Gene therapy for cancer treatment

Table 61. Gene therapy agents in clinical fricls

Product Company

ADVEXIN® Introgen Therapeutics

TNFerade™ GenVec

ProstAtak™ Advantagene

OncoVEX®MF  BioVex

Reolysin® Oncolytics Biotech

PROSTVAC® BN
ImmunoTherapeutics

JX-594 Jennerex

Composition Indication Phase

Adenoviral vector
expressing the p53 tumor
suppressor gene

Squamous cell 1]
carcinoma of the
head and neck

Adenoviral vector Pancreatic cancer |l

expressing the TNF-o gene

Adenovirus expressing the  Prostate cancer ]
HSV/tk gene, followed by

valacyclovir

HSV-1 with deletions in
ICP34.5 and ICP47 modified
for expression of US11 and
GM-CSF

Melanoma 1]

Squamous cell 1]
carcinoma of the
head and neck

Reovirus serotype 3 Dearing

PROSTVAC-V-TRICOM:
replication competent
poxvirus with PSA plus three
costimulatory molecules,
B7.1, ICAM-1 and Lfa-3
PROSTVAC-F-TRICOM:
nonreplicating virus with
PSA plus B7.1, ICAM-1 and
Lfa-3

Prostate cancer 1l

Thymidine kinase gene-
inactivated oncolytic
vaccinia virus expressing
GM-CSF and LacZ genes

Liver cancer, 1l
melanoma,
colorectal cancer

GM-CSF: Granulocyte—macrophage colony-stimulating factor.

JX-594 into primary or metastatic liver tumors has shown a good toxicology
profile and signs of activity [541.Another Phase | trial showed that JX-594 could
selectively infect, replicate and express transgene products in metastatic
tumors after intravenous infusion [s5]. As well as the above described oncolytic
viruses, a great deal of attention should be given to exploring the feasibility
of systemically administered oncolytic viruses to treat metastatic disease [s6].

Conclusion

The goal of cancer therapy is to eradicate not only the primary tumor but also
any systemic metastasis that may reside in organs and tissues. Gene therapy
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has the potential to act as highly specific, personalized medicine in cancer
therapy. Vector systems and therapeutic genes have been considerably
improved, and some promising strategies have finally reached Phase Ill trials.
Earlier work has focused on vector and gene selection and the improvement
of gene expression. The benefits of this work can be enhanced by adding
other approaches, such asimmunotherapy and chemotherapy. We hope that
the current approach provides clinical success in the future.
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Several approaches for cancer gene therapy have been extensively studied, but none of
them has been integrated into standard cancer therapy.

Cancer gene therapy strategy is shifting away from the local treatment model toward more

systemic approaches.

Use of oncolytic virus and immunotherapy may heighten the therapeutic potency and cancer

selectivity of gene therapy.

Some of the gene therapeutic agents have entered the definitive clinical testing Phase Il stage.
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SHORT COMMUNICATION
A simple detection system for adenovirus receptor expression
using a telomerase-specific replication-competent adenovirus

T Sasaki', H Tazawa®>, J Hasei', S Osaki ', T Kunisada'*, A Yoshida', Y Hashimoto?, S Yano®, R Yoshida®, S Kagawa®, F Uno®, Y Urata®,
T Ozaki' and T Fujiwara®

INTRODUCTION

Adenovirus serotype 5 (Ad5) is widely and frequently used as an
effective vector in cancer gene therapy and oncolytic virother-
apy.!® Adenovirus-mediated transgene transduction is a highly
efficient method for induction of ectopic transgene expression in
tumor cells.'? The p53 tumor suppressor gene, which is a
potential therapeutic transgene that may induce a very strong
antitumor effect, has been transduced into tumor cells using a
replication-deficient adenovirus vector (Ad-p53, Advexin, Intorgen
Therapeutics, Inc., Austin, TX, USA), and Ad-p53 has been reported
to induce an antitumor effect in clinical studies.*”” Recently, an
Ad5-based replication-competent oncolytic adenovirus has been
developed as a promising anticancer reagent for induction of
tumor-specific cell lysis.®>® Ad5-based vectors infect human target
cells through binding with the coxsackie and adenovirus receptor
(CAR).' Thus, the infection efficiency of Ad5-based vectors mainly
depends on the CAR expression level in tumor tissues.'’” "’
Increased CAR expression has been fre%uently shown in tumor
cells in various organs such as the brain,’® thyroid,'® esophagus,?°
gastrointestinal tract' prostate," bone and soft tissues.?72*
However, tumor cells often show reduced CAR expression
following tumor progression.'®?"2>2% Decreased CAR expression
has also been shown in tumor tissues after repeated injection of
Ad-p53.2728 It is therefore necessary to assess the CAR expression
level of target tumor tissues before and after Ad5-based cancer
gene therapy and oncolytic virotherapy.

There are some conventional methods for evaluation of the
CAR expression level in tumor tissues, such as flow cytometry,
immunohistochemistry, western blotting and reverse trans-
cription (RT)-PCR. Flow cytometry is mainly used to detect
CAR-positive human tumor cell lines.'*?*%2° |mmunohistochemistry
is frequently used to assess CAR expression in various human
tumor tissues.'"1%2%232> Western blotting is usually performed to
confirm the expression of many types of proteins including CAR
in molecular biological experiments. Quantitative RT-PCR is also a
useful method for evaluation of the mRNA expression of CAR.'8%?
Although these conventional methods can detect CAR expression
in tumor tissues, it still remains unclear whether Ad5-based
vectors really infect target tumor cells through binding with the
CAR that is detected using conventional methods. Therefore, the
development of a novel method for assessment of the level of
expression of functional CAR in tumor tissues, which is what the
Ad5-based vectors really bind, is required for Ad5-based anti-
cancer therapy.

We previously developed a telomerase-specific replication-
competent adenovirus OBP-301 (Telomelysin, Oncolys BioPharma,
Inc., Tokyo, Japan) that drives the ETA and E1B genes under the
human telomerase reverse transcriptase (hTERT) promoter.52°-31
OBP-301 infects both normal and tumor cells that express CAR, but
replicates only in CAR-positive tumor cells in a telomerase-
dependent manner. Furthermore, we recently generated a green
fluorescent protein (GFP)-expressing telomerase-specific replication-
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competent adenovirus OBP-401, which induces ectopic GFP
expression in tumor cells, but not in normal cells.3> OBP-401
infection efficiently induces GFP expression in metastatic tumor
cells at regional lymph nodes®? and liver,®® circulating tumor cells
in blood flow®* and disseminated tumor cells in the abdominal
cavity.® These results suggest that OBP-401 is a highly sensitive
tool for the detection of tumor cells. Furthermore, Ad5-based OBP-
401 would also be useful for induction of GFP expression in CAR-
positive tumor cells, but not in CAR-negative tumor cells.

In the present study, we evaluated whether induction of GFP
expression by OBP-401 infection is associated with CAR expression
in tumor cells. OBP-401-mediated GFP induction was further
examined in xenograft tumor tissues that have different levels of
CAR expression and in surrounding normal tissues.

RESULTS AND DISCUSSION

Assessment of an OBP-401 infection protocol for the detection of
CAR-positive tumor cells

We recently demonstrated that the level of CAR expression that
was detected using flow cytometry was significantly associated
with OBP-301-mediated cytopathic activity in human bone and
soft tissue sarcoma cells.*® Furthermore, OBP-401 infection has
been shown to induce GFP expression 24h after infection of
human sarcoma cells.>* To evaluate whether GFP expression that
is induced by OBP-401 infection is associated with CAR expression
in tumor cells, we used three human sarcoma cell lines (OST,
NMFH-1 and OUMS-27) that have different levels of CAR
expression, as previously reported.®® Flow cytometric analysis
confirmed that OST cells showed detectable CAR expression,
whereas cells of the NMFH-1 and OUMS-27 sarcoma cell lines had
no detectable CAR expression (Figure 1a).

To determine suitable conditions for OBP-401 infection in order
to detect CAR-positive tumor cells, OST sarcoma cells were
infected with OBP-401 at multiplicity of infections (MOls) of 1, 10
and 100 plaque-forming units (PFU) per cell over 24 h (Figure 1b
and ¢). Twelve hours after infection, only OBP-401 infection
at an MOI of 100 had induced GFP expression in all of the OST
cells. Twenty-four hours after infection, OBP-401 infection at MOls
of 10 and 100 had induced ectopic GFP expression in all of the
OST cells, whereas OBP-401 infection at an MOI of 1 had induced
GFP expression in about 80% of the OST cells. These results
indicate that OBP-401 infection at an MOI of greater than 10 is
necessary to efficiently detect CAR-positive tumor cells 24 h after
infection.

To subsequently determine a suitable condition for OBP-401
infection that would exclude CAR-negative tumor cells, the NMFH-1
and OUMS-27 sarcoma cells that do not express CAR were
infected with OBP-401 at MOlIs of 10 and 100 for 60 h (Figures 1d
and e). NMFH-1 cells expressed GFP at 24 and 48 h after OBP-401
infection at MOls of 100 and 10, respectively. In contrast, OUMS-27
cells exhibited no GFP expression after OBP-401 infection. To
investigate the different GFP expression between these CAR-
negative tumor cells, expression of integrins, avp3 and avf5, was
further examined by flow cytometry. NMFH-1 cells showed
twofold higher expression of integrin avB3 compared with
OUMS-27 cells, whereas avp5 expression was similar in these
cells (Supplementary Figure Sla). These results indicate that
OBP-401 infection at an MOI of 10 for 24 h is a suitable protocol
for distinguishing CAR-negative tumor cells from CAR-positive
tumor cells, when CAR-negative tumor cells express integrin
molecules.

Relationship between OBP-401-induced GFP expression and CAR
expression

To evaluate whether OBP-401-induced GFP expression correlates
with CAR expression in tumor cells, six human sarcoma cell lines

© 2013 Macmillan Publishers Limited
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(OST, U20S, NOS-10, MNNG/HOS, NMFH-1 and OUMS-27) and
normal human lung fibroblasts (NHLF) cells that have different
levels of CAR expression (Figure 1a and Supplementary Figure
S1b) were infected with OBP-401 at an MOI of 10 for 24 h, and the
GFP-positive cells in each cell type were analyzed under
fluorescence microscopy (Figures 2a and b). OBP-401 infection-
induced GFP expression from 12h after infection and, after 24 h,
more than 40% of all CAR-positive tumor cells (OST, U20S, NOS-10
and MNNG/HOS) were detected as GFP-positive cells. However, no
GFP-positive cells were detected in the CAR-negative tumor cells
(NMFH-1, OUMS-27), or in the normal NHLF cells, 24h after
infection. Furthermore, OBP-401-mediated GFP induction in CAR-
positive tumor cells was suppressed by blocking CAR proteins with
anti-CAR antibody (Supplementary Figure S2). To assess the GFP
expression level in all tumor and normal cells in a more
quantitative manner, we quantified the level of GFP fluorescence
in each cell type 24h after infection using a fluorescence
microplate reader (Figure 2c). We also quantified the level of
CAR expression in these cells by calculating the mean fluores-
cence intensity in flow cytometric analysis (Figure 2d). GFP
fluorescence was detected in CAR-positive tumor cells, but not in
either CAR-negative tumor cells or in CAR-positive normal cells.
There was a significant relationship between the CAR expression
level and the GFP fluorescence level (r=0.885 P=0.019)
(Figure 2e). These results indicate that OBP-401-mediated GFP
expression is highly associated with CAR expression in tumor cells.

Comparison of the potential of OBP-401-mediated GFP induction
and of conventional methods for CAR detection

To estimate the potential of OBP-401-mediated GFP induction for
the detection of CAR-positive tumor cells, we compared the above
protocol using OBP-401 with western blot analysis and immuno-
cytochemistry. CAR expression was detected in OST, U20S and
NOS-10 sarcoma cells, but not in CAR-positive MNNG/HOS
sarcoma cells, using western blot analysis (Supplementary Figure
S3a). In contrast, only OST cells displayed a positive CAR signal
using immunocytochemistry, whereas the CAR signal of the other
three CAR-positive tumor cells was almost as weak as that from
CAR-negative tumor cells (Supplementary Figure S3b). CAR
expression was also not detected in CAR-positive NHLF cells by
either western blot analysis or by immunocytochemistry. These
results suggest that the GFP induction protocol using OBP-401 is
more sensitive for the detection of CAR-positive tumor cells than
conventional methods.

OBP-401-mediated GFP induction was detected in MNNG/HOS
sarcoma cells that expressed a low level of CAR (Figure 2¢),
although neither western blot analysis nor immunocytochemistry
detected CAR in these cells (Supplementary Figure S3). Further-
more, although conventional methods may be able to detect high
CAR expression in tumor cells, whether the CAR expression that is
detected by conventional methods is really functional for binding
with Ad5-based vectors still remains unclear. In contrast, as OBP-
401 is an Ad5-based vector that expresses a fluorescent GFP gene,
OBP-401-induced GFP expression directly proves that the CAR that
is expressed is functional for Ad5-based vector binding. Thus, the
OBP-401-mediated GFP induction strategy is a potential diagnos-
tic method that can efficiently and directly assess functional CAR
expression in tumor cells.

OBP-401-mediated GFP induction in xenograft tumor and normal
tissues with different CAR expression

Finally, to investigate the potential of the OBP-401-mediated
method for the detection of CAR expression in tumor and normal
tissues, we used this method to analyze CAR expression of human
xenograft tumor tissues, that do or do not express CAR, as well as
of surrounding normal muscle tissues, which have been previously
shown to lose CAR expression.>® CAR-positive OST sarcoma cells or
CAR-negative OUMS-27 sarcoma cells were inoculated into nude
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Figure 1. Establishment of a suitable protocol for the detection of CAR expression using OBP-401. (a) The level of CAR expression on

three human sarcoma cell lines (OST, NMFH-1 and OUMS-27) was analyzed using flow cytometry. The cells were incubated with a monoclonal
anti-CAR (RmcB) antibody and the signal was detected using a fluorescent isothiocyanate (FITC)-labeled secondary antibody. The mean
fluorescence intensity (MFI), which is a measure of CAR and integrin expression, was calculated for each cell and is shown at the top right
of each graph. (b) Time-lapse images of OST cells, which displayed the highest CAR expression, were recorded for 24 h after OBP-401 infection
at MOIs of 1 and 10 PFU per cell. Representative images taken at the indicated time points and MOIs show cell morphology that was
analyzed using phase-contrast microscopy (top panels) and GFP expression that was analyzed using fluorescence microscopy (bottom panels).
Original magnification: x 80. (c) The percentage of GFP-positive cells was counted in OST cells at the indicated time points after OBP-301
infection at MOlIs of 1, 10 and 100 PFU per cell. (d) Time-lapse images of non-CAR-expressing OUMS-27 and NMFH-1 cells were recorded
for 60 h after OBP-401 infection at MOls of 10 and 100 PFU per cell. Representative images taken at the indicated time points and MOls
show cell morphology that was analyzed using phase-contrast microscopy (top panels) and GFP expression that was analyzed using
fluorescence microscopy (bottom panels). Original magnification: x 80. (e) The percentage of OUMS-27 and NMFH-1 GFP-positive cells

was counted at the indicated time points after OBP-301 infection at MOIs of 10 and 100 PFU per cell.

mice to develop xenograft tumors. After resection of the OST
tumors, the OUMS-27 tumors and normal muscle tissue, the
tissues were subjected to the protocol for OBP-401-mediated GFP
induction using a three-step procedure (Figure 3a) as follows; step
1: OBP-401 infection for 24 h, step 2: washing with PBS and step 3:
observation under a fluorescence microscope. As shown in
Figure 3b, OBP-401 infection-induced GFP expression in CAR-
positive OST tumor tissues, but not in CAR-negative OUMS-27
tumor tissues or in normal muscle tissue. These results suggest
that OBP-401-mediated GFP induction is a simple and useful
method for the detection of CAR expression by tumor tissues.
Flow cytometry is a highly sensitive conventional method for
the detection of cell surface CAR expression, which is associated
with the therapeutic efficacy of Ad5-based vectors in tumor
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cells.”>?*282° However, as many tumor cells tightly bind to each
other or to normal stromal cells within tumor tissues, the
preparation of single tumor cells is not easy, and therefore flow
cytometry is an inadequate method for the detection of CAR
expression in tumor tissues. In contrast, the preparation of single
tumor cells is not necessary for the OBP-401-mediated GFP
induction protocol. Furthermore, assay of OBP-401-induced GFP
expression was more sensitive than flow cytometry (Figure 2d) in
distinguishing CAR-positive normal cells from CAR-positive tumor
cells (Figure 2c). Thus, the OBP-401-mediated GFP induction
method is a simple and tumor-specific system for the detection of
CAR expression in tumor tissues.

Fluorescent proteins including GFP have great potentials to
visualize tumor cells in real time on the in vivo setting.>”*®
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Figure 2. In vitro CAR-dependent GFP expression induced by OBP-401 infection. (a) The percentage of GFP-positive cells in all tumor and

normal cells was counted at the indicated time points after OBP-301 infection at an MOI of 10 PFU per cell. (b) Time-lapse images of all tumor
and normal cells were recorded for 24 h after infection with OBP-401 at an MOI of 10 PFU per cell. Representative images taken at the
indicated time points show cell morphology that was analyzed using phase-contrast microscopy (top panels) and GFP expression that was
analyzed using fluorescence microscopy (bottom panels). Original magnification: x 80. (c) Quantitative assessment of the level of GFP
fluorescence in all tumor and normal cells 24 after OBP-401 infection at an MOI of 10 PFU per cell, using a fluorescent microplate reader with
excitation/emission at 485 nm/528 nm. The intensity of GFP fluorescence was evaluated based on the brightness determinations used as
relative fluorescence units (RFU). (d) The mean fluorescent intensity (MFI) of (CAR) expression on human sarcoma cells and normal fibroblasts.
The cells were incubated with a monoclonal anti-CAR (RmcB) antibody, followed by a FITC-labeled secondary antibody, and were analyzed
using flow cytometry. (e) Relationship between the level of GFP fluorescence and CAR expression in all tumor and normal cells after OBP-401
infection. The slope represents the inverse correlation between these two factors. Statistical significance was determined as P<0.05, after
analysis of Pearson’s correlation coefficient.

Previous reports have suggested that ex vivo infection of human
cancer specimens with a GFP-expressing replication-deficient
adenovirus* or a replication-selective oncolytic adenovirus*' is a
useful method for assessment of the transduction efficacy or

We previously reported that OBP-401 can efficiently induce GFP
expression in small populations of metastatic tumor cells at
various regions in vivo.** 3 In this study, we further demonstrated
that OBP-401-mediated GFP expression provides us the important

information for detection of CAR-positive tumor cells. OBP-401
with hTERT gene promoter-induced GFP expression in CAR-
positive tumor cells with telomerase activity, but not CAR-positive
normal cells without telomerase activity (Figure 2c). There was
significant relationship between the CAR expression and the GFP
expression in tumor cells (Figure 2d). Among the four CAR-positive
tumor cells, U20S cells showed low GFP expression compared
with high CAR expression (Figure 1a and 2c). As we recently
reported that U20S cells showed low hTERT mRNA expression, the
low activity of hTERT gene promoter in tumor cells would affect
OBP-401-mediated GFP expression. However, as various types of
human cancer cells frequently show high telomerase activities,
OBP-401-mediated GFP induction system would be widely useful
method to evaluate CAR expression in tumor cells.

© 2013 Macmillan Publishers Limited

cytopathic activity, respectively, of Ad5-based vectors in individual
tumor tissues. In this study, we confirmed that the GFP-expressing
telomerase-specific oncolytic adenovirus OBP-401 is useful for
detection of CAR-positive tumor tissues through induction of GFP
expression (Figure 3b). Interestingly, OBP-401-infected OST tumor
tissues showed heterogenous GFP expression (Figure 3b),
although GFP expression was induced in all OBP-401-infected
OST cells in vitro (Figure 2b). Our finding of heterogenous GFP
expression in tumor tissues, which indicates heterogenous CAR
expression, is conSIstent with a previously reported heterogenelty
in CAR expressmn 2 As several factors such as hypoxia®® and cell
cycle status** have been suggested to affect CAR expression in
tumor cells, factors in the tumor microenvironment may be
involved in the heterogenous CAR expression in tumor cells.
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a gradients. Viral titers were determined by a plaque-forming assay using
293 cells and viruses were stored at —80 °C.
-
@ 24h Flow cytometry
- The cells (5 x 10° cells) were labeled with the mouse monoclonal anti-CAR
Tumcir lnfi{fgn‘mh Fluf::scihce (RmcB; Upstate Biotechnology, Lake Placid, NY, USA) antibody for 30 min at
sample OBP-401 ashwl microscopy 4°C. The cells were then incubated with fluorescent isothiocyanate-
conjugated rabbit anti-mouse IgG second antibody (Zymed Laboratories,
b osT OUMS-27 Muscle San Francisco, CA, USA) and were analyzed using flow cytometry (FACS
Array; Becton Dickinson, Mountain View, CA, USA). The mean fluorescence
intensity of CAR for each cell line was determined by calculating the
differences between the mean fluorescence intensity in antibody-treated
and non-treated cells in triplicate experiments.
Figure 3. A simple method for detection of CAR expression in tumor Time-lapse confocal laser microscopy

tissues using OBP-401 infection. (a) Outline of the 3-step procedure;
step 1: infection with OBP-401, step 2: washing with PBS and

step 3: observation under a fluorescence microscope. Tumor tissues
(2 x 2 x 2mm?) were infected with OBP-401 at a concentration of
2.4 x 10°PFU for 24 h, were washed with PBS and were observed
using fluorescence microscopy. (b) Assessment of GFP expression in
the CAR-positive OST tumor (left panel), the CAR-negative OUMS-27
tumor (middle panel) and normal muscle tissues (right panel) under
a fluorescence microscope. Original magnification: x 30.

Furthermore, as OBP-401 induces tumor-specific GFP expression,
normal stromal or epithelial cells may be involved in hetero-
genous GFP expression in tumor tissues.

In conclusion, we have demonstrated that the GFP-expressing
telomerase-specific replication-competent adenovirus OBP-401
is a promising fluorescence imaging tool for the detection
of functional and tumor-specific CAR expression in tumor
tissues. OBP-401-mediated GFP induction is a simple and highly
sensitive method for analysis of tumor cells compared with
conventional methods. This novel CAR detection system using
OBP-401 has the potential of being widely applicable to
assessment of predictive biomarkers for Ad5-based vector-
mediated anticancer therapy.

MATERIALS AND METHODS
Cell lines

The human osteosarcoma cell line OST was kindly provided by Dr Satoru
Kyo (Kanazawa University, Ishikawa, Japan). The human osteosarcoma cell
line U20S and the transformed embryonic kidney cell line 293 were
obtained from the American Type Culture Collection (ATCC; Manassas, VA,
USA). The human osteosarcoma cell line NOS-10** and the human
malignant fibrous histiocytoma cell line NMFH-1*¢ were kindly provided by
Dr Hiroyuki Kawashima (Niigata University, Niigata, Japan). The human
osteosarcoma cell line MNNG/HOS was purchased from DS Pharma
Biomedical (Osaka, Japan). The chondrosarcoma cell line OUMS-27 was
previously established in our laboratory.” The normal human lung
fibroblast cell line NHLF was obtained from TaKaRa Biomedicals (Kyoto,
Japan). These cells were propagated as monolayer cultures in the medium
recommended by the manufacturer. All media were supplemented with
10% heat-inactivated fetal bovine serum, 100unitsml™" penicillin and
100ugml~" streptomycin. The cells were maintained at 37°C in a
humidified atmosphere containing 5% CO,.

Recombinant adenoviruses

We previously generated and characterized OBP-401, which is a
telomerase-specific replication-competent adenovirus variant, in which
the hTERT promoter element drives the expression of ETA and E1B genes
that are linked to an internal ribosome entry site, and in which the GFP
gene is inserted into the E3 region under a cytomegalovirus promoter.®*3*
The virus was purified by ultracentrifugation using cesium chloride step
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The cells (1 x 10 cells per dish) were seeded in 35 mm glass-based dishes
20 h before virus infection. OST cells were infected with OBP-401 at an MOI
of 1, 10 or 100PFU per cell for 24h. NMFH-1 and OUMS-27 cells were
infected with OBP-401 at an MOI of 10 or 100 PFU per cell for 60 h. Other
cells were infected with OBP-401 at an MOI of 10PFU per cell for 24 h.
Phase-contrast and fluorescence time-lapse recordings were obtained to
concomitantly analyze cell morphology and GFP expression using an
inverted FV10i confocal laser scanning microscopy (OLYMPUS; Tokyo,
Japan). Photographic images were taken every 5min. The percentage of
GFP-positive cells in each field was calculated using the formula: the
number of CAR-positive cells / the total number of CAR-positive and CAR-
negative cells x 100.

Fluorescence microplate assay

The cells (5 x 10°cells per well) were seeded on 96-well black bottomed
culture plates and were incubated for 20 h before virus infection. The cells
were infected with OBP-401 at an MOI of 10 for 24h. The level of
expression of GFP fluorescence was measured using a fluorescent
microplate reader (DS Pharma Biomedical; Osaka, Japan) with excitation/
emission at 485nm/528 nm. The mean expression of GFP fluorescence in
each cell was calculated in triplicate experiments, as previously reported.*

Animal experiments

Animal experimental protocols were approved by the Ethics Review
Committee for Animal Experimentation of Okayama University School of
Medicine. OST and OUMS-27 cells (5 x 10° cells per site) were inoculated
into the flank of female athymic nude mice aged 6 to 7 weeks (Charles
River Laboratories, Wilmington, MA, USA). Palpable tumors developed
within 14 to 21 days and were permitted to grow to ~5 to 6 mm in
diameter. At that stage, tumor and normal muscle tissues were resected.
The tumor and normal tissues (2 x 2 x 2mm?) were placed in 96-well plates
with culture medium. As single tumor cell is about 10 pm in diameter, we
considered that there are 2.4 x 10° cells on the surface area of each sample
tissue. Then, we infected each sample tissue with 2.4 x 10°PFU (10 MOI per
sample) of OBP-401 for 24 h. After washing with PBS, tumor and normal
tissues were again placed in 96-well plates with culture medium and
analyzed using an inverted fluorescence microscope (OLYMPUS).

Statistical analysis

Data are expressed as means * s.d. Student’s t-test was used to compare
differences between groups. Pearson’s product-moment correlation
coefficients were calculated using PASW statistics software version 18
(SPSS Inc., Chicago, IL, USA). Statistical significance was defined as when
the P value was less than 0.05.

ABBREVIATIONS

Ad5, Adenovirus serotype 5; CAR, coxsackie and adenovirus
receptor; GFP, green fluorescent protein; RT-PCR, reverse
transcription-polymerase chain reaction; hTERT, human telo-
merase reverse transcriptase; MOI, multiplicity of infection;
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