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Relative hTERT mRNA levels

Figure 1 hTERT expression and selective replication of OBP-401 in human cancer cells. (a) Relative h'TERT mRNA expression in human tumor and normal
cell lines determined by real-time RT-PCR analysis. The hTERT mRNA expression of H1299 human lung cancer cells was considered as 1.0, and the relative
expression of each cell line was calculated against that of H1299 cells. (b) Immunohistochemical analysis of the hTERT protein expression in surgical
specimens of human gastric cancer and their microscopic metastases in lymph nodes. Representative microscopic images of primary tumor (left panel) and

© metastatic foci in lymph node (middle and right) are shown. Positive staining is reddish brown. Counterstain is blue-purple. Original magnification: x200

(left and middle) and x400 (right). Scale bar, 100 um. (c) DNA structures of OBP-401. (d) Assessment of viral DNA replication in H1299, SW620 and

© NHLF cells. Cells were infected with OBP-401 at an MOI of 10 for 2 h. Subsequent to the removal of virus inocula, cells were additionally incubated for the
indicated time periods and then subjected to real-time quantitative PCR assay. The amounts of viral E1A copy number are defined as the fold increases for
each sample relative to that at 2 h (2 h equals 1). (e) Relationship between viral replication and hTERT expression determined by real-time RT-PCR analysis.
Plots represent the relative £1A DNA levels at 24 h after OBP-401 infection and the relative h'TERT mRNA levels in SW620, LNCaP and MCF-7 cell lines.
The slope represents the positive correlation between these two factors (R? = 0.9951).

metastatic lymph nodes, thereby leading to the direct imaging of
micrometastases. This technology is adaptable to detect lymph node
metastasis in vivo as a preclinical model of surgical navigation.

RESULTS

hTERT levels in human cell lines and lymph node metastases
To confirm the specificity of telomerase activity in human cancer cells,
we measured expression of h”TERT mRNA in a panel of human tumor
and normal cell lines using a real-time RT-PCR method. Although the
expression varied widely, all tumor cell lines derived from different
organs expressed detectable levels of hTERT mRNA, whereas human
fibroblast cells lines such as the normal human lung fibroblast (NHLF)
and normal human lung diploid fibroblast (WI38), human vascular
endothelial cells, and normal human renal epithelial cells were
negative for hTERT expression (Fig. 1a). We also examined samples
of 30 primary tumors and 39 lymph node metastases obtained from
gastric cancer patients for hTERT protein expression by immunohis-
tochemistry (Supplementary Table 1 online). As shown in Fig. 1b,
hTERT staining was clearly observed in metastatic foci of gastric
cancers, although most of the lymphocytes present in lymph nodes

were negative for hTERT except in some germinal centers. These
results suggest that the hTERT promoter element can be used to target
human cancer.

Selective visualization of human cancer cells in vitro

We constructed the tumor-specific replication-competent adenovirus
OBP-401, which expresses GFP by inserting the GFP gene under
the control of the CMV promoter at the deleted E3 region
of the telomerase-specific replication-selective type 5 adenovirus
OBP-301 (refs. 16,17) (Fig. 1c). To evaluate the replication ability of
OBP-401 in different cell lines, we measured the relative amounts
of E1IA DNA by quantitative real-time PCR analysis. Human cancer
cells (H1299 and SW620) and normal cells (NHLFs) were infected
with OBP-401 at a multiplicity of infection (MOI) of 10 for 2 h,
followed by incubation in the medium. Cells were harvested at various
times during the 3 d after infection, and the virus yield was
determined by quantitative real-time PCR assay targeting for the
viral EIA sequence. The ratios were normalized by dividing the
value of cells obtained 2 h after viral infection. In SW620 and
H1299 cells, OBP-401 replicated 6-7 logs by 3 d after infection;
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Figure 2 Selective visualization of human cancer cells in vitro.
H1299 (a), SW620 (b), HT29 (c) and NHLF (d) cells were infected
with OBP-401 at 1 or 10 MOI for H1299, and 10 MOI for other
cell lines. Cell morphology was evaluated at indicated time points
by phase-contrast photomicrography (top panels). Cells were also
assessed for GFP expression under fluorescence microscopy (bottom
panels). Magnification: x200. (e) Transmission electron micrograph
of LNCaP human prostate cancer cells infected with OBP-401 at an
MOI of 10. Black dots represent replicating virus particles.

OBP-401 replication, however, was attenuated up to 3 logs in normal
NHLFs (Fig. 1d). These findings indicate that OBP-401 viral recovery
was reduced by 3—4 logs in normal cells as compared with cancer cells.
We also found an apparent correlation between viral yields at 24 h
after OBP-401 infection and ATERT mRNA expression in human
cancer cell lines (Fig. 1e).

To determine whether OBP-401 replication is associated with
selective GFP expression, cells were analyzed and photographed
by fluorescent microscope after OBP-401 infection. As shown in
Fig. 2a, H1299 human non-small-cell lung cancer cells expressed
bright GFP fluorescence as early as 12 h after OBP-401 infection at
an MOI of 10. The fluorescence intensity gradually increased in a
dose-dependent fashion until ~ 72 h after infection, followed by rapid
cell death due to the cytopathic effect of OBP-401, as shown by
floating, highly light-refractile cells under phase-contrast photomicro-
graphs. In SW620 and HT29 human colorectal cancer cells
we detected GFP expression 24 h after infection with 10 MOI of
OBP-401, and cells showed the cytopathic effect at 72 h after infection
(Fig. 2b,c). In contrast, normal NHLF cells were negative for GFP
expression after OBP-401 infection (Fig. 2d). These results indicate
that OBP-401 can replicate exclusively in human cancer cells, leading
to tumor cell-specific GFP fluorescence expression in vitro. We
detected replicating virus particles in human cancer cells by transmis-
sion electron microscopy (Fig. 2e). The cytopathic effect of OBP-401
was also assessed by the cell viability assay using the tetrazolium salt
XTT. In both SW620 and HT29 cells, OBP-401 infection induced
rapid cell death in a dose-dependent manner (Supplementary Fig. 1a
online). In nu/nu mice carrying subcutaneous SW620 human color-
ectal tumor xenografts, intratumoral injection of OBP-401 resulted in
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a significant inhibition of tumor growth as compared with mock-
treated tumors (Supplementary Fig. 1b online).

Selective visualization of subcutaneous tumors in vivo

It is reported that the hTERT promoter could be used to induce
transgene expression in syngenic tumors in mice!®, We first confirmed
that OBP-401 could replicate and express GFP fluorescence in Colon-
26 cells in vitro as well as in vivo (Supplementary Fig. 2a,b online). In
contrast, OBP-401 replication was attenuated in mouse splenocytes
(Supplementary Fig. 2a online). These results suggest that the hTERT
promoter can efficiently use the mouse transcriptional machinery and,
therefore, the selectivity of OBP-401 can be examined in human
tumor xenografts in mice.

To assess the specificity of the GFP-based fluorescent optical
detection of tumors in vivo, we examined the kinetics of GFP
transgene expression in subcutaneous SW620 and HT29 tumors
after intratumoral injection of 1 x 107 PFU per 100 pl of OBP-401
with the charged-coupled device (CCD) noninvasive imaging system.
Whole-body images of mice showed that intratumoral GFP fluores-
cence signals were detectable within 24 h after local delivery of
viruses (Fig. 3a). The fluorescence intensity reached maximum
levels within 4 d after injection and was maintained for at least
7 d. When SW620 tumors were removed 14 d after intratumoral
injection of OBP-401, the high GFP transgene expression was visible
on the surface of tumors as well as across serially sliced sections
(Fig. 3b). No GFP fluorescence was detected when non-tumor-bearing
mice were subcutaneously injected with 1 x 107 PFU per 100 pl
of OBP-401 (Fig. 3c), suggesting confinement of GFP expression to
the tumor.
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Arrowheads, injected area.

Orthotopic mouse model of human rectal cancer with metastasis
The development of the orthotopic implantation technique for
human rectal cancer has been described?’. Our preliminary experi-
ments revealed that, when 5 x 10° HT29 human colorectal cancer cells
suspended in Matrigel are inoculated into the rectum submucosa of
athymic nu/nu mice, rectal tumors appeared within 7 d after tumor
injection (Fig. 4a,b). Histopathological examination of the excised
g. '.I primary tumor showed a submucosal tumor formation composed of

© 2006 Nature Publishing Group http://www.nature.com/naturemedicine

implanted HT29 cells with a solid architecture and invasion into the
muscularis propria and submucosa (Fig. 4c). Examination under high
magnification showed tumor cell-filled lymphatic vessels in the
muscularis propria layer (Fig. 4c). As expected, we detected the
green fluorescence expression from 24 h after intratumoral adminis-
tration of OBP-401 in the primary rectal tumors, with maximum
signal occurring 2—4 d after injection, whereas tumors not injected
with OBP-401 were completely GFP negative (Fig. 4d).

Selective visualization of lymph node metastasis

In our preliminary experiments, we confirmed that most mice with
rectal tumors subsequently developed lymph node metastasis around
the abdominal aorta from the lower margin of the renal vein to the
aortic bifurcation, which were microscopically detectable ~4 weeks
after tumor inoculation. Five days after injection of 1 x 10% PFU of
OBP-401 into the implanted rectal tumors, we explored the abdominal
cavity at laparotomy. Analyses of two representative mice are shown in
Figure 4. Three lymph nodes (LN1, LN2 and LN3) were macrosco-
pically identified adjacent to the aorta (Fig. 4e(f); the optical CCD
imaging of the abdominal cavity, however, demonstrated that only one
lymph node (LN3) could be detected as light-emitting spots with GEP
fluorescence (Fig. 4f). In the other mouse, three of four lymph nodes
could be imaged as GFP signals (Fig. 4h). We detected no GFP

Whole tumor

Figure 3 Selective visualization of subcutaneous tumors in vivo. (a) Time course of external images of
subcutaneous SW620 and HT29 tumors after intratumoral injection of O0BP-401. When tumors grew to
~6-7 mm in diameter after subcutaneous inoculation of SW620 and HT29 tumor cells (5 x 106 cells
per mouse), OBP-401 viruses at the concentration of 1 x 107 PFU were directly injected into
established tumors. The GFP fluorescence intensity was monitored for 7 d under the CCD noninvasive
imaging system. Left panels, macroscopic appearance of subcutaneous tumors; right panels,
fluorescence detection. (b) SW620 tumors were excised 14 d after 0BP-401 injection and then
assessed for GFP fluorescence as a whole tumor or in cross-sections. Left panels, macroscopic
appearance of subcutaneous tumors; right panels, fluorescence detection. (¢) Photographs of non-
tumor-bearing nu/nu mice injected with OBP-401. Mice were subcutaneously injected with 1 x 107
PFU of OBP-401 and documented as photographs for GFP expression 3 d and 6 d after injection.

fluorescence in abdominal lymph nodes after
injection of 1 x 107 PFU of OBP-401 into
the rectal tumors (data not shown). Histo-
pathological analysis confirmed the presence
of metastatic adenocarcinoma cells in the
lymph nodes with fluorescence emission,
whereas GFP-negative lymph nodes con-
tained no tumor cells (Fig. 4g,i). In addition,
immunohistochemical analysis for GFP pro-
tein demonstrated that the reddish brown
GFP-immunoreactive cells corresponded to
the microscopic metastatic nodules in the
lymph nodes but were not detected in the
nonmetastatic lymphocyte area (Supplemen-
tary Fig. 3 online).

We verified the GFP-based fluorescence
detection with OBP-401 and histological cor-
relation of lymph node metastasis in a series
of in vivo experiments. Representative exam-
ples of the data are summarized in Table 1.
Among the 7 tumor-bearing mice, 6 mice
(85.7%) developed histologically confirmed
lymph node metastasis. Of 28 lymph nodes
excised from 7 mice, histopathological analy-
sis demonstrated that 13 nodes (46.4%) con-
tained micrometastatic nodules. The optical
CCD imaging detected 12 lymph nodes
labeled in spots with GFP fluorescence in 13
metastatic nodes (sensitivity of 92.3%).
Among 15 metastasis-free lymph nodes, 2

nodes were GFP positive (specificity of 86.7%). Our results indicate
that intratumoral injection of OBP-401 causes viral spread into the
regional lymphatic area and selective replication in cancer cells in
metastatic lymph nodes, which in turn could be imaged with GFP
fluorescence. Moreover, the finding that OBP-401 did not express GFP
fluorescence in a mouse para-aortic lymphadenitis model induced by
inoculating complete Freund adjuvant into the rectum submucosa of

Table 1 GFP fluorescence and histopathology status in para-aortic
lymph nodes of HT29 tumor-bearing mice

GFP fluorescenceP

Mouse no. Metastasis? Positive Negative Total (%)°
1 Positive 1 0 1433.3)
Negative 0 2 2 (66.6)
2 Positive 3 0 3:(75,0)
Negative 0 1 1(25.0)
3 Positive 1 0 1(33.3)
Negative 0 2 2 (66.6)
4 Positive 0 0 0 (0)
Negative 0 4 4 (100)
5 Positive i 1 2 (66.6)
Negative 0 1 1133.3)
6 Positive 3 0 3 (60.0)
Negative 1 il 2 (40.0)
7 Positive 3 0 3 (50.0)
Negative 1 2 3 (50.0)

2Metastatic foci were detected histologically by hematoxylin and eosin staining. °Nodes with
light-emitting spots and GFP fluorescence were evaluated as positive. cThe percentage of nodes

with or without histologically confirmed metastasis in each mouse.

1216

41

VOLUME 12 [ NUMBER 10 | OCTOBER 2006 NATURE MEDICINE



http://www.nature.com/naturemedicine

© 2006 Nature Publishing Group

Figure 4 Orthotopic xenografts of human a
colorectal cancer cells and selective visualization
of lymph node metastasis in two representative
mice (no. 1 and no. 2). (a) Method used to
produce HT29 human rectal tumors in BALB/c
nu/nu mice. The rectums of mice were inoculated
with 5 x 108 HT29 cells. (b) Macroscopic d
appearance of HT29 rectal tumor 4 weeks

after tumor inoculation. Mice were killed and
subjected to autopsy. Green line, the direction
of tumor cross-sections. (c) Histologic sections
stained with H&E showing local growth of HT29
tumor in the submucosal layer of the rectum.
Scale bar, 100 um. Left, magnification: x40;
middle (detail of the boxed region of left panel),
magnification: x400; right, lymphatic vessel
invasion of HT29 tumor cells (arrowhead),
magnification: x400. (d) External images of
orthotopic HT29 tumor-bearing nu/nu mice
injected with OBP-401. OBP-401 at the
concentration of 1 x 108 PFU were directly
injected into implanted HT29 tumor (left). The
GFP fluorescence could be detected as early

as 24 h after OBP-401 injection under CCD
imaging. Macroscopic and fluorescent images of
HT29 tumor without OBP-401 injection (right).
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b

(e) Gross appearance of the abdominal cavity (mouse no. 1). At 5 d after intratumoral injection of OBP-401 at the concentration of 1 x 108 PFU, HT29
tumor-bearing nu/nu mice were assessed for lymph node metastasis at laparotomy. The white box outlines a region of f. (f) Three para-aortic lymph

nodes were identified in mouse no. 1 (LN1, LN2 and LN3) (left). Internal imaging with the optical CCD camera visualized one of three nodes with GFP
fluorescence (LN3) (right). (g) H&E staining of lymph node sections. Lymph nodes without metastatic tumors (LN1 and LN2). Lymph node containing
metastatic tumors (arrowheads) (LN3) (Left, magnification: x200; right, magnification: x400). Scale bar, 100 pm. (h) Four para-aortic lymph nodes were
identified in mouse no. 2 (LN1, LN2, LN3 and LN4) (left). Three of four nodes were positive for light-emitting spots with GFP fluorescence (LN1, LN2 and
LN3) (right). (i) Histopathological detection of metastatic foci in nodes (LN1 and LN3) (arrowheads).

immunocompetent BALB/c mice suggests that this strategy could
distinguish cancer metastasis from inflammatory lymphadenopathy
(Supplementary Fig. 4 online).

DISCUSSION

Lymph node status provides important information for both the

1o, diagnosis and treatment of human cancer??2, Lymphatic invasion

is one of the major routes for cancer cell dissemination, and adequate
resection of locoregional lymph nodes is required for curative treat-
ment in patients with advanced malignancies. The risk of having
lymph node metastasis can be partially predicted by
clinical data such as tumor stage, serum tumor marker concentration
and medical images; there are, however, no noninvasive approaches to
accurately predict the presence of lymph node metastasis, in parti-
cular, microscopic metastasis.

The specific aim of the present study was to determine the
suitability of telomerase-specific amplification of the GFP gene for
real-time imaging tumor tissues and, if so, detect nodal metastasis
in vivo before the traditional, cambersome procedures of histopatho-
logical examination. GFP-based fluorescence imaging can allow
real-time detection of target cells without time-consuming steps
such as fixation and tissue processing!>'°. Indeed, Yang et al. have
shown that GFP-expressing tumors growing and metastasizing in
intact animals could be viewed externally with a whole-body optical
imaging system!>. Moreover, the GFP gene could be delivered to
metastatic tumor cells in vivo by viral vectors'*.

To distinguish normal from neoplastic tumor tissues, selective
labeling of tumor cells is required. OBP-401 produced a viral yield
of 6-7 logs in human cancer cells within 3 d of infection, which was
3—4 logs higher than that in normal cells, suggesting the reliable tumor

selectivity of OBP-401. Although the reason why OBP-401 replicated
slightly in NHLFs despite the lack of hTERT mRNA expression is
unclear, the fact that NHLFs could be maintained in the culture up to
passages 10-20 indicates that NHLFs might have a weak telomerase
activity that is undetectable by standard PCR assay. However, the
attenuated replication property of OBP-401 in normal cells seems not
to interfere with the visualization of tumor cells in vivo. In fact, we
detected no GFP expression in adjacent normal tissues in subcuta-
neous human cancer xenografts after intratumoral injection of OBP-
401, although the cross-sections of the tumor were entirely imaged
with GFP fluorescence. Thus, OBP-401 provides possible probing of
tumor cells in vivo.

Experiments using a three-CCD optical imaging system demon-
strated that metastatic lymph nodes could be detected at laparotomy
in mice 5 d after OBP-401 injection into implanted primary human
rectal tumors. Notably, metastatic lymph nodes were imaged in spots
with GFP fluorescence, which coincided with histologically con-
firmed micrometastasis. This experiment mimics the clinical scenario
in which patients with gastrointestinal malignancies with lymph node
metastasis undergo surgery, and the data suggest that the surgeon can
identify metastatic lymph nodes by illuminating the abdominal cavity
with a xenon lamp. The sensitivity and specificity of this imaging
strategy are 92.3% and 86.7%, respectively; these results are sufficiently
reliable to support the concept of this approach. In our phase I trial of
a replication-deficient adenovirus vector expressing the wild-type p53
gene (AdCMV-p53, ADVEXIN), DNA-PCR analysis targeting the viral
genome indicated that the virus was present in tumor tissue as well as
proximal lymph nodes, suggesting regional spread of the vector via the
lymphatic vessels?®. Therefore, OBP-401 is likely to be accessible to the
regional lymph nodes via intratumoral administration in humans.
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Currently, analysis of lymph nodes with H&E staining and micro-
scopic examination usually involves review of only one or two tissue
sections, and small foci of tumor cells can be missed. For intraopera-
tive frozen-section analysis of SLNS, this underestimation is even more
pronounced as a result of poor tissue architecture. In the treatment of
breast cancer and melanoma, in which SLN biopsy is commonly used,
the sensitivity of intraoperative frozen-section analysis ranges from
38% to 74% (refs. 6-9). In our experiments, additional serial section-
ing was needed in 4 of 12 (33.3%) lymph nodes with GFP fluorescence
to detect micrometastasis. This finding suggests that this GFP-based
approach has higher sensitivity for detecting occult lymph node
metastasis as compared with standard histopathological examination.
Thus, the two GFP-positive nodes, in which tumor cells were not
detected histologically, could have contained microscopic metastasis
that would have been identified by further sectioning. Other possible
explanations of false-positive detection include either that GFP
protein itself was produced in the primary tumor spread into regional
lymph nodes or that high doses of OBP-401 entered nodes and
incidentally replicated in normal lymphocytes in that they have low
telomerase activity?4.

Although the molecular imaging strategy using OBP-401 is
considered promising, some limitations of the system exist, the
main one being the relatively short wavelength of excitation light of
GFP. In contrast to luciferase, which is also commonly used for
molecular imaging®, if objects are located in the deep layer or covered
with thick adjacent tissues, the excitation light for GFP may not be
able to reach them. For example, when tumor foci were exposed to the
surface of nodes opposite the illuminated field, GFP fluorescence
could not be detected, thereby leading to false-negative detection. The
extension of exposure time to the illumination allows increasing the
fluorescence intensity; the excitation light, however, cannot penetrate
deeper. To raise the imaging sensitivity, one possible approach is to
make the specimen thinner, for example, by pressing the excised
lymph nodes flat; the architecture of the nodes, however, may be
destroyed. Alternatively, it might be useful to develop a hand-held
probe, in which the outlet of the excitation beam light and the sensor
of GFP fluorescence are combined. During surgery, metastatic lymph
nodes could be positively identified with GFP fluorescence guided by
this probe like a gamma probe for SLN biopsy. At least, a hand-held
flashlight to excite GFP fluorescence has been reported?®.

Administration of OBP-401 can provide an additional advantage in
cancer therapy. OBP-401, similar to OBP-301, is an oncolytic virus
and selectively kills human tumor cells by viral replication; the process
of cell death by OBP-401, however, is relatively slow in comparison
with apoptosis-inducing chemotherapeutic drugs, because the virus
needs time for replication. Therefore, tumor cells infected with
OBP-401 express GFP fluorescence and then lose viability, allowing
the timing of detection. We could speculate that OBP-401 would
spread into the regional lymph nodes after intratumoral injection,
express GFP signals in tumor cells by virus replication and finally kill
tumor cells even if the surgeon failed to remove all nodes contain-
ing micrometastasis. Thus, the oncolytic activity of OBP-401 may
function as a backup safety antitumor program.

In conclusion, we have demonstrated that the GFP-expressing
telomerase-specific replication-selective adenovirus OBP-401 can
be delivered into human tumor cells in regional lymph nodes and
replicate with selective GFP fluorescence after injection into the
primary tumor in an orthotopic rectal tumor model. The feasibility
of original OBP-301 (Telomelysin) for human cancer therapy will be
confirmed in clinical trials in the near future. Because the safety
profiles of these two viruses are considered homologous, this

molecular imaging strategy using OBP-401 has a potential of being
widely available in humans as a navigation system in the surgical
treatment of malignancy.

METHODS

Cell culture. The human non-small-cell lung cancer cell lines H1299 and
H460, the human gastric cancer cell lines MKN28 and MKN45, the human
colorectal cancer cell lines SW620 and HT29, the human esophageal cancer
cell lines TE8 and T.Tn, the human prostate cancer cell lines LNCaP and PC-3,
the human tongue squamous carcinoma cell lines HSC-3, HSC-4, SCC-4 and
SCC-9, the human cervical adenocarcinoma cell line Hela, the human
hepatocellular carcinoma cell line HepG2, the human pancreatic cancer cell
line Panc-1, the human mammary gland adenocarcinoma cell line MCF-7,
the human osteosarcoma cell line U-20S (ATCC), the NHLF cell line, the
normal human renal epithelial cell line HRE, the human umbilical vascular
endothelial cell line HUVEC (TaKaRa Biomedicals) and the normal human
lung diploid fibroblast cell line WI38 (HSRRB) were cultured according to the
vendor’s specifications.

OBP-401. OBP-401 is a telomerase-specific replication-competent adenovirus
variant in which the hTERT promoter element drives the expression of EIA and
EIB genes linked with an internal ribosome entry site, with the GFP gene
inserted under the CMV promoter into the E3 region for monitoring viral
replication?”?8, The virus was purified by ultracentrifugation in cesium
chloride step gradients, their titers were determined by a plaque-forming assay
using 293 cells and they were stored at —80 "C.

Quantitative real-time PCR analysis. Total RNA from the cultured cells was
obtained using the RNeasy Mini Kit (QIAGEN). The hTERT mRNA copy
number was determined by real-time quantitative RT-PCR using a LightCycler
instrument and a LightCycler DNA TeloTAGGG Kit (Roche Molecular
Biochemicals). DNA was extracted with the QIAamp DNA Mini Kit (QIA-
GEN), and quantitative real-time PCR assay for the EIA gene was also
performed. The sequences of specific primers used for EIA were, sense:
5'-CCTGTGTCTAGAGAATGCAA-3'; antisense: 5'-ACAGCTCAAGTCCAAAG
GTT-3". PCR amplification began with a 600-s denaturation step at 95 °C and
then 40 cycles of denaturation at 95 "C for 10 s, annealing at 58 °C for 15 s and
extension at 72 “C for 8 s. Data analysis was performed using LightCycler
Software (Roche Molecular Biochemicals). The ratios normalized by dividing
the value of untreated cells were presented for each sample.

Fluorescence microscopy. Human cancer cell lines (H1299, SW620 and HT29)
and normal cells (NHLFEs) were infected with either 1 or 10 MOI of OBP-401 for
2 h in vitro. Expression of the GFP gene was assessed and photographed
(magnification: x200) using an Eclipse TS-100 fluorescent microscope (Nikon).

Electron microscopy. Human prostate cancer cell line LNCaP was infected
with 10 MOI of OBP-401. Thin sections were cut on coated copper grids and
stained with uranyl acetate. The samples were examined and photographed
with a Hitachi H-7100 transmission electron microscope.

Immunohistochemistry. Immunohistochemical staining was performed using
a Histofine SAB PO kit (Nichirei) according to the manufacturer’s instructions.
Paired tissues of primary tumors and lymph node metastases were obtained
from gastric cancer patients who underwent surgery at Okayama University
Hospital. Informed consent was obtained from each individual as approved
by the Ethics Review Committee for Clinical Investigation of our institution.
Formalin-fixed, paraffin-embedded tissue sections were mounted on silanized
slides and deparaffinized. After blocking of nonspecific reactivity with rabbit or
goat serum for 10 min at 25 °C, sections were incubated overnight at 4 °C with
the monoclonal antibody to hTERT (Kyowa Medex). After rinsing, the slides
were incubated with biotinylated rabbit antibody to mouse, and then with
avidin-biotin-peroxidase complex. Peroxidase activity was determined using
DAB-H,0, solution (Histofine DAB substrate kit; Nichirei). The slides were
counterstained with methyl green and Mayer’s hematoxylin.

Animal experiments. The experimental protocol was approved by the Ethics
Review Committee for Animal Experimentation of our institution. We
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produced SW620 and HT29 xenografts on the back in 5-week-old female
BALB/c nu/nu mice by subcutaneous injection of 5 x 10° SW620 or HT29
cells in 100 pl of HBSS using a 27-gauge needle. When tumors grew to
~6-7 mm in diameter, both tumors were intratumorally injected with
OBP-401 (1 x 107 PFU/100 pl). Mice were anesthetized by intraperitoneal
injection of pentobarbital (50 mg/kg) and examined for GFP expression. Six
mice were used for each tumor cell line. To generate an orthotopic rectal cancer
model, female BALB/c nu/nu mice were anesthetized and then placed in a
supine position. The anorectal wall was cut at a length of 7 mm to prevent
colonic obstruction resulting from rectal tumor progression. We injected cell
suspension of HT29 cells at a density of 5 x 10° cells in 100 pl of Matrigel
basement membrane matrix (Becton Dickinson Labware) slowly into the
submucosal layer of the rectum through a 27-gauge needle (Fig. 4a). Four
weeks later we injected 1 x 10% PFU/100 pl of OBP-401 directly into the rectal
tumors. Mice were killed, and their abdominal spaces were examined at
laparotomy 5 d after virus injection.

Cooled CCD imaging. In vivo GFP fluorescence imaging was acquired by
illuminating the animal with a xenon 150-W lamp. The re-emitted fluorescence
was collected through a long-pass filter on a Hamamatsu C5810 3-chip color
CCD camera (Hamamatsu Photonics Systems). High-resolution images were
acquired using an EPSON PC. Images were processed for contrast and bright-
ness with the use of Adobe Photoshop 4.0.1] software (Adobe).

Note: Supplementary information is available on the Nature Medicine website.
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LBk SES R - REOIERE - ET - SREEE Y 7 -, T EIRE R 2RERESEAITAE - WL BN
\xE R ez HBEY EE;{/
EE pS3EGTIIC PEEBEEOWN 0% TERPRENMEH SN ABANEREF LY, 20oBERKIZ
BEUREOBBII O B bivbhi, ps3REFORENED LR LINEHBEESI, E¥ % pss
BETFL2EATAEETHROBERIIELZIT o 2. ps3 BETHEET 77 94 W ANRZ ¥ — (Ad5CMV-p53)
BABEIC—E, SEXETHEVWECT 4 FTRTEBEACEAT 2. SHHELRT 15 10°~101
PFU @ AdSCMV-p53 O 5447 X N7z, 9FIIE~< 2 ¥ — Bk, 6 6112 CDDP (80 mg/m?) & O H
HENTW B, 15FIC 63 BOFS#MThbh s, —BEOREINIHFCEELBER IR, Z0%ek
DR AN T F 7 94 VATHRAOFEECL 2 2b 5T, £BY V70 p53 BETBEIEBREY
WD b, AdSCMV-pb3 OARPIGA Tk, BEpriPIcB3EDons 300, RPICIEEA IR -
HWaNzdoiz, 156 1I3HOBREDEIHETEETH o225 PR LA, SD 104, PD 28ITHY, 55

28T 9 H AL ED SD AR & hize SRR IS A AdSCMV-p53 OEBR% S 3R E T
BThD, BENIZLERTHLLEZL 0N A,

[Biotherapy 20 (3) :270-279. May, 2006]
Gene Therapy for Lung Cancer
Toshiyoshi Fujiwara™"? and Noriaki Tanaka™?

*1Center for Gene and Cell Therapy, Okayvama University Hospital,
“2Department of Surgery, Okayama University Graduate School

Summary

This study was conducted o determine the feasibiiity, safety, humoral immune response, and biological
activity of multiple intratumoral injections of AJSCMV-p53, and to characterize the pharmacokinetics of
AdSCMV-p53 in patients with advanced non-small cell lung cancer (NSCLC). Fifteen patients with histo-
logically confirmed NSCLC and p53 mutations were enrolled in our phase I trial. Nine patients received
escalating dose levels of AdSCMV-pb3 (1 X 10% to 1 X 10" PFU [plague~forming units]) as monotherapy
once every 4 weeks. Six patients were treated on a 28-day schedule with AdSCMV-p53 in combination
with intravenous administration of cisplatin (80 mg/m?). Patients were monitored for toxicity, vector distri-
bution, antibody formation, and tumor response. Fifteen patients received a total of 63 intratumoral injec-
tions of AdSCMV-p53 without dose-limiting toxicity. The most common treatment-related toxicity was a
transient fever. Specific p53 transgene expression was detected using reverse—transcriptase polymerase
chain reaction in biopsied tumor tissues. throughout the period of treatment despite the presence of neutral-
izing anti-adenovirus antiboady. Distribution studies revealed that the vector was detected in the gargle and
plasma, bul rarely in the wrine. Thirteen of 15 patients were assessable for efficacy; one patient had a
partial response (sguamous cell carcinoma at the caring), 10 patients had stable disease, with three
lasting 2 9 months, and 2 patients had progressive disease. Multiple courses of intratumoral AdSCMV-p53
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injection alone or in combination with intravenous administration of cisplatin were feasible and well toler-
ated inadvanced NSCLC patients, and appeared to provide clinical bensfit.

Key words : p53, Adenovirus, Apoptosis, Lung cancer
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Dr. Toshiyoshi Fujiwara, Center for Gene and Cell Therapy, Okayama

University Hospital, 2-5-1 Shikata~cho, Okayama 700-8558, Japan
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1. p53 OBEEBEFARBADIEH

1. WECHT 3 8IETFA

K [ 37 % A BF 28 BT (National Institute of
Health, NIH) o#l# 2 DNA BFHEES (Re
combinant DNA Advisory Committee, RAC)
PERERILZEER YO b o vEIiE, 2005
EI2HOBETTINLEZoTBY, 22TH
WY 2BETFHEBERLE YT ba— LT
66.1%ICELTWwBY, 20 BIEEZHEE L
feru ba—- i 0N ETHY, RICps3
fEFEROVRLONRE LA LNE, COMITHY
L A4 VREBREBEFERBLEALS Y,
Bl TR BB E TR Fusl LRV —
LERWLEHHEIC I ARAETHEEM TDONRT
Wy

2. REREFELTD 53

b M 1T Bt LIS AW EHE
ZFTh5ps3 BIETIE, FH50%0L FEMEE
BCEOBERENED LN, EHA ML
TAEY S AORERONIFICEZRBREERL
T, pb3 ik 1979 EIZ SVAOEE YA VA D
large THB L4555 TE53 kDa 0&HE
ELTRESRAA, 1989 FICEHHHEET &
LTORBIEHLHICR DY, 2OROTIETH
EOEERF AT IETRT L LTE0E
EFEORBELERTTL L CEHERLEEREY
BEL TV EMbhoTERY, T4bb,
G, GllF v v 2 RA ¥ e LTOMBEY
HA, HROBBERTHLETE M-V AOH
B ) AOREWE T 5200 DNA B,
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T IR BLA L

B1 AdSCMV-p53 (ADVEXIN) i@k

BWROTF I A NARE TR A VOB LEL EL L E3EEEES
nTHh, HEMEARZ LY BLHEBCHREEETEEUERE Ly PAEAZIRS,
ENY F =TIk, ¥4 PAFOTIL VA (CMV) - FOE—F—, b MEFE p53 cDNA,
SV40 polyadenylation signal & D7 % ps3 Mz FHES Ly M, TFL 94V R 58 H
BEDONY F—-DORB L Bl BB AATH S, 2ONRY Y —% El BIEFZEAL
72 203 MBI B AL LT, KEDHEANY ¥ -2 5L, BT 0TS,

HENTMEFEHN L ETH L, EELRL b
p58 BIETRBATAIET, BREHOERD S
HDD, ZHLOBMBTTE - A (RIEE)
RERTLIENTESY, 0, EEAe MR
B PR A REIC pE3 R AREE IR T
b, TA b YRR B s Y,
o OB, in vive BIETHRELRITBOXR
EULHERT 2 L TOEELRZRIE L D1E 5,

3. P53 ERHWEHEOBEFRE

Tz b pb8EETFERBETLTF /94
NV ANS F— AdSCMV-p53 (ADVEXIN) i,
YA VAL EL EI B ETEBREREL,
FOWBPEHA FAFTOTL VA (CMY) - 71
F—F—b b MHRDIER % p53 cDNA 2 A
KhATHB720"T ("), E1BEFTII VR
7 A=A L7203 MIBATORBHETETH 5,
Thbb, BHTHIEMRNT, BE5shhy
AWABEIZS L ps3 Bz FHB 2 HET 2
A5, BERIZIE YA VABBESA LN S L idh
Vo AASCMV-p53 DEHEIZ L b, Fe/ it
ML 1200 (o B W kB, $7- H358 108
WCRIER Y A 795 (CDDP) L OHHET
TEERICTE - AFHEI LY, 2512,
pS3 IEMEHAEES TORBEEFRME L, mEH
ACHEENC/ER L2010 CDB Y F Y Fo
ZBEMBAEA L THRROBERH~OEES
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ERLY, ChooBSITI ) pssBETFEA
SNGPo LREOFEMBIC O BER S A5 L
PR ENhE, 20O “NA ¥ ¥R 1,
POER RSB ETRREO R VEETH
b, AdSCMV-p53 BHoEHo—o L LT
TREETH 5B,

0. p53 BEFHRBEOBRDADOER

1. KRB BU2E 1B LUENIBBERAR

K E 7 &9 X K% MD. Anderson Cancer
Center % W40 12, 19954 10 H ~ 19974 12 A
T T AdSCMV-p53 12 & BRI AR RE 2o i i
HEPENTH - R MR SHR e L8
I MERRBRAFT bz, 10° PFU (plague-
forming units) 725 10" PFU % CRBEMIZ> 4
WVAERMEL, F 7/ ADGCMV-pb3 B EBr#&
H4 5 Arm 1 & AdSCMV-pB3 g Fr#& &5 &
80 mg/m” ® CDDP £ &5 2 AT 2 Arm I
D2BIRESNT VD, TNF1L28 B, 24 i,
o2ty by —ENRTwh. BROEBHEE
A SN 7zBIfEH I ADBCMV-p53 512D — 8
HORRTH o7z, BRHRECELTEENRE
N2, 23HFMUETH Y, Arm I T
partial response (PR) 2#1 (8%), stable disease

(SD) 16 %1 (64%), progressive disease (PD) 7

B (28%), Arm I T PR 2%l (8.7%), SD
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17 % (73.9%), PD 4B (17%) THhole PR
EEOI B 1IBRSELLOEFEMELNTS
D, BESEUSNORERE S LB LR
BEhb,

% I HBEERRBOERE, KRG I10T PFU %
T AIBCMV-pb3 B B RETH 45 Z & '
Lol T, 198EHEPLEHBED
AdSCMV-p53 Bk 5 & B s ok 2 6F A
FT2E 1/ IHERRBSHBES L TwEY, #
1, 18, 32 HBICREAEXLENIL, 56V CT
A4 FTEMICE ) BRED AdSCMV-p53 X7
—hkEL, B4HEPS 2Gy/H, 5H/H,
# 60 Gy DS 21T 5. 8 T HERAR
OB, AR R, TSR
R e E ORGSR A DN BENS
WHRTH o7, HITHERERE CILYBRRELR
TR LI MR T, B % O HRE
WOBDERDLBEVHETH D, 196 (CTH
4 FF#H5 150, KEZHETRS 460D ok
MR BB CTORBE, CR1IM GB%), PR
11 (58%), SD 3%l (16%), PD 24 (11%)
THY, 63%1C50% L EOBERIIA LI,
¥ BEIHHEBOEKTIE, 126 (63%)
THHBEERO ool BHFERIELE
40%, 24 16% Th o7z, Bilt, %5 0HEKRAR
THEEL T 2B TS ED EDOEEIHAS
NTHY, FOEMNEERELREINEY,

2. M EXIHBEBED p53 BIETAE

MEE AR (bronchioloalveolar carci-
noma, BAC) 1Z%3 % ps3 BT HRED /S
Ty M I AHERAED, Eastern Cooperative
Oncology Group (ECOG) Lo TirbitTw»
% (ECOG6597)1 . BAC Tixisilg I mifka iz
o THET A2, AdSCMV-pb3 2%
BiE LT 2AMMB T2 EMENICERS SR
Fzo 27 BEIERIR 25 BIAREE 208, BE
1403 TOMBERNRSPTRTH o 2. BERS
BLBHEELALRAREETH 2, BEEENR
ERIFRHELED LN, FMUETH-
24 el 1 BICHEB ED PR, 1B THEZNR
SRR B3, SD17Hl, PD 7HITH o 7z, I
R A T CE 22 22 W 3BT 20% Ll L O
BAMRTE, ERENZ COBRGENED D
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h7zo BAC E3E/MERIEEO O —#BE2 5D 5
g v, UBEAED L WITEREORE
EShBBEF R WEREE LB L, BEELL
T? AdSCMV-p53 DI EERT S 12 R b H
HEBbILE,

3, BIREBEEBEVEPSIRBETETARE

AR TR REERENICEELT 5
ZEDOTELRLDBENLIERAMETHD, &
MBSO AFREENICED R TV,
AdSCMV-p53 DIEE PRI BT AR T
H5HEEDNED, EREBERHMEEILXL
TR77u—Fr/HEEch s, £2C, FUHE
KRB E LT, AdSCMV-pb3 & BRI 2 H v
Te B E LT ORERE T IHRBEO TSR
HERTWwAY, LR RT L 2A0%
TP/ B B 12 AdSCMV-p53 & ik 827
FA M BERESE OSBRI L 3 BEARS L L
A, FMETERTH o7 20 B 116 (55%) T
W] & 7 S 2 I RS DR A & o B
EHIIZIZ5HITSD &b, SbIC3E¥EINE
ME RN 17HIZPD CH - 70h, second-line
DAL EE 3G P o (SD 26, PR7HI
[53.8%1) 29RUS L, ZAIAHEIVNREHR O
M S 2 RS S REME 2RI X N7z,

4, FFICHT B p53 BEFRBOSHEREE

55 1 HEERER R

LA SESEERE L 08, KB L R
o7 Ra—= iz k) 19994 3 B~ 20034 7 A
=0, FEAAIARE T B AdSCMY-p53 12 &
%4 T MBS T b, KRB,
SHEERLFMEE LTRERT IR, ERENKA
FECIH, BEILARFEMBREFVRTT2H, KK
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D #Ee%
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AR BRI DN BB L 7, mMBEHEE T, 14
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A, Wb REOBERRBROSGE, ST SR
HEEANTH Y, HEARBWTLARBEIRS
KRR ThAEEEZONS,

2) ARG

LM LADNARF Y FL—=bELT
RNy y—HBBRYLE TSI —2BTITo 7%
PCR ¥ T3, 10° PFU OREXHE TS OB
, BH5EHOBEIIRLBREONRS ¥ —HiR
PR s, DS L, L TT7THEDEE
TEBHENL L ko Tz, CTHA FTHRE
TREELFETRSOBIE CRBIZ I E W,
A 7N E » TEHESERITHW Y FIELD
bitize F7z, BERRBFRS LD LT,
BEHI0GEE— 2RISR r ¥ -5l
Ef. Livl, N2y —WiFoeaERIchk
ThHERDNLABERRED LR TRV, —
7, BHIZE L AERZ F—BRHENTEDS
T, 2EAT—EBRHIEEDONEZDATH o 7.
AdSCMV-p33 #& 5 {1 # o =M~ 7V OffdT ©
X, 48 BERIBRICHI L M8 DNA-PCRIC &
D R2EOEED S L 3T HTRY ¥ —FHRsh
TBY, BEAEDr —ATHRERIARY ¥ —3YE
BIERAL IS deliver ST W23 2 & ASEEH & 7o,
2HEPICIE, PR ENEKRESH 25 HE, 151 H
BIEHBATEETH o7 WIN L BEHEM»
I DNA-PCRIZTR 2 ¥ —WiFd i g, 3L
B ySEHTOHE SN, T, B Y Iro
RT-PCR {2 X 1) 42 [E# 34 BC p53 mRNA %3
BEH LN, BRI ps3 EEFEASFEES L
TWBIERP Mot (E2. 251,
MWL T 7/ 7 A v AR E, 12TefT
MEEERI PR LTV, T4bb, HEED
PRSP LT ps3 BEFRRITFHRN
i TBY, REGOGECEIEGRRT S
MR E B ETRBICHEE LR R
FE BN SRz, T/, Murhdrpb3 ik
fliix 3B CHENRENIIC LAENAL RS, 2
BhIEEE S EELTE Y, FOMOERITIE
BHELREARRDON Dol

3) W R %2R

ERERRDRAL 15 B 1361 (86.7%) TEHilinI gk
T o705 PR 1B (7.7%), SD 10 ¥ (76.9%),
PD 2% (15.4%) TH Y, 2610 SDEFTIZS
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i i i
0 12 24 36 48
Months
M2 p53 BIZTHEIC L AT MY
L 2T/ 15 Bl Kaplan-Meier JFIC L 2
A AR

PHUER bR BWROEELS LN (FE Do
EHiZ, 1MOPREM L 2610 SDIES, B3
BliZ 6 FU EOBBEEZITBY, HREEOIL
#, IEONE, WEEOMNE RERORR L
£ quality of life (QOL) OWELEE ~—H —
DT 7 EORRRNE BEFER Sz, RAER
X146 40%, 246 13%, SETH TH o7 (¥
2)s

1B OREFICIE, RBSMNHORY RS
»BH (PR) a4 bR, 14HE, stUEORS
AT T EDEETH - Zoe WIEMIM R, wRHE
IR CRICIREL L h o720, BEEEIHL S
CRAL, 2Ir00BEERBEEA 1BORY
5Tl ST v (€3a)., £ LED
BEZ OB APEHOEMNTYS, HETKEDH
WREEH LA 2P b ST L CnEE
75, METFHEL CODPOMHEEFHBT L L
OEMPIEE Y, BEEFIELLHI0PHES
TUEEFHA XPEBLE L o7 (F3h). E51C
BBV ER, COEMTEMBTICEEALR
TRV S IR L 2ol &
THb. BRERKETHBIS LA EEOR
WAL oHE 106 E Tk, CODP 20+ 5%
FRELY 2 BHETT Lo, BT o 7%,
Z0%, 3FEULIChIYEET A AZIFEALY
BT, WEBEESS 3IEIDPHOEHEIES
Nize RIEBITR, ps8 BEFEAZL D SR
REBISFEINLTREEIRBE SN, 2o
OIEPICIEIE &I EBEORBIH SEE ST
BY, BROKEERBICE-2L LT, 20
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a:JEF 1o 58 5%, Bk, SESBH, OATREZICHT THET AR MMEORF LRI, [EXETR

AdSCMV-p53 DIEF RS % 14 BIAT L. () 1B,

(F) 4 ERRER, s ABOREXHT R, B

Bihh, fEMEBIETFRIIZ-TWS, Hllb L AL RS- TS,
bR 4o 467K, W AN EEORE L AN IS EER NGRS 2R 5. AdBCMV-p53 DEHWNIES

L CDDP o2 5%ELZY, B SO PFERE L, (B) By,

() 4 EWERE, (G) 10 BEiaRE.

¢ ER 2. B8, B, (B) BEMICRENTRECURPRLETLEEzZD 5. (P) 2208% @ HHE

),

HMEEFHMETRREE L b D,
I. FECxd 2 BREFREOSROTEME

BERRS 245 BEOFETR, 78 LR
B BRI R 2D BT A RAERS D, &
RSB T pb3 BETHHI X 5 169
BEETE B, FBOBKRBICBVT, MW
TEREORPLEBYE LS 26 HTIE, &
BHETO ADSCMV-pS3 BE5IZL D ETERD
B RE & B OO RS bR, £
THOBESM BRI REY, PREEOXK
B, BAIICIIHIEE OB L Bk 0SHE

(R) 92»H#% (OEBRER) o CTERTIEST LOEBIENRDOLbN G,

gqini: (W3c). eFr9HEOTEE 2TV BIF 2 IF
B e BRI RS LoD, BRI HELL
T oBERRBRRIRIEE ol BBOCT T
FREBEATVPRELRITNSRIZFEEL Tz &
ZZONBN, BRNICZERBEILH I 2
BT kodze £28 6 81H TIE, FHERHE
DR LEFIZERENBREREA O
25, CDDP 2B L TwRizddhb o3 HE
MOBANICERSRBEL, H6rHRIIECL
7z WENOREFTHBHHAEICEL CIRAT
Hold, BEFETHILIMECHTAFHRONE
CRBELZPLEMRL WA Z Ry,



278

SBoFEEE LT, L) BoERIERIC
B LEENHEREO—DE LTORANEZLR
Bo Fiz, SEHER L ORI B W CIREA/NC
EDYIRREL LIF 0, Wb OBl ots T
Bid sz s ns. & oIcRELHERN
KKBWT, A7y MEARIESENES 21T &
ETEOBBMZHEIET S I EPTEERLDD
Lihawv, BVERSHES FRERETAIL
T, LOBREEICHLZ, SEICHTTERE
BELLTOEREZRE LTV LEYND 5,
BHZ, IR 2 NS LREERLE
OFLVEAOBRKEH b ED T RENS D
EER Do ' '

b WK

B3 IZE B R AETBERIC X V& LORERE
BoThh, BETFREBEORBAEETLLTED
TN 0 FThbB. ph3 PIEFMBICIEZE A

EREERSRAT, BAREERNIZT R -V A

BT ABBREETH Y, F oA
R/ EALFHE L EOBBOERBE ST
AL ERRERFEELEDLDN L, BEIIEST
%, L2DEELBERPZ CHBEDRIAS
nALE, EABBICESL L &L AT EIRE
EAERTH S, XKEEHKEESE (Food and
Drug Administration, FDA) 2200349 H, 7
F A W ANRY ¥ — AdSCMV-p53 (ADVEX-
IN) %, BIHERABESEATY 2 HELE
$8 12 % L T fast track product & L TEE L
7219, ADVEXIN 12,84 %~ ¥ 9 % — Introgen
Therapeutics HORBEHEFHTH B 25, il &
DA—7 7V Fo997E L TORBEPMES R,
OTOEEFRBESEMHE LTHERBRTHEAES
NELILhDEEZLND, B3 5T
g, BRI EL 2 & Tps8 BIETHEOR
LR ESE RSN, IFEELY LD
T AIRRRICESEREIRA LI RBI L
2T 5.
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@ bAEICBY AFEETHREREOS @

|

KPRV F 2 — O FERTE
—BREE I 5 7 4 Vv ABA| Telomelysin DR —

*1 FUph 2 R2E - P NHBRE - BET - HlERREL V7 -, *E kR E M S TR LR ¢ RN,
g vaygosddy y —vikeH
BE st mHh BT OBEN R4S -

HE BRbrAiEgEoZCL ), BARAOZRFECERIZHEERHEL S OMBRR BT & 255081
P HYE, ARG, DRSNS RELSEMLTE . 2P TR LA TIELBNERICS Y, 1986 4ELL
BRETEROE 12 EDTWD, SFioiific L 285 0BEOEEI LY, W OLDOB TR 5H£E
HROWHEPRDONLY, A LREERPHEL 2528300 kv, T2, PIAREERSTENER
BEREDOME Y 7 RATHELY, BLLEEHWENEBEESFOBESYESNTWS, &3 AN F
7 7RSS, MBECER LY A VAR OB L ERIEHICRE L RBEEAL AR F T
B MILRETHE SN Telomelysin i, ML CRINAIER - B0 L COBMBR 2 HET 5 BE T
A NVATEHD, EERVAVTERREBEE IS T 2EHLMBEERE YR T, COTA/ VARMOBEELHED
T, FraPANAF T 7 vBRARHIIBERERCBY ARENLEELDILT0D,

(Biotherapy 20 (3) :310-8317, May, 2006]
Clinical Development of Virotherapy for Cancer with Telomelysin
Toshiyoshi Fujiwara® "%, Noriaki Tanaka™® and Yasuo Urata™®

*Center for Gene and Cell Therapy, Okayama University Hospital, **Department of Surgery,
Okavama University Gradiuate School, *Oncolys BioPharma, Inc.

Summary

The major cause of death in Japan has evolved from infectious diseases 1o aging and lifestyle-related
causes, with cancer now the leading cause of death. Although the survival rate five years after cancer
detection has been increasing due to novel anti—iumor drugs and chemotherapy combinations, side effects
such as blood disorders, hair loss, nausea, neuropathy, and other complications still accompany the
disease. Antibodies and molecular-targeted medicine have proved 1o be effective and safe for specific
types of cancers, however, the whole world is waiting for more potent, safe, and innovative anticancer
agents. Oncolys BioPharma, Inc. is a biopharmaceutical bloventure company focused on the discovery,
development and commercialization of viral products for the treatment of cancer. Oncolys has established
product-driven collaborative arrangements with Okayama University, Telomelysin is a replication-compe-
{ent oncolytic adenovirus designed in Okavama University. When injected directly to solid tumors, Telome-
lysin infects tumor cells and replicates conseguently, causing tumor cell death and demonstrating clear
therapeutic benefits. Oncolys BioPharma believes that through the development of the replication-compe-
fent oncolytic virus, we produce safer, more effective, QOL-improving approaches which will revolutionize
the current mode of cancer therapy.

Key words : Adenovirus, Virctherapy, Bioventure

Address request for reprints to @ Dr. Toshiyoshi Fujiwara, Center for Gene and Cell Therapy, Okayama
University Hospital, 2-5~1 Shikata-cho, Okayama 700-8588, Japan
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Foo—DRIMIZL Y, FOERBEMEHEIZIO
EL, POoWERETAILT, MIREELH
L BBICBRTLIENTE L. RFEEE
i, 2001 4EEELC [HiEE - ERAIMICmM-E
BT V] BREL, 004 FEERICIIAEREA
VF % 1,000 B E W) BESZEBIT,
EEIC, 004 FBEERCIIRERAYF v— 13
1,000 412 LCH Y, EFEBOWMEIC L 28
HYBEBPIHACEATELIEZRELTW
20,

HESECHADS L, REOWEY A% ER
L2dwif F9EHR38.1%EHEIEL, Rn
TITV 7 P48 (30.0%), M- 2845
(15.7%) &#d. Lo L, BIESPEEREHY
T ET B A OERTE, LSRR

RENCDLbRELIZESTENLETH LD, #
DizdiZi, HEPOMELMBAF -2 E, £
N2 FETTHAM, ARSI S,
bivbivld, MRS TR L EERE Y 4
W A (oncolytic virus) T# % Telomelysin % £
=R & LT, 20034 3 BITRBERR Yy F 2 —,
AV ANAZE Ty —2EREM 2RI
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(http://www.oncolys.com/)o HRIE, TD T4
ABAOREFER~OIEH 2D E L THIEHER
2D TEDY, B TIE Telomelysin D¥eEE & 5
RIZOWTHH TS L &b, 2OBEREOB
PRI DTS B,

1. BIEEICB /50 A AL F 4 —DEE]

BlgE % D &35 FHFERSRICIE, ReiiKL
BEREIAIPEREND, 728 2103, 8FoE
Bl.H8 (53, BHMEOMIE, good laborato-
ry practice (GLP) MO8, BEENE (&
W, B, #H), good manufacturing prac-
tice (GMP) BAEo8E, P - A, BR
B (BIM~BIM), 7— 7, &K
B MBEML, Wb LHEERTE
EIHLLERD D, B, Rt AEALTET
W~ EOHHIALETH), BEEEORYD®
JRAZZEL LoTL 5T THBE, S5, 1N
A FFETREREMOESPBHTH Y, FRIIE
CTHHZERRSE 0 it 2 B B T 3 5 ik ks
EREND,
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LDEMHE 7 VT LTRER EOFIEY — Xk i
By s BEERRETESMEET S LT
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TWBDON, NAFRVF v —4ETHE (K
De NAARYF % —DEVRAEF VLTI, B
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B CEALEZSNIHLEL Y — XD ERAE 2
W, FOWHRBRICL D FRW 2N EHRT
bo FEmEN ORI O Ty PV -
TR ELTOBRERBLIT) 2 LT, EBHR
PERE & B EORBE LR ZES) e TE
Ao

F o aY RN, F 7 AL, EEe
R TEERMAROBET b oWf%E, SEMEtd
DT AMERBEAL TRV F 2 —~THY,
Telomelysin 21X LD & T 5 WL 0rOEDEH
DI TGA Y HHT b

. Telomelysin ORI %

1. 74V EBWAEH8E

1) BEFHEBEENS ¥ —
FOEOBIETFTHEOEERIZLY, Y4 WR&F )
AEWEL, TOREWEEDR D EE2EEL
WHRTAZEPEEL 2o T& e BHUORA
i, 9ANVAY ) A0~ EREEIEE T L TH
MR A, WEEETERAIYL L ORE
PEEBRREEMBE L e SO9A VAR ¥ —% H
Wi [BEFBRE] e MoEEsSh TR, F
T IS D EPREBL TWE, £ OIpHBEEM
YA NARY F-PHRREHIN, BEORE
ML TERERESED LR, bhbild,
PESBHMBIBETZERB LT 7/ 94 VW ARY
% — AdBCMV-p53 (ADVEXIN) 2 X % il 8
ZFRBOBRBEZITY, ERICE - TIEHEL
PREEEMREEMR LAY, Lo L, S
ANDOBEETEANRORF L EBERRICNT 5
R E, FREUETEEEAIEE V.

TA VAL, AKe b OMBICRY - B,
ZOMBERAZBFICI VBT 5, FOHE
BEEIBIREANINT ALK, 94 VA%
ERIEOA T BETARBHERNE LTHWA S
LscE sy,

2) 7T A4 v ADEE L HIBEEREO 5T

Pt

ErDTFIIAL VAR R —-TE LR
W 30~38 kb 4 OB DNA 94 VATH
D, AIEOFEANELEL, 6BICHEILTY
B BETEARNRS ¥ —OERERELTEL
Bobha7F /o4 VA58, SRR E
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BEIZE D WDW2 ] EREREITERERREY
ANVAD—D2THY, RETIEIEIELOH,
WIFAOELRIH LY ZF v ELTTF LY
A WA EN, FOBEELZBEROHESED
ol v EEE DO,

TF T ANARE T BEF ORI AT
ENTBY, VANV AOBERBIEORD T
(immediate-early, IE) 2B < BETE, 98
(early, E) 10} { BETEHB L UBY (ate, L)
ST ARETFRICOTONEY, B, 77
A VAR R R T R R e R R
FHDIL, KELZOOHEFEEEIRLTY
5o MDA, TF /74 VAOMHEZT
CHEDERSHIVIEIRETMALZ EICLY,
S R D AR W 2 0 T R B M AT e v 7 ) B B B
W2 HET 2 HETH LS. EIB HEET O 55
KDBRRELLERS AV ATH S ONYX-015
PREWTHD, WOrOE THBIOE I
BRRBIZTTIRTLTWEY, 82084
&, EERENS L UBSREN RS OE—-F —
LEAMMBETFOEEHMEAI=XLEL
T, B RND B WIZBEORBE RO
RCHENZHBRBEEZ NS S HETH S,
CDBE, ReA REAERHE D O VEEOREIHE
BT ALOIE, LTORA%EETL S E—
7T O BBLENEH B,

2. Telomelysin MHEEE

1) 7ux5—¥iEHE hTERT &ixT

ek DNA K OB NEEEN (TTAGGGE)
OREYELTHBREINL T X 7, MR
v L2228 LAIBEIC 1L (replicative se-
nescence) ¥ XEI T, TOTF TR T OEMEIE
FROUERETH D, WIRRIEICH 2 ML
TLIChE Y BT 5 2 & TR HIE SR T w5,
#ic, ERBEOMBEET AT AEMEEF AT
THERTASTREZERLTEY, RENED
DPRTFARXAT—EOEETH A, TOAT—
Bk, ko 3R TTAGGG BEF 2 {HEL
FTURTEEZROEREZI OV FBERELESR
THY, gy 2= v b human telomerase
reverse transcriptase (hTERT) L8 #l = 7% 3
RNAB 72z b (hTR) HBHRENE, 7
O 25— PiEM%IE ATERT BEFRBL ANV E
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B2 Telomelysin (OBP-301) o & BRI

Days after infection

a: Telomelysinkd, &4 VADOHBIBIZLEL Bl & B3EEFBREENR T8~ 1ROT T/ T4 WART F—
FEAEHEL LT WS, hWTERT 70t —% — 2 IRESEFITCHE L EIA, EIBBET LY L bMY £y
kA5, AFEHAAMZ I Y77 A VRS BERONS §—~ORB LI EL HSICHARATH B,

bk PABEAESWE20, b hEIFEMIE HI200 K L O v PR (NHLF) 2 Telomelysin & 1
MOI TREE, BHMICDNA 2L, BIAKHTS 54 =% WU T MY 4 A PCRBN 2T o
7%« E1A DNA BiZ Telomelysin OB - W+ KB L Twv b,

B, FATERT BEFEAICLIY TR
S BHEBEBETLIENTELZ DD,
WTERT BF 471 A9 —FERZHB LTV
r#Ezoh2", Fuxg—¥iE, BHTELD
R TFOBEEO LASHL P2 oTH
p® WM T ATERT BETORBHE*
$7oTWih hTERT TUE— ¥ —D AL v FhF
VB EELLND,

2) Telomelysin O
BRI RW A PSAY 2R LD E LT,
AFPY, MUC-1W R o T uE—F — 1L B8
BRNICHBIET 27T/ 74 VATEBERTSE
b, FREFLO S TE—F — RIS T 5 EH
RIZBWTRZOERENPRENLTWA, LA
L, LOE#HREENRLTE-0IZ, bhbh
75794 VAOBBIZLEYR EI1A #{EF
L EIB#{ET % IRESENTHEESLEEHD
v M%&, WTERT 77U E—%— |2k hERWIC
REPTLH70A5 - VEHBERWEEMEY f VR
Telomelysin (B% = — F 1 OBP-301) %{E® L
7z (M22)1%, %< ORBEMEYY 57 74 VA
P EIABIRTFOAEERE YO E— 7 —THHE
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LTwWbDITHART, Telomelysin TIZ EIA B
TUEIBR2WwWINd hTERT Vo E— 7 — D H]
HTICBLTET, &Y TR MR
TETWh,

3. Telomelysin OBERERI%

1) BEMRE LY AEF MBS

Telomelysin OPUEEH Y

Telomelysin ORI TORIRW R IWE L FEE
THERTIE, B3 H I TICEEEREICE
WTIE 10°~108 B 4 v 2 BRI &
7S, IEHHM T 100~1,000 5128 2 6h
Twi (E2b). HisE, KR, B, &E%,
TSR, R, R, BE, RIVRE, FEH
i, EELR Coe MSESEEMR T, 1~
10 multiplicity of infection (MOI) @ Telomely-
sin BT 3~5 HEPURIZ cytopathic effect (CPE)
FHRE S NG RHRESEE S N, X—- k<
AEMETICBBELL FEES I, 107
PFU (plaque—forming units) & W) KEE D
Telomelysin 2 EBENBIES Lz 25, #H
BEOEEREERMOD Y Y a— L TF /T4
WAOFEREICHEL THELREEARSREZD S
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