dent p21 accumulation in some melanoma cells.

Inhibition of SPARC pressi enhances apoptosis in
melanoma cells. We next tested whether silencing of SPARC
induced cell death in melanoma cell lines. The treatment of
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Fig. 4. Silencing of secreted protein acidic and rich in cysteine (SPARC) induces cell cycle arrest at G, phase in MeWo and CRL1579 melanoma
cells. (A) Cell cycle distribution of melanoma cell lines transfected with SPARC siRNA. MeWo, CRL1579, and SK-MEL-28 cells were transfected
with 10 nm SPARC siRNA-1, siRNA-3, or negative control siRNA. At 72 h post-transfection, DNA content was measured using propidium iodide
(PI) staining on flow cytometry. The percentage of cells in each phase of the cell cycle is shown in each panel. (B) The expression of p21 and p53
proteins in MeWo, CRL1579, and SK-MEL-28 cells transfected with 10 nm SPARC siRNA-1, siRNA-3, or negative control siRNA. At 72 h post-
transfection, total protein was analyzed using Western blot. ERK was used as an internal control.
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MeWo and CRL1579" cells with SPARC siRNA-3 increased
(more than two-fold) early apoptotic cells as well as late apopto-
tic cells, compared with negative control siRNA treatment
(Fig. 5). In SK-MEL-28 cells, the increase of apoptotic cells
was not observed. Similarly, no difference was observed in the
ratio of apoptosis between negative control siRNA and SPARC
siRNA-3-treated HMV-I cells. These findings suggest that
SPARC is involved in apoptosis to maintain cellular survival in
some melanoma cells.

Silencing of SPARC inhibits growth of melanoma cells in vivo.
We attempted to examine the effect of silencing of SPARC
on tumor growth in vivo with a xenograft model. To assess
the persistence of SPARC siRNA-mediated silencing, the
kinetics of the downregulation of SPARC protein in MeWo
cells in vitro was shown using Western blot analysis
(Fig. 6A). The duration of the downregulation by SPARC
siRNA was 6 days in vitro. At 8 days post-transfection,
SPARC expression increased slightly. On the basis of these
findings, we examined whether silencing of SPARC inhibited
tumor growth in vivo using a xenograft model. A similar
number of MeWo cells, transfected with SPARC siRNA-3 or

SPARC

Negative siRNA SiRNA-3

MeWo

CRL1579

Pl

SK-MEL-28

HMV-I

Annexin V-FITC

Fig. 5. Silencing of secreted protein acidic and rich in cysteine
(SPARC) results in induction of early apoptosis in melanoma cell lines.
For flow cytometric analysis, cells were harvested at 96 h after
transfection with 10 nm SPARC siRNA-3 or negative control siRNA,
then stained with annexin V-FITC and propidium iodide (P). The
percentages of annexin V*/PI~ (early apoptotic) and annexin V*/PI*
(late apoptotic) cells is shown in each panel. Values in bold indicate
more than a two-fold increase in apoptotic cells using SPARC siRNA-3,
compared with negative control siRNA.
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negative control siRNA, were injected into both flanks of
four nude mice. When tumors were palpable, their size was
determined until 8 days post-implantation. As seen in Fig-
ure 6(B,C), the growth of tumors transfected with SPARC
siRNA-3 was significantly suppressed compared with tumors
transfected with negative control siRNA. At 8 days post-
implantation, the growth inhibition of mice implanted with
1x10° or 3% 10° cells transfected with SPARC siRNA-3
was 49% and 48%, respectively, as compared with negative
control siRNA transfected cells (P < 0.05). These results indi-
cate that downregulation of SPARC suppresses tumor growth
in vivo.

Discussion

The underlying mechanisms of growth regulation by SPARC in
tumor cells are complicated. We focused on cell growth, and
showed that SPARC produced from melanoma cells functionally
linked to their own growth in this study. The most significant
finding was that the downregulation of SPARC expression
induced growth inhibition with G arrest. This growth inhibitory
effect by silencing of SPARC was maintained in an in vivo
xenograft model.

‘We showed that there was a correlation with the level of p21
accumulation and the growth inhibition by silencing of SPARC.
To examine whether induced p21 was involved in growth arrest
by the silencing of SPARC, p21 was knocked down in MeWo
cells using three siRNAs targeted to p21. The transfection with
p21 siRNAs resulted in the reduction of the level of p21 protein
accumulated using SPARC siRNA-3 (data not shown). How-
ever, the induction of p21 protein did not contribute to cell cycle
arrest in our model, because growth inhibition by silencing of
SPARC was maintained in cells even after knockdown of the
p21 protein level (data not shown). These results suggest that
p21 is not a major player in mediating the growth inhibition by
silencing of SPARC. It is well known that G, arrest is regulated
by Ink4 and Cip/Kip family proteins.®® We have not yet exam-
ined the correlation between other Ink4 or Cip/Kip family pro-
teins and G, arrest caused by silencing of SPARC. To better
understand the mechanism of G; arrest induction, further inves-
tigations are needed to examine the expression of these proteins
in SPARC-silenced cells.

It has been described that p21 is a transcriptional target of
p53.%7 The expression of p21 was positively correlated with the
expression of p53 in SPARC siRNA transfected MeWo cells,
whereas p53 expression was not changed in SPARC siRNA
transfected CRL1579 or SK-MEL-28 cells. Therefore, we spec-
ulate that p53-dependent or -independent p21 induction occurred
in the melanoma cells treated with SPARC siRNA. The mecha-
nisms for p53 induction in SPARC-silenced MeWo cells are
unclear. Many forms of stress have now been shown to activate
p53.%829) Although not examined in this study, it is possible
that the loss of the protective effect of SPARC against some
stress might affect p53 induction. Weaver et al. reported that
SPARC protects lens epithelial cells from cell death induced by
exposure to intracellular stressor, tunicamycin.®” In addition, it
has been reported that SPARC promotes glioma cell survival -
through Akt activation through integrin signaling under serum-
free conditions.® These reports strongly suggest that SPARC
plays a role as an antistress factor.

How does SPARC act? We showed that exogenous SPARC
in culture conditioned media could not cancel the growth inhibi-
tion of MeWo cells with SPARC siRNA treatment. Thus, extra-
cellular SPARC released from melanoma cells had no effect on
cell proliferation in this system. We suggest that intracellular
SPARC, but not secreted extracellular SPARC, contribute to cell
growth or survival advantages. Martinek et al. have proposed
intracellular SPARC functions as collagen-specific molecular
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Fig. 6. Effect of secreted protein acidic and rich in cysteine (SPARC) knockdown on melanoma cell growth in vivo. (A) The duration of the
knockdown effect of SPARC siRNA in vitro. At 4, 6, and 8 days post-transfection, SPARC protein was analyzed using Western blot. ERK was used
as an internal control. MeWo cells were transfected with SPARC siRNA-3 or negative control siRNA in culture dishes. Twenty-four hours later,

© 1% 10° (B) or 3 x 10° (C) tumor cells were s.c. implanted into both flanks of four nude mice. Individual tumor growth was measured with a
caliper every day until 8 days post-implantation. Statistical differences were determined by Mann-Whitney U-test (B) or Student’s t-test (C). The
mean tumor volumes = SD. ~P < 0.05 compared to negative control siRNA treatment at day 8.

chaperone, prior to their export from the endoplasmic reticu-
Tum.®? Further study is needed to elucidate the roles of intracel-
lular SPARC.

In our in vivo experiments, silencing of SPARC inhibited
tumor growth, but did not lead to tumor rejection. This result
might be due to the modest induction of apoptosis caused by
silencing of SPARC. Other investigators showed that SPARC-
silenced_melanoma cells were abolished in in vivo xenograft
models.® Their strategies for SPARC knockdown used
SPARC downregulated stable cell lines. Their report suggests
that it is important for the persistence of SPARC knockdown to
abolish tumor cells. We need to further confirm the efficacy of
the sequential administration of SPARC siRNA in the in vivo
xenograft model.

Our results showed that there were differences in the degree
of growth inhibition among SPARC siRNA-treated cell lines.
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Unlike MeWo and CRL1579 cells, the silencing of SPARC in
SK-MEL-28 cells did not show growth inhibition. From our
results, a reason for this might have been that the degree of
knockdown of SPARC by siRNA in SK-MEL-28 cells was
weaker than other cell lines. Second, the SPARC dependency on
cell growth in SK-MEL-28 cells might have been less. We
found that p53 was not induced by silencing of SPARC in
CRL1579 and SK-MEL-28 cells. It is well known that p53 is
important in the regulation of cell cycle checkpoints. Therefore,
these results suggest that the regulation of cell cycle arrest by
the checkpoint system in these cell lines might have been par-
tial, compared with SPARC siRNA-treated MeWo cells. In addi-
tion, the antiproliferative effect of SPARC siRNA in CRL1579
cells was not clearly manifested, because the cell growth rate
was lower in CRL1579 cells than in MeWo cells under ordinary
culture conditions (data not shown). The differences of these

doi: 10.1111/].1349-7006.2009.01476.x
© 2010 Japanese Cancer Association



inherent features of cell lines may have influenced the outcome
of SPARC siRNA treatment.

Although the functional role of SPARC in cancer have been
controversial, there are Teports that it might play antitumorigenic
roles in ovarian cancer.®*>% It has been indicated that SPARC
induces apoptosis in ovarian cancer cells.®? In addition,
SPARC normalizes the ovarian cancer microenvironment
through vascular endothelial growth factor (VEGF) signaling
modulation,®¥ Funhermore, it has been reported that SPARC
at mtegrm diated signaling and Akt survival signal-
ing in ovarian cancer cells.®* The possible causes of these con-
tradictory roles of SPARC in cancers might be the difference in
tumor origin, properties of malignant cells, and tumor microen-
vironment. There is a need for further studies to clarify the roles
of SPARC not only on cancer cells, but also on the interplay of
tumor cells and tumor stroma.
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A phase | clinical trial was conducted to determine the
clinical safety of Telomelysin, a human telomerase reverse
transcriptase (hTERT) promoter driven modified oncolytic
adenovirus, in patients with advanced solid tumors. A sin-
gle intratumoral injection (IT) of Telomelysin was admin-
istered to three cohorts of patients (1 x 10°, 1 x 107,
1 x 10" viral particles). Safety, response and pharmaco-
dynamics were evaluated. Sixteen patients with a variety
of solid tumors were enrolled. IT of Telomelysin was well
tolerated at all dose levels. Common grade 1 and 2 tox-
icities included injection site reactions (pain, induration)
and systemic reactions (fever, chills). hTERT expression
was demonstrated at biopsy in 9 of 12 patients. Viral DNA
was transiently detected in plasma in 13 of 16 patients.
Viral DNA was detectable in four patients in plasma or
sputum at day 7 and 14 post-treatment despite below
detectable levels at 24 h, suggesting viral replication. One
patient had a partial response of the injected malignant
lesion. Seven patients fulfilled Response Evaluation Crite-
ria in Solid Tumors (RECIST) definition for stable disease
at day 56 after treatment. Telomelysin was well tolerated.
Evidence of antitumor activity was suggested.

Received 16 July 2009; accepted 15 October 2009; advance online
publication 24 November 2009. doi:10.1038/mt.2009.262

INTRODUCTION
Conditionally replicative oncolytic viruses are engineered to repli-
cate selectively in cancer cells with specified oncogenic phenotypes.
Multiple viral backbones have been employed, although the most
commonly utilized is derived from the adenovirus serotype 5.
Two different approaches have been used to limit adenoviral
replication to cancer cells. One approach is to delete components
of viral genes (E1A, E1B) that function in part to neutralize nor-
mal cell defense (p53, Rb) mechanisms. Loss of function of the cell
defense genes in cancer cells renders the virus cytotoxic to tumor
cells but incapable of replication in normal cells, as exemplified
by ONYX-015 or A24.! Alternatively, native viral promoters that

govern the initiation of viral replication can be replaced with a
promoter region for genes that are active and/or overexpressed in
cancer cells.* The resulting constructs display viral cytolytic activ-
ity that is confined to cancer cells but at a level that approaches
that of wild-type adenovirus.* Numerous studies have confirmed
that administration of live, wild-type adenovirus to healthy, adult
humans is safe.?

Telomelysin is a novel, replication-competent adenovirus
serotype 5-based adenoviral construct that incorporates a human
telomerase reverse transcriptase gene (hTERT) pmrhoter. hTERT
encodes for the catalytic protein subunit of telomerase, a poly-
merase that acts to stabilize telomere lengths and is highly expressed
in tumors but not in normal, differentiated adult cells.*s

Additional modifications of Telomelysin include the replace-
ment of the normal transcriptional element of viral E1B gene by an
IRES (Internal Ribosomal Entry Site) sequence to minimize “leak-
iness” further enhancing specificity. Furthermore, Telomelysin
is the first replication-competent adenovirus that retains a fully
functional viral E3 region.®

In vitro studies have validated the selective infectivity and
direct cytolysis of Telomelysin in cancer cells but not nonmalig-
nant cells.” In animal experiments, intratumoral injection (IT) of
Telomelysin demonstrated antitumor activity without significant
toxicity to normal organs. Additionally, distant viral uptake was
observed following IT evidenced by the presence of adenoviral
protein identified in noninjected tumor following intratumoral
treatment of the contralateral tumor.®

These encouraging preclinical findings of safety and directed
antitumor activity form the basis of our phase I study, which is
designed to validate safety, response and pharmacodynamics of
Telomelysin in advanced cancer patients.

RESULTS

Patient profile

Sixteen patients were entered into trial: three each into cohorts
1 and 2 and 10 into cohort 3. The age, sex, histological diagno-
sis, and prior treatments of the evaluated patients are shown in
Table 1.
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Table 1 Patient demographics
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Table 2 List of common® adverse events

Patient  Age Sex Histological di Prior tr Grade Grade  Grade  Overall
1(101) 57 F  Squamous cell ca XRT, carbopl ! 2 3,4 (N=16)
primary d 1, ! Cardiac arrhythmia
2(102) 54 M 1 , dacarbazine Supraventricular and 2 1 0 3
3(103) 34 F Mel Lenalidomid nodal arrhythmia—sinus
dacarbazine, vinblastine, tachycardia
cisplatin, IL-2, interferon Gastrointestinal
4 (204) 60 M Salivary gland tumor XRT, perifosine Nausea 3 1 0 4
5(205) 69 M Squamouscellcabase  Cisplatin, XRT Constitutional Sypmtoms
of tongue Chills 1 5 0 6
6 (206) 60 F  Leiomyosarcoma Doxorubicin, ifosfamide, Fatigue ' 2 0 9
gemcitabine, docetaxel, X
perifosine. Edema peripheral 1 2 0 3
7(307) 52 F Neuroendocrine tumor Irinotecan, cisplatin, Fever 3 3 0 6
topotecan, docetaxel, Pain
;;n%etrexed. CT 2103, Bone 2 1 0 3
Muscl 0 3 0 3
8(08) 78 F Melanoma Interferon uece
Extremit: 2 1 0 3
9(309) 54 NSCLC Padlitaxel, carboplatin, remity
pemetrexed, XRT Pain 3 1 0 - 4
10 (310) 49 M Squamouscellcabase  Paclitaxel, carboplatin, Headache 3 1 0 4
of tongue cisplatin, fluorouracil, Pulmonary/upper respiratory
cetuximab, XRT 3
Nasal cavity/paranasal 2 1 0 3
11(311) 60 M Squamous cell cafloor  Cisplatin, XRT reactions
f mouth
otmou Dermatology/skin
12(312) 48 M Mel , melphal
actinomycin-D Erythema 0 0 3 3
13 (313) 54 F  Sarcoma None Injection site bruising 3 0 0 3
14 (314) 38 M Basal cell carcinoma Cisplatin, fluorouracil Injection site erythema 1 4 0 5
15 (315) 54 F cell ca of Capecitabi Injection site pain 4 2 0 3
gall bladder gemcitabine *Occurring in >15% of patients (n = 16).
16 (316) 46 F  Breast cancer Doxorubicin,
;’;3;‘:2:?’:::;:& Postinjection biopsies: performed at day. 28 on four of the

tamoxifen, anastrozole,
capecitabine, docetaxel

M, male; F, Female.

Adverse events

No clinically significant grade 3 or 4 treatment related toxic events
were experienced by any patients. There were multiple grade 1
and 2 adverse events, with the most common being fever, chills,
fatigue, and injection site pain (Table 2). Thirteen patients devel-
oped asymptomatic transient lymphocyte decreases, seven grade
2, five grade 3 and one grade 4, 24 hours after Telomelysin injec-
tion with complete recovery by day 7 following injection.

Clinical response

Eleven patients satisfied Response Evaluation Criteria in Solid
Tumors (RECIST) criteria for stable disease response to the injected
lesion at Day 28, three had progressive disease and two more uneval-
uable. Seven of the day 28 stable disease patients had stable disease
at day 56, two had progressive disease and two were unevaluable.
One patient (pt 308) had 33% reduction of injected lesion at day 28
and 56.7% reduction of injected lesion at day 56 (see Figure 1).

patients with stable disease revealed necrosis that may or may
not be treatment induced. Three of these patients had melanoma.
Survival of all patients ranged from 1 to 21 months (median 10).

Viral pharmacokinetics analysis

Systemic di lysin was e d by collec-
tion of patient plasma, urine, sputum, and saliva at time points
before and after IT. Quantitative real-time PCR analysis was car-
ried out with primers that were specific for the Telomelysin E1A
and IRES regions. We detected the presence of viral DNA in 13
of 16 patient plasma samples tested, including 9 of 10 patients
in cohort 3 (Table 3). Plasma viral DNA was detected between
30 minutes and 6 hours in most patients, at concentrations that
ranged from 2.1 x 10 to 1.5 x 107 viral copies/ml. We detected the
presence of plasma viral particles in two cohort 3 patients. Viral
DNA copies detected on day 7 (pt 312: 3.7 x 10% pt 316: 2 x 10
viral copies/ml, respectively) were ~10-50-fold higher than detec-
tion threshold (400 vp/ml). Viral DNA was also detected in one
cohort 2 patient on days 7 and 14 [pt 205: 3.7 x 10° (day 7), 6.0 x
10° (day 14)] but not at (Figure 2). No viral DNA was detected at
24 hours post-treatment for these patients, suggesting that detect-
able levels of viral DNA at days 7 and 14 may constitute a second

ion of Telc 1
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Figure 1 Patient 308: Initial response of the largest of three meta-
static melanoma lesions involving the right thigh.

Cohorts 1,2, and 3 (n=16)
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Figure 2 Detection of Telomelysin viral DNA in patient plasma
samples on various days post-treatment. Data represented at day 1
constituted peak values determined at up to 6 hours post-treatment.
All patients exhibited below detection levels of plasma viral particles
(<400vp/ml) at day 1 post-treatment.

wave of viremia from replication. Viral DNA was detected in
two cohort 3 sputum specimens on day 1 (pt 310: 8.2 x 10* viral
copies/ml) and day 7 (pt 307, 5 x 10° viral copies/ml) but not at
earlier time points post-treatment. Viral DNA was not detected
in any other body fluid compartments examined. The systemic
detection of viral DNA at these extended time points is suggestive
of viral replicative activity.

Viral E1A and hexon expression in treated tumors
Immunohistochemical evaluation of adenoviral hexon protein
expression in treated tumor biopsies was carried out as a sur-
rogate indicator of viral replicative activity at days 28 and 56
postinjection. Viral hexon protein expression was not detected in
Telomelysin treated tumor biopsies collected at days 28 and 56
from 15 of 16 patients (Table 3), whereas one patient displayed an
equivocal reaction at day 56 but not day 28. Viral E1A expression
was uniformly negative from all 16 patients. The negative find-
ings indicate that viral replicative activity did not extend to these
time points, despite suggestion of viral dissemination for up to day
7-14 after the single viral injection.

Neutralizing antibody response

To identify systemic immune-activating events from intratumoral
Telomelysin treatment, a functional assay with Telomelysin-
infected HEK 293 cells was used to determine the neutralizing

Molecular Therapy
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Table 3 Pharmacokinetics and immune response

No. positive*/No. tested

Analyses performed?® Total Cohort 1 Cohort 2 Cohort 3
Viral DNA in plasma 13/16 2/3 2/3 9/10
Viral DNA in sputum 2/16 0/3 0/3 2/10
Viral DNA in urine and 0/16 0/3 0/3 0/10
saliva

Endogenous hTERT 9/12* 2/3 11 6/8
expression

ADV neutralizing 14/14 3/3 3/3 8/8
antibody (D28)

Viral plaque assay 3/16 0/3 0/3 3/10
Serum IL-6 8/9¢ 3/3 2/3 3/3
Serum IL-10 719 2/3 2/3 3/3
Serum IFN-y 2/9 2/3 0/3 0/3
In situ viral hexon (D56) 1/16 0/3 0/3 1/10
Lymphocyte subset 0/10 0/0 0/0 0/10
alterations by

immunophenotyping

analysis

*Positive at any post-treatment time point tested. 12 of 15 patients with
adequately recovered RNA were analyzed. “d28 plasma samples were not
collected from patients 313 and 316 in cohort 3. “Only first 3 patients per cohort
were analyzed, per protocol. .

antibody (NAb) titer of patients entered into trial. Blocking
activity of graded concentrations of the patient’s pre- and post-
treatment plasma was determined by light microscopy. An ele-
vated NAD titer was observed in 14 of 14 plasma samples collected
at day 28 (Table 3). Two patients (pt 313 and pt 316) did not have
samples collected. The increase in titer ranged from 8- to 512-fold
(Figure 3). However, the magnitude of titer increase did not cor-
relate either with dose or with the presence or absence of a pre-
existing NADb titer (Figure 3).

Serum cytokines

Non specific systemic immune activation from intratumoral
Telomelysin treatment was observed as evidenced by an elevated
increase in serum cytokine levels, in particular, interleukin-6
(IL-6) and IL-10 in all cohorts (Table 3). An elevated IL-6 level
(>50%) was observed in 8 of 9 patients tested, as early as 30 min-
utes after treatment. Increased IL-10 level was also observed in
7 of 9 patients, whereas two patients had elevated interferon-y.

Peripheral blood lymphocyte immunophenotyping
There were no demonstrable trends of altered post-treatment
changes in the frequency distribution of CD4* T, CD8* T, B, and
NK cells that correlated with viral treatment (Table 3) in 10 tested
patients.

hTERT mRNA

To validate viral replication permissiveness of injected tumor
specimens, real time, quantitative real-time-PCR assays were car-
ried out retrospectively using tumor biopsy specimens collected
before treatment, using total RNA from frozen patient tumor
biopsy and primers and a TagMan probe specific to hTERT or the



