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Cancer Therapy: Preclinical

Precﬁnibal Evaluation of Telomerase-Specific Oncolytic Virotherapy

for Human Bone and Soft Tissue Sarcomas
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Abstract

Purpose: Tumor-specific replication-selective oncolytic virotherapy is a promising antitumor therapy
for induction of cell death in tumor cells but not of normal cells. We previously developed an oncolytic
adenovirus, OBP-301, that kills human epithelial malignant cells in a telomerase-dependent manner.
Recent evidence suggests that nonepithelial malignant cells, which have low telomerase activity, maintain
telomere length through alternative lengthening of telomeres (ALT). However, it remains unclear whether
OBP-301 is cytopatliic for nonepithelial malignant cells. Here, we evaluated the antitumor effect of OBP-
301 on human bone and soft tissue sarcoma cells.

Experimental Design: The cytopathic activity of OBP-301, coxsackie and adenovirus receptor (CAR}
expression, and telomerase activity were examined in 10 bone (OST, U208, HOS, Hu09, MNNG/HOS,
$a08-2, NOS-2, NOS-10, NDCS-1, and OUMS-27) and in 4 soft tissue {CCS, NMS-2, SYO-1, and NMFH-1}
sarcoma cell Jines. OBP-301 antitumor effects were assessed using orthotopic tumor xenograft medels, The
fiber-modified OBP-301 (termed OBP-405) was used to confirm an antitumor effect on OBP-301 -resistant
SAICOMAs.

Results: OBP-301 was cytopathic for 12 sarcoma cell lines but not for the non-CAR-expressing OUMS-
27 and NMFEL-1 cells. Sensitivity to OBP-301 was dependent on CAR expression and not on telomerase
activity. ALT-type sarcomas were also sensitive to OBP-301 because of upregulation of human telomerase
reverse transcriptase (WTERT] mRNA following virus infection. lntratumoral injection of OBP-301
significantly suppressed the growth of OST and SYO-1 tumors. Furthermore, fiber-modified OBP-405
showed antitumor effects on OBP-301-resistant OUMS-27 and NMFH-1 cells.

Conclusions: A telomerase-specific oncolytic adenovirus is a promising antitumor reagent for the

treatment of bone and soft tissue sarcomas. Chin Cancer Res; 17{7); 1828-38. ©2011 AACR.

i

introduction

Bone and soft tissue sarcomas are annually diagnosed in
13,230 patients in the United States (1}. They are the third
most common cancer in children and account for 15.4% of
all childhood malignancies. Treatment of patients with
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bone and soft tssue sarcomas requires a multidisciplinary
approach that involves erthopedic oncologists, musculos-
keletal radiologists and pathologists, radiation oncologists,
medical and pediatric oncologists, and micovascular sur-
geons (2, 3). Despite major advances in the treatment of
bone and soft tissue sarcomas, such as neocadjuvant and
adjuvant multiagent chemotherapy and aggressive surgery,
about one fourth of the patients show a poor response to
conventional therapy, resulting in subsequent recurtence
and Jeading to a poor prognosis (1}). Therefore, the devel-
opment of a novel therapeutic sirategy is required to cure
patients with bone and soft tissue sarcomas.

Recent advances in molecular biology have fostered
remarkable insights into the molecular basis of neoplasia.
More than 85% of all human cancers, but only a few
normal somatic cells, show high telomerase activity (4-
6). Telomerase activity has also been detected in 17% to
81% of bone and soft tissue sarcomas (7-10). Telomerase
activation is considered to be a critical step in cancer
development, and its activity is closely correlated with
the expression of human telomerase reverse transcriptase

Ciin Cancer Res; 17(7) &pril 1, 2011

A({Ammmn Assuciation for Cancer Research

Downloaded from clincancerres.aacrjournals.org on January 29, 2012
Copyright © 2011 American Association for Cancer Research



Published OnlineFirst February 16, 2011; DOI:10.1158/1078-0432.CCR-10-2066

Oncolytic Virotherapy for Sarcoma

: kllls hi;zhan epuhéhal mahgna
5 éependém manner. However,
.‘telomeres {ALT) type nome

OBP-:om hﬂs antitumor. effe
-and ALT-type sarcoma cells, i
‘human telomerase reverse Trars px
more, coxaadae zmd adano

- BOL (termed OBP*40:>) tbrough vxms—xm' :
" Thus, 4 telomerase- specxﬁc ongolytic adet
greatly improvie the clinical ¢ otiicome of young atients v

‘with. advanced, SALCOMmas, |

(HTERT: vef. 11}. Recently, telomerase-specific replication-
selective oncolytic virotherapy has emerged as a promising
antitumor therapy for induction of tumor-specific cell
death. We previously developed an oncolytic adenovirus,
OBP-301, in which the hTERT promoter drives the expres-
sion of the EIA and F1B genes linked to an imternal
ribosome entry site (IRES; ref 12). We determined that
OBP-301 efficiently induced the selective kifling of a variety
of human malignant epithelial cells, such as colorectal,
prosiate, and non-small cell lung cancers, but not of
normal cells (12, 13). Furthermore, a phase I clinical trial
of OBP-301, which was conducted in the United States on
patients with advanced solid tumors, indicated that OBP-
301 is well tolerated by patients (14),

There are 2 known telomere-maintenance mechanisms
in human malignant tumoss (15, 16}: telomerase activa-
tion {4-6) and telomerase-independent alternative length-
ening of telomeres (ALT; ref. 17-19). The ALT-type
mechanism is more prevalent in tumors arising from none-
pithelial tissues than in those of epithelial origin {20, 21).
Therefore, ALT-type nonepithelial malignant cells fre-
quently show low telomerase activity, suggesting that they
have a low sensitivity to OBP-301, which kills cancer cells
in a telomerase-dependent manner. Howeves, it remains to
be determined whether OBP-301 can exert an antitumor
effect on hurman nonepithelial and on epithelial malig-
nancies,

Adenovirus infection is mainly mediated by interaction
of the virus with the coxsackie and adenovirus receptor
(CAR} expressed on host cells {22). Therefore, while CAR-
expressing tumor cells are the main targets for oncolytic

adenaviruses, tumor cells that lack CAR can escape from
being killed by oncolytic adenoviruses. It has been reported
that CAR is frequently expressed in human cancers of
various organs such as the brain (23), thyroid {24), eso-
phagus (25), gastrointestinal wract (26), and ovary (27).
Bone and soft tissue sarcomas also express CAR (28-30).
However, some populations of tumor cells lack CAR
expression, stggesting a requiremnent for the development
of 2 novel antitmor therapy against CAR-negative tumor
cells. We recently developed fiber-modified OBP-301
(termed OBP-405}, which can bind to not only CAR but
also integrin molecules (avB3 and ovB5) and efficiently kil
CAR-negative tumor cells (31).

in the present study, we first investigated the in vitro
grtopathic efficacy of OBP-301 against 14 human bone and
soft tissue sarcoma cells, Next, the relationship between the
cytepathic activity of OBP-301, CAR expression, and telo-
merase activity in human sarcoma cells was assessed. The in
vivo antitumor effect of OBP-301 was also confirmed using
orthotopic animal models. Finally, the antitumor effect of
OBP-405 against OBP-301-resistant sarcoma cells was
evaluated in vitro and in vivo.

Meaterials and Methods

Cell lines

The human osteosarcoma (HuQ9; ref, 32), chondrosar-
coma (OUMS-27; ref. 33), and synovial sarcoma {SYO-1;
ref. 34) cell lines wete previously established in our labora-
tory. The human osteosarcoma cell lines OST, HOS, and
5a08-2 were kindly provided by Dr. Satoru Kyo {Kanazawa
University, Ishikawa, Japan). The human dear cell sarcoma
cell fine CCS was maintained in our laboratory. These
cells were propagated as monelayer cultures in Dulbecco’s
modified Eagle’s medium (DMEM). The human osteosar-
coma cell line U208 was obtained from the American Type
Culture Collection (ATCC) and was grown in McCoy's Sa
medium, The human osteosarcoma cell line MNNG/HOS
was purchased from DS Pharma Biomedical and was
maintained in Bagle’s minimum essential medium contain-
ing 1% nonessential amino acids. The human osteosar-
coma cell lines NOS-2 and NOS-10 (35), the human
dedifferentiated chondrosaicoma cel} line NDCS-1 (36),
the human malignant peripheral nerve sheath cell line
NMS-2 (37), and the human malignant fibrous histiocy-
toma cell line NMFH-1 (38) were kindly provided by Dr.
Hiroyuki Kawashima (Niigata University, Niigata, Japan)
and were grown in RPMI-1640 medium. The transformed
embryonic kidney cell line 293 was obtained from the
ATCC and maintained in DMEM. All media were supple-
mented with 10% heat-inactivated FBS, 100 units/mL
penicillin, and 100 pg/mL streptomycin. The cells were
maintained at 37°C in a humidified atmosphere with 5%
CO,.

Recombinant adenoviruses
The recombinant tumorspecific, replication-selective
adenovirus OBP-301 (Telomelysin), in which the promoter
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element of the hTERT gene drives the expression of E1A and
E1B genes linked with an IRES, was previously constructed
and characterized {12, 13). OBP-405 isa telomerase-specific
replication-competent adenovirus variant that was pre-
viously generated to express the RGD peptide in the fiber
knob of OBP-301 {31). The £1A-deleted adenovirus vector
d1312 and wild-type adenovirus serotype 5 (Ad5) were used
as the control vectors. Recombinant viruses were purified by
ultracentrifugation using cesium chloride step gradients,
and their titers were determined by a plaque-forming assay
by using 293 cells and they were stored at —80°C.

Cell viability assay

Cells were seeded on 96-well plates at a density of 1 x
10°% cells/well 20 hours before viral infection. All cell lines
were infected with OBP-301 or OBP-405 at multiplicity of
infections (MOI) of 0, 0.1, 1, 10, 50, or 100 plaque forming
units {PFU)/cell. Cell viability was determined on days 1, 2,
3, and 5 after virus infection, using a Cell Proliferation kit 11
{Roche Molecular Biochemicals) that was based onan XTT,
sodium 3'-[1-(phenylaminocarbonyl}-3 4-tetrazolium]-bis
{4-methoxy-G-nitro)benzene sulfonic acid hydrate, assay,
according to the manufacturesr’s protocol. The [Dsg value of
QBP-301 for each cell line was calculated using cell viability
data obtained on day 5 after virus infection.

Flow cytometric analysis

The cells (5 x 10°) were labeled with mouse monoclonal
anti-CAR (RmcB; Upstate Biotechnology), anmti-human
integrin ovf3 (LMG09; Chemicon International}, or anti-
human integrin ovp5 (P1F6; Chemicon International)
antibody for 30 minutes at 4°C. The cells were then
incubated with fluorescein isothiocyanate (FITC)-conju-
gated rabbit anti-mouse IgG second antibody (Zymed
Laboratories) and were analyzed using flow cytometry
(FACS Array; Becton Dickinson}). The mean fluorescence
intensity (MFI) of CAR and integrin o3 or avf35 for each
cell line was determined by calculating the difference
between the MFI in antibody-treated and nontreated cells
from 3 independent experiments,

Quantitative real-time PCR analysis

U20S cells, seeded on 6-well plates at a density of 5 x 10°
cells/well 20 hours before viral infection, were infected with
AdS, OBP-301, or di312 at an MOl of 10 or 100 PFUs{cell.
Mock-infected cells were used as controls, Furtherniore, to
confirm the modulation of FTERT mRNA expression by
OBP-301 infection, CAR-positive and A”TERT mRNA-expres-
sing human sarcoma cel} lines were seeded on 6-well plates
at a density of 5 x 107 cells/well 20 hours before vizal
infection and were infected with OBP-301 at an MO of 100
PFUs/cell. Total RNA was extracted from the cells 2 days
alter virus infection by using the RNA-Bee reagent (Tel-Test
Inc.). After synthesis of cDNA from 100 ng of total RNA, the

" levels of WTERT and glyceraldehyde-3-phosphate dehydro-

genase (GAPDH) mRNA expression were determined using
quantitative real-time PCR and a Step One Plus Real Time
PCR System (Applied Biosysterns) and TagMan Gene

Expression Assays (Applied Biosystems). The relasive levels
of hTERT mRNA expression were calculated by using the
3748C method (39) after normalization with reference to
the expression of GAPDH mRNA.

To compare the E1A copy number between OBP-301-
and Ad5-infected U208 cells, U20S cells, seeded on 6-well
plates ata density of 5 x 10° cells/well 20 hours before viral
infection, were infected with OBP-301 or AdS at an MOl of
10 PFUs/cell. Genormic DNA was extracied from serially
diluted viral stocks, and tumor cells were infected with
OBP-381 or Ad5 by using the QlAmp DNA Minit Kit
{Qiagen). EIA copy number was alsc determined using
TaqMan real-time PCR systems (Applied Biosystems).

In vive OST and QUMS-27 xenograft tumor models

Animal experimental protocols were approved by the
Ethics Review Committee for Animal Experimentation of
Qkayama Univessity School of Medicine. The OST and
OUMS-27 cells (5 % 10° cells per site) were inoculated
into the tibia or the flank of female athymic nude mice
aged 6 to 7 weeks (Charles River Laboratories}. Palpable
tumors developed within 14 1o 21 days and were permitted
to grow to approximately 5 (o 6 mm in diameter. At that
stage, a 50 pL volume of solution containing OBP-301,
OBP-405, di312, or PBS was injected. into the tumors.
Tumor size was monitored by measuring tumor length
and width by using calipers. The volumes of OUMS-27
tumois were calculated using the following formula: {L x
W?) x 0.5, where L is the length and W is the width of each
tumor. The volumes of OST tumors were calculated using
the formula: (L + W} x L x W x 0.2618, as previously
reported (40).

X-ray examination

The formation of osteolytic lesions was monitored using
radiography (FUJIFILM IXFR film; FURFILM Co.) and an X-
ray system (SOFTEX TYPE CMB; SOFTEX Co.}).

Histopathologic analysis

Tumors were fixed in 10% neutralized formalin and
embedded in paraffin blocks. Sections were stained with
hematoxylinfeosin (H&E} and analyzed by light micro-
SCOPY.

Statistical analysis

Data are expressed as means & SD. Student’s ¢ test was
used to compare differences between groups. Pearson's
product-moment correlation coefficients were calculated
using PASW statistics version 18 software (SPSS Inc.).
Statistical significance was defined when the P value was
less than 0.05.

Resulis

In vitro cytopathic efficacy of OBP-301 against human
hone and soft tissue sarcoma cell lines

To evaluate the in witro cytopathic effect of OBP-301
against nonepithelial malignant cells, 14 tumor cell lines
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derived from human bone and soft tissue sarcomas were
infected with various doses of OBP-301. The cell viability of
each cell line was assessed over 5 days after infection by the
XTT assay. OBP-301 infection induced cell death in a time-
dependent manner in all sarcama cell lines except for the
OUMS-27 and NMFH-1 cell lines (Fig. 1A}, Calculadon of
the [Ds, values revealed that, of the 12 OBP-301-sensitive
sarcoma cell lines, MNNG/HOS and 8a08-2 cells were
relatively less sensitive than the other 10 sarcoma cell lines
(Fig. 1B). Furthermore, to iule out the possibility that
cytopathic effect of OBP-301 is due to nonspecific toxicity
based on the high uptake of virus particles into tumor cells,
we examined the cytopathic activity of replication-deficient
dI312 in U208 and HOS cells. dI312 did not show any
cytopathic effect in U208 and HOS cells, even when these
cells were infected with d1312 at high dose (50 and 100
MOls; Supplementary Fig. §1}. These results indicate that
OBP-301 is cytopathic for most hurnan bone and soft tissue
sarcoma cells line but that some sarcoma cell lines are
resistant to OBP-301. )

Expressions of the adenovirus receptor and KRTERT
mRNA on human bone and soft tissue sarcoma cell
tines

Because adenovirus infection efficiency depends mainly
on cellular CAR expression (22), we determined the expres-

sion level of CAR on the 14 sarcoma cell lines by flow
cytometry. The 12 OBP-301-sensitive sarcoma cell lines
showed CAR expression, determined as MFls, at various
tevels, whereas the OBP-301-resistant QUMS-27 and
NMFH-1 cells did not express CAR (Fig. 2A and Supple-
mentary Fig. §2).

OBP-301 contains the #TERT gene promoter, which
allows it to tumor specifically regulate the gene expres-
sion of EIA and EIB for viral replication. Thus, OBP-
301 can efficiently replicate in human cancer cells with
high tefomerase activity izt not in normat cells without
telomerase activity (12). Recently. some populations
of human sarcoma cells have been shown to possess
low telomerase activity and to maintain telomere
lengths through an ALT mechanism (17-19). Thus, it
is probable that OBP-301 cannot efficiently replicate in,
and kill, ALT-type human sarcoma cells because of their
low telomerase activity. To assess whether the telomer-
ase activity of human sarcoma cells affects the cyto-
pathic activity of OBP-301, we analyzed hTERT mRNA
expression levels in the 14 sarcoma cell lines by quan-
titative real-time reverse -transcriptase PCR (RT-PCR)
analysis. Thirteen of the sarcoma cell lines had detect-
able hTERT mRNA expression at variable levels, and
only $a0S5-2 cells did not express WTERT mRNA
(Fig. 2B).
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Figure 2. Relationship between the expression levets of GAR and ATERT mRNA and the cytopathic activity of OBP-301 against human bone and soft tissue
sarcoma cell lines. A, the ML of CAR expression on human bone and soft tissue sarcoma cells. The cells were incubated with a menogional anti-CAR (BmcB)
antibody, followed by flow eytometric detection usinig an FITC-labeled secandary antibody. B, expression of KTERT mRNA in human bone and soft tissue
sarcoma celis by quantitative real-thms PCH. The relative levels of ATERT mRNA were calculated after normalization with reference to the expression of

GCAPDH mRNA. G, corelation batween the MF! of CAR and the IDs of OBP-301 on human bene and soft tissue sarcoma cells. D, comelation between ATERT
mRNA expression and the 1Dgq of OBP-301 on human bone and soft igsue sarcoma celfs. Statistical significance was determined as 2 <0.05, after analysis of

Pearson's conelation coefficient.

We next investigated the relationship betweens CAR and
KTERT mRNA expressions and the cytopathic activity of
OBP-301 among the 11 CAR-positive sarcomna cell lines
with hTERT gene expression. CAR expression levels signifi-
cantly (r = -0.834; P= 0.01) correlated with the cytopathic
activity of OBP-301 against 8 of the bone sarcoma cell lines
(Fig. 2C). CAR expression in 3 of the soft tissue sarcoma cell
lines also correlated (r = ~0.99} with the cytopathic effect
of OB8P-301, but the differences did not reach significance
(P = 0.1) because of the jow number of cell lines assayed.
In contrast, there was no significant correlation between
KTERT mRNA expression and the cytopathic activity of
OBP-301 (Fig. 2D}. These results indicate that the cyto-
pathic activity of OBP-301, at léast in part. depends on CAR
expression,

Furthermore, 8a08-2 and U20S cells have already been
shown (0 be ALT-type sarcoma cell lines with low telomer-

ase activity {9, 17). Among these ALT-type sarcoma cells,
U208 cells showed a sensitivity to CBP-301 that was
similar to that of non-ALT-type sarcoma cells such as
HOS and NOS-10 {Fig. 1B). These results indicate that
ALT-type human sarcoma cells are sensitive to OBP-301
and that a low telomerase activity does not detract from the
cytopathic activity of OBP-301.

Enhanced virus replication and cytepathic activity of
OBP-301 through hTERT mRNA upregulation in ALT-
type sarcoma cell Hnes

The high sensitivity of ALT-type sarcoma cells to OBP-
301 prompted us to hypothesize that OBP-301 may
activate the hTERT gene promoter, thereby enhancing
the viral replication rate and subsequently inducing cyto-
pathic activity in ALT-type sarcoma cells. Furthermore,
it has been previcusly shown that the adenoviral E1A
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Hgurs 3. Upregulation of hTERT gene expression in ALT-type human sarcoma cell lines enhances the replication and the cytopathic effect of OBP-301.
A, oxpression of ATEAT MRNA in U208 cells that were mock-infacted or were infected with- OBP-301, Ad5, or di312. The cells were infected with
QBP-301, AdS, or dI312 at the indicated MOIs for 48 hour, and hTERT mRNA expression was analyzed using quantitative real-time RT-PCR. The valus of
hTERT mRNA exprassion in the mock-infected cells was set at 1, and relative mRNA levels were plotted. B, quantitative measurement of viral DNA replication:
in U208 calls infected with OBP-301 or AdS, The cells were infected with OBP-301 or AdS at an MOI of 10 PFUs/cell, and £14 copy number was anglyzed
over the following 2 days by quantitative real-time PCR. The value of the £1A copy number at 2 hours after infection was set at 1, and relative copy numbers
were plotted. C, comparison of the cytopathic effect of OBP-301 and AdS in U208 cells. The cails were infected with OBP-301 or Ad5 at the Indicated
MOls, and cell survival was quarntified 5 days after infection by using an XTT assay. D, expression of i TERT mBNA after infection of hurman bene (eft) and soft
tissue (Aght) sarcoma cell lines with OBP-301 at an MO of 100 PFUs/cell. Statistical significance () was determined as P < 0.05 (Student's ¢ test).

protein can activate the promoter activity of the hTERT
gene (41, 42), Therefore, to determine whether OBP-301
infection activates ATERT mRNA expression, we examined
the expression level of BTERT mRNA in ALT-type U208
cells after infection with OBP-301 at MOls of 10 and 100
PFUs/cell (Fig. 3A). Compared with mock-infected U208
cells, OBP-30 1 -infected U208 cells showed a 6- to 8-fold
increase in RTERT mRNA expression in a dose-dependent
manner, AdS infection also increased RTERT mRNA
expression in U208 cells, whereas there was no inaease
in U208 celis infected with EiA-deleted di312. These
results suggest that OBP-301 is cytopathic for ALT-type
sarcoma cells through ElA-mediated activation of the
KTERT gene promoter.

We next compared viral replication rates after infection
of ALT-type U208 cells with OBP-301 or Ad5. As expected,
the viral replication rate of OBP-301 was significandy

higher than that of AdS (Fig. 3B}. Furthermore, the cyto-
pathic activity of OBP-301 was significantly higher than
that of AdS5 against the ALT-type U208 cells (Fig. 3C).
Finally, to determine whether OBP-301 activates HTERT
mRNA expression in both ALT-type and non-ALT-type
human sarcoma cell lines, we infected 11 CAR-positive
human sarcoma cells with OBP-301 at 100 MOL Ten of the
11 CAR-positive human sarcoma cell lines showed an
increase in the expression level of hTERT mRNA after
OBP-301 infection that ranged from a 1.1- to 50.0-fold
increase (Fig, 3D and Supplementary Table $1). In addi-
tion, the expression level of KTERT mRNA was also upre-
gulated when OST cells were infected with 5 or 50 MOl of
OBP-301 {Supplementary Fig. S3). These results suggest
that OBP-301 is cytopathic for both ALT-type and non~
ALT-type human sarcoma cells through activadon of the
HTERT gene promoter.
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Figure 4, Antitumor effect of OBP-301 in an ontholopic OST bone sarcoma xenograit madel. A, athymic nude mice were inoculated intratibially with
08T cells (5 x 10° calle/site). Fourteen days after inceulation {designated as day 0), OBP-301 () or OBP-405 { A) was injected into the tumor, with 1 » 10°
PFUs on days 0, 2, and 4. PBS {O) was used as a control, Four mice were used for each group. Tumer growth was expressed as mean tumor valume = SD.
Statisticat significance (') was determined as P < 0.05 {Student’s | test), B, macroscopic appearance of OST tumors in nude mice on days 0 and 28 after
treaiment with PES, dI312, or OBP-301. Tumor masses are outlined by a dotted line. C, X-ray photographs of mice bearing OST tumors, The white arowheads
indicate the space occupied by the tmor mass, D, histologic enalysis of the OST tumurs. Tumor sections were obtained 28 days after Inceulation of tumor
cells, Paraffin-embedded settions of OST tumors wera stained with H&E, The black arrowheads indlcate growth plate cartilages. g, ¢ and e, are low-
magnification images and b, d and { are high-magnification images of the area outlined by a white square. Lett scale bar, 5 mm, Right scale bar, 500 yum.

Antitumor effect of OBP-301 against 2 orthotopic
tamor xenograft models )

To evaluate the in vivs antitumor effead of OBP-301
against human bone and soft tissue sarcomas, we used 2
types of orthotopic twmor xenograft models: the OST
bone sarcoma xenograft and the S¥O-1 subcutaneous soft
tissue sarcoma xenograft. We first identified a dose of OBP-
301 that was suitable for induction of an antitumor effect in
the subcutaneous OST bone sarcoma xenograft model
(deterinined as >107 PEUs; Supplementary Fig, $4). We
next assessed the antitumor effect of OBP-301 on the
orthotopic OST bone sarcoma xenograft model. OBP-
301 was injected into the tumor once a day for 3 days,
with 10° PFUs per day (10). Replication-deficient adeno-
virus d1312 or PBS was also injected into control groups.
Tumor growth was significantly suppressed by OBP-301
injection compared with injection of dl312 or PBS
{Big. 4A). Macroscopic analysis of the tumors indicated
that OBP-301-treated tumors were consistently smaller
than di312- or PBS-treated tumors on day 28 after treat-
ment (Fig 4B). We further determined whether OBP-301-

treated tumors were less destructive to surrounding nermal
tissues than control tumors, using X-ray and hisiologic
analyses (Fig. 4C and D). X-ray examination revealed rthat
OBP-301-treated tumoss resulted in tess bone destruction
than di312- or PBS-treated tumors. Histologic findings
were consistent with the X-ray resulis, showing that some
tumsor tissue had penetrated over the growth plate cartilage
in di312- and PBS-treated tumors but not in OBP-301-
treated tumors.

With future clinical application in mind, we sought
to establish a suitable protocol for repeated intratumo-
ral injection of OBP-301 by using an orthotopic $YO-1
soft tissue sarcoma senograft model. Doses of OBR-301
that were suitable for induction of an antitumor effect
on SYO-1 tmors (>10% PFUs) were determined in a
manner similar (o that of OST bone sarcoma cells
{data not shown), OBP-301 was injected 3 times into
the tumor, with 10° PFUs and intervals of 1 day, 2 days,
or 1 week between injections (Supplementary Fig. $5).
A total of 3 OBP-301 injections, with intervals of 2 days
or 1 week between injections, induced a significant
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Figare §. In vitro and in vivo antitumor effects of OBP-405 on OBP-301-resistant human sarcoma cell lines. A, expression of the integrins avf3 Geft)
and ovf5 {right} on OUMS-27 and NMFH-1 cells. The cells were incubated with a monoclonal anti-avfi3 integrin (LMB0S) or an anti-ov(5 integrin
{P1F6}, followed by flow cytemetric detection using an FITC-labeled secondary antibody. The gray histogram represents integrin antibody staining. The
number at the top right-hand comer of each graph is the MFL. B, cytepathic effect of OBP-405 on QUMS-27 and NMFH-1 cells. The cells were infected
with OBP-405 at the Indicated MO! values, and celf survival over 5 days was quantified using an XTT assay. G, antitumor sifect of OBP-405 in a subcutanecus
OUMS-27 xenograft tumor model. Athymic nudemice were inoculated subcutaneously with OUMS-27 cells {5 x 10 cells/sits). Fourteen days after inoculation
{designated as day 0), OBP-301 (4} or OBP-405 {M) was injected into the tumor, with 1 x 10° PFUs on days 0, 2, and 4, FBS (0} was used as a
control. Ten mice were used for each group. Tumor geowth was expressed as the mean tumor volume =+ SD, Statistical significance () was determined

as P < 0.05 (Student’s f test).

suppression of tumor growth, whereas intervals of 1 day
between injections were not effective. These results sug-
gest that an interval of more than 2 days between injec-
tions is necessary to efficiently suppress tumor growth by
repeated injections of OBP-301.

Antitumor effect of OBP-405 on OBP-301-resistant
sarcoma cell lines
OUMS-27 and NMFH-1 cells are resistant to OBP-301
because they lack CAR expression (Fig. 1A and Supplemen-
tary Fig. $2). We previously developed a fiber-modified
OBP-301, termed OBP-405, which can enter not only CAR-
positive cancer cells but also CAR-negative cancer cells
through binding to the cell surface integrins ovP3 and
ovp5 (31). We therelore sought to evaluate the antitumor
effect of OBP-405 on the OBP-301 -resistant OUMS-27 and
. NMFH-1 cells, We first examined the expression levels of

the integrins oavp3 and ovf5 on the surface of these cells by
flow cytometry (Fig. 5A). OUMS-27 and NMFH-1 cells
expressed both integrin molecules. We next examined
the effect of OBP-405 on OUMS-27 and NMFH-1 cell
viability by using the XIT assay (Fig. 5B). OBP-405 effi-
ciently suppressed cell viability of bath of these cell lines in
a dose- and time-dependent manner. We further assessed
whether OBP-405 has an in vivo antitumor effect by assay-
ing the effect of 3 intratumoral injections of ORP-301
or OBP-405, with 10° PFUs or of control PBS, into sub-
cutaneous OUMS-27 tumor xenografts. As shown in
Figure 5C, administration of OBP-405 resulted in sigai-
ficant suppression of tumor growth compared with OBP-
301- or PBS-treated tumors 28 days after treatrnent. These
results suggest that fiber-modified OBP-405 is a potential
antitumor reagent that is effective against CAR-negative
human sarcoma cells.
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Figure 6. Qutline of a therapeutic strategy for the use of telomerase-
specific repiication-selective oneolytic adenoviruses for human bone and
soft tissue sarcoma cells. it of CAR ion in fumor cells
could serve as an indicator for OBP-301 aor OBP-405 treatment. Of the 14
human sarcoma cell lines shown, the 12 CAR-expressing sarcoma cells
(86%} should be treated with OBP-301 and the 2 sarcoma cells {14%6) that
lack CAR expression should be treated with OBP-405, The tumar
expression level of h'TERT mRNA would be usaful in daciding the dose of
OBP-301 to be used for treatment. The expression level of Integrins on the
turner surface should be confirmed prior 1o OBP-405 ireatment.

Discussion

Telomerase-specific replication-selective oncolytic ade-
noviruses are emerging as promising antitumor reagents
for induction of tumor-specific cell death. We previcusly
reported that OBP-301 has a strong antitumor effect on a
variety of human epithelial malignant cells that have high
telomerase activity (12, 13}. However, nonepithelial
malignant cells often show low telomerase activity and
instead maintain telomere length through an ALT mechan-
ism (20, 21). The effect of OBP-301 on human bone and
soft tissue sarcoma cells has not been extensively exam-
ined. In this study, we showed that OBP-301 induced cell
death in 12 of 14 human bone and soft tissue sarcoma cell
lines (Fig. 1) and that the cytopathic activity of OBP-301
significantly correlated with twmor CAR expression
(Fig. 2A). Furthermore, 2 ALT-type sarcoma cells showed
low hTERT mRNA expression {Fig. 2B} but a similar
sensitivity to OBP-301 compared with non-ALT-type cells
becaise of "TERT mRNA upregulation by OBP-301 infec-
tion (Fig. 3). In contrast, 2 OBP-301~resistant sarcoma
cells that lack CAR expression were highly sensitive to
OBP-405, which can infea cells by binding to surface
integrin molecules (Fig. 5). On the basis of these results,
and with future clinical application in mind, we estab-
lished a therapeutic strategy for the use of telomerase-
specific oncolytic adenoviruses to treat patients with bone
and soft tissue sarcomas (Fig. 6). This strategy involves
assessment of the expression levels of CAR, hTERT, and
integring on human sarcoma cells, which would -then
allow easy selection of the most effective protocol for
the treatment of patients by using oncolytic adeno-
viruses. Furthermore, as OBP-301 and OBP-405 show

the profound antitumor effect in the combination of
varicus chemotherapeutic agents {43, 44), further evalua-
tion for the strategy using OBP-301 and OBP-405 in
combination with chemotherapy should be warranted.

The cytopathic activity of OBP-301 significantly cor-
relfated with CAR expression, but not with telomerase
activity, of human sarcoma cells (Fig. 2). These results
suggest that the cytopathic activity of OBP-301 depends
primarily on infection efficency rather than virus replica-
tion. Primary epithelial and nonepithelial malignant
tumors frequently express CAR {23-30). However, CAR
expression can often be downregulated by tumor progres-
sion {45, 46} or under hypoxic conditions (47), possibly
leading to a low infection efficiency and resistance to
08P-301. Thus, for future dinical application of OBP-
301, it may be necessary to overcome the resistance o
OBP-301 that arises during tumor progression. A histone
deacetylase (HDAC) inhibitor has been previously
shown to enhance CAR expression on human cancer cells
(48-50). Therefore, for the treatment of OBP-301-resistant
sarcomas, it may be necessary to either upregulate CAR
expression on tumor cells in combination with an HDAC
inhibitor or use OBP-405 to kill tumor cells in an integrin-
dependent manner (31).

ALT-type sarcoma cells that express a low level of hRTERT
mRNA showed sensitivity 1o OBP-301 thai was similar to
that of non-ALT-type sarcoma cells {Figs. 1 and 2). We
further showed that OBP-301 infection upregulates
KTERT gene expression and subsequently activates virus
replication and cytopathic activity in ALT-type sarcoma
cells (Fig. 3). These resulis suggest that the hTERT gene
promoter is a useful tool for enhancement of the onco-
Iytic adenoviruses not only because it induces tumor-
specific virns replication but also because it enhances
virus replication after infection. Indeed, the ALT-type
sarcoma Sa08-2 cells that lack hTERT gene expression
were relatively less sensitive to OBP-301 than the other
ALT-type sarcoma U208 cells that express low levels of
FTERT mRNA (Figs. 1 and 2). We further observed that
RTERT mRNA expression was not upregulated after
OBP-301 infection of $a08-2 cells (data not shown).
These results suggest that if ATERT gene expression can-
not be detected in tumor cells, then ALT-type sarcoma
cells should be treated with high doses of OBP-301, or
with OBP-405, 1o enhance OBP-301 infection efficiency
(Fig. 6).

It is also worth noting in terms of future clinical
application that an interval of more than 2 days between
injections is necessary in order for repeated injections of
OBP-301 to induce a strong antitumor effect in an SYO-1
animal xenograft model {Supplementary Fig. S5). We
first expected that continuous injection of OBP-301 at
intervals of 1 day, when tumors are of a minimurm size,
might be more effective in inducing an antitumor effect
than injection at intervals of 2 days or 1 week. Surpris-
ingly, continuous injection of OBP-301 at intervals of 1
day, for 3 days, could not induce an antitumor effect.
There are 2 possible explanations for these results, The
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first possibility is that 3 days of continuous injections
may not provide enough time for OBP-301 to replicate
and reach the minimal dose required for induction of an
antitumor effect within tumeor tissues. The second pos-
sibility is that OBP-301 may be less effective against
more slowly proliferating tumor cells than iz is against
rapidly proliferating tumor cells because its replication
rate would be lower in the more slowly proliferating
cells. Although it remains unclear why continuous injec-
tion of OBP-301 was less effective, it is clear that
repeated infection with OBP-301 at intervals of more
than 2 days would be sufficient to exest an antitumor
effect against human sarcoma tissues.

In conclusion, we have clearly shown that OBP-301 has
strong in vitre and in vive antitumor effects against human
bone and soft tissue sarcoma cells. Telomerase-specific
replication-selective oncolytic virotherapy would provide
a new platforin for the teatment of patients with bone and
soft tissue sarcomas.
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Thallium-201 Scintigraphy Is an Effective Diagnostic Modality to
Distinguish Malignant From Benign Soft-Tissue Tumors
Naoaki Kawakami, MD,* Toshiyuki Kunisada, MD, PhD,} Shuhei Sato, MD, PhD,} Yuki Morimoto, MD, PhD,

Masato Tanaka, MD, PhD,* Tsuyoshi Sasaki, MD,* Shinsuke Sugihara, MD, PhD,§
Hiroyuki Yanai, MD, PhD,¥ Susumu Kanazawa, MD, PhD,} and Toshifumi Ozaki, MD, PhD*

Background: The aim of this study is to evaluate whether thallium-201
(201-T) scintigraphy can differentiate malignant from benign soft-tissue tumors.
Methods: Between April 1995 and December 2005, 192 patients with
soft-tissue tumors (85 malignant and 107 benign) underwent 201-T! scintig-
raphy before treatment. Isotope uptake was used as a proxy for tumor-to-
background ratio (TBR). The accuracy 6f TBR on early and delayed imaging
was evaluated using the Mann-Whitney I and x* tests.

Results: There was a statistically significant difference in mean TBR on early
and delayed imaging of malignant and benign sofR-tissue tumors {124% * 109%
vs. 22% *+ 42%, and 82% * B3% vs. 2% * 25%, P < 0.0001). A TBR
cutoff of 20% indicated the probability of malignancy on early and delayed
imaging (82% sensitivity and 77% specificity; 82% sensitivity and 34%
specificity, P < 0.0001). Well-differentiated liposarcomas showed low
isptope accumulation, while pigmented villonodular synovitis and giant cell
tumors of the tendon sheath showed high isotope accumulation. )
Conclusions: Thallium-201 scintigraphy can distinguish malignant from
benign tumors with relatively high accuracy, With the exception of low grade

liposarcomas and locally aggressive benign tumors, 201-T1 scintigraphy may

be an effective diagnostic modality to differentiate malignant from benign
soft-tissue tumors.

Key Words: thallium-201, scintigraphy, soft-tissue, tumor, sarcoma
(Clin Nucl Med 2011;36: 982-986)

Distinguishing malignant from benign soft-tissue tumors presents
an imporiant diagnostic dilemma, Several radiographic modal-
ities are useful for initial investigation, inchiding magnetic reso-
nance imaging (MRI), which produces detailed images of soft-tissue
sbnormalities relative to adjacent anatomy, without the use of ionizing
radiation.”* However, the ability of MRI to differentiate benign from
malignant soft-tissue tumors is controversial >~ MRI could demon-
strate some biologic characteristics of soft-tissue turnors, such as myx-
pid or fibrous fumors, better than the fumor activity or viability.
Corputed tomography (CT) and ultrasound are also available to dem-
onstrate anatomic location of soft-tissue tumors. However, the quality
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and resolution of these imaging are not adequate enough to distinguit
malignant from benign sofi-tissue tumors.

Thallinm-201 (201-T1) scintigraphy is a functional scan th
has been traditionally used as a measurement of myocardial perfi
sion and has also been investigated in tumors.” Although 201~
seintigraphy is reported to be useful for imaging and differentiatir
betwesn malignant lesions and benign lesions, these studies wer
composed of small patient numbers and therefore failed to achie
statistical significance.®~1*

In this study, we investigated 201-TI scintigraphy as
indicator of malignancy in 193 sofi-tissue tumors. We confirmed o
findings by histologic examination of tumor biopsies, and report tk
sensitivity and specificity of 201-TI scintigraphy to differentia
between malignant and benign soft-tissue tumors,

PATIENTS AND METHODS

Patient Demographics and Histopathologic
Diagnosis

Between April 1995 and December 2005, 192 patients (9
male, 94 female) with soft-tissue tumors who presented to our clini
underwent 201-T1 scintigraphy before treatment, Before investig:
tion of 201-T1 scintigraphy, all patients underwent MRI, and som
of those also underwent CT for imaging assessment. Patient ag
ranged from 2 to 82 (mean, 49.6) years. Lesions were locate
primarily on the lower extremity (n = 117), followed by the uppe
extremity (n = 54) and trunk (n = 21).

The diagnosis of all malignant tumors and 67 benign sofi-tissu
tmors was confirmed by histologic examination, The diagnosis of th
remaining 40 benign soft-tissue tamors was made with the help ¢
ancillary imaging investigations with clinical follow-up of a minimw
of 6 months; 10 hemangiemas, 5 schwannomas, 5 inflammatory ¢
sions, 4 lipomas, 4 hematomas, 4 fibromas, and 8 others.

201-TI Scintigraphy

Thallium-201 scintigraphy was performed per institution:
protocol: intravenous bolus of 74 MBq (2mCi) of 201-T1 we
administered, and scintigraphic images were obtained using
gamma camers at 15 minutes (early imaging) and 2 hours (delaye
imaging) after the injection. Interval change in 201-T! uptake in th
lesion was contrasted with the contralateral normal anatomic area ¢
the area adjacent to the tumor. Early and delayed imaging obtaine
prior to 2003 were printed, and imported to a computer. From 200!
digital images were obtained that were exported directly to th
computer. Images were analyzed using Image] software (Nation:
Institutes of Health, Bethesda, MD). Two equally sized regions ¢
interest (ROI) were compared on each image (Figure 1), The firs
ROI was focused on the lesion itself and the second ROI was place
on the contralateral side or the area adjacent to the tumor in a norms
area to serve as a control.’® When 201-TI uptake was not detectabl
on the image, the ROI was placed on the area corresponding t
images obtained by CT or MRI (Figs. 2, 3). For each ROI th
average counts per pixel were calculated using Image] software
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: L7 DL = .
;URE 1. Example of ROI placement on 201-Tl scintigraphy
age. The first RO! (*) was placed on the outer border of
lesion and the second ROI (**) was placed on the
rtralateral side, which served as the control.

sluding background activity,b the fumor-to-background ratio
3R) was calculated by dividing the average counts per pixel of
T on the tumor area (T) by that of the background (BG);

TBR = [(T — BGY/BG] X 100.

The rate of change of TBR on early (TE) and delayed (TD)
1ging was also calculated as: .

Rate of change of TBR = [(TE ~ TDY'TE] X 100.

3URE 2. A, MRI (T2-welghted image) of malignant fibrous his
1-Tl scintigraphy {(posterior view)..C, Delayed imaging of 207

vated accumulation of 201-T] at the lesion (arrows).

Statistical Analysis

Statistical significance was ascertained by the Mann-Whit-
ney’s U test and the ¥ test, using Stat View 5.0J statistical software
(SAS Institute Inc, Cary, NC). P = (.05 was considered statistically
significant. - '

RESULTS
There were 85 malignant soft-tissue turmnors and 107 benign
sofi-tissue tumors {Tables 1, 2). Of the malignant soft-tissue tumors,
63 were located in the lower exfremity, 13 in the upper extremity,
and 9 in the trunk. Of the 107 benign soft-tissue tumors, 54 were

"located in the lower extremity, 41 in the upper extremity, and 12 in

the trunk. TBR for all malignant and benign soft-tissue tumors on
early and delayed imaging was obtained.

Mean TBR on early imaging of all benign tumors was 22% =
42% (Table 1), and of all malignant tumors was 124% * 109%
(Table 2). Mean TBR on early imaging of malignant tumors was
significantly higher than that of benign tumors (£ < 0.0001). In
addition, there was a statistically significant difference in mean TBR
between malignant and benign tumors on delayed imaging (P <
0.0001). Mean rate of change of TBR on early and delayed imaging
was 69% ~ 108% for all benign soft-tissue tumors, and 27% * 40%
for all malignant tumors. Mean rate of reduction in isotope accu-

"mulation on delayed imaging was significantly higher in benign

versus malignant sofi~tissue tumors (P < 0.005).

A TBR cutoff of 20% on early imaging was found fo be 82%
sensitivity and 77% specificity; on delayed imaging, specificity
increased to 84% (Table 3). A TBR of 20% on both early and
delayed imaging was a statistically significant indicator of malig-
nancy (P < 0.0001). False-negative results {TBR of less than 20%
on both early and delayed imaging) were found in 15 malignant
tumors (11 well-differentiated liposarcomas, 3 myxoid liposarco-
mas, and 1 malignant peripherat nerve sheath tamor). False-positive
results (TBR of >20% on early and delayed imaging) were found in
17 benign sofi-tissue tumors (7 Giant ceil tumor of tendon sheath, 4
pigmented villonodular synovitis, 3 inflammatory lesions, 2 des-
moids, and 1 synovial osteochondromatosis), although not all benign
tumors of these histofogic subtypes were falsely positive. High accu-
mulation of 201-T1 tracer in early imaging foliowed by marked reduc-
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IGURE 3. A, MRI (T2-weighted image) of intramuscular myxoma In the left posterior |

sintigraphy {poster
ccumulation of 201-Tl at the lesion (arrows),

ower leg. B, Early imaging of 201-Tl
or view), C, Delayed imaging of 201-TI scintigraphy (posterior view). Both images demonstrate ‘decreased

TABLE 2.

ABLE 1. Mean TBR of 107 Patients With Benign
Soft-Tissue Tumors

Mean TBR of 85 Patients With Malignant

oft-Tissue Tumors
)i Early Image  Delayed Image n Early Image  Delayed Image
ienign soft-tissue tumors 107 22% = 42% 12% % 25% Malignant soft-tissue tumors 85  124% = 109% 82% = 83%
ICTTS 7 120% *59% 1% E20% Dedifferentiated liposarcoma 1 462% 346%
V8 4 7% * 37% 54% = 20% Clear cell sarcoma 4 236% % 25% 192% + 86%
jflarmmatory lesion 10 57% % 45% 25% = 22% Angiosarcoma 1 207% 120%
ynovial osteochondromatosis 2 38% % 51% 14% = 22% Solitary fibrous tumor 1 206% 101%
Yesmoid 5 22% * 22% 26% * 37% Unclassified sarcoma 2 196% x 17% 158% = 46%
lemangioma 15 - 16% % 32% 1% = 2% Letomyosarcoma 7 158% % 103% 98% + 45%
ichwannoma 22 8% * 20% 2% * 5% MPNST 4 155% x 187%  111% * 156%
jbroma 4 4% *+ 2% 0% = 1% MFH 26 138% % 85% 91% = 74%
Jematoma 6 2% *+ 3% 1% + 2% Rhabdomyosarcoma 2 125% *+ 68% 83% * 6%
giomyoma 1 2% 3% Bynovial sarcoma 16 125% = 8%% 71% + 7%
.ipoma 12 1% % 3% 0% = 2% - Myxoid lipesarcoma 7 50% = 79% 30% + 37%
Ipidermoid cyst 2 1% % 3% 1% = 3% Well-differentiated liposarcoma 11 2% £ 1% 1% = 1%
ilastofibroma 4 1% = 1% 0% = 2% - : N -
Slomus tamor - 1% + 0% 1% + 1% ﬁbmh;frléggo ;;c:;aat.es maligaant peripheral nerve sheath tumor; MFH, malignan
ntramuscular myxoma 1 1% 1%
Viyofibroma 2 0% * 2% 1% * 0% -
zanglion 2 0% = 0% 1% = 0% TABLE 3. Comparison of TBR on Thallium Scintigraphy anc
Dthers [ 1% = 1% 1% £ 1% Diagnosis
on indicat‘es number of mOrs; GCTTS, giant cell tumor of tendon sheath; PVS, Early Image Malignant Benign
sigmented villonodular synovitis,
TBR =20% 70 25
TBR <20% 15 82
' Sensitivity: 82% Specificity: 77%
tion (akin to rapid reduction) on delayed ima, ing occurred in 4 inflam- .
mato(ry lesions% hemangioznata, -ang 1 sch\inn%oma (Table 4). Delayed Image Malignant Benign
TBR 220% 70 17
TBR <20% 15 90

DISCUSSION Sensitivity: 82%

Specificity; 849

Thallium-201 scintigraphy has been used in clinical oncology
TBR indicates tumot-to-background ratio.

for estimating the presence and biologic activity of tumors, includ-
ing those in bone and soft tissue. Since 201-T1 uptake is not only
flow-dependent, but engages active transport mechanism, the 20 1-T!
accumulation may indicate tumor celi viability and metabolic activ-

In our study, mean TBR on both early and delayed 201-1

ity.!4-16 Early articles reported a high affinity for 201-T1 in muscu-
loskeletal sarcomas.'™ % High acoumulation of 201-T1 on scintig-
raphy could be a positive indicator of malignancy in the evaluation

of soft-tissue turmors.

scintigraphy was found to be significantly higher in malignant versu
benign soft-tissue tumors, with an acceptable level of accuracy.

Our results also showed a predictable trend in false negativity
In our series, well-differentiated liposarcoma, a less aggressiv



