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state. In addition, our data demonstrated that neither quantitative
RT-PCR for hTERT mRNA nor that for CK7 mRNA could identify
as many as 2,000 human tumor cells per 1 ml of blood without
enrichment. Recently, Diehl et al. have reported that circulating
tumor DNA is useful as a measure of tumor dynamics and that
it can be beneficial for monitoring many types of human cancer
(16). Although the system has the ability to quantify the level of
circulating DNA and the sufficient sensitivity to detect very small
amount of nucleic acids, it requires the identification of a somatic
mutation in the individual tumor by sequencing of DNA. Our
GFP-based fluorescence imaging can allow simple detection of tar-
get cancer cells, without any time-consuming steps, and it seems to
be much more reliable and sensitive.

To date, various approaches have been also used to visually
identify CTCs; however, the techniques employed to perform cell
enrichment, immunohistochemical detection, and image analysis
are complicated (17-19). Moreover, epithelial markers are currently
used to detect CTCs; tumor cells, however, may lose their epithelial
features during metastasis/dissemination or may not express these
markers because of their heterogeneity (20). Indeed, the human
non-small cell lung cancer cells that we used lack CK-19 expres-
sion, which is the marker most extensively studied for the detec-
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tal Table 1. (B) The frequency of CTCs in 5-ml blood samples obtained
from patients of various types of cancer.

tion of CTCs. The mechanism by which epithelial cells acquire the
motile properties is epithelial-to-mesenchymal transition (EMT),
a process that is currently popular for investigators of the onset
of cancer cell migration, invasion, and metastatic dissemination
(21,22). EMT also promotes cytoskeletal rearrangement in tumor
cells, which results in the downregulation of epithelial markers
and upregulation of mesenchymal markers (22, 23). Nagrath et al.
developed a unique microfluidic platform (CTC-chip) for CTC sep-
aration by using anti-epithelial cell adhesion molecule (EpCAM)
antibody, and they demonstrated sensitive real-time monitoring of
responses to cancer therapy with this technology (24); the loss of
EpCAM expression, however, has been reported in metastatic and
drug-resistant cancer cells (25). The multimarker assay may show
slightly increased sensitivity for CTC detection over the single-
marker method (26, 27); the procedures, however, are complicated.
In contrast, telomerase is activated in most human cancers and
is known to be associated with their malignant properties (28).
Recent studies have reported that EMT can produce the cancer
stem cell phenotype (29, 30). Since telomerase activity is one of
the stem-cell properties (31), our system may be capable of detect-
ing circulating cancer stem cells, even with EMT features, such as
the loss and/or redistribution of the epithelial markers, that are
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Table 1 count as a continuous variable enables the prediction
CTGC numbers classified by disease stage (as defined by the TNM classification of survival in patients with castration-resistant pros-
system) and type tate cancer (35). Although we cannot comment on
the prognostic utility of CTC values in the absence of
Cancer  Stage GFP-positive cells (per 5 ml) outcome data, our OBP-401-based method is at least
useful as a measure of tcumor dynamics: A larger series
' 0 -5 610 120 21-30 =91 of clinical trials and longer follow-up studiesg are nec-
Gastric ' 5 5 2 1 essary to confirm the feasibility of this technology.
gz:g:g l‘||! 3 g 1 2 In conclusion, we developed an ex vivo GFP-based
Gastric Y 3 4 1 9 1 fluorescence imaging system that is:very simple and
Colon | 1 suitable for accurate identification and enumeration
Colon i of viable CTCs. This rechnology has the potential to
Colon m 1 1 1 allow physicians to assess the response to treatment
Colon W 1 as a relevant clinical parameter, especially in patients
HCC 1 1 without elevated levels of tumor markers:
HCC I 1
Breast v 1 Methods
Lung l 1 Cell calture. The human non-small cell lung cancer cell

line H1299, the human tongue squamous carcinoma cell

responsible for metastasis. Moreover, as GFP-positive cells could
be collected by flow-cytometric sorting (32), this technology might
be applicable for molecular analysis of CTCs.

One of the crucial features that we believe to be unique of our
approach is to use the virus with the self-proliferation potency.
Although adenovirus-mediated transduction of the reporter genes
into target cells is a common strategy in basic research, to the best
of our knowledge, this is the first demonstration of ex vivo visu-
alization of live CTCs, with a genetically engineered adenoviral
agent, combined with an automated optical scan system for clini-
cal studies. Infection efficiency of the adenoviral agenc, which is
derived from human adenovirus serotype 5, varies widely depend-
ing on the expression of Coxsackie-adenovirus recepror (CAR)
(33). This might be one of the potential advantages of our system,
because most of human hematopoietic cells are almost refrac-
tory to transduction by adenovirus vectors, due to'the lack of
CAR for virus binding (34). Therefore, when OBP-401 is used to
detect CTCs in the peripheral blood, OBP-401 infection is limited
in hematopoietic cells, including leukocytes. Moreover, OBP-401
replication is unlikely in normal hematopoietic cells, because of
their low telomerase activity.

Our patient data demonstrate that enumeration of CTCs reflects
the tumor burden, as the CTC counts decreased upon complete
surgical removal of primary tumors. In addition, although the
sample size is too small to perform a statistical analysis, 2 gastric
cancer patients, who favorably responded to systemic chemother-
apy, exhibited a gradual lowering of CTC counts in parallel with a
decrease in the level of tumor markers, whereas a radiographically
nonresponding patient had an increased CTC count. In contrast,
the absolute number of CTCs did not correspond with tumor
sizes or TNM stages in patients, and a small number of CTCs (0-4
cells in 5-ml samples) were detected in healthy normal volunteers
(data not shown). These results suggest that it is more important
to measure the change in CTC quantity, than to simply determine
whether the value is below or above a disease-specific cutoff point;
the CTC count was, however, mostly analyzed with this endpoint
in clinical trials that used immunomagnetic-bead purification (3,
4,17). Recently, Scher et al. have demonstrated that the use of CTC
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lines SCC-4 and SCC-9, the human gastric cancer cell line

MKN45, the human colorectal cancer cell lines HT-29 and

SW620, the human prostate cancer cell line PC-3, the human
cervical adenocarcinoma cell line HeLa, and the human mammary gland
adenocarcinoma cell line MCF-7 were cultured according to the specifica-
tions supplied by the vendor.

Virus. OBP-401 s a telomerase-specific replication-competent adenovirus
variant, in which the h"TERT promoter element drives the exptession of the
ElA and E1B genes linked with an internal ribosome entry site (IRES), and
the gfp gene is inserted under the CMV promoter itito the E3 region (7, 8,
10). The virus was purified by ultracentrifugation in cesium chloride step
gradients, the titer was determined by a plaque-forming assay using 293
cells, and the virus sample was stored at =80°C.

Quantitative real-time RT-PCR analysis. Total RNA from cultured cells was
obtained by using the RNeasy Mini Kit (Qiagen). The hTERT and CK7 mRNA
copy numbers were determined by real-time quantitative RT-PCR with a
StepOnePlus system and TaqMan Gene Expression Assays (Applied Biosys-
tems). Specific primers for h\TERT (Hs00972650. m1), CK-7 (Hs00559840_
m1),and GAPDH (Hs99999905_m1) were used (Applied Biosystems). PCR
amplification began with a 20-second denaturation step at 95°C and then
40 cycles of denaturation at 95°C for 1 second and annealing/extension at
60°C for 20 seconds. Data analysis was performed using StepOne Software
(Applied Biosystems). The GAPDH housekeeping gene was used as the ref-
erence gene for PCR normalization. The ratios normalized by dividing the
value of H1299 cells were presented for each sample.

Fluorescence microplate reader. Cells were infected with OBP-401 at the
indicated MOI values in a 96-well black-bottom culture plate and then
further incubated for the indicated time periods. GFP fluorescence was
measured by using a fluorescence microplate reader (DS Pharma Biomedi-
cal) with excitation/emission at 485 nm/528 nm. The GFP fluorescence
was expressed relative to that of MCF-7 cells.

Time-lapse fluorescence microscopy. Cells were infected with OBP-401 at an
MO of 10 for 2 hours in vitro. Phase-contrast and fluorescent time-lapse
recordings wete obtained to concomitantly analyze cell morphology and
GFP expression with an inverted microscope (Olympus) equipped with a
heated stage and controlled CO; environment (37°C, 8.5% CO;) (Tokai
Hit). Images were taken every 10 minutes.

Sample preparation and automated optical imaging analysis. A simple 3-step meth-
od is used to detect viable human CTCs in the peripheral blood. Briefly, 5-ml
blood samples were drawn into heparinized tubes and incubated with lysis
buffer containing ammonium chloride (NH,Cl) for 15 minutes to remove
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Figure 6

Images of GFP-positive cells obtained from the peripheral blood and the primary tumors. (A) CTCs were visualized by GFP expression among
peripheral blood leukocytes in the blood sample obtained from a stage Ib gastric cancer patient (case 31). A single-cell suspension was also
prepared from surgically removed primary tumor and exposed to OBP-401 at an MOI of 100 for 24 hours. (B) Primary tumor cells were also
isolated from a patient with stage llla colon cancer (case 3) and infected with OBP-401 at an MOI of 100. Cell morphology of CTCs and primary
tumor cells is shown by phase-contrast microscopy (first and third rows in A and first, third, and fifth rows in B), and GFP expression is shown by
fluorescence microscopy (second and fourth rows in A and second, fourth, and sixth rows in B). Original magnification, x600.

erythrocytes. After centrifugation, the cell pellets were mixed with 10* PFUs of
OBP-401 and incubated at room temperature for another 24 hours. Follow-
ing centrifugation, the cells were resuspended in 15 pl of PBS and then placed
onto a slide under a coverslip. A motorized stage (Tokai Hit), mounted on a

fluorescence microscope, serially captured segmented tile images in the area
of the coverslip. The captured segmented tile images were joined together by
MetaMorph 7.5, an image acquisition and analysis software (Molecular Devic-
es), to create a large image of a 20-mm x 20-mm area. GFP signals could be
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41



technical advance

A Cycle 1 Cycle 2
Chemotherapy ey
1600 =500 7 ® caf99 80
£ 0 e ca2s 4 O
=400 =400} 4 CEA e 2
E b 3
=y ~ 300 7T o©
Se0f & D N 442
= = 200 AN 13
Cuao|l o N 125
o 100 ke X 2
< ~— 9 3
9 & . ¢y 0 = 0=
0 15 30 45 60 75 90
Days after treatment
B Cycle 1 Cycle 2
Chemotherapy + <. +
20r ~&-CEA 30
R O
= 15} ™ 2
% e -120 3
. o
£ 10} e 9
< )} N =
w = “10 8
O st T
Gi
0 A ; . . . . \ 0 3
0 10 20 30 40 50 60 70 80 =
Days after treatment
(& 30 Case 5 60 Case 9 D , Case 3 20  Case4
17 18
o = 23 47 o =
€E 2 40 €E
E o Ew
2 g ©10 10
2810 10 20 8
(6] (6]
3 3
i s " 2= ) ) 0 | )
Presurgery After Presurgery After Presurgery After Presurgery After
surgery surgery surgery surgery
Figure 7

CTC dynamics at baseline and after treatment in patients with gastric or colon cancer. (A) Quantitation of CTCs in peripheral blood samples
from an advanced gastric cancer patient (case 1) with multiple liver metastases who received 2 cycles of systemic chemotherapy. CTC counts
at the indicated time points (orange bars) were plotted along with the levels of tumor markers CEA, CA19-9, and CA125. A decrease in the CTC
number from 7 to 0 was observed 38 days after starting chemotherapy (red arrows). (B) The patient with recurrent gastric cancer at regional
lymph nodes (case 27) was treated with 2 cycles of systemic chemotherapy. The CTC quantity (orange bars) and CEA level were well correlated
over the course of treatment. (C and D) Changes in CTC numbers after surgery. CTC numbers were measured before and 4 weeks after surgical
resection of primary tumors and regional lymph node dissection. (C) Two gastric cancer patients (cases 5 and 9) underwent a total gastrectomy
and distal gastrectomy, respectively. (D) Low anterior resection was performed in 2 colorectal cancer patients (cases 3 and 4).

visualized easily in high-magnification images with a large field of view. The
institutional review board at Okayama University Graduate School approved
the study protocol, and all patients provided written informed consent.

Immunobistochemistry. Cells on the slides were fixed with 2% glutaralde-
hyde and washed 3 times with PBS. The slides were subsequently incubated
with rhodamine-labeled anti-CK-7/8 antibody (CAMS.2; BD Biosciences)
for 1 hourat 37°C. After washing 3 times with PBS, the slides were mounted
with buffered glycerol for examination by fluorescence microscopy.

Tumor cell preparation. Primary solid tumors were surgically removed
from patients with gastric cancer or other types of cancer. The tumor tis-
sue was homogenized by mechanical mincing, and then the cell mixtures
were passed through a cell strainer (BD Biosciences — Discovery Labware)
and suspended as a single-cell suspension.

Statistics. We used the Student’s 2-tailed ¢ test to identify statistically sig-
nificant differences between groups. Results are reported as mean + SD.
Pvalues of less than 0.05 were considered statistically significant.
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Selective metastatic tumor labeling with green fluorescent
protein and killing by systemic administration of
telomerase-dependent adenoviruses
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Abstract

We previously constructed telomerase-dependent, replica-
tion-selective adenoviruses OBP-301 {Telomelysin) and
OBP-401 [Telomelysin-green fluorescent protein (GFP);
TelomeScan], the replication of which is regulated by
the human telomerase reverse transcriptase promoter.
By intratumoral injection, these viruses could replicate
within the primary tumor and subsequent lymph node me-
tastasis. The aim of the present study was to evaluate the
possibility of systemic administration of these telomerase-
dependent adenoviruses. We assessed the antitumor effi-
cacy of OBP-301 and the ability of OBP-401 to deliver
GFP in hepatocellular carcinoma (HCC) and metastatic co-
lon cancer nude mouse models. We showed thati.v. admin-
istration of OBP-301 significantly inhibited colon cancer
liver metastases and orthotopically implanted HCC. Fur-
ther, we showed that OBP-401 could visualize liver metas-
tases by tumor-specific expression of the GFP gene after
portal venous or i.v. administration. Thus, systemic admin-
istration of these adenoviral vectors should have clinical
potential to treat and detect liver metastasis and HCC.
[Mol Cancer Ther 2009;8(11):3001-8]

Introduction
Primary and metastatic liver tumors are a common cause of
death throughout the world. Hepatocellular carcinoma
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(HCC), the most common primary liver tumor, is the fifth
most common malignancy and the third most frequent cause
of cancer death worldwide (1, 2). HCC often metastasizes
widely, and distant metastatic sites include lung, bone, adre-
nals, and brain. The 5-year survival rates of these patients
are usually in the range of 16% to 25% (3). Colorectal cancer
is also one of the most common tumors worldwide. The liver
is the most preferential site for metastasis of colorectal cancer
and over half of these patients die from their metastatic liver
diseases (4). Therefore, management of the liver metastases
is a key factor for colorectal cancer prognosis.

Liver resection is the only potentially curative treatment
option available for patients with primary and metastatic
liver tumors (5, 6). However, because only a minority of pa-
tients with colorectal liver metastases or HCC are candi-
dates for surgery (7-10), new therapeutic agents and
innovative approaches for tumor detection are desired.

We previously constructed two conditionally. replicating
type 5 adenoviruses OBP-301 (Telomelysin) and OBP-401
[Telomelysin-green fluorescent protein (GEP); TelomeScan].
The replication of these viruses is regulated by the human tel-
omerase reverse transcriptase (WTERT) promoter (11-15).
hTERT is the catalytic subunit of telomerase, which is highly
active in cancer cells but quiescent in most normal somatic
cells (16). Therefore, these adenoviruses have tumor-specific
replication regulated by the hTERT transcriptional activity.
OBP-301 has shown a strong anticancer efficacy in a variety
of tumors in vitro.and in vivo (11, 12, 17-19). We also reported
that OBP-401 can replicate in and label cancer cells with GFP
in vitro and in vivo and thereby enables imaging of tumor cells
by GEP fluorescence in vivo (15). Tumor specificity is con-
ferred by selective replication of OBP-401 in the cancer cells.
Replication of the virus, and therefore production of GFP, de-
pends on the fumor-specific expression of telomerase. In those
studies, however, the virus was administered locally such as
by intratumoral injection or administration into a body cavity
(thoracic or abdominal cavity). The efficacy of these viruses,
when administered systemically, has not been evaluated.

In the present study, we examined the feasibility of sys-
temic administration of OBP-301 and OBP-401 to colorectal
liver metastases and to orthotopic HCC tumor in nude mice
models, focusing on the antitumor efficacy of OBP-301 and
the ability of OBP-401 to selectively induce GFP gene ex-
pression in cancer cells.

Materials and Methods

Recombinant Adenovirus

We previously constructed OBP-301, in which the hTERT
promoter element drives the expression of the E1A and E1B
genes linked with an internal ribosome entry site (11-14).

Mol Cancer Ther 2009;8(11). November 2009
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OBP-401, was derived from OBP-301 and also contains the
GFP gene under the control of the cytomegalovirus promot-
er, was also constructed previously (15, 20). These viruses
were purified by ultracentrifugation in cesium chloride
step gradients. Their titers were determined by a plaque-
forming assay using 293 cells. The viruses were stored at
-80°C.

Cell Culture

The human colorectal cancer cell line HCT-116 and the
human HCC cell lines Hep3B and HepG2 were obtained
from the American Type Culture Collection. The cells were
cultured in RPMI 1640 (Irvine Scientific) supplemented with
10% fetal bovine serum.

GFP Gene Transduction of Cancer Cells

For GFP gene transduction of cancer cells, 20% confluent
HCT-116 or Hep3B cells were incubated with a 1:1 precipi-
tated mixture of retroviral supernatants of the PT67 GFP-
expressing packaging cells and RPMI 1640 containing 10%
fetal bovine serum for 72 h. Fresh medium was replenished
at this time. Tumor cells were harvested by trypsin/EDTA
72 h post-transduction and subcultured at a ratio of 1:15 in-

Figure 1.
(red arrow) to generate an orthotopic liver tumor model (/eft). Some cells could be seen accumulating in the terminal portal veins near the bleb of the
injected site (right). B, macroscopic appearance of Hep3B-GFP liver tumor 8 wk after inoculation. Left, fluorescence detection; right, bright-field obser-
vation. C, H&E staining of Hep3B-GFP liver tumor section. Left, magnification, x10; right, detail of the boxed region. Magnification, x400. D, macroscopic
appearance of liver. Livers were excised 8 wk after Hep3B-GFP cells injection. OBP-301 or PBS were i.v. injected biweekly starting from 2 wk after tumor
cell inoculation. Excised livers were photographed under fluorescence. E, quantitative analysis of the tumor size (fluorescent area) of control and OBP-
301-treated mice (P < 0.01).

to selective medium containing 200 pg/mL G418. The level
of G418 was increased up to 800 pg/mL in a stepwise man-
ner. GFP-expressing cancer cells were isolated with cloning
cylinders (Bel-Art Products) using trypsin/EDTA and am-
plified by conventional culture methods in the absence of
selective agent.

Animal Experiments

Athymic nude mice were kept in a barrier facility under
HEPA filtration and fed with autoclaved laboratory rodent
diet (Teklad LM-485; Western Research Products). All animal
studies were conducted in accordance with the principles
and procedures outlined in the NIH Guide for the Care and
Use of Laboratory Animals under assurance no. A3873-1.
All animal procedures were done under anesthesia using
s.c. administration of a ketamine mixture (10 pL ketamine
HCl, 7.6 pL xylazine, 2.4 pL acepromazine maleate, and
10 pL PBS).

Experimental Liver Metastasis Model of Human Colon
Cancer

To generate a liver metastasis model, unlabeled HCT-116
or HCT-116-GFP human colon cancer cells were injected
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Efficacy of systemic OBP-301 administration on orthotopic HCC. A, Hep3B-GFP cells were subserosally injected into the left lobe of the liver
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Systemic OBP-301 therapy of colon cancer liver metastases. A, macroscopic appearance of livers. HCT-116-GFP cells were injected into the

spleen of nude mice, and the liver was excised 6 wk later. OBP-301 or PBS were i.v. injected 5 d after tumor cell inoculation. Excised livers were photo-
graphed under bright light (top). Fluorescence imaging showed GFP expression signals on the HCT-116-GFP liver metastasis (bottom). B, macroscopic
appearance of lungs. Lung metastatic foci were detected with GFP fluorescence. Left, control; right, OBP-301 treatment significantly suppressed lung
metastasis. C, H&E staining of lung metastasis in control mouse (green arrow). Left, magnification, x40; right, protrusion of tumor (green arrow) into the
adjacent alveoli through the Kohn's pore (yellow arrow). Magnification, x400. D, quantitative analysis of the total GFP intensity in the liver of control and
OBP-301-treated mice (P < 0.05). E, quantitative analysis of the number of lung metastases of control and OBP-301—treated mice (P < 0.05).

at a density of 2 x 10° in 50 pL Matrigel (BD Biosciences)
into the spleen of nude mice through a 28-gauge needle at
laparotomy.

Orthotopic Liver Tumor Model of HCC

An orthotopic liver tumor model with human HCC was
made with unlabeled Hep3B or Hep3B-GFP human HCC
cells. Unlabeled Hep3B or Hep3B-GFP cells (5.0 x 10° in
10 nL Matrigel) were subserosally injected into the left lobe
of the liver through a 28-gauge needle at laparotomy. Unla-
beled HepG2 cells, cells (3 x 106 in 50 puL Matrigel) were in-
jected into the spleen of nude mice through a 28-gauge
needle at laparotomy.

Antitumor Efficacy Studies

To assess the antitumor efficacy of i.v. administration of
OBP-301 against liver metastases of the colorectal cancer,
OBP-301 was injected once systemically into the tail vein
at a dose of 5 x 10° plaque forming units (PFU)/100 pL 5
days after HCT-116-GFP cells were injected into the spleen.
Control mice were injected with 100 pL PBS in an identical
manner (n = 9 mice per group). Six weeks after tumor cell
inoculation (5 weeks after treatment), fluorescence imaging
was done using an Olympus OV100 Imaging System. GFP

fluorescent intensity of the liver metastases and the number
of lung metastases were determined. To obtain GFP intensi-
ty, exposure conditions were maintained constant at 30 ms
to keep the data comparable. GFP intensity was quantified
and presented in the units of SUM green intensity using Cell
software (Olympus-Biosystems). The experimental data are
presented as mean + SD. Comparison of the GFP intensity
and the number of lung metastases between the treatment
and control groups were analyzed using a two-tailed Stu-
dent's t test.

The antitumor efficacy of i.v. administration of OBP-301
was also assessed in an orthotopic liver tumor model of
HCC. OBP-301 was i.v. injected biweekly (5 x 10° PFU/2
weeks for 6 weeks) starting from 2 weeks after Hep3B-
GFP cells were injected into the liver. Control mice were in-
jected with 100 pL PBS in an identical manner (7 = 9 mice
per group). All animals were examined 8 weeks after cancer
cell inoculation (2 weeks after last treatment). Development
of tumor growth and response to OBP-301 treatment were
evaluated by the fluorescent area of the liver tumor calculat-
ed by Cell software using GFP images obtained with the
Olympus OV100. The experimental data are presented as
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mean + SD. Comparison of the tumor area between the
treatment and control groups was analyzed using a two-
tailed Student's t test.

Viral GFP Labeling of Tumors

To assess the tumor detection ability of OBP-401 for me-
tastatic liver tumors, a liver metastasis model of unlabeled
HCT-116 cells was used. OBP-401 was injected i.v. or intras-
plenically at a dose of 1 x 10° PFU/mouse. Animals were
examined at laparotomy by fluorescence imaging with the
OV100 5 days after OBP-401 was administered. Some mice

Figure 3. Portal venous delivery of OBP-401 selectively labeled multiple
colon cancer liver metastases. A, gross appearance of the abdominal
cavity (mouse no. 1). Five days after splenic injection of OBP-401, HCT-
116 liver metastases were visualized by GFP fluorescence. B, higher mag-
nification of the liver surface indicated by the white circle in A. C, liver
metastases were visualized by GFP fluorescence in mouse no. 2.

excised liver

spleen

Figure 4. Selective GFP labeling of multiple liver metastases of human
colon cancer by i.v. injection of OBP-401. A to C, 5 d after i.v. injection
with OBP-401, HCT-116 liver metastases were visualized by GFP fluores-
cence (mouse nos. 1-3; /eft). Higher magnification of the liver metastasis
indicated by a white circle (right). D, gross appearance of the abdominal
cavity (mouse no. 4). E, macroscopic appearance of excised liver in mouse
no. 4. The margin of the liver metastasis was visualized by GFP fluores-
cence. F, macroscopic appearance of spleen. Tumor development in
the spleen was also visualized by GFP fluorescence 5 d after OBP-401
treatment (red arrow).

had a second-look observation 1 week after the first open
examination.

To assess the tumor detection ability of OBP-401 in the
orthotopic liver tumor model, unlabeled Hep3B cells were
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used. OBP-401 was injected systemically into the tail vein at
a dose of 1 x 10° PFU/mouse 2 weeks after tumor cell inoc-
ulation. Animals were examined at laparotomy by fluores-
cence imaging with the OV100 5 days after OBP-401 was
administered. Some mice had a second-look observation
4 weeks after i.v. injection of OBP-401.

Fluorescence Optical Imaging and Processing

The Olympus OV100 Imaging System containing an MT-20
light source was used. High-resolution images are captured
directly on a PC (Fujitsu Siemens), and images are analyzed
with the use of Cell software (Olympus-Biosystems).

Results and Discussion

Liver Metastasis Model of Human Colon Cancer

Intrasplenic inoculation of nude mice with unlabeled
HCT-116 or HCT-116-GFP human colon cancer cells led to
multiple experimental metastases in the liver within 14
days. With HCT-116-GFP, spleen tumors and lung metasta-
sis could also be observed by fluorescence imaging at
6 weeks after cancer cell implantation.

Orthotopic Liver Tumor Model of HCC

When unlabeled Hep3B or Hep3B-GFP human HCC cells
were subserosally injected into the liver of nude mice
(Fig. 1A), a small tumor mass (~2 mm) was often observed
on the liver surface by 2 weeks after cancer cell inoculation.
Hep3B liver tumors usually grew only in the injected lobe
and rarely spread to other lobes (Fig. 1B). These tumors
showed abundant tumor blood vessels, indicating a rich

A liver section®,
i

4

Figure 5.
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blood supply for the tumor, which reflects HCC in human
patients (Fig. 1C).

Unlabeled HepG2 cells were also inoculated in the spleen
of nude mice with the same technique used in the experi-
mental colorectal liver metastasis model. Two weeks after
tumor cell inoculation, multiple HepG2 tumors were ob-
served on the liver surface.

Inhibition of Experimental Colon Cancer Metastasis
by OBP-301

OBP-301 was i.v. injected at a dose of 5 x 10® PFU/mouse
5 days after HCT-116-GFP inoculation in the spleen. At

6 weeks after HCT-116-GFP colon cancer cell inoculation, -

100% of the control animals developed liver tumors, and tu-
mors in the spleen developed in 40% of control animals.
Treatment with OBP-301 caused a significant inhibition in
liver metastasis growth (P < 0.05; Fig. 2A and D). Addition-
ally, OBP-301-treated animals showed a reduced number of
lung metastases colonies compared with controls (P < 0.05;
Fig. 2B and E). These results show that systemic dosing of
OBP-301 has significant antitumor activity against experi-
mental colon cancer liver metastasis. In contrast to the
experimental liver metastasis, OBP-301 did not have an
apparent effect on the spleen tumors. The lack of effect of
OBP-301 on the spleen tumors may be because of their very
small size, which made differences difficult to discern.

Inhibition of Orthotopic HCC by OBP-301

To evaluate the antitumor efficacy of OBP-301 on HCC
tumors, the orthotopic liver tumor model of Hep3B-GFP
was used.

day5s

Early metastatic liver tumors not otherwise clearly visible could be visualized after i.v. injection of OBP-401. A, cross-sections of liver. GFP

expression was mainly located at the periphery of the liver metastases. Tiny metastatic foci not otherwise clearly visible were visualized by GFP fluores-
cence after i.v. injection of OBP-401 (yellow arrow). B, 5 d after i.v. injection of OBP-401, HCT-116 liver metastases were visualized by GFP fluorescence
(red circle). There were areas in the liver, which had GFP expression but seemed to be tumor-free in bright light (blue circle). Seven days later, metastases
could be visualized by bright light as well as GFP fluorescence (yellow arrows), showing the power of OBP-401 to label very early, otherwise invisible

metastases with GFP.
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Figure 6.

Selective visualization of orthotopic HCC tumors by i.v. injection of OBP-401. A, 5 d after systemic administration of OBP-401, orthotopic

Hep3B HCC was visualized by GFP fluorescence (yelfow arrow). Top, bright-field observation; bottom, fluorescence detection. B, cross-section of liver
tumor 4 wk after i.v. injection of OBP-401. GFP expression was selectively detected in the tumor. White arrow indicates normal liver tissue. Top, bright-
field observation; bottom, fluorescence detection. C, H&E section of Hep3B liver tumor of B. Top, magnification, x10; bottom, detail of the boxed region.
Magnification, x40. Boxes refer to corresponding regions in B and C with high magnification in B and C (bottom). D, orthotopic HepG2 HCC tumors
(yellow arrows) were visualized by GFP fluorescence (yellow arrows) 4 wk after i.v. injection of OBP-401.

The colorectal liver metastasis model was made by deliv-
ering cells into the portal vein as described above, whereas
the orthotopic HCC model was made by injecting cells di-
rectly into the hepatic parenchyma, where at the early stage
of tumor development most cells were thought to locate
outside of the blood vessels. Thus, i.v. injected OBP-301
could target cancer cells more effectively in the colorectal
liver metastasis model than in the HCC model. In the
HCC model, therefore, we increased the number of injec-
tions of OBP-301, which was administered biweekly (5 x
10® PFU/2 weeks i.v. for 6 weeks) starting 2 weeks after tu-
mor cell inoculation. Treatment of OBP-301 caused a signif-
icant inhibition in liver tumor growth (P < 0.01; Fig. 1D and
E). These results show that systemic dosing of OBP-301 has
significant antitumor activity against Hep3B-GFP human
HCC tumors.

Selective Visualization of Colorectal Liver Metastases
by OBP-401 Delivery of the GFP Gene

To assess the tumor detection ability of OBP-401 for colorec-
tal liver metastases, OBP-401 was administrated to mice by
portal venous delivery or systemic delivery using the tail vein.

Animals with HCT-116 experimental liver metastases
were intrasplenically injected with OBP-401 (1 x 10°
PFU/mouse) 12 days after tumor cell inoculation. The
spleen was used to access the portal venous circulation.
Five days after injection of OBP-401, the liver metastases
could be visualized by GFP fluorescence. Representative
mice are shown in Fig. 3. Cross-sections of the liver
showed that GFP fluorescence occurred mainly at the pe-
riphery of the metastatic liver nodules (data not shown).
Liver metastases in mice given 1 x 10’ PFU of OBP-401
were not visualized efficiently by GFP expression (data
not shown), indicating dose response.

HCT-116 liver metastases could also be visualized by GFP
fluorescence after i.v. injection of OBP-401 (1 x 10® PFU/
mouse; Fig. 4). Cross-sections of the liver also showed tiny
metastatic foci visualized by GFP fluorescence (Fig. 5A).
Moreover, a second-look observation done 1 week after
the first laparotomy showed that early metastatic liver
tumors, not clearly visible under bright light, had been vi-
sualized with GFP fluorescence after i.v. injection of OBP-
401 at as early as day 5, indicating the possibility of early
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detection of metastatic disease (Fig. 5B). When injected with
more than 2 x 10% PFU of OBP-401, mice often showed GFP
fluorescence in normal tissues such as liver, lung, spleen,
and thoracic duct (data not shown). Theses results suggest
that colorectal liver metastases can be visualized by GFP
fluorescence both by portal venous and i.v. administration
of OBP-401.

Selective Visualization of Orthotopic HCC by OBP-401

Five days after injection of OBP-401 (1 x 10® PFU/
mouse) into the tail vein, HCC liver tumors were visualized
by GFP fluorescence (Fig. 6A). Cross-sections of the liver at
4 weeks after i.v. injection of OBP-401 showed that GFP
expression was in the cancer cells and not in normal cells
(Fig. 6B and C). Small liver tumor nodules were also visu-
alized by GFP fluorescence after i.v. OBP-401 administra-
tion (Fig. 6D). Thus, we showed that HCC liver tumors
could be selectively visualized by GFP fluorescence after
i.v. injection of OBP-401.

Many studies have shown that the majority of malignant
human tumors tested express hTERT. OBP-301 and OBP-401
specifically replicate in tumors due to hTERT expression in
tumors (11, 12, 17-19). In previous studies, OBP-301 and
OBP-401 were administered locally, such as by intratumoral
or intrapleural administration. The present report shows the
systemic efficacy of OBP-301 and OBP-401 to selectively
replicate in and kill and label primary and metastatic liver
tumors after i.v. administration. Closely related virus con-
structs will be compared with OBP-301 and OBP-401 in
the future.

Our laboratory pioneered the use of fluorescent proteins
to visualize cancer cells in vivo. Cancer cells genetically la-
beled by fluorescent proteins have increased the possibility
and sensitivity to observe progression of cancer cells in live
animals (21). To evaluate antitumor efficacy of i.v. adminis-
tration of OBP-301 against primary and metastatic liver tu-
mors, we used GFP-expressing human cancer cell lines. We
showed that i.v. administration of OBP-301 resulted in a sig-
nificant reduction in experimental liver and pulmonary
metastases in a colorectal liver metastases model and
effectively inhibited tumor formation and growth in an
orthotopic HCC model. OBP-401 has less but still significant
cytotoxic effects compared with OBP-301 (22). In fact, a
significant inhibition of tumor growth by intratumoral
injection of OBP-401 was confirmed in vivo in our previous
study (20). However, OBP-401 at the tumor-selective label-
ing dose used in this i.v. injection study could not inhibit
tumor growth effectively.

The imaging strategy using OBP-401 has a potential of
being available in humans as a navigation system in the
surgical treatment of malignancy. During surgery, tumors
that would be difficult to detect by direct visual detection
could be positively identified with GFP fluorescence
using a handheld excitation light and appropriate filter
goggles as we have shown previously in mice (23-25).
Employment of a fluorescence surgical microscope would
enable visualization of the GFP-expressing microscopic
leading edge of the tumor and allow accurate resection
with sufficient margins.

Molecular Cancer Therapeutics

As for toxicity of OBP-301 and OBP-401, only when in-
jected with 5 x 10® PFU OBP-301 for the first time, a few
mice showed lethargy but fully recovered within 1 h. None
of the mice treated with OBP-301 or OBP-401 at the doses
used in this study showed significant adverse effects during
the observation period or histopathologic changes in the
liver at the time of sacrifice. In the near future, the safety
of OBP-301 will be confirmed in a phase I clinical trial,
which is currently under way (26).

Our studies suggest the clinical potential of OBP-301 and
OBP-401.
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A phase | clinical trial was conducted to determine the
clinical safety of Telomelysin, a human telomerase reverse
transcriptase (hTERT) promoter driven modified oncolytic
adenovirus, in patients with advanced solid tumors. A sin-
gle intratumoral injection (IT) of Telomelysin was admin-
istered to three cohorts of patients (1 x 10, 1 x 10",
1 x 10'? viral particles). Safety, response and pharmaco-
dynamics were evaluated. Sixteen patients with a variety
of solid tumors were enrolled. IT of Telomelysin was well
tolerated at all dose levels. Common grade 1 and 2 tox-
icities included injection site reactions (pain, induration)
and systemic reactions (fever, chills). hTERT expression
was demonstrated at biopsy in 9 of 12 patients. Viral DNA
was transiently detected in plasma in 13 of 16 patients.
Viral DNA was detectable in four patients in plasma or
sputum at day 7 and 14 post-treatment despite below
detectable levels at 24 h, suggesting viral replication. One
patient had a partial response of the injected malignant
lesion. Seven patients fulfilled Response Evaluation Crite-
ria in Solid Tumors (RECIST) definition for stable disease
at day 56 after treatment. Telomelysin was well tolerated.
Evidence of antitumor activity was suggested.

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

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

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

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

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

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

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

RESULTS

Patient profile

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

Patient Age Sex Histological diagnosis Prior treatments
1(101) 57, F  Squamous cell ca XRT, carboplatin,
unknown primary docetaxel, anastrozole
2(102) 54 M Melanoma Interferon, dacarbazine
3(103) 34 F  Melanoma Lenalidomide,
dacarbazine, vinblastine,
cisplatin, IL-2, interferon
4(204) 60 M Salivary gland tumor XRT, perifosine
5(205) 69 M Squamous cell ca base Cisplatin, XRT
of tongue
6 (206) 60 F  Leiomyosarcoma Doxorubicin, ifosfamide,
gemcitabine, docetaxel,
perifosine
7 (307) 52 F  Neuroendocrine tumor Irinotecan, cisplatin,
topotecan, docetaxel,
pemetrexed, CT 2103,
XRT
8 (308) 78 F  Melanoma Interferon
9 (309) 54 M NSCLC Paclitaxel, carboplatin,
pemetrexed, XRT
10 (310) 49 M  Squamous cell ca base Paclitaxel, carboplatin,
of tongue cisplatin, fluorouracil,
cetuximab, XRT
11 (311) 60 M Squamous cell ca floor  Cisplatin, XRT
of mouth
12 (312) 48 M Melanoma Interferon, melphalan,
actinomycin-D
13 (313) 54 F Sarcoma None
14 (314) 38 M Basal cell carcinoma Cisplatin, fluorouracil
15 (315) 54 F  Squamous cell ca of Capecitabine,
gall bladder gemcitabine
16 (316) 46 F  Breast cancer Doxorubicin,
cyclophosphamide,

paclitaxol, herceptin,
tamoxifen, anastrozole,
capecitabine, docetaxel

M, male; F, Female.

Adverse events

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

Clinical response

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

53

Grade Grade Grade  Overall
1 2 3,4 (N=16)
Cardiac arrhythmia
Supraventricular and 2 1 0 3
nodal arrhythmia—sinus
tachycardia
Gastrointestinal
Nausea 3 1 0 4
Constitutional Sypmtoms
Chills 1 5 0 6
Fatigue 7 2 0 9
Edema peripheral 1 2 0 3
Fever 3 3 0 6
Pain
Bone 2 1 0 3
Muscle 0 3 0 3
Extremity 2 1 0 3
Pain 3 1 0 4
Headache 3 1 0 4
Pulmonary/upper respiratory
Nasal cavity/paranasal 2 1 0 3
reactions
Dermatology/skin
Erythema 0 0 3
Injection site bruising 3 0 0 3
Injection site erythema 1 4 0 5
Injection site pain 4 2 0 6

*Occurring in >15% of patients (n = 16).

Postinjection biopsies performed at day 28 on four of the
patients with stable disease revealed necrosis that may or may
not be treatment induced. Three of these patients had melanoma.
Survival of all patients ranged from 1 to 21 months (median 10).

Viral pharmacokinetics analysis

Systemic dissemination of Telomelysin was evaluated by collec-
tion of patient plasma, urine, sputum, and saliva at time points
before and after IT. Quantitative real-time PCR analysis was car-
ried out with primers that were specific for the Telomelysin E1A
and IRES regions. We detected the presence of viral DNA in 13
of 16 patient plasma samples tested, including 9 of 10 patients
in cohort 3 (Table 3). Plasma viral DNA was detected between
30 minutes and 6 hours in most patients, at concentrations that
ranged from 2.1 x 10% to 1.5 x 107 viral copies/ml. We detected the
presence of plasma viral particles in two cohort 3 patients. Viral
DNA copies detected on day 7 (pt 312: 3.7 x 10% pt 316: 2 x 10*
viral copies/ml, respectively) were ~10-50-fold higher than detec-
tion threshold (400vp/ml). Viral DNA was also detected in one
cohort 2 patient on days 7 and 14 [pt 205: 3.7 x 10* (day 7), 6.0 X
10* (day 14)] but not at (Figure 2). No viral DNA was detected at
24 hours post-treatment for these patients, suggesting that detect-
able levels of viral DNA at days 7 and 14 may constitute a second
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Prestudy 07.10.2007 Post-treatment 08.27.2007

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

Cohorts 1, 2, and 3 (n=16)
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7 PL311
® Pt312*
¥ Pt313
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W Pt315
¥V Pt316

100 1
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o
L
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Viral particles (vp)/ml (x10%
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Detection
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9

19 29 39
Days postviral injection
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Figure 2 Detection of Telomelysin viral DNA in patient plasma
samples on various days post-treatment. Data represented at day 1
constituted peak values determined at up to 6 hours post-treatment.
All patients exhibited below detection levels of plasma viral particles
(<400vp/ml) at day 1 post-treatment.

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

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

Neutralizing antibody response

To identify systemic immune-activating events from intratumoral
Telomelysin treatment, a functional assay with Telomelysin-
infected HEK 293 cells was used to determine the neutralizing
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Table 3 Pharmacokinetics and immune response assessments

No. positive?/No. tested

Analyses performed? Total Cohort 1T Cohort2 Cohort 3
Viral DNA in plasma 13/16 2/3 2/3 9/10
Viral DNA in sputum 2/16 0/3 0/3 2/10
Viral DNA in urine and 0/16 0/3 0/3 0/10
saliva

Endogenous hTERT 9/12" 2/3 1/1 6/8
expression

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

Viral plaque assay 3/16 0/3 0/3 3/10
Serum IL-6 8/94 3/3 2/3 3/3
Serum IL-10 7194 2/3 2/3 3/3
Serum IFN-y 2/9¢ 2/3 0/3 0/3
In situ viral hexon (D56) 1/16 0/3 0/3 1/10
Lymphocyte subset 0/10 0/0 0/0 0/10

alterations by
immunophenotyping
analysis

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

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

Serum cytokines

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

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

hTERT mRNA

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

Cohorts 1, 2, and 3 (n=16)
Cohort 1 =¥ Pt 101
] -+ Pt102
1 - Pt 103
- Pt204
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2
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Figure 3 Neutralizing antibody titer. Change in neutralizing antibody
titer on day 28 after injection compared to baseline. *Patients 313 and
316 did not have day 28 plasma samples to determine post-treatment
neutralizing antibody titer.

housekeeping gene GAPDH (glyceraldehyde-3-phosphate dehy-
drogenase). Tumor hTERT expression was carried out in 12 of 15
tumor biopsies that yielded adequate RNA. Tumor biopsy was not
available from pt 316. Endogenous hTERT expression was detected
in 9 of the 12 tumor biopsy specimens (Table 3). These included
two with high hTERT (>10* copies/pig) mRNA expression (one in
cohort 2 and one in cohort 3), four with moderate expression (10°-
10" copies/pg) (one in cohort 1, three in cohort 3), and three with
low expression (<10° copies/pug) (one in cohort 1, two in cohort 3).
hTERT was below detection limit in three other patients tested
(one in cohort 1, two in cohort 3). Of the three patients with pro-
longed, detectable plasma viral DNA at day 7 post-treatment, pt
205 displayed a high level of endogenous hTERT mRNA, whereas
tumor samples were either unavailable (pt 316) or inadequate
(pt 312) for assessment. These limited findings confirm hTERT
expression in the majority of human tumors.

DISCUSSION

Telomelysin administration in this Phase I safety trial demon-
strated safety with no treatment related grade 3/4 adverse effects.
Further, we observed the encouraging findings of one patient
with partial response at day 56 after a single IT. The transient
presence of systemic Telomelysin dissemination following IT
was documented early after IT injection. Immune activation was
observed, with cytokine upregulation of IL-6 and IL-10 and the
induction of viral neutralizing antibodies. Limited suggestive
evidence of vial replication was observed at day 7 post-treatment
in three patients, for whom plasma viremia was not detected on
day 1. One of these three patients had elevated malignant tissue
hTERT expression with a significant clinical response. However,
these limited findings require additional confirmation as we can-
not completely exclude the unlikely possibility of delayed viral
clearance. Immunohistochemical analysis of viral E1A and hexon
was negative 28 days after injection suggesting rapid clearance.
In Galanis’ Phase II osteosarcoma trial with ONYX-015, 5 of 6
patients had detectable viral DNA on Day 5 of the first cycle.” In
Makower’s hepatobiliary tumor trial with ONYX-015, no viral
DNA was detected in plasma following intralesional injection.?
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In our previous work with ONYX-015 we showed that 41% of
patients had detectable viral DNA at days 5 and 6, and 9% had
circulating DNA at day 10.

Adenoviral immunogenicity can be affected by viral struc-
tural modification (E3 region function), physical properties
(temperature), other agents (enbrel, steroids), serotype status,
removal of neutralizing antiviral antibodies (plasmapheresis) or
presence of antibody producing cells (B-cell inhibition secondary
to Ribavirin, Rituxan), use of physical shields (liposome, poly-
mer, cellular delivery), and/or alteration of neutralizing surface
epitopes (hexon, knob, fiber).?-*

Evidence of clinical efficacy has previously been demon-
strated with a EI1B-55 kd deleted oncolytic adenoviral therapeutic
(ONYZX-015); however, the opportunity to move towards systemic
administration was hampered by efficacy results and the limita-
tions imposed by rapid viral clearance and low replication capac-
ity. These data were insufficient for advancement of phase III
development with ONYX-015. Telomelysin was designed with a
structure to enhance tumor selective viral gene expression (WTERT
promoter) thereby allowing the opportunity to consider systemic
administration in tandem with masked delivery approaches.***
The adenovirus early transcription unit (E3) encodes for poly-
peptides (14.7 k, 10.4, 14.5),** which function to directly block
tumor necrosis factor-o activation as well as apoptotic pathways
shared by tumor necrosis factor-o and fas.***!! The E3 gp19k pro-
tein functions to bind and retain MHC class I molecules within
the endoplasmic reticulum, thus preventing surface presentation
of viral antigens, thereby limiting class I-restricted CTL clear-
ance of virally infected cells.***2-% The expression of the E3 gene
region products may, therefore, decrease viral clearance, increase
the expression of those viral genes that suppress immune recogni-
tion and enhance viral replication.*

In conclusion, both activity and safety of a single injection
approach for Telomelysin has been demonstrated. However, despite
activity in a subset of patients, limited clinical relevant responses
were observed in others. This may be attributed to the single viral
treatment administered to each patient. An increase in viral NAb
titer in all patients tested is indicative of systemic immune sensi-
tization following IT. We and others have shown previously that
systemic viremia can be maintained at 3-6 days after second intra-
venous or intra-arterial treatments in spite of the presence of high
levels of NAD titers and antiviral cytokines.””* Thus repeat intra-
tumoral or intranvenous injection of Telomelysin is a viable treat-
ment option to achieve an improved clinical response. Alternatively,
artificial envelopment of Telomelysin with bilamellar cationic lipo-
somes for “stealth” systemic delivery may be applicable for improv-
ing systemic pharmacokinetics and coxsackie and adenovirus
receptor-independent tropism.** With these considerations, data
support further clinical assessment of a multi treatment schedule.

MATERIALS AND METHODS

Test article. Telomelysin is manufactured at Introgen Therapeutics,
Houston, TX. Telomelysin was reconstituted using aseptic technique in a
Biocontainment Level 2 ISO Class 5 Biosafety Cabinet.

Study design. This was a dose escalation study in patients with advanced
solid tumors. A single IT of virus particles (vp) was administered through a
single injection site using a radial method of distribution in order to evenly
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distribute material to both peripheral and central sites of growing tumor
without removing the needle completely from the tumor. Most of the viral
dose was administered at the tumor periphery and at the interface between
normal tissue and tumor; prior studies have indicated improved efficacy
with this administration approach.” Attempts were made to distribute the
virus uniformly along the needle tracks by gradually depressing the syringe
plunger during withdrawal of the needle. Each patient was enrolled into
one of the following cohorts: Cohort 1: 1 x 10" vp/tumor (n = 3); Cohort
2:1 x 10" vp/tumor (n = 3); Cohort 3: 1 x 10" vp/tumor (1 = 10). Patients
in cohorts 1 and 2 remained on study for 28 days after injection. Cohort 3
patients were followed until day 56 post-treatment.

Viral DNA was monitored using quantitative PCR (Q-PCR)
technique. After the first patient was enrolled into Cohort 1, each of the
remaining patients (i.e., pt 2 and pt 3) was enrolled. In Cohort 1, clearance
of viral DNA in all body fluid specimens including blood, saliva, sputum,
and urine of the preceding patients by two consecutive negative Q-PCR
results at least 3 days apart was required. Enrollment of the first patient
in Cohort 2 began when viral DNA results on the last patient in Cohort 1
were negative on two consecutive tests at least 3 days apart.

If a dose-limiting toxicity was observed in one of three patients related
to Telomelysin, an additional three patients were enrolled. If only one of
the six total patients experienced a dose-limiting toxicity, then the dose
escalation would be continued to the next cohort. If two or more of the
six patients experienced a dose-limiting toxicity, the maximum tolerated
dose would be defined as exceeded and an additional three patients would
be treated at the dose level below. Toxicities were graded and reported
according to the National Cancer Institute common terminology criteria
for adverse events, version 3.0. Response was evaluated in this study using
the international criteria proposed by the RECIST Committee.

Study population. Patients with superficial accessible cancer who had
failed at least one prior therapeutic regimen and for whom effective con-
ventional therapy was not available were eligible for the study. All patients
were required to be at least 18 years old, have histologically confirmed
carcinoma and a Karnofsky performance status of at least 70%. Inclusion
was also predicated on normal laboratory assessment. All patients were
required to provide written consent according to local institutional review
board-approved- guidelines. Women and men of reproductive potential
were required to use contraception.

Baseline assessments included: concomitant medications, interval
history, physical examination, performance status, tumor assessment,
medical laboratory studies, adenoviral NAb, urinalysis, tumor-biopsy,
viral DNA in blood, saliva, sputum, and urine. Viral plaque forming
titer in serum, cytokine levels (IL-6, IL-10, INF-y). Peripheral blood
immunephenotype analyses were performed for Cohort 3 patients.

Assessments were performed using samples collected ‘as follows:
plasma viral DNA: pretreatment and at 30 minutes;. 1 hour, 3 hours,
6 hours and on days 1, 7, 14, 21, 28, and 56 post-treatment; viral DNA
in sputum, urine, and saliva: pretreatment and days 1, 7, 14, 21, 28,
and’'56 postinjection; endogenous hTERT expression: -assessed with
pretreatment tumor biopsy; adenovirus NAb: pretreatment and day 28
post-treatment; cytokine: pretreatment and 30 minutes, 1 hour; 6 hours,
and on days 1, 14, and 28 post-treatment for first three patients per
cohort only; immunohistochemistry for viral hexon: tumor biopsies
collected  pretreatment and on days 28 and day 56 post-treatment;
immunephenotyping analysis: pretreatment and days 7, 14, and 28 post-
treatment. Viral plaque assay was performed only on: patient plasma
samples that yielded 21 x 10° vp/ml by Q-PCR analysis.

Detection of viral DNA. Patient samples were collected previral infusion and
on day 0 (1 hour, 3 hours, 6 hours post-treatment), day 1, 7, 14, 21, 28, and
56 post-IT. DNA extraction was carried out from patient’s archived, frozen
tumor biopsy specimen, plasma, sputum, saliva, and trine specimens. Viral
DNA was quantified by real-time Q-PCRs. Briefly, DNA was extracted with
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the Qiagen QIAmp DNA Mini Kit (plasma and saliva samples) or QlAamp
Viral RNA Mini Kit (urine and sputum samples). Plasma, saliva, sputum,
and urine samples from normal donors were used for protocol validation,
with or without “spiking” with known amounts of Telomelysin immediately
prior to DNA extraction. Q-PCRs were carried out on the iQ5 Q-thermal
cycler (BioRad, Hercules, CA), using Telomelysin-specific primers for the
E1A and IRES region and the 2 x Power SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA). The amounts of detectable viral par-
ticles were quantified by extrapolation with a standard curve, generated with
serially diluted (1:10) DNA templates with predetermined copy numbers
(10 to 1 x 10° copies) of pure Telomelysin viral DNA. A positive response is
based on the detection of both IRES- and E1A amplification products with
an assay threshold of 4 x 10 vp/ml for plasma and saliva; 1 x 10*vp/ml for
urine; 2 x 10*vp/ml for sputum samples for both reactions.

Primer sequences
IRES-Forward 5'-GAT TTT CCA CCA TAT TGC CG
IRES-Reverse 5'-TTC ACG ACA TTC AACAGA CC
E1A-Forward 5'-CCT GTG TCT AGA GAATGC AA
ElA-Reverse 5'-ACA GCT CAA GTC CAAAGGTT.

Endogenous hTERT expression in patient tumor. To validate viral repli-
cation, real time, quantitative real-time-PCR assays were carried out with
total RNA from patient tumor biopsy. Briefly, Q-PCR assays were carried
out on iQ5 Q-PCR machine (BioRad), using primers and a TagMan probe
specific to hTERT or GAPDH (Sigma/Proligo, St Louis, MO), and TagMan
Core PCR reagents (Applied Biosystems). Total RNA was extracted with the
RNeasy Mini Kit (Qiagen, Valencia, CA). cDNAs were generated according
to manufacturer’s instructions (RETROscript kit; Ambion, Foster City, CA).
PCR standard curves for determination of gene copy number in the reaction
template were generated with triplicate reactions, using 1:10, serially diluted
samples of either the hTERT or GAPDH PCR amplification products.

Primer sequences
hTERT Forward primer: 5'-GCACTGGCTGATGAGTGTGT-3'
hTERT Reverse primer: 5'- CTCGGCCCTCTTTTCTCTG-3'
hTERT TaqgMan probe: 5'-(FAM) TTGCAAAGCATTGGAATCAGA
CAGCACT-(TAMRA)-3'
GAPDH Forward primer: 5-GAAGGTGAAGGTCGTAGTC-3'
GAPDH Reverse primer: 5'-GAAGATGGTGATGGGATTTC-3'
GAPDH TagMan probe: 5'-(FAM) CAAGCTTCCCGTTCTCAGCC
(TAMRA)-3'.

Immunohistochemical analysis. A previously described automated immu-
noperoxidase staining technique was used to-characterize viral protein
expression.™ Briefly, viral E1A and hexon expression was determined with
the avidin-biotin-complexed immunoperoxidase reaction (iVIEW DAB
Detection kit; Ventana Medical Systems, Tucson, AZ) following initial
incubation with antibodies specific to viral E1A (prediluted mouse mono-
clonal adenovirus type 5 E1A antibody, GeneTex, Irvine, CA), or hexon
(goat antiadenovirus polyclonal antibody (Millipore, Billerica, MA), using
the Ventana 320ES System (Ventana Medical Systems, Tucson, AZ).

Flow cytometric immunophenotype analysis. Peripheral blood immuno-
phenotype analysis was carried by a two color immunofluorescence reac-
tion and flow cytometric analysis as described previously® The frequency
distribution of T, B, and NK cell subsets: CD45-FITC/CD14-PE, CD3-
FITC/CD19-PE, CD4-FITC/CD8-PE, CD13-FITC [CD16 CD56]-PE (all
from BD Biosciences, San Jose, CA) were determined.

Serum cytokine analysis. ELISA assays (R&D Quantikine kits, Minneapolis,
MN) were used to quantify patient serum cytokine levels. Serial serum
samples were analyzed simultaneously; using cytokine-specific immunoas-
say reagents. The colorimetric reaction was quantified as a function of optical
density absorbance at 450 nm with the correction wavelength set at 540 nm
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(SpectraMax 340; Molecular Devices, Sunnyvale, CA). The minimal detectable
concentration was as follows: interferon-y: <16pg/ml; IL-10: <8 pg/ml; IL-6:
<1 pg/ml. The percent increase in cytokine level at any time point post-treat-
ment was determined through comparison with serum harvested before
Telomelysin injection. Based on inter- and intra-sample variations, increases
in cytokine level of 250% over baseline were considered significant,

Antiadenovirus antibodies. Adenovirus-NADb titer in patient plasma samples
was measured as a function of blocking human adenovirus infection of 293
cells. Briefly, twofold serially diluted patient plasma samples were added to
293 cells that were infected with Telomelysin virus. The plates were evaluated
microscopically for the percentage of cells that lysed in presence of patient
plasma samples at 72 and 96 hours postinfection. The adenovirus-NAb titer
for a given sample was the highest dilution of the plasma that showed a
blocking effect (>60% 293 cells intact and attached as monolayer).
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