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INTRODUCTION

* Many widely used cancer drugs work by inducing DNA damage.

® There is a continued medical need for new DNA damaging agents due to increased use of
combinatory therapies and the development of drug resistance.

®* Phosphorodiamidates are a new class of alkylating agent being explored as cancer
therapeutics:

- They are prodrugs since the active moiety, N,N,N’ N’-tetrakis (chloroethyl) phosphoro-
diamidic acid is inherently unstable and cannot be isolated as such for use as a drug.

- Structurally they do not produce acrolein as a byproduct, which is responsible for the
urothelial toxicity of cyclophosphamide.

- TLK286 (TELCYTA®) IS a conjugate of a glutathione analog and phosphorodiamidic acid
which demonstrated anti-tumor activity and a mild side effect profile in clinical trials of
NSCLC and ovarian cancer.

- TLK58747 was identified as a novel compound with a broad anti-tumor spectrum, oral
activity and excellent safety profile.

MATERIALS AND METHODS

® Cells Lines and Reagents. The following human cancer cell lines were purchased from
American Type Culture Collection: DLD-1, MIA PaCa-2, U-87MG, PC-3, and LNCap.
MX-1, A549, OVCARS3, K-562 and HL-60 cell lines were obtained from the National Cancer
Institute. TLK58747 and TLK56540 were synthesized at Telik. Paclitaxel, doxorubicin, AraC,
mitoxantrone, cisplatin and melphalan were purchased from Sigma. Stock solutions were
prepared in analytical grade DMSO (Sigma) and kept frozen until use.

* Q-PCR DNA Damage Assay. Purified lambda DNA was treated with the compounds in
PBS (pH7.4) for 24 hours at room temperature. After re-purification, 0.25 ng of the DNA
was amplified in triplicates by PCR for 25 cycles using a pair of internal primers that gave
rise to a 2865bp product. The PCR products were quantified using the SYBR Gold kit from
Molecular Probes.

* Cell Growth Inhibition Assays. Exponentially growing cells were seeded in 96-well plates
for 4-16 hours. The diluted drugs or DMSO were then added to the cells in triplicates and
incubated for two or three doubling times (3-5 days depending on the cell line). The extent
of cell growth was determined using the CellTiter-Glo Luminescent Cell Viability Assay Kit
(Promega) following the manufacturer’s instructions.

* Cell Cycle Analysis. Exponentially growing cells were seeded overnight at low densities
such that on the day of harvesting the cells would be approximately 80% confluent. Test
compounds or DMSO were added to the cells, and the flasks were incubated for the specified
time periods. Cells were collected and fixed in 75% ethanol. DNA content was assessed
using the Cellular DNA Flow Cytometric Analysis Kit (Roche), essentially as described by
the manufacturer. Flow cytometry analysis was conducted using a FACSCalibur instrument
and CELLQuest software (Becton Dickinson).

* Caspase-3 Activity Assay. OVCARS cells were treated with the test compounds or DMSO
as described for cell cycle analysis. Cells were harvested via trypsinization and live cells
were counted following Trypan Blue staining (Invitrogen). Cells were lysed in a hypotonic
buffer (Clontech) at 50 pyL per 10° live cells. The caspase-3 activity in each lysate was
assessed using the ApoAlert Caspase-3 Fluorescent Assay Kit (Clontech). Fluorescence
was detected with a FLUOstar OPTIMA plate reader (BMG Labtechnologies).

* SA-B-Galactosidase Staining. Subconfluent A549 cells were treated with the test
compounds in a dish and then fixed with 2% formaldehyde and 0.2% glutaldehyde.
After washing with PBS, the cells were incubated overnight at 37°C with the staining solution
(1 mg/ml 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside, 5 mM potassium ferrocyanide,
150 mM NaCl, 2 mM MgCl2, and 40 mM citric acid/sodium phosphate, pH 6.0). Cells were
observed under microscope and representative fields were photographed.

* Immunoblot Analysis. Following drug treatment, cells were harvested and total lysates
prepared. For Western blots, equal amounts (10-30 pg) of each lysate were fractionated by
SDS-PAGE andtransferredto anitrocellulose membrane. The blots were probed sequentially
with the primary antibodies and Alexa 680 (Molecular Probes) or IRDye 800 (Rockland)
labeled secondary antibodies. The blots were imaged using the Odyssey Infrared Imaging
System (Li-Cor Biosciences).

®* Mouse Tumor Xenograft Models. MX-1 and MIA PaCa-2 xenografts were developed from
fresh tumor tissues. PC-3 and HL-60 xenografts were derived from cultured tumor cells.
Briefly, freshly prepared tumor tissues (20-30 mg per animal) or cells (5x10° - 10x10° cells
per animal) were inoculated subcutaneously at the lateral flank or into the mammary fat
pad (for MX-1) of Hsd or NCr athymic nu/nu mice (Harlan, Taconic). When tumors reached
approximately 100 mg each in size, mice were randomized into treatment groups. Treatment
was administered in a volume of 5 mL/kg for intravenous and 10 mL/kg for intraperitoneal
or oral administration following schedules described in the figure legends. Dimensions of
xenografts were measured twice per week. Body weight was measured once weekly after
implantation and twice weekly during the treatment period. Animals were sacrificed at the
end of the experiment by CO2 inhalation and tumors were harvested and weighed. Results
were analyzed using GraphPad Prism.

* Bone Marrow Suppression Studies. Normal male CD (Sprague-Dawley) IGS rats (Charles
River Laboratory) were weighed and randomly assigned to different treatment groups of
10 animals each. Animals were given daily intraperitoneal administration of TLK58747 or
vehicle for 5 consecutive days. Blood samples (150-200 pl from each rat) were collected
from the saphenous vein prior to body weight.

* Toxicology studies. Normal CD (Sprague-Dawley) IGS rats or Swiss Webster mice (Charles
River Laboratory) were randomly divided into groups of 3-6 animals each and given a
single dose of the vehicle or TLK58747. Animals were observed for any obvious behavioral
changes (e.g., convulsion, palpebral closure or piloerection). For toxicity following multiple
administrations, animals were dosed once daily for 5 consecutive days and were observed
carefully for 30 minutes after dosing. All treated animals were observed twice daily for the
subsequent 14 days for moribundity, mortality or overt signs of toxicity, such as changes
in appearance (fur, eyes, and body position), somatomotor function, and general behavior.
Body weights were measured prior to treatment and at least twice per week thereafter. The
animals were euthanized by COZ2 inhalation on Day 15 post-dosing and necropsies were
performed immediately after the sacrifice. A necropsy also was performed if the animal
died during the study. The tissues and internal organs were examined grossly for changes
in color, shape, size, or consistency. Careful notes were made of the macroscopically
visible abnormalities, comparing animals among groups.

RESULTS

Structures of TLK58747 and Its Cleavage Products
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FIGURE 1: Chemical structures of TLK58747 and its cleavage products, tetrakis/phospho-
rodiamidic acid and N,N-diethylaminoethyl vinyl sulfone (TLK60036).

Weak DNA Damaging Activity of TLK58747 in vitro
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FIGURE 2: Purified lambda DNA was treated with melphalan or TLK58747 in PBS (pH7.4)
for 24 hours at room temperature. After re-purification, the treated DNA was amplified by
PCR in triplicates. The PCR products was quantitated using the SYBR Gold kit (Molecular
Probes) and shown as percent inhibition of PCR amplification relative to PBS treatment. The

averages and standard deviations were calculated and graphed using Excel.

In vitro Growth Inhibition of Tumor Cell Lines by TLK58747

MX-1 DLD1 | MIA Paca-2 | A549 |OVCAR3 | U-87MG PC-3 LNCap | HL-60 | KK562
(breast) | (colon) | (pancreatic) | (lung) | (ovarian) | (glioma) | (prostate) | (prostate)| (AML) | (CML)

IC50|21.1 +/-| 9.0 +/- 23.1+/- |7.0+4/-| 2.3 +/- 6.6 +/- 220+/- | 77.9+/- | 22+/-| 14.4 +/-
(uM)| 8.1 1.5 10.0 0.9 0.1 1.0 0.7 3.3 0.5 1.0

TABLE 1: Human cancer cell lines were treated in triplicates with TLK58747 for two or three
cell doubling times. Cell growth was measured using the CellTiter-Glo assay (Promega)
and IC, values were determined using Excel. The results show the average and standard

deviations of three independent experiments.

Lack of Significant Cross-Resistance of TLK58747
with Standard Cancer Drugs

IC,, (MM):
Parent Line

IC,, (MM):

i ) Resistance Index
Resistance Line

Drug

Cross-resistance with doxorubicin (P388 & P388 ADR lines):

Doxorubicin 0.0017 +/- 0.0002 0.36 +/- 0.08 207.4

TLKS58747 0.40 +/- 0.07 0.80 +/- 0.05 2.0

Cross-resistance with carboplatin (OVCAR & OVCARS3R lines):

Carboplatin 3.33 +/-1.15 24.4 +/- 7.1 7.3

TLKS58747 1.41 +/- 0.48 2.84 +/- 0.68 2.0

Cross-resistance with paclitaxel (OVCAR3 & OVCAR-TaxolIR lines):

Paclitaxel 0.0005 +/- 0.0002 0.013 +/- 0.004 26.1

TLKS58747 1.37 +/- 0.57 1.86 +/- 0.36 1.4

TABLE 2: Drug-resistant cell lines, along with the corresponding parental lines, were exposed
to TLK58747 or approved cancer chemotherapeutics in triplicates for 2-4 cell doubling times.
Cell growth was measured using the CellTiter-Glo assay (Promega) and IC, values were
determined using Excel. The results show the average and standard deviations of three
independent experiments. The resistance index was defined as the ratio of the IC,  values
for the resistant cells to that of the corresponding parental cells.

Induction of G2/M Cell Cycle Arrest in Solid Tumor Cells
by TLK58747

a. A549 Cells (p53*):
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b. OVCARS3 Cells (p53-):
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FIGURE 3: Human cancer cells were treated with the indicated agents for various times and

then harvested for cellular DNA content analysis by FACS following PI staining.

Induction of Premature Senescence
in p53+ A549 Cells by TLK58747

a. Time Course
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FIGURE 4: A549 cells were treated with TLK58747 for varying lengths of time at 40uM (a)
or for six days at varying concentrations (b). The cells were then fixed and stained for the
activity of SA-B-galactosidase. The plates were observed under a microscope at (a) 200 x

and (b) 100 x magnifications and representative fields were photographed. The scale bars
show 20 uym (a) or 50 um (b).

Telik, Inc., 3165 Porter Drive, Palo Alto, CA 94304

Induction of Apoptosis by TLK58747 in p53-OVCARS3 Cells

a. Caspase-3 Activity:
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FIGURE 5: a. OVCARS3 cells were treated with 7 yM TLK58747 for varying lengths of
time (upper panel) or for 3.5 days at varying concentrations (lower panel). Cells were then
harvested for analysis of caspase-3 activity using the ApoAlert Caspase-3 Fluorescent Assay
from Clontech. b. OVCARS3 cells were treated with the indicated agents at approximately
equipotency for 3.5 days. Total cell lysates were prepared and then subjected to Western
blot analysis using antibodies specific for PARP followed by labeled secondary antibodies.
The blot was imaged and quantitated using the Odyssey Infrared Imaging system (Li-Cor
Biosciences).

Activation of the DNA Damage Response Pathway
by TLK58747 in Tumor Cells

a. A549 Cells:
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FIGURE 6: A549 (a) or OVCARS3 (b) cells were treated with the indicated agents at
approximately equipotency for varying lengths of time. Total cell lysates were prepared and
subjected to Western blot analysis using various antibodies as indicated. Beta-actin was
used as the loading control. The blots were imaged using the Odyssey Infrared Imaging
system (Li-Cor Biosciences).

TLKS8747 as a Prodrug

a. Structures:
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FIGURE 7: (a) Structures of TLK58747 and TLK56540, its non-cleavable analog. (b) A549
cells were treated in triplicates with the test compounds for and cell growth was measured
using the CellTiter-Glo assay (Promega) and IC,  values were determined using Excel.
The results show the average and standard deviations of three independent experiments.
(c) A549 cells were treated with the indicated compounds and then harvested for cellular
DNA content analysis by FACS following Pl staining.

Combination of TLK58747
with Standard Cancer Therapeutics in HL-60 AML Cells

a. Synergistic Effect of TLK58747 and AraC:
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FIGURE 8: HL-60 were treated with TLK58747 and AraC (a) or MTR (b) in variable ratios
(upper graphs) and fixed ratios (lower graphs), either alone or in combination, for 3 days. Cell
growth was determined using the CellTiter Glo kit from Promega. The averages and standard
deviations of the triplicates were calculated and graphed using Excel. The combinational
effects were further analyzed by CalcuSyn (BioSoft).

ANTI-TUMOR EFFICACY AND MOLECULAR MECHANISM OF TLKS58747

Zhuo Wang, John C. Donaldson, Hong Yao, Siqun Zhou, Kevin T. Weber, Mingshan Cheng, Edgardo Laborde, James G. Keck and Hua Xu

In vivo Anti-Tumor Efficacy of TLK58747

a. Oral Activity in MX-1 Human Breast Cancer Xenograft Model

5000 1 Vehicle
4000 - %
—~~
3 %
S _.
— 3000 - :
e .
D
3 .
< 2000 - TLK58747 (100 mgikg)
| -
o X %
g -~ TLK58747 (200 mgikg)
= 1000- ¥ i i alkg
g - - ' ¥ 1 TLK58747 (300 mgikg)

I 1 ] ] I L} ] 1 1 I I L}
7 ) 12 17 27 27 32 37 42 A7 52 57 62
Treatment

Days Post Implant

b. Oral Activity in MiaPaca-2 Human Pancreatic Cancer Xenograft Model
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c. Oral Activity in HL-60 Human Promyelocytic Leukemia Xenograft Model
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d. Parenteral Activity in MX-1 Human Breast Cancer Xenograft Model
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FIGURE 9: Nude mice bearing MX-1 (a, d), Mia PaCa-2 (b) and HL-60 (c) subcutaneous
tumor xenografts were treated with TLK58747 either orally (a-c) or by i.v. injection (d), QDx5.
CPA was used as the positive control. Tumor and body weights were measured twice weekly.
The data was analyzed and graphed using GraphPad Prism. Tumor growth inhibition resulting
from TLK58747 treatment was statistically significant in all cases.

Mild Hematological Toxicity of TLK58747
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FIGURE 10: Normal rats were treated by intraperitoneal injection with TLK58747 or
cyclophosphamide as indicated. Peripheral blood samples were collected at various
time points and analyzed using the CELL-DYN 3700 system from Abbot. The means
and standard deviations (n = 10) for the counts of various blood lineages were calculated

and graphed using GraphPad Prism.

SUMMARY

* TLK58747 is a small molecule prodrug capable of releasing phosphorodiamidic acid
under physiological conditions
* The profile of TLK58747 includes:
- Significant activity in animal models of multiple tumor types, including those reported
to be insensitive to DNA alkylating agents
- Superior safety compared to CPA:
= No generation of acrolein as a by-product
* No effect on RBCs and platelet levels
= No necessity for hepatic activation
- No significant cross-resistance to standard cancer chemotherapeutics
- Synergistic or enhanced cytotoxicity when combined with several standard agents
against leukemia
- Improved pharmaceutical properties (water solubility, crystallization, etc.) that

facilitate drug administration orally or by injection



