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Abstract: Cephalosporins substituted at C-3' with oncolytic agents such as vinca
alkaloids have been developed as prodrugs for the treatment of solid tumors.
Conversion of prodrug to drug is mediated by an immunoconjugate consisting of a B-
lactamase enzyme covalently attached to a monoclonal antibody Fab' fragment which
is pre-localized at the tumor.

The targeted delivery of oncolytic agents to tumor cells using monoclonal antibody-
drug conjugates has been an area of intense investigation.! Recently, a two-step
approach was reported in which isotopes, drugs, or hapten modified drugs are
localized to tumor targets by prelocalization of a bifunctional antibody (with specificity
for both tumor and small molecule) followed by administration of the small molecule.2
Subsequently, a two-step approach utilizing a monoclonal antibody-enzyme conjugate
and a separately administered prodrug has been described.? The antibody-enzyme
conjugate localizes on a tumor cell surface antigen and the prodrug, which is a
substrate for the enzyme, is converted by the enzyme into the active cytotoxic agent
at the tumor cell surface. The primary potential advantage of the latter approach,
which we term Antibody Directed Catalysis (ADC), is that one can, in principle, deliver
many drug molecules to the tumor site with each immunoconjugate molecule (Fig.1).
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The wuse of an antibody-enzyme conjugate, in effect, magnifies the localized
antibody concentration thereby lowering the amount of conjugate needed to deliver a
toxic dose of drug. We describe here a system which consists of the Fab' fragment of
monoclonal antibody CEM2314 covalently bound to the P-99 B-lactamase enzyme
isolated from Enterobacter cloacae (265A). The prodrug is derived from cytotoxic
vinca alkaloid LY233425 which has been attached to the C-3' position of the
cephalosporin nucleus.

The choice of enzyme in this two-step approach obviously determines the make-up
of the prodrug. The PB-lactamase enzyme was chosen for several attractive properties.
The enzyme's narrow specificity for its substrate (p-lactams) is well documented. It
possesses good catalytic activity without metal ions or cofactors. Most importantly the
enzyme is not endogenous to the mammalian system, and consequently is subject to
minimal interference from inhibitors, substrates, or endogenous enzyme systems.

Substituted cephalosporins appeared to be excellent prodrugs because
cephalosporins exhibit minimal inherent mammalian toxicity. By proper selection of
the oncolytic agent attachment site one should significantly decrease the cytotoxity of
the prodrug compared to the free drug. Secondly, the ability to control the release of
the cytotoxic agent might be realized with cephalosporins. Pratt5 and others have
shown that when cephalosporins are hydrolyzed by a B-lactamase enzyme the C-3'
substituent is expelled in accordance with its leaving group propensity. Proper
selection of the linkage of cephalosporin to oncolytic agent should provide a releasable
drug as well as a chemically stable prodrug.

Solid established tumors are the primary target of ADC. The antibody employed
should be highly specific for the target antigen, while antigen density may be less
important because of the catalytic nature of prodrug activation. The antigen system
chosen for our studies was carcinoembryonic antigen (CEA). CEA is an oncofetal
antigen that has been extensively utilized as a marker for human cancer.6 Monoclonal
antibody CEM231 has been shown to react with CEA.4 The Fab' fragment of CEM231
was used to prepare the antibody-enzyme conjugate so that the molecular weight of
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the construct (c.a. 90,000) would allow as rapid clearance as possible from the
circulating serum following antigen localization. Scheme 1 outlines the preparation of
the antibody-enzyme conjugate. The PB-lactamase produced by Enterobacter cloacae

strain 265A was affinity purified on an aminophenyl boronic acid resin.’
Derivatization with SulfoSMCC was controlled to produce 0.8-0.9 maleimide/B-
lactamase, as determined by cysteine/DTNB back titration. Derivatized B-lactamase
was purified by passage over a desalting resin. Treatment with 1 mol Fab'/mol
maleimide followed by an excess of N-ethyl maleimide produced a mixture of
conjugated and non-conjugated proteins. The pB-lactamase-Fab' conjugate was isolated

by G-150 Sephadex superfine gel permeation chromatography. Subsequent studies
showed that the f-lactamase-Fab' conjugate retained the same level of

immunoreactivity and enzymatic activity as the parent proteins.8
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The vinca alkaloids are a well studied class of cytotoxic agents.® We decided to use
the mercapto-substituted derivative of desacetylvinblasine (DAVLB) LY233425 as
the releasable portion of our prodrug. We expected, based upon cephalosporin
literature,!0 that a sulfide moiety at the C-3' position of the cephalosporin would
provide a reasonable leaving group while retaining chemical stability. Scheme 2
illustrates the synthesis of prodrug LY191026. Keflin was condensed with the N-¢-
BOC protected 2-aminoethanethiol under aqueous displacement conditions, then
esterified with allyl bromide.!! After workup the resulting oil was flash
chromatographed with 1:1 ethyl acetate:hexanes (Rf=0.5) providing LY219081 as a
white solid.!2 The :-BOC protecting group was removed under acidic conditions using
trifluoroacetic acid.  The resulting amine salt was treated with desacetylvinblastine
azide9 (DAVLB-N3)(0.7 equiv) in the presence of N-methylmorpholine to give the
desired coupling product as a mixture of A-2:A-3 cephem olefin isomers. Palladium
catalyzed removal of the allyl ester!3 gave the desired cephalosporin acid as a 3:2
mixture of A-2:A-3 olefin isomers. Preparative reverse phase chromatography (C-18
column; 30% acetonitrile, 0.2% formic acid, water) provided pure A-3 isomer, the target
prodrug LY191026. Kinetic studies® of prodrug activation by the conjugate gave an
encouraging kcat/KM = ~400 s-1/uM, with release of drug following the catalytic
reaction despite the bulk of the C-3' substituent.

The ADC system was tested in vitro : CEA-bearing LS174T human colon carcinoma
cells were exposed to the B-L-CEM 231 conjugate at 25 pg/ml for 1 hour at 370C, 5%
CO2. The cells were then rinsed and resuspended in media containing LY191026.
The rest of the procedure was carried out according to a standard procedure.l4 The
results of this experiment are shown in Table 1.

Table 1
In Vitro Cytotoxicity (LS174T)

Inhibitory Concentrationsg (p.g/mi)

Exp# Compound Conjugate 6 Hour 48 Hour

1 LY191026 - 2.15 <0.001
2 LY191026 + 0.26 <0.001
3 LY233425 - 0.26 <0.001

A reproducible fivefold (mol/mol) difference in cytotoxicity between drug and
prodrug was observed at early time points (entry 1 vs. 3). Pre-exposure of antigen-
positive cells to conjugate reverses this difference, activating the prodrug (entry 1 vs.
2).  These data demonstrate the ability of the ADC system to mediate antigen-
dependent toxicity in vitro. Non-enzymatic cleavage of the B-lactam ring is a known
phenomenon that could explain the time-dependent increase in potency of prodrug
relative to drug. Furthermore, structure-activity relationships for vinblastine do not



A novel targeted delivery system 25

preclude the possibility that LY191026 has some intrinsic cytotoxic activity. We plan
to test the ADC system with a variety of cephem-drug combinations as well as against
solid tumors in mouse xenograft models. These studies will be reported in due course.
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