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Antibody-Catalyzed Prodrug Activation 
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A major problem associated with cancer chemotherapy is the 
lack of selectivity of most cytotoxic drugs for tumor cells.1 

Consequently, considerable effort has focused on the development 
of prodrugs that are activated by either tumor-associated or tumor-
localized enzymes such as naturally occurring proteases or 
antibody-protease conjugates.2 Difficulties associated with this 
approach include the lack of tumor-specific enzymes, conjugate 
immunogenicity, and the widespread distribution of relatively 
nonselective enzymes capable of prematurely activating a pro­
drug.2 Many of these problems might be avoided by the 
development of bispecific antibodies3 derived from a tumor-
specific antibody and a catalytic antibody.4 The use of a catalytic 
antibody should both make possible the activation of prodrug via 
a reaction not catalyzed by endogenous enzymes5'6 and minimize 
immunogenicity. To this end, we now report the generation of 
an antibody capable of catalyzing the conversion of a 5'-D-valyl 
ester of 5-fluorodeoxyuridine (1) to 5-fluorodeoxyuridine 2 (5-
FdU) (Scheme 1). 

The anticancer drug 5-FdU 2 is converted in vivo into 
5-fluorodeoxyuridine 5'-monophosphate, which is a mechanism-
based inhibitor of thymidylate synthetase.7 Consequently, the 
5'-D-VaI ester of 5-FdU (1) should be significantly less toxic than 
5-FdU since it cannot be converted to the 5'-monophosphate. 
Moreover, esterases do not, in general, hydrolyze /S-branched 
D-VaI esters to any appreciable degree.8 In order to generate 
antibodies that catalyze the hydrolysis of 1, antibodies were raised 
against hapten 3, a transition-state analogue for the hydrolysis 
reaction. Hapten 3 was prepared by reacting dimethyl- [ 1 -amino-
2-(7?,S)-methylpropyl]phosphonate (obtained by hydrogenolysis 
of the N-Cbz derivative)9 with carbomethoxypropionyl chloride 
in pyridine followed by treatment with TMSBr in CH2CI2. 

* To whom correspondence should be addressed. 
f Affymax Research Institute. 
1 University of California, Berkeley. 
(1) Calabresi, P.; Chabner, B. A. In the Pharmacological Basis of 

Therapeutic Action, 8th ed.; Gilman, A. G., Rail, T. W., Nies, A. S., Taylor, 
P., Eds.; Pergamon Press: New York, 1990; pp 1202-1263. 

(2) (a) Carl, P. L.; Chakravarty, P. K.; Katzenellenbogen, J. A.; Weber, 
M. J. Proc. Natl. Acad. Set V.S.A. 1980,77,2224. (b) Connors, T. A. Top. 
Curr. Chem. 1974,52,141. (c) Manson, M. M.; Legg, R. F.; Watson, J. V.; 
Green, J. A.; Neal, G. E. Carcinogenesis 1981, 2, 661. (d) Connors, T. A. 
In Targeting of Drugs; Gregoriadis, G., Senior, J., Trouet, A., Eds.; Plenum 
Press: New York, 1981; pp 97-108. (e) Banerjee, P. K.; Amidon, G. L. In 
DesignofProdrugs;B\xndgaard, H., Ed.; Elsevier Science: Amsterdam, 1985; 
pp 93-133. (f) Sender, P. D. FASEB J. 1990, 4, 188-193. 

(3) (a) Fanger,M. W.;Morganell,P. M.;Guyre,P.M. Crit.Rev.Immunol. 
1992,12,101-124. (b) Brennan, M.; Davison, P. F.; Paulus, H. Science 1985, 
229, 81-83. 

(4) Miyashita, H.; Karaki, Y.; Masakazu, K.; Fujii, I. Proc. Natl. Acad. 
Sci. V.S.A. 1993, 90, 5337. 

(5) (a) Braisted, A.; Schultz, P. G. / . Am. Chem. Soc. 1990,112, 7430-
7431. (b) Braisted, A.; Schultz, P. G. J. Am. Chem. Soc., submitted for 
publication. 

(6) Schultz, P. G.; Lerner, R. A. Ace. Chem. Res. 1993, 26, 391. (b) 
Lerner, R. A.; Benkovic, S. J.; Schultz, P. G. Science 1991, 522, 659. 

(7) (a) Santi, D. V.; McHenry, C. J.; Somer, H. Biochemistry 1974,13, 
471. (b) Wolmark, N.; et al. J. Natl. Cancer Inst. 1988, 80, 30-36. (c) 
Danenberg, P. V.; Lockshin, A. Pharmacol. Ther. 1981,13, 69-90. 

(8) (a) Stoops, J. K.; Horgan, D. J.; Runnegar, M. T. C; de Jersey, J.; 
Webb, E. C; Zerner, B. Biochemistry 19«9,8,2026. (b) Chakravarty, P. K.; 
Carl, P. L.; Weber, M. J.; Katzenellenbogen, J. A. J. Med. Chem. 1983,26, 
633-638. 

(9) Corcoran, R. C; Green, J. M. Tetrahedron Lett. 1990, 31, 6827. 

Scheme 1 
£ H 3 

H NH F V ^ N H 

OH 

1 

0X 
HO L I L NH O > T ^ N H 

IpI "«? * W ° 
OH I 

OH 
2 

3 

Mitsunobu condensation10 of the resulting phosphonic acid with 
2'-deoxy-3'-0-(<ert-butyldimethylsilyl)-5-fluorouridine afforded 
the protected form of 3 in 73% yield. Desilylation followed by 
saponification and ion-exchange chromatography on a Dowex-
50 column afforded the bis-lithium salt 3. 

Hapten 3 was coupled to keyhole limpet hemocyanin (KLH) 
and bovine serum albumin (BSA) via the carboxylate group.11 

Monoclonal antibodies specific for hapten 3 were generated using 
standard methods12 and purified from ascites by protein-A affinity 
chromatography followed by Mono-Q anion exchange chroma­
tography.1213 Antibody 49.AG.659.12 was found to catalyze 
the hydrolysis of the ester 1 at a significant rate above that of 
the uncatalyzed reaction and characterized further. All kinetic 
parameters were measured in the presence of 5 juM antibody in 
50 mM Tris, 25 mM NaCl, pH 8.0 at 37 0C by monitoring the 
hydrolysis of 1 to 2 using reverse-phase (C 18) high-performance 
liquid chromatography (HPLC).14 Under these conditions, 
antibody 49. AG.659.12 catalyzed the hydrolysis of 1 in a manner 
consistent with Michaelis-Menten kinetics. Computer fitting of 
the steady-state data to the Michaelis-Menten equation afforded 
a &„,( of 0.03 min-1 and a KM of 218 nM. The observed first-
order rate constant for the uncatalyzed hydrolysis of substrate 
1 under the same condition was 3.1 X 10-5 min-1. The antibody-
catalyzed reaction was competitively inhibited by hapten 3 with 
a Ki value of 0.27 MM.14 

Antibody 49.AG.659.12 was then tested for its ability to acti­
vate the prodrug 1 in vitro. The free drug 5-FdU 2 completely 
inhibited the growth of the Escherichia coli HBlOl at a 
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between 0.1 and 5 mM. The inhibition assay was performed similarly with 
0-10 MM 3. The first-order rate constant (Jfc«Mt) for the hydrolysis of 1 in 
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Figure 1. In vitro assay of prodrug activation by antibody 49.AG.659.12 
using E. coli HBlOl. 

concentration of 30 nM, whereas prodrug 1 did not affect the 
growth of the bacteria at a concentration of 400 /*M15 (Figure 
1), consistent with the notion that the D-VaI ester is a poor substrate 
for endogenous esterases. In the presence of the prodrug (400 
juM) and antibody (20 MM), the growth of the bacteria was 
completely inhibited. The antibody alone (20 /uM) did not affect 
the growth of the bacteria. These data demonstrate that antibody 

40.AG.6S9.12 is capable of activating 1 in vitro, resulting in 
specific inhibition of bacterial cell growth. Incubation of prodrug 
1 with calf serum does not result in any significant hydrolysis of 
1 above the background rate,16 suggesting that the bacterial studies 
described here may be applicable to tumor cell lines for which 
specific antibodies exist. 
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(15) The assay of growth inhibition was carried out by adding 5 pL of an 
overnight culture of E. coli HB 101 in Luria-Bertani (LB) media to 995 pL 
of LB media (pH adjusted to 8.0) in the presence or absence of 1,2, and the 
antibody. The relative cell density was determined at different time intervals 
by transferring 100 iiL of the culture media to an immunoassay plate, which 
was then read by a plate reader (measurement wavelength, 405 nm; reference 
wavelength, 620 nm). 

(16) Prodrug 1 (5 mM) was incubated in Dulbecco's modified Eagle's 
(DME) medium in the presence of 0%, 1%, 2%, 5%, and 10% calf serum at 
37 9C in a CO2 incubator. No difference in the rates of hydrolysis was detected 
within the error of measurement by reverse-phase HPLC. 


