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INTRODUCTION

The purpose of the research carried out in the first year of this project was to develop a system to
express the therapeutic genes cytosine deaminease (CD) and somatostatin receptor (SSTr2) in localized
and disseminated prostate cancer cells with sufficient selectivity for cancer gene therapy. The specificity of
these vectors for prostate cancer will be improved by combining transductional targeting of Ad with the
target cell-specific expression of the therapeutic gene. This will be achieved by utilizing the tumor-specific
promoter, cyclooxygenase-2 (COX-2), to drive the transcription of the SSTr2 and CD genes. By
employing this double targeting maneuver, we expect to achieve a much higher level of vector specificity:
cell killing would only occur as a result of two independent events — cell infection and transgene
expression. Although both events are not perfectly tumor-specific, their combination will lead to a desired
synergistic effect of specificity. In other words, if the vector randomly infects non-target (normal) cells, the
cell killing will not take place, since the SSTr2 and CD expression will be limited primarily to prostate
tumor cells. The liver is the predominant site of Ad vector localization after systemic administration, and as
a consequence is at risk when Ad vectors containing suicide genes such as CD ectopically localize to this
site. Thus, a promoter with both tumor specificity and minimal transcriptional activity in hepatocytes would
be ideal for cancer gene therapy. The hypothesis of the grant was that the COX-2 promoter is a promising
candidate tumor-specific promoter for prostate cancer, since it reveals low hepatic activity and toxicity, and
shows high tumor activity in established cell lines. Combined with the targeted Ad vectors described in the

application, the COX-2 promoter may be an ideal candidate tumor-specific promoter for GRITS/molecular
chemotherapy of disseminated hormone refractory prostate cancer. ‘

BODY

Specific Aim 1 of the grant was to develop, validate, and evaluate genetically modified Ad vectors
that will increase expression levels of both SSTr2 and CD in the context of localized and metastatic prostate
cancer compared to our first generation AdSSTr2 and AdCD vectors. Thus, the goal of the first year of
support was to develop a novel class of vectors for prostate cancer that embody design features predicating
their superior utility for the achievement of effective delivery of SSTr2 for radioligand therapy and CD for
molecular chemotherapy. '

The vectors that we developed were tested for magnitude of expression employing membrane
receptor binding in vitro. Binding studies were performed to demonstrate receptor expression on infected -
human tumor cell lines. Expression of CD in DU145 and PC-3 prostate cancer cells after infection with
the genetically-modified Ad vectors was accomplished using 5-FC to 5-FU conversion assays as described
in our publications."?

Several new Ad vectors expressing CD and SSTr2 were produced using both long (L) and medium
(M) length COX-2 promoters as follows: AdCOX-2MSSTr2COX-2MCD, AdCOX-2MCDCOX-
2ZMSSTr2  AdCOX-2LCDCOX-2LSSTr2, AdCOX-2LSSTr2COX-2L.CD, AdRGDCOX-2LCDCOX-
2LSSTr2 and AdCOX-2LCDIRESSSTr2. In addition, the single gene vectors expressing SSTr2
(AdCOX-2LSSTr2 and AdCOX-2MSSTr2) and CD (AdCOX-2LCD, and AdCOX-2MCD) were
produced. A control Ad expressing luciferase under control of the COX-2L promoter, AdCOX-2LLuc,
was used as a control.

These new vectors expressing CD and SSTr2 were first tested for SSTr2 expression against MKN-
289 gastric and MIA PaCa-2 pancreatic cell lines known to express COX-2 by our previously published
internalization assay in which Ad infected cells are incubated with *™Tc-P2045 (P2045 is a peptide which
binds to SSTr2) and imaged 5 min (Figure 1) after addition of the radiolabeled pejptide and 20 min later
after removing the excess peptide and stripping the SSTr2 bound to the surface.> * The Experimental
- Protocol appears on pages 7 to 12 of this report. As shown in Figure 2, MKN-28 and MIA PaCa-2 cells
infected with AdCOX-2MSSTr2COX-2MCD and AdCOX-2LCDCOX-2LSSTr2 both resulted in
internalization of *™Tc-P2045 similar to that observed with AJCOX-2LSSTr2 and AdCOX-2MSSTr2.
Binding of *™Tc-P2045 was blocked by the addition of excess unlabeled sandostatin which binds to
SSTr2.

The new vectors expressing CD and SSTr2 were next tested to determine their conversion of 5-FC
to 5-FU following infection of DU145 and PC-3 human prostate cancer cell lines using the protocol
presented on page 13 of this report. The results are presented in Table 1. They indicate that AdCOX-
2LCDCOX-2LSSTr2 and AdCOX-2LSSTr2COX-2LCD produced a higher level of conversion of 5-FC to
5-FU in DU145 and PC-3 cells than AACOX-2MSSTr2COX-2MCD. Furthermore, the two gene vectors
AdCOX-2LCDCOX-2LSSTr2 and AdCOX-2LSSTr2AdCOX-2LCD produced levels of conversion that
were similar to the single gene vectors AACOX-2L.CD and AdCOX-2MCD, but were somewhat lower than
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AdCMVCDSST12 and substantially lower than AACMVCD. These results support earlier ones that the
CMYV promoter is stronger than the COX-2 promoter, although less specific. The conversion results are

plotted in Figures 3 and 4.

Table 1. Conversion of 5-FC to 5-FU in pmol/min/mg + SD
measured over a 1 h period after infection of DU145 and PC-3
human prostate cancer cell lines with 100 MOI of each virus.

Vector DU145 PC-3

Uninfected 0.00 0.00

AdCOX-2LCDCOX-2LSSTr2 295+0.18 1.21 £0.30
AdCOX-2LSSTr2COX-2LCD 251+024 0.87+0.06
AdCOX-2MSSTr2COX-2MCD  1.45+0.14 0.68 +0.16
AdCMVCDSSTr2 753030 246+0.24
AdCOX-2LCD 206+0.16 098 +£0.04
AdCOX-2MCD 210+0.11 0.70£0.15
AdCMVCD 2564+ 125 8.06+042
AdCMVSSTr2 0.04 £097 -0.02+0.04

In the next set of studies, we evaluated the cytotoxicity of the new vectors after infection of DU145
and PC-3 cells with 10 MOI (plaque forming units/cell) of virus. At 24 h after infection, the cells were
seeded at 5,000 cells/well and exposed to varying concentrations of 5-FC. Cell viability was assessed by
the MTS assay (Celltiter 96 AQ, Promega). The results are shown in Figures 5-8. The IC,, values for
these cell lines are shown in Table 2. The results indicate that AdCOX-2LCDCOX-2L.SSTr2 and
AdCOX-2LSSTr2COX-2L.CD produced greater cytotoxicity than AdCOX-2MSSTr2COX-2MCD. In
addition, these two vectors under control of the COX-2L promoter produced greater cytotoxicity than the
single gene vector AdACOX-2LCD. Furthermore, infection with 100 MOI of virus resulted in greater
cytotoxicity, although the level of viral cytotoxicity without 5-FC also increased (data not shown). The

cytotoxicity and conversion results presented above both show that the COX-2L vectors were more
effective than the COX-2M vector.

Table 2. Cytotoxicity of Ad infected DU145 and PC-3 human
prostate cancer cells (10 MOI) exposed to 5-FC expressed as IC,,.

Vector DU145 PC-3
Uninfected 202.62 514.52
AdCMVCD 171.67 101.38
AdCOX-2LCD 45.99 12242
AdCOX-2LCDCOX-2L.SSTr2 13.05 24.47
AdCOX-2LSSTr2COX-2LCD 21.35 30.39
AdCOX-2MCD , 107.45 200.90
AdCOX-2MCDCOX-2MSSTr2 ND ND

AdCOX-2MSSTr2COX-2MCD 104.28 77.01

In the coming year, we will determine the capability of the newly derived vectors to achieve tumor
receptor expression in a local in vivo prostate cancer tumor model after intratumoral delivery of the vector.
The transduction of the tumor nodules will be evaluated by radiolabeled peptide uptake in the tumor and
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other normal tissues. We will also begin to evaluate therapeutic efficacy using the newly derived vectors in
combination with 5-FC and radiation therapy.

KEY RESEARCH ACCOMPLISHMENTS
Produced several new Ad vectors expressing SSTr2 and CD under control of COX-2 promoters.
Validated the expression of SSTr2 and CD in infected tumor cells.

‘Determined the conversion of 5-FC to 5-FC in prostate cancer cells.

Demonstrated cytotoxicity of prostate cancer cells infected with new Ad vectors expressing CD and
exposed to 5-FC.

s o » »

REPORTABLE OUTCOMES
Developed six new Ad vectors expressing SSTr2 and CD.

CONCLUSIONS

The results generated to date indicate that the new vectors developed result in the expression of SSTr2 and
CD in infected cells, that prostate cancer cells infected with the new Ad vectors were killed following
exposure to 5-FC, and that the COX-2L promoter results in higher SSTr2 and CD expression than the
COX-2M promoter. These new vectors show potential for selective expression of SSTr2 and CD in
prostate tumor xenografts in comparison to liver which is COX-2 negative. Animal model biodistribution
studies with radiolabeled peptides that bind to SSTr2 will be carried out in localized and metastatic prostate
cancer models infected with the most promising new Ad vectors in year 2 of the project. In addition,
therapy studies in a localized prostate tumor model will be carried out with administration of 5-FC and
external beam radiation in year 2 to demonstrate that the vectors are active in vivo and to select the best one
for development against disseminated tumors in year 3. '

ABBREVIATIONS

Ad adenoviral

CD cytosine deaminase

COX-2 cyclooxygenase-2

CMV cytomegalovirus

5-FC 5-fluorocytosine

5-FU 5-fluorouracil

GRITS Genetic Radio-Isotope Targeting Strategy

SSTr2 somatostatin receptor subtype 2
REFERENCES :
1. Pederson LC, Buchsbaum DJ, Vickers SM, Kancharla SR, Mayo MS, Curiel DT, and Stackhouse MA. Molecular

chemotherapy combined with radiation therapy enhances killing of cholangiocarcinoma cells in vitro and in vivo.
Cancer Res, 57: 4325-4332, 1997.

2. Miller CR, Gustin AN, Buchsbaum DJ, Vickers SM, Manne U, Grizzle WE, Cloud GA, Diasio RB, and Johnson
MR. Quantitation of cytosine deaminase mRNA by real time reverse transcription polymerase chain reaction: A
sensitive method for assessing 5-fluorocytosine toxicity in vitro. Anal Biochem, 301: 189-199, 2002.

3. Zinn KR, Chaudhuri TR, Buchsbaum DJ, Mountz JM, and Rogers BE. Detection and measurement of in vifro
gene transfer by gamma camera imaging. Gene Ther, 8: 291-299, 2001.
4. Zinn KR, Chaudhuri TR, Buchsbaum DJ, Mountz JM, and Rogers BE. Simultaneous evaluation of dual gene

transfer to adherent cells by gamma-ray imaging. Nucl Med Biol, 28: 135-144, 2001.




"HOBN Nl | TW €70 Yum sjlem esuly “Buiunod 1oy s[eja Uy uopnjos HOBN 1nd “lonbije
Jw g0 181y Buippe Jeye (uiw 0g) sererd |je abew) ‘lom yoes o HOBN W | JW £°0 PPV :6 doig
"uonoelj punoq 8oepns suj st Siyl “(eAnoeolpe.)
}ooyEeN W ¢ o 5_>> S[lom asuly * (9AI}OBOIPEI) S[BIA Uj 8SULl 8]B}99EN 198|107
"SeINUILW G IeM pUEB [[om Yoes 0} 0 Hd SSEH-81B180yeN INWOZ JO [|om Jad Jw g0 ppy :8 dels
‘sosull
asey} pJeosiq (g2 _._3 SSEH PJ02-80] YIM X2 USepM "eipaw jusiquie joy sjelidsy :/ delg
"uurZ “1g yum 3osyo
.o /€ e sinoy ¢ Joj Bupool eyegnou; g doig

(Ul G-I9VINI TVILINI) Mopuim wea-o1 yim sejeid abew g de)g
‘swll} swes ayj je piIk

%001} 10} seqn} B jonbije apadid Aml_:m_u_ 983) S|[oaM pajeipul 0} G{0Zd-WE6-2 ._. Joy ppy ¥ deis

salnbi4
mmw m__m>> Qm:o_o.aam 0} (qw ¢°0) uneysopues cm_mnm_cs + BIPSW UONEeZI[BUIsiUl PPY € o_ﬂm

‘2Jnbi mmm..m__m% ajeldoidde o} (Jw £°0) elpsw uonezijeuls)ul ppy Z Qmu‘w |
(2°£ Hd uonnjog Jles psoueleg syueH) SSEH (dws} Wwool) Yim Xz sieke |80 ysep | deis

_ouogo._n_ jejuawiiadxg




PIpdu Ik SUONN[OS I[I0]S JIJ)0 ON

spIepue)s snid T '] Podu [[IM noA ‘[e)0) u L] daedarg “IdJnq UonyeZijeuIsjuy
ur Tui/IpN 001~ I8 T# W20Is dxedaad SpOTd PIRQET-W66-IT, Jo uoneredary

8N ST

renbd M [[oM B 0) T .m (0 Surppe ‘Tui/3n §' /¢ SI JO0)S S, *JIAnq :oﬁﬁ:m:._.@t:
TU £, 0) UT)BISOPUERS YD0)S 'TUI 9°() PPV *TW ()'Q I BUWL JI0JIIIY) ‘Ui 7°/, pIau

[ nox *qui/3n (S JO WONNos 320)s Is() ‘unejsopues papqeun jo uorperedary

SINOY ¢ T0J ) L€ Je Pajeqnour
oq s sored oy oy, ‘som3r] @o:om.ﬁs @ﬁ 0) Surpioooe paredoid oq [Im soreld

(939 ‘JAIZX0D “I7X03) TIL.SSY SUIPOOUd PY SNOLIEA [)IM
P2309)ul S[[3J BIRJRIJA] PUe 87-NSIAl 3[qe)s 0) SuIpulq SHOTd PIRqeT-WG6-OL, IS,

THT# BORJEIN PUE ‘T T# 8T-NDIIAL :593e1d [PA-ZT WNOA WM Kessy Surpurg

mEmmmmw_ Buixin




mvowa pslagejun jo coz_b_um 0} Si8jol +/-

[[2M/3[00T Seat Joquunu [[39 (10W QOS-0SH~) :oo\%, 000¢ Uim ¢0-8-L UO pajosjul s||8] 80N
¢11SSY-STHI-AO-T1ZX02-py=Cl-L |

T LSSU-INZX00-py=0}-6

¢11SSY-1¢X00-gD-"12X00-py=8-L

¢lLSSY-T1EX00-py=9-G

dO-INCX00-21 1 SSY-INCXO00-pY=p-€

OSEIBJIONT-T1ZX00-pY =2~}

A [CIG O[Ol INICIONHOI0] I
+ + 4+ -~ = = =

iR Cloncc i lonorc N

| [EOY] [T Y]
+ + i+ + - - -

(a3ea1idnp ul [[e) saje|d ul spusweal] |3 Jo meE:m




I 9reld [91eld
BOEJ eI - 8C

:

B C

P € T 1

A

| | . .
o Q
v €

o ...
- 00®

| @ =PI "UIONU] TUI ¢°() 195 S[[OA PAIEITPU]

iz doyg

-10-




¢9eld N 32&
uommﬁz Qz-

-+

@..@

BC»

B C

A

-11~-

“SBD
BB
~SSS

& =UTJRISOPURS PO[oqe[un +
- BIPOIN 58& TwW €0 193 S[[OA\ PAIBOIpU]

:¢ dog




Z Pue [ sdyefq Z pue | sajefq
eoRJRIA 8- NDIIN

MOOMm| <~ OOoo
DOOO® | ~ OOOM
DM@ | < |
I

O
aa

<

-12-

v € C1

(D =1 ‘na svozd-wes-oL Tw €0 196 s pajealpu|
| 'y do)g




CD conversion assay

Part 1:

. Part 3:

Part 4:

Infect cells wzth virus of interest (AdCD, AdCDSSTﬂ AdElaCDetc.)ina25
cm?® flask (1.2¢ cells seeded day prior to infection) for 2 hrs, aspirate virus and
feed back; also include uninfected cells

After 48 hr (or desired time post-infection), wash with PBS, trypsinize and
resuspend the cells in SOuL CD lysis buffer; freeze at —20°C

Lyse the cells by freeze-thawing (thaw slow (RT)/freeze fast (dry ice/ETOH)) 8X
Centrifuge at 14000 rpm @ 4°C for 5 min to pellet cell debris

Put supernatant into a new tube and dilute some in PBS to run protein assay (1:25
dilution), freeze remainder at ~20°C

Warm up samples, CD lysis buffer; 5FC at 56°C

make up 95% Ethanol

Dilute [*H] 5FC (1:20) in TE buffer (will need 140pL per sample)

Set up tubes in duplicate with the desired amount of protein (10-50ug) for each
time point: 0, 5, 10, 15, 30, 45, 60 min (this will take 2 TLC plates per sample)

“Add CD lysis buffer so the total volume of buffer and sample is SuL.

Add 10uL of [*H] 5EC (1:20)
At each time point, add 10uL 95% ethanol to each tube to stop the reaction
Make up 5FC/5FU mix:
62uL SEC (13mg/mL) + 38uL ’.EE >1:1 mix = 4mg/mL of each
16uL 5FU (50mg/mL) + 84uL TE
Add 5uL 5FC/5FU mix to each sample; include a standard with 5FC/5FU alone

(blank) and one with 10uL [°H] 5FC (1:20) and 5puL 5FC/5FU (total counts)
Spot total volume on plates (30@1_,) dry plates

4Make solvent: butanol:water 300mL needed per tank

86:14
Run TLC plates until solvent reaches the top (this will take at least 6 hours)
Dry plates overnight
Cut out SFC (bottem) and 5FU (top) bands
Put into scintillation vials with fluid (thin vials = 4mlL, big vials = 10 mL), let sit
at least 2 hours
Vortex samples 1min and count using program 13 (1min count)
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