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Introduction. There is a need for alternative approaches to treat metastatic breast
cancer. One rapidly developing area of investigation is the study of tumor
angiogenesis, the process by which a growing tumor mass recruits the new blood
vessels required for its continued growth, and through which the tumor can spread
to distant sites. Indeed the neovascularization process is thought to be one of the
rate limiting steps for the growth of primary and metastatic tumors.12 Most studies
have demonstrated the importance of angiogenesis in the progression of human
breast malignancies and found the extent of vascularization to be correlated with
tumor size and an indicator of node metastasis. 3 6 Quantitative pathology studies in
early breast cancer have shown a worse prognosis for those patients with highly
vascular tumors, and similar results were obtained in studies of both node-negative
and node-positive breast carcinomas.5-8 Further, the prognostic influence of tumor
angiogenesis was independent of other prognostic indicators.

Several polypeptides and growth factors that are produced by breast cancer epithelial
and stromal cells have been identified as having endothelial cell mitogenicity and
angiogenic activity: TGFa and 13 (transforming growth factor), VEGF (vascular
endothelial growth factor), PD-ECGF (platelet-derived endothelial cell growth factor),
FGF (fibroblast growth factor) and TNFcx (tumor necrosis factor).1 '9 Our studies are
focusing on the angiogenic factor PD-ECGF, based on recent evidence demonstrating
its role in experimental and human cancer, and the finding that PD-ECGF is identical
to human thymidine phosphorylase (TP), an enzyme that catalyzes the reversible
conversion of thymine to thymidine. 10 12 When transfected into NIH 3T3 cells, TP/PD-
ECGF was found to increase the vascularization of tumors growing in nude mice after
sc inoculation. 13 Similarly, overexpressing TP/PD-ECGF in MCF7 breast carcinoma
cells markedly increased tumor growth in vivo, although it had no effect on the
growth of the cells in vitro."4 Western blot analysis of primary human breast tissue
showed that TP/PD-ECGF expression was elevated in the tumors compared to the
normal tissue1 4 , a finding which provides clinical relevance to the transfection
experiments.

Studies suggest that the angiogenic and endothelial cell chemotactic activities of PD-
ECGF are dependent upon its enzymatic activity, and this has been confirmed with
site-directed mutagenesis studies. 14,15-17 Of the angiogenic factors identified to date,
TP/PD-ECGF is the only one in which an enzymatic activity of the factor is required
for angiogenic activity. These observations serve as the basis for our hypothesis that
inhibition of the catalytic activity of TP/PD-ECGF will also block its angiogenic
properties. By synthesizing inhibitors of TP/PD-ECGF, we will be able to test this
hypothesis and provide a basis for the development of a novel class of antitumor
agents. There are no potent and specific inhibitors of TP/PD-ECGF currently available.
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Methods, Results, Discussion
Progress in the Synthesis and Evaluation of Target Compounds:
We had originally proposed the synthesis of four general, structurally distinct classes
of pyrimidines or pyrimidine nucleosides to be evaluated as potential TP/PD-ECGF
inhibitors. These four classes (I-IV) are illustrated in Fig. 1 (see Appendix). We can
now report significant progress in the synthesis and evaluation of two of these
classes, namely I and Il1.

The synthesis of the 2'-deoxypseudouridines of class III was tackled first because of
the relative complexicity of the route anticipated. Our choice of this class of C-
nucleoside analogues as potential inhibitors of PD-ECGF was based on the stereo
electronic similarities that exist between these and thymidine, a natural substrate for
the enzyme. The synthetic route originally envisaged had to be modified substantially
and the method finally adopted is illustrated in Fig.2. A key modification involved the
protection of the two hydroxyl groups in compounds 2-5 by acetylation without
which a complex mixture of products (as well as unreacted material) was obtained.
The first member of this class, 1-methyl-2'-deoxyuridine (2-7), unexpectedly was
found to have little inhibitory activity (IC5o >4 mM, see table 1). The enzyme,
however, can accomodate 2'-deoxyuridines with 5-substituents as large as 2-
bromovinyl and propynyloxy groups. It is expected, therefore, that the successful
synthetic methodology we have just developed to obtain 2-7 will make it also possible
to access 2'-deoxypseudouridines bearing N-1 substituents other than methyl and
with greater capacity to inhibit TP/PD-ECGF.

As we had proposed originally, we have synthesized several variously substituted
derivatives of 6-aminouracils (Class I inhibitors) to maximize binding to the enzyme
and thereby identify compounds with greater potency and specificity. One of our
synthetic routes is illustrated in Fig.3 and makes use of the direct nucleophilic
displacement of Cl from 6-chlorouracil by a variety of amines. Of the compounds
obtained, 3-1a - 3-1f, the most active appear to be those where the substitution at
C-6 incorporates two phenyl rings connected by a two atom bridge (3-le and 3-1f
with IC50 , of 114 pM and 30 jM, respectively). Current synthetic efforts are
focusing on the investigation of several new compounds with this same substitution
pattern in order to fine tune and further maximize binding to the enzyme. Compounds
3-1g and 3-1h (which are now being synthesized in our laboratory) are two examples
of this new series of potential inhibitors.

We have also begun the synthesis (see Fig. 4) of a new series of analogs to find out
whether structural extension of the aminosubstituents on C-6 of uracil by a short
distance might not enhance the inhibitory activity of Class III inhibitors. The new
derivatives obtained to date (4-1c, 4-1d, and 4-1e) differ from their homologues of
Fig.3 only by a single methylene group inserted between C-6 and the amino
substituent. We had shown that 5-bromo-6-aminouracil is an effective inhibitor of
human TP/PD-ECGF, with an Ki of 13 pM and is, therefore, one of the best inhibitor
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of this enzyme known to date. It would be of interest to find out therefore whether
6-aminouracil derivatives with 5-substituents other than Br might not also exhibit
similar or possibly even better activities. Preliminary synthetic studies in our
laboratory would seem to indicate that (as shown in Fig. 5) 6-aminouracil reacts with
aromatic isothiocyanates to give the C-5 substituted thioamide product (and not, as
might be expected, the C-6 thioureido derivative). If confirmed, this synthetic method
might open access to many new analogs of 5-bromo-6-aminouracil with groups other
than the halogens and with various steric requirements. These preliminary findings
and the activity of the product obtained so far (5-1a, 5-1b and 5-1c) are now under
active investigation.

Conclusions. The synthesis of several 2'-deoxypseudouridines C-nucleosides and
derivatives of 6-aminouracil has been completed. The latter have shown good
activity, with the 5-bromo-substituted compound and a C6 derivative which
incorporates two phenyl rings connected by a two atom bridge being the most potent.

7



Edward L. Schwartz, Ph.D.

REFERENCES
1. Folkman J and Shing Y (1992) Angiogenesis. J. BioL Chem. 267:10931-10934.

2. Hayes DF (1994) Angiogeneis and breast cancer. Hematology-Oncology Clinics
of North America 8:51-71.

3. Weidner N, Semple, JP, Welch WR and Folkman J (1991) Tumor angiogenesis and
metastasis: correlation in invasive breast carcinoma. N. EngL J. Med. 324:1-8.

4. Horak ER, Leek R, Klenk N, LeJeune S, Smith K, Stuart N, Greenall M, Stepniewska
K and Harris AL (1993) Angiogenesis, assessed by platelet/endothelial cell adhesion
moleculae antibodies, as indicator of node metastases and survival in breast cancer.
Lancet 340:1120-1124.

5. Toi M, Kashitani J and Tominaga T (1993) Tumor angiogenesis is an independent
prognostic indicator in primary breast carcinoma. Int. J. Cancer 55:371-374.

6. Gasparini G, Weidner N, Bevilacqua P. et. al. (1994) Tumor microvessel density,
p53 expression, tumor size, and peritumoral lymphatic vessel invasion are relevant
prognostic markers in node-negative breast carcinoma. J. Clin. OncoL 12:454-466.

7. Fox SB, Leek RD, Smith K, Hollyer J, Greenal M, Harris Al (1994) tumor
angiogenesis in node-negative breast carcinomas- relationship with epidermal growth
factor receptor, estrogen receptor, and survival. Breast Cancer Res. Treat. 29:109-
116.

8. Craft PS and Harris AL (1994) Clinical prognostic significance of tumor
angiogenesis. Annals of Oncology 5:305-311.

9. Hlatky L, Tsionou C, Hahnfeldt P and Coleman CN (1994) Mammary fibroblasts
may influence breast tumor angiogeneisis via hypoxia-induced vascular endothelial
growth factor up-regulation and protein expression. Cancer Res. 54:6083-6086.

10. Moghaddam A and Bicknell R (1992) Expression of PD-ECGF factor in E. coli and
confirmation of its thymidine phosphorylase activity. Biochemistry 31:12141-12146.

11. Furukawa T, Yoshimura A, Sumizawa T, Haraguchi M, Akiyama S-I, Fukui K,
Ishizawa M and Yamada Y (1992) Angiogenic factor. Nature 356:668.

12. Sumizawa T, Furukawa T,Haraguchi M, Yoshimura A, Takeysu A, Ishizawa M,
Yamada Y and Akiyama S-I (1993) Thymidine phosphorylase activity associated with
platelet-derived endothelial cell growth factor. J. Biochem. 114: 9-14.

13. Ishikawa F, Miyazono K, Heilman U, Drexler H, Wernstedt C, Hagiwara K, Usuki
K, Takaku F, Risau W and Heldin C-H (1989) Identification of angiogenic activity and
the cloning and expression of platelet-derived endothelial cell growth factor. Nature
338: 557-562.

8



Edward L. Schwartz, Ph.D.

14. Moghaddam A, Zhang H-T, Fan T-P D, Hu D-E, Lees VC, Turley H, Fox SB, Gatter
KC, Harris AL and Bicknell R (1995) Thymidine phosphorylase is angiogenic and
promotes tumor growth. Proc. Nat. Acad. Sci. 92:998-1002.

15. Haraguchi M, Miyadera K, Uemura K, Sumizawa T, Furukawa T, Yamada K,
Akiyama S-I, and Yamada Y (1992) Angiogenic activity of enzymes. Nature 368:198-
199.

16. Finnis C, Dodsworth N, Pollitt CE, Carr G and Sleep D (1993) Thymidine
phosphorylase activity of platelet-derived endothelial cell growth factor is responsible
for endothelial cell mitogenicity. Eur. J. Biochem. 212:201-210.

17. Miyadera K, Sumizawa T, Haraguchi M, Yoshida H, Konstanty W, Yamada Y and
Akiyama S (1995) Role of thymidine phosphorylase activity in the angiogenic effect
of platelet-derived endothelial cell growth factor/thymidine phosphorylase. Cancer
Res. 55:1687-1690.

9



Edward L. Schwartz, Ph.D.

PROPRIETARY

APPENDIX

Fig. I
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Figure 1: Classes of compounds to be synthesized and tested as inhibitors of TP/PD-
ECGF catalytic activity.
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Fig. 2

0 0
HN ý/ HN 1 /

H O = N H R O = N RO 1) 5-lodouracil,
t~~eSil(NH 4)2S04, HMDS, 0 Pd(OAC) 2/AsPh 3/DMF, Refi.

DMF, Imidazole Refl., N2, 2 Hrs/ 2)u N

OH(2-1) OR (2-2) OR(23
Thymidine00

0- NH 0- NH
HO HO-C 1) (NH4)2S04 /HMDS

O NaBH(OAC) 3, 0 2) Mel
AcOH/CH-3CN, 0 OC Unreacted material + Complex mixture

0(2-4) OH (2-5) HN 0

0- NH 0- N-CH3
AcO- 0 1) bis-(ON)-Trimethylsilyl HO- 0

LAC2O/DMF, 0 C 2)Acetamide
2)Mel, CH2 C12, - (2-7)

- (40 -50 0C)-
Phx21O + ct-Anomer

Q~c 2-6)Separated by
Reverse Phase HPLC

Figure 2: Synthetic route utilized for the synthesis of class Ill compounds.
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Figure 3: Synthetic route utilized for the synthesis of 6-aminouracil derivatives by
direct nucleophilic displacement.

Figure 4: 6-Aminouracil derivatives with a methylene group inserted between C-6
and the amino substituent.

Figure 5: 6-Aminouracil reacts with aromatic isothiocyanates to give the C-5
substituted thioamide product, and not the C-6 thioureido derivative.
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Table 1: Inhibition of TP/PD-ECGF activity.

TP Inhibitory activity of synthesized target compounds (7 / 20 / 97)

Class of TP Compound Ic50 IC50
Inhibitors (Substituent) (Human Recomb. TP (Rabbit Liver TP)

Class III 1-5 (R=Me), 2-7 >4 mM (Inactive) ----

3-1 (R = a) 220 piM 170 4M

3-1 (R = b) 275 pM 170 4M

Class 1 3-1 (R = c) 160 4M 74 4M

3-1 (R = d) 122 [M 53 1 M

3-1 (R = e) 114 pM ----

3-1 (R = f) 30 4M 14 pM
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