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Previous studies have demonstrated that CW252053, a quinazoline antifolate, exhibits potent
inhibitory activity against thymidylate synthase (TS) as well as cytotoxic activity against tumor
cell lines in vitro. In this study, we evaluated the in vivo antitumor efficacy of CW252053
in the mouse tumor model. Female B6D2F; mice were injected with LY3.7.2C TK-/- (thymi-
dine kinase deficient mouse lymphoma) cells into the gastrocnemius muscle. Then, CW252053
was administered twice daily by intraperitoneal injection for 10 days, and tumor growth
was monitored daily by leg diameter measurement. All animals in the vehicle, 5-FU, and
low dose (30 mg/kg) CW252053 treated groups died between days 12 and 23 because of
the tumor burden. In contrast, dosing with 60 mg/kg of CW252053 produced a cure rate
against tumor growth of 37.5% and a survival rate of 50%. Even more significantly, a higher
dose of CW252053 (120 mg/kg) elicited both a 100% cure rate and a 100% survival rate
at the termination of the study, confirming that this compound has very potent in vivo
antitumor activity against tumor growth. During the experimental period of this study no
signs of toxicity were observed even at the high CW252053 dosage rate of 120 mg/kg.
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INTRODUCTION

Thymidylate synthase (TS) is a critical enzyme for the
de novo synthesis of deoxythymidine-5-monophosphate
(dTMP, thymidylate) from deoxyuridine-5'-monophosph-
ate (dUMP), and it plays an essential role in DNA
synthesis and repair (Johnston et al., 1993; Takemura et
al., 1997; Walton et al., 1996). The maximal activity of
cellular TS occurs during the S phase of the cell cycle and
is 20-fold higher in rapidly proliferating cells than in
nondividing cells (Johnston et al., 1991). Thus, the inhibi-
tion of TS leads to a “thymineless cell death” particularly
in cancer cells where proliferation is very rapid, and this
fact has made TS an attractive target in the development
of anticancer chemotherapeutic agents for many years
(Jackman et al., 1994). 5,10-Methylenetetrahydrofolate is
involved in the catalytic action of TS as a cofactor which
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forms a ternary complex with TS and dUMP, and this
cofactor is oxidized to dihydrofolate with the concomi-
tant reductive methylation of dUMP to dTMP. For this
purpose many classical antifolates, best exemplified by
raltitrexed (ZD1694, Tomudex) (Jones et al., 1981;
Stephens et al., 1993), have been reported as antitumor
agents. But some drawbacks were discovered such as
drug resistance resulting from defective cell transport due
to mutation of the cancer cell itself and such as toxicity
to the host resulting from the unnecessarily long retention
inside the normal cell. These complications were reported
to occur due to the presence of the glutamate compo-
nent of the antifolates (Appelt et al., 1991), and in order
to overcome these complications, we modified the glutamic
acid component of folate analogues into phenylglycines,
converting these analogues into nonclassical lipophilic
inhibitors of TS.

Recently, we reported that one of the quinazoline
compounds, CW252053 (Fig. 1), functions as a noncla-
ssical antifolate inhibitor of human and E. coli TS, and
further that this compound showed cell growth inhibition
in submicromolar concentration against several tumor
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Fig. 1. Structure of CW252053.

cell lines of murine and human origin in vitro (Baek et al.,
1998). To gain further verification of this antitumor
efficacy, evaluation of this compound in vivo in mice was
performed.

Evaluation of the in vivo efficacy of TS inhibitors is,
however, problematic in mice because of the high level
of thymidine in plasma (~1 uM) (Webber et al., 1996).
Therefore, unlike in humans, thymidylate can be alterna-
tively synthesized in mice from thymidine by thymidine
kinase (TK) in the salvage pathway, a process which
results in decreased cytotoxic effects of TS inhibitors. To
overcome this salvage problem, the TK-deficient (TK-/-)
mutant cell line of murine lymphoma was used for both
in vitro cytotoxicity and in vivo antitumor screening of
folate analogue TS inhibitors (Stephens et al., 1993).

MATERIALS AND METHODS

Test compounds

CW252053 was synthesized as described in the litera-
ture (Baek et al., 1998), and is freely soluble in water. 5-
Fluorouracil (5-FU) was purchased from Sigma.

Cell lines
The LY3.7.2C TK-/- (thymidine kinase deficient mouse
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lymphoma) cell line was derived from a mouse
lymphoma cell line. The cells were maintained in Fishers
medium with 10% fetal bovine serum (Gibco Inc., Grand
Island, NY) and grown in 75 cm’ plastic culture flasks
(Falcon Labware, Oxnard, CA).

Mice

Four week old female B6D2F; mice (purchased from
Charles River Japan) were housed, one treatment group
(consisting 8 mice) per sawdust containing cage, in a
regular 12-h light/dark cycle. Food and water was
supplied ad libitum. Animals were acclimated for 1 week
after arrival and were then used for experimental study of
antitumor activity.

In vivo antitumor activity

The in vivo antitumor activity of CW252053 was
measured according to Stephenss method (Stephens et
al., 1993) with some modifications. In brief, B6D2F; mice
were injected with 5 x 10° cultured LY3.7.2C TK-/- cells
into the gastrocnemius muscle of the right hind leg. The
day of tumor inoculation was designated as day 0, with
drug treatment being initiated on day 1 through day 10.
CW252053 (30, 60, 120 mgkg) and 5-FU (10 mg/kg)
were dissolved in saline and administered twice daily by
i.p. injection. The dosage of 5-FU, the reference drug, was
determined after a preliminary study in tumor-bearing
mice showed that a dose of 10 mg/kg was maximally
tolerable when the mice were given 5-FU twice daily for
10 consecutive days. The vehicle control group was
treated with saline alone. The diameters of the inoculated
right leg and the untreated left leg were measured using
digital calipers (CD-15B, Mitutoyo Corp., Japan) and the
animals were sacrificed on day 35. The animals were

Table I. Changes of tumor size after implantation of LY3.7.2.C TK+/- lymphoma. The tumor was inoculated into the
gastrocnemius muscle of the right hind leg on day 0 with 5 x 10° cells per mouse. Test compounds were administered for 10
days twice daily by ip. injection. Tumor size is represented as the ratio of the diameters of right to left legs in group mean

percentages
Group  Dose % ratio of leg diameters®
E(gg/ Day 0 Day2 Day4 Day7 Day 10 Day 14 Day 18 Day 22 Day 25 Day 31 Day 35
Vehicle 0 101+2 100+1 159+15 381431 521+23 713+31 670 b b b b
(n=8) (n=8) (n=8) (n=8) (n=8) (n=6) (n=T)
5-FU 10 101+1 101+1 118+117259+297377+437551+48 713 +£57 797 b b b
(n=8 (=8 (n=8) (n=8) (n=8) (n=8) (n=6) (n=1)
cw 30 1001 101£1 121477 2774277 3744227581+ 64" 678 +56 689 b b b
252053 (n=8 (=8 (n=8) (n=8) (n=8) (n=8) (n=6) (n=1)
60 101£1 1001 100+2™ 100+1" 114+357 1724937 244+ 152322+ 218353 £ 241254+ 229219+ 100
n=8) (h=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=5) (n=4)
120 101+2 100+1 100+1™ 1001 99+1" 100+1" 100+1 100+1 100+1 1001 100+1
(n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

aData represent mean + SD from the animals alive (numbered in parentheses) at the time of measurement.

®No animals remaining alive.

“Significantly different from the vehicle group at p<0.01 and 0.001, respectively.
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Fig. 2. Changes of tumor size in tumor-bearing B6D2F,
mice.

considered to be cured if the diameter of the inoculated
right leg on day 35 was less than or equal to that of the
left leg.

Statistics

All results are presented as mean values from 8 mice
groups and were compared using Students unpaired i-
test.

RESULTS

The LY3.7.2C TK-/- cell line formed a solid tumor mass
when implanted i.m. into the B6D2F; mice. Changes of
tumor size for all groups are presented in Table | and Fig.
2. The tumor mass was visible on day 3 and thereafter
grew rapidly in the vehicle control group. The tumor size
in the 10 mg/kg of 5-FU treated group and in the 30 mg/
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Fig. 3. Survival rates after implantation of LY3.7.2C TK-/-
mouse lymphoma. The tumor was inoculated into the
gastrocnemius muscle of the right hind leg on day 0 with 5
x 10° cells per mouse. Test compounds were administered
from day 1 to day 10, twice daily by i.p. injection.

kg of CW252053 treated group increased at a similar
rate, albeit a lower one than in the vehicle cantrol group.
The increase in tumor size was significantly reduced in
the 60 mgkg of CW252053 treated group, and was
completely suppressed in the 120 mg/kg of CW252053
treated group for the duration of the study. All animals in
the vehicle, 5-FU, and low dose (30 mg/kg) CW252053
treated groups died between days 12 and 23 as a result
of the tumor burden. In contrast, half of the test animals
survived in the 60 mg/kg of CW252053 treated group,
and all in the 120 mg/kg of CW252053 treated group, at
the termination of study. The results of these survival rates
are shown in Fig. 3, while the effects of CW252053 and
5-FU on tumor growth in B6D2F; mice implanted with
LY3.7.2C TK-/- tumor cells are summarized in Table II.

Table II. Antitumor activity of CW252053 on B6D2F, mice implanted with LY3.7.2C TK-/- mouse lymphoma. The tumor was
inoculated i.m. on day 0 with 5 x 10° cells per mouse. Test compounds were treated twice daily by i.p. injection from day 1

to day 10. Observation was continued until day 35.

Group &)gﬁ( g SR(;?éNal lCrLcrgence of (S(;J;\;;\)/l?l time ILS (%) w:?gmlig;s 00
Vehicle 0 0/8(0%) 0/8(0%) 164423 - ND®
5-FU 10 0/8(0%) 0/8(0%) 19.8+2.2 21 ND¢
CW252053 30 0/8(0%) 0/8(0%) 200+19 22 1.0

60 4/8(50%) 3/8(37.5%) > 32.5 > 98 0.6

120 8/8(100%) 8/8(100%) > 35.0 > 113 1.9

"Cure is defined as occurring when the diameter of the right leg of the tumor-implanted mouse on day 35 was equal to or

less than that of the left leg.

bSurvival time is represented as mean % SD.

4Grou

®ND, body weight is not decreased.

“ILS indicates the increase in life span compared to the vehicle control group.
mean maximum weight loss.
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Although treatment with 10 mg/kg of 5-FU and 30 mg/kg
of CW252053 did not produce a cure, it did slightly
increase the life span. Dosing with 60 mg/kg of CW
252053 produced a 37.5% cure rate and reduced tumor
size significantly. Dose with 120 mg/kg of CW252053
cured all tested animals and completely inhibited tumor
growth until experiment termination on day 35. These
results indicate that CW252053 has much better anti-
tumor activity against tumor growth than 5-FU. Further-
more, even the high dose CW252053 administered in
this study was not found to be toxic to the animals over
the 35 day period of the study, judged on the basis of a
transient body weight loss of less than 2% and an absence
of any other signs of toxicity.

DISCUSSION

Rodent tumor models are typically refractory to TS
inhibitor due to a high plasma level of thymidine (appro-
ximately 10-fold greater than that in humans) which is
high enough to allow cancer cells to circumvent TS inhibi-
tion through a salvage process by thymidine kinase in the
cells (Webber et al., 1996). Thus, TK-deficient (TK-/9
mutant cell lines need to be used for this purpose. In this
study, we investigated the antitumor efficacy of CW252053,
a quinazoline-based antifolate TS inhibitor, against a solid
tumor model transplanted with the LY3.7.2C TK-/- cell
line. The results of this study show that the CW252053
compound exhibits excellent antitumor activity against
the solid tumor model. In addition to its potent efficacy,
CW252053 was well tolerated up to a dose of 120 mg/
kg (twice daily for 10 days) without any adverse effects
being observed over a 35 day period. We suggest that
this drug represents an alternative antifolate antitumor
agent to 5-FU.

ACKNOWLEDGEMENTS

We wish to thank Professor Helen H. Evans, Division of
Radiation Biology, Case Western Reserve University
School of Medicine, Cleveland, OH, US.A., for kindly
providing the LY3.7.2C TK-/- cell line.

REFERENCES

Appelt, K., Bacquet, R. J., Bartlett, C. A., Booth, C. L. J., Freer,
S. T, Fuhry, M. A. M., Gehring, M. R., Herrmann, S.
M., Howland, E. F, Janson, C. A,, Jones, T. R., Kan, C.
-C., Kathardekar, V., Lewis, K. K., Marzoni, G. P,
Matthews, D. A.. Mohr. C., Moomaw. E. W.. Morse. C.

S.-W. Oh, J.-R. Ha, and D. -). Baek

A., Oatley, S. J., Ogden, R. C., Reddy, M. R., Reich, S.
H., Schoettlin, W. S., Smith, W. W., Varney, M. D,,
Villafranca, ). E., Ward, R. W., Webber, S., Webber, S.
E., Welsh, K. M., and White, J., Design of enzyme inhi-
bitors using iterative protein crystallographic analysis. J.
Med. Chem., 34, 1925-1934 (1991).

Baek, D. -J., Park, Y. -K., Heo, H. I., Lee, M., Yang, Z.,
and Choi, M., Synthesis of 5-substituted quinazoline
derivatives and their inhibitory activity in vitro. Bioorg.
Med. Chem. Lett., 8, 3287-3290 (1998).

Jackman, A. L., Kimbell, R., Brown, M., Brunton, L.,
Harrap, K. R., Wardelworth, . M., and Boyle, F T., The
antitumour activity of ZD9331, a non-polyglutamat-
able quinazoline thymidylate synthase inhibitor. Adv.
Exp. Med. Biol., 370, 185-188 (1994).

Johnston, P. G., Liang, C. M., Henry, S., Chabner, B. A,
and Allegra, C. )., Production and characterization of
monoclonal antibodies that localize human thymidyl-
ate synthase in the cytoplasm of human cells and tissue.
Cancer Res., 51, 6668-6676 (1991).

Johnston, P G., Drake, ). C., Steinberg, S. M., and Allegra,
C. J., Quantitation of thymidylate synthase in human
tumors using an ultrasensitive enzyme-linked immuno-
assay. Biochem. Pharmacol., 45, 2483-2486 (1993).

Jones, T. R., Calvert, A. H., Jackman, A. L., Brown, S. J.,
Jones, M., and Harrap, K. R., A potent antitumour quin-
azoline inhibitor of thymidylate synthetase: synthesis,
biological properties and therapeutic results in mice.
Europ. J. Cancer., 17, 11-19 (1981).

Stephens, T. C., Smith, M. N., Waterman, S. E., McCloskey,
M. L., Jackman, A. L., and Boyle, F. T., Use of murine
L5178Y lymphoma thymidine kinase mutants for in
vitro and in vivo antitumour efficacy evaluation of
novel thymidylate synthase inhibitors. Adv. Exp. Med.
Biol., 338, 589-592 (1993).

Takemura, Y. and Jackman, A. L., Folate-based thymidyl-
ate synthase inhibitors in cancer chemotherapy. Anti-
Cancer Drugs, 8, 3-16 (1997).

Walton, M. [, Gibson, W., Aherne, G. W.,, Lawrence, N.,
Stephens, T. C., Smith, M. N. and Jackman, A. L., Pre-
clinical pharmacology of CB30900, a novel dipeptide
inhibitor of thymidylate synthase, in mice. J. Pharmacol.
Exp. Ther, 277, 909-916 (1996).

Webber, S., Bartlett, C. A., Boritzki, T. J., Hilliard, J. A,,
Howland, E. F, Johnston, A. L., Kosa, M., Margosiak, S.
A., Morse, C. A., and Shetty, B. A, AG337, a novel
lipophilic thymidylate synthase inhibitor: in vitro and in
vivo preclinical studies. Cancer Chemother. Pharmacol.,
37, 509-517 (1996).



