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INTRODUCTION

Prostate cancer is the most common cancer in men in the United States, and the second
leading cause of cancer deaths. Radiotherapy of prostate cancer is limited by both
radioresistance of prostate cancer cells and the adverse radiation effects on surrounding
normal tissue. Thus, an agent that radiosensitizes prostate tumor cells but spares normal
prostate tissue would have clinical significance. Based on our previous studies concerning
the role of neuroendocrine cells (NE) in prostate cancer, we hypothesized that SR48692, a
specific inhibitor of neurotensin receptor 1 (NTR1), (1) will radiosensitize cancer cells and
tumors, (2) that normal prostatic tissue will be spared in-vivo, and (3) that the mechanism
involves EGFR Tyr845/Src/Stat5b. These hypotheses are tested in two Specific Aims: (1) to
study the radiosensitizing properties of SR48692 using androgen-sensitive and androgen-
insensitive prostate cancer models vs. normal tissue effects in-vitro and in-vivo; and (2) to
examine the molecular mechanisms of radiosensitization by SR48692 in human prostate
cancer cell lines by studying novel effectors downstream of the neurotensin receptor (NTR1).
Successful completing of this project will allow us to develop an efficient radiosensitizing
agent, with potential clinical application in prostate cancer radiotherapy.

BODY

This is the first year report for grant W81XWH-08-1-0114 covering the initial phase of the
project. During this phase we have concentrated on Specific Aim 1, investigating the
radiosensitizing activity of SR48692 in both in-vivo and in-vitro model systems. |

For in-vivo studies nude mice harboring human orthotopic (intra-prostate) xenografts were
used. The xenografts were established from PC-3M-luc cells, a metastatic variant of human
prostate adenocarcinoma PC-3 cells, engineered to stably express luciferase. This system
allows for non-invasive continuous measurements of cancer volume/size, even for
xenografts located inside the body. In addition, our preliminary experiments demonstrated
that in this system bioluminescence intensity correlates very well with tumor size as
measured by calipers.

NCI nu/nu mice aged 5 weeks were injected in the posterior ventral lobe of the prostate
(orthotopically) with 5x10° PC-3M-luc cells. The mice were divided into 4 groups (control,
radiation only, drug only, and IR + drug). On days 4-8 post-injection, the groups receiving
SR48692 were gavaged with 25mg/kg drug. Mice receiving radiation were subjected to a 2.5
Gy dose of ionizing radiation on days 5 and 7 post-injection. The mice were were
anesthetized, injected with luciferin and imaged on a Xenogen IVIS system every 7 days
post-injection.

As demonstrated in Fig 1 mice receiving the combination therapy (SR48692 and radiation)
showed significant reduction in tumor size over either treatments alone. Interestingly, the
radiation alone regime used here delayed tumor growth for approximately two weeks, but did
not produce significant decrease in tumors number or size. However, the combination
treatment with SR48692 not only delayed the first occurrence of measurable tumors, it also
seemed to eradicate tumors in some mice. Further studies to confirm these observations are
under way.
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Figure 1. SR48692 sensitizes human orthotopic xenografts in mice in-vivo to therapeutic does of ionizing
radiation. Tumor size was measured by non-invasive bioluminescence imaging.
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In in-vitro studies in this first phase we have compared the radiosensitizing properties of
SR48692 in prostate cancer cell line (PC-3M, highly metastatic human prostate
adenocarcinoma cells) and apparently normal human prostate epithelial cells (RWPE-1).

Both cell lines were treated with SR48692 at 1 uM, the drug concentration known to efficiently
block neurotensin-dependent cells' growth stimulation, as established in our preliminary
experiments. Following 24 h treatment the cells were irradiated with x-rays doses in the range
from 0 to 6 Gy and re-plated for colony formation. Colonies containing more than 50 cells
were fixed, stained and scored, and the surviving fraction was calculated according to
standard method.

As shown in Fig 2A SR48692 effectively sensitizes prostate cancer cells PC-3M to ionizing
radiation at all studied doses. Based on the shape of clonogenic survival curve obtained from
drug-treated cells, i.e. steep curve lacking broad shoulder in the low dose range, we expect
that SR48692 activity could be mediated by one of the following mechanisms, all of which
result in steep shape of clonogenic survival curve: (1) inhibition of DNA damage repair, (2)
synchronization of cells in M phase of cell cycle, (3) efficient induction of apoptotic cell death,
and/or (4) any combination of the above. These possible mechanisms of SR48692-induced
radiosensitization are currently under investigation.

Importantly, pre-treatment with SR48692 does not have any significant effect on
radiosensitivity of normal epithelial cell line RWPE-1, as shown in Fig 2B. This striking
difference between normal (RWPE-1) and cancer (PC-3M) prostate cells is emphasized on
Fig 2C, by comparing survival curves of both drug-treated and irradiated cell lines. As
demonstrated on the graph, at the clinically relevant dose of 2 Gy, the difference between
surviving fractions (SF2) in RWPE-1 and PC-3M cells treated with SR48692 and irradiated is
approximately 2.1. Therapeutic gain of this magnitude has high clinical significance for
radiotherapy of prostate cancer.

The difference between these two cell lines can be explained by our hypothesis that only
cells expressing neurotensin receptor 1 (NTR1) will respond to SR48692 treatment. Our
preliminary results clearly demonstrated that normal prostate cells (RWPE-1) do not express
NTR1, as opposite to cancer cells (PC-3M). Since there is evidence that majority of human
prostate tumors express NTR1, while normal surrounding tissues do not, SR48692 could
become a very important clinically radiosensitizer for prostate radiotherapy.

In additional experiments we have tested the possibility that SR48692 alone is cytotoxic to
prostate cancer cells (not the slight delay of xenografts development in mice treated with the
drug alone, Fig 1). PC-3M cells were treated with the drug at doses ranging from 0to 10 uM
for 24h, and then counted directly for short-term growth inhibition assessment. For long-term
clonogenic survival the cells were plated at 100 cells per dish, treated continuously for 7-10
days and the surviving colonies were stained and scored. As shown in Fig 3, the drug alone
is relatively non-toxic to PC-3M cancer cells.
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Figure 2. SR48692 sensitizes human prostate cancer cells (A, PC-3M) to ionizing radiation in-vftro, but does

not have any significant radiosensitizing effect in normal prostate epithelial cells (B, RWPE-1). (
of radiosensitivity of SR48692-treated normal (RWPE-1) and cancer (PC-3M) prostate cells.
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Figure 3. SR4869 alone is relatively non toxic to PC-3M cancer cells.

We have also started to explore the role of cells/cancers' androgen-dependence in their
sensitivity to SR48692 and radiation treatment. Three cell lines were selected for the
preliminary experiments: (1) androgen-sensitive LNCaP, (2) androgen-independent C4-2,
and (3) normal prostate cells RWPE-1. Cells were grown in medium depleted of androgen
(and other steroid hormones) by charcoal treatment, and supplemented with R1881
(androgen substitute), NT (neurotensin), or full fetal bovine serum (full medium), Following 24
h incubation the cells were treated with increasing concentrations of SR48692, and the cells'
viability was measured 5 days later by XTT assay. As demonstrated in Fig 4 normal prostate
cells (RWPE-1, Fig 4A) as well as androgen-independent cancer cells (C4-2, Fig 4C) grow
relatively well in androgen-free medium, and do not respond significantly to SR48692. In
contrast, LNCaP cells (androgen-sensitive, Fig 4B) not only require androgen to proliferate,
but also their response to SR48692 treatment is more pronounced. Interestingly, stimulation
with NT can induce proliferation (up to ~50% of normal rate) in androgen-depleted LNCaP
cells. The follow-up studies testing the radiosensitivity of LNCaP, C4-2, PC-3M and RWPE-1
cells in the presence or absence of androgen are in progress.



RWPE-1
Ve S
1.0 # © " e
= i E/ & o}
3] x X
IS X o
2 o ‘
® &
&
B
a 0.5
©
¥
X 4 1% CSS
,,,,,,, O +R1881 1nM
&+ +NT 100nM
....... e +10% FBS
0.0 v 4
0.1 1
SR48692 [uM]
LNCaP
B 2.0
o
o 15 = . o
o
ie T
.9 &
% SR s
g 1.0-
g
2 A
v
O 0.5 X X X o
: X +1%CSS X
O~ +R1881 1nM
A +NT 100nM
+ 10% FBS
0.0 v r
0.1 1
SR48692 [uM]
C i - ca2 -
RSO SN
1.0 L - T e
% )
T 2 S — X
o X ‘ R
e o .,
2 A
@
e
g 0.5 ¢
S O
a
K}
¥]
- X +1%CSS
0 +R1881 1nM
+NT 100nM
------ B +10% FBS
0.0 r :
0.1 1
SR48692 [uM]

Figure 4. SR4869 cytotoxic activity on prostate cells differs depending on their androgen dependence.




KEY RESEARCH ACCOMPLISHMENTS
» SR48692 sensitizes human prostate cancer xenografts to ionizing radiation in vivo
» SR48692 sensitizes human prostate cancer cells to ionizing radiation in vitro

» SR48692 does not sensitize human prostate normal epithelial cells to ionizing
radiation in vitro (the therapeutic gain of about 2)

REPORTABLE OUTCOMES

The results obtained during the first year of this project were presented at the 100" Annual

Meeting of the American Association for Cancer Research (April 18-22, Denver, CO) [1]. In
addition two presentations describing our results were accepted for presentation during this
year annual meetings of Radiation Research Society (October 4-7, Savannah, GA) [2], and
American Society for Therapeutic Radiology and Oncology (November 1-5, Chicago, IL) [3].

[1] G Amorino, B Pemberton, M Dunlap-Brown, S Parsons; Neurotensin receptor antagonist
SR48692: potential radiosensitizer in mice.

[2] J Dziegielewski, BL Pemberton, ME Dunlap-Brown, JM Larner, SJ Parsons, GP Amorino;
SR48692, a specific neurotensin receptor (NTR1) antagonist, sensitizes prostate cancer cells
to ionizing radiation, in both in-vitro and in-vivo models.

[3] J Dziegielewski, BL Pemberton, ME Dunlap-Brown, SJ Parsons, GP Amorino, JM Larner;
The specific neurotensin receptor (NTR1) antagonist, SR48692, sensitizes prostate cancer
cells to ionizing radiation, in both in vitro and in vivo models.

CONCLUSION

The results obtained during the first year of this project convincingly demonstrate that
SR48692, a specific inhibitor of NTR1 receptor, sensitizes human prostate tumors and cancer
cells to ionizing radiation at doses used in clinical radiotherapy. At the same time SR48692
does not sensitizes normal prostate cells to radiation. The experiments aiming to elucidate
the molecular mechanism(s) of SR48692 radiosensitizing activity and selectivity are in
progress, and will provide a solid foundation for future selective radiotherapy of human
prostate cancers. ‘
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