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. BIFUNCTIONAL ANTIBODIES AND THEIR USE IN
. TARGETING ANTI-TUMOUR AGENTS

Field of the Invention

This invention relates to bifunctional antibodies and

to their use in targeting anti-tumour agents in vivo.

. Background to the Invention

The targeting of therapeutic agents to particular
sites in vivo, is well known. In particular, it is very

'desirable to target anti-cancer agents to a tumour site, to

increase the concentration of the agent at the site and

thereby improve its effectiveness in neutralising the

tumour. Examples of’agents that target tumours are well

known, many of these relying on the specificity of

monoclonal antibodies for. delivering the diagnostic or
therapeutic agent to the target site. One approach has
been to use a radionuclide—antibody 'conjugate which
localises at a target tissue where the radionuclide. may
exert its cytotoxic effect. o

However, it has been shown that there are problems

with the utility of radionuclide-antibody conjugates, for

example poor penetration of.the conjugates to the target -

‘site owing to the high'molecular weight of the conjugate.

In addition, for the conjugate to be therapeutically

effective, it must be given time to localise at the target
site. The radionuclide is therefore present in the body
for'prolcnged periods, and this results in undeSirable

tOXJ.CltY at non~-target s:.tes.

It is therefore desirable to administer the antibodies

independently of the cytotoxic radiolabelled agent,
allowing the antibody to localise at the target site before

administering the cytotoxic radiolabelled agent.
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. US-A-5630996 describes one approach that uses
antibody-streptavidin conjugates to target a radionuclide~

labelled biotin. Streptavidin has high affinity for biotin

 and is able to localise the radionuclide at the target site

through the biotin-streptavidin interaction. However,.

streptavidin is a protein' that is immunogenic in humans and -

consequently may not be. suitable for repeated long-term

: thera_peutic use.

US-A-5591828 discloses bispecific antibodies that have
affinity for metal chelates and for a particular protein
epitope.  However, the chelates, EDTA-Y® and DTPA-Y"
preferably requ::.re the covalent add:.t:.on of a fos-pept:.de
which :Lnteracts w:.th a Jum-peptn.de -on ..the .antibody, .
1ocalise sufficient ¥*"‘to. the:target- sites . In‘addition,

- dissociation may:.occurbetween the _Ghelgtlng_ .agent.;(EDTA)

and the radionuclide~(¥’°): Thereforey -localisation .at.the
tumour site may not: 51?be.iﬁ‘-’-.‘i*ﬁ-:ef*’_fiﬁ,j,?ﬂtfﬁ::.._ and ‘the process -of
producing the fos-peptide-metal: ¢helate-- . conjugate - is

lengthy and unsultable for large-scale: manufacture.

Summary of the Invent;_.on

The present J.nventlon relates to | bifunctional
antibodies which have aff:mlty for both an antigen present
at a tumour site, _and for a therapeutic or diagnostic .
agent, wherein ‘the agent is an: organic molecule that is
radiolebelled or is 'cov,ale_ntly bound to e. cytotbxic agent.
In a separate embodiment, the organic molecule is bound to
an enzyme capable of 'converting a prodrug infq a.cy_totoxi_c' |
form. | P |

The ‘invention therefore_' provides  a means for

‘increasing the localisation of a therapeutic agent at a

target site in a mammal, by the 'sequential administration

of the bifunctional antibody and the organic molecule. The
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invention may have use 'ih therapeutic or diagnostic
applications.

TyPicéiiy, the organic moleculé is biotin or an
ofganic molecule which exhibits good penetration at a
target site and otherwise neutral biodistribution in vivo.

One of the advantages of the present invention, is
that it is possible-to administer a cytotoxic agent which
will lbcalise_at the desired target due to the interaction
with antibody, but which will have reduced toxicity to non-
target tissues, as unbound aQent will be cleared
efficiently from the body. '

In one embodiment, the cytotoxic agent is a
radionuclide, and is covalently 1linked | to the organic
molecule, or is itself part of the organic mblecule. The
radionuclide may be chosen to provide a therapeutic effect,
e.g. as an anﬁi—tumour agent, or may be administered for
diagnostic purposes, e.g. tumour imaging.

In another embodiment, the organic molecule is linked
to an enzyme that can be used to convert a suitable prodrug
into an active cytotoxic form.

Description of the Invention .

‘The antibodies of the present invention may be
produced using .conventiohal techniques, for example,
hybridoma synthesis, recombinant DNA techniques or phage
display. The antibodies'may-be derived from any species,

including rodent, although it 4is preferred that the

'antiquies are derived from mammals other than rodents,

e.g. sheep, goats or cows, to generate high-affinity
antibodies. |

Typically, thé antibodies will have an affinity of at
least 10 1/mol, preferably 10™ 1/mol, more preferably 10%
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1/mol and most preferably 10" 1/mol. for the ‘respective
ligands. _ |
A bifunctional antibody according to the J.nventn.on may
be whole antibody or may be a fragment thereof, e.g.
f(ab),. In a further embodi:lnent,.the' antibody may comprise
two single chain f£fv fragments. ._'I'he preparatidn . of
bifunctional sFvs is well known. For example, Carter et
al., Current Opinion in Biotechnology 1997, 8: 449-454,.
discloses the production of bifunctional sFvs using phage
display libraries. | | :

In addition, the antibodies may be modified by
recombinant DNA techn:.ques to. "humén:.se" the ant:.bodn.es,
making them : less: immunogenic: . when.:: adm:kn.'l.stered to:- .a=
patient. The- humanlsed antibody* should comprise:.at. least
the hypervariable-region: fromwbeth @ manoelonalh.and::.bedyf--'---
hav:.ng affinity foxy -target:- antigenyy. and.ra moneclonal
anta.body having affn.nity -for - the- .organic.-molecule: The
rema:.nder of the antibody variable reg:Lon may be of: human
:.mmunoglobul:m. A h:l.gher proportion - of -human-
immunoglobulin may be present in a whole antibody or a
fragment, e.qg. F(ab'),. When a ‘'single-chain Fv fragment is
used, the fragment may compr:.se hypervar:.able rng.ons as
described above and, optlonally, the variable framework
from human :unmunoglobul:m. |

The antibody will have affln:.ty for a part:.cular
target site.  Typically, the target site will be _a tumour
and the antibody will have affinii:y for a tumour-associated
antigen. An example of a tumour-associated antigen is i:he
carc:.noembryonlc antigen (CEA) which is found on colorectal
tumours and other adeno-carc:.nomas.

In the preferred embodiment, the antlbody has ligand-

affinity for an organic molecule that is. radiolabelled.
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. The invention encompasses both the . separate' covalent
attachment of a radionuclide to an organic x_nolecule, and

: 'additionally the simple radiolabelling of a suitable atom

on the organic molecule itself. For example, the organic

molecule may comprise a phosphorous or iodine atom which is

radiolabelled to provide a cytotoxic organic molecule.

Administration of the molecule will localise the
radionuclide at a tumour site through binding to the
entibody to exert a cytotoxic effect on the tumour.
Radionuclides having a cytotoxic effect are well known. A
preferred radienuclide that may be used in the invehtion is

a radioisotope of iodine, e.g. I'®, I** and I'® which may

~be used for diagnostic purposes and I'* which mé_y be used |

- in therapeutics. A further preferred radionuclide that may

be used in the invention, is

The cytotoxic agent may also be a cytotox:l.c drug, e.g.
r:.c:.n or cal:.cheamyc:m. _

In an alternatlve embodment, the organic molecule is

~ linked (conJugated) to an enzyme. The enzyme is capable of

converting a suitable prodrug into an active cytotoxic
form. - The term "prodrug"” is used herein to define. an
inactive form of a dru'g which may be cleaved by enzymic
action to release the therapeutically-actiiie form.
Suitable enzyme—prodru'g systems are known to those skilied
in the art and include carboxypept:.dases and modified

mustard gas derivatives.

The organic molecules that are useful in the present

invention must be capable of specific interaction with an
antibody. The molecules must therefore be of a s'ufficient
size to elicit an immune response for the product:.on of the
antibodies when conjugated to a protein carrier, or be of

a sufficient size to facilitate antibody creation from
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‘-ant:x.bo.dy libraries, - e. g. displayed on filamentous phage. -

‘Preferably, the organlc molecules linked to the cytotoxic

agent or enzyme are capable of pass:mg through the lining

of the vasculature to reach the target site. ' The molecular

weight of the organic molecules is preferably less than
1500, more preferably less than 1000. The organic

molecules are preferably non-toxic when not radiolabelled.

In addition, the labelled organic molecules should have a

neutral b:Lod:Lstr:LbutJ.on when adm:.n:.stered to a pat:l.ent in.

the absence of b:.spec:.f:.c antibody, and it is preferable if

molecules are chosen which do not accumulate in the thyroid.
and are rap:l.dly cleared through the kidney. It is also
beneficial if the molecules are easn.ly derived from a non= .
- labelled parent m‘olecul'e.- and that the derived, labelled

‘molecule: z.s stable . following- adm.m.strat:.on., The conjugate

should: preferably be . water-soluble,. to: fagilitate

preparat:.on in sun.tabl_e_ .excipients.. . ' Su:i-.ta-'ble'-'a-..f.-or:gana;c
molecules .mclude non-tox:.c cempounds, although. the
molecules may be made cytotox:.c by rad:.olabell:mg.

In a preferred embodiment, the rad:.o—labelled organic
molecule is radlo-labelled biotin. In a further preferred

embodment, the molecule is of formula I

(I

'i.e. 4,4-bis(4-hydroxy-3 ', 5-diiodophenyl) pentanoic acid.

In a further---'prefer'red embodiment, the molecule is of .

_form_ula. II
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whére R' and R? are éa‘ch, independently, a radiolabelled

- moiety, e.g. radiolabelled iodine, a methyl group or a

phenyl group, and X' and X* are each, independently, a H or
CH. | | |

Preferred radiolabelled molecules are N-(4-hydroxy-.
3,5-diiodobenzoyl)-~1, 6-hexanediamine and N-(2-hydroxy-3,5-
d:LJ.odobenzoyl) 1,6-hexanediamine, where either or each of
the iodine atoms may be any of the radioisotopes 1'®, 1¥,
IIZC and 1131

For use in the invention, the .bispecific antibody and
the cytotoxic agent may be formulated in a kit, e.gq.
comprising the two components separately packaged or in
separate containers. Each component may be formulated with
a suitable carrier or excipient, examples of which are well
known, depending on the route of adm:.n:.stratJ.on, e.g. oral
or intravenous. _

The two coniponents will usually be administered

seq'uentially. The effective amount of each may readily be

‘determined by the skilled person, and will depend on

typical factors such as the location, severity and spread

‘of the tumour, the condition of the subject etc. It is of

.'course a feature of this invention that the amount of

Cytotoxic agent that is required will be less than in the

‘absence of the antibody.
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CLAIMS .
1. A bifunctional antlbody having affinity for a tumour

and for a therapeutic or dlagnostlc agent, wherein the
agent is an organic molecule. o
2. A blfunctlonal antibody hav1ng affinity for a tumour
and for a therapeutic agent, wherein the agent ls -an
organlc molecule covalently-bound to an enzyme.

3. An antibody accordlng to claim 1 or claim 2, wherein

'the ligand-affinity is at least 10'° 1/mol.

4. Aan antibody accordlng to any preceding claim, whereln
the organic molecule has a molecular weight of less than
1500. o -

5. An antibody according.to:any preceding cléim, wherein
the organic-molecule is ﬁater—éoluble énd has a neutral
biodistribution in.vivo. . o |

6. An antibody according- to. clalm e whe:eln ‘the- radlo-
label is I***, I'**, I8 p%. orwI“‘ _ :
7. 2n antibody according-to: ‘any’ preceding- c151m¢ wherean
the molecule is radlolabelled; 4,4ebxs(4-hydroxyr3.5-
diiodophenyl)pentanoic acid. ' | I '
8. An antibody according to any of claims 1 to 6, whereln

thé.molecule is of the’ formula 2

“4=6

IR 11111 LE
. = ¢ L M § %
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where R!* and R? .are, -independently a radiolabel, e.g.
radiolabelled iodine, a methyl group or a phenyl group, and
X' and X* are, independently, H or OH.

9. An entibody eccording to claim 8, wherein the molecule
is radiolabelled N—(4-hydroxy-3,5-diiodobenzoyl)-1,6-
hexanediamine or  N-(2-hydroxy-3,5-diiodobenzoyl)-1,6-

hexanediamine.

10. Aan antibody according to claim 1 or claim 2, vherein -

the molecule is biotin. ,
11. An antibody according to any"preceding claim, wherein

- the antibody affinity for the tumour is via a tumour-

associated antigen.

12. ' An antibody according to claim 11, wherein the antigen
is carcinoembryonic antigen. '

13. an antibody aecording to any preceding claim, wherein |
the antibody comprises two single ehein Fvs.

14. An antibody according to any preceding claim, wherein
the antibody comprises at least the constant regions

derived from human immunoglobulin.

~15. A radio_-labelled compound, wherein the eompound is

4,4-bis (4-hydroxy-3,5-diiodophenyl)pentanocic acid, N-(4-
hydroxy-3,5-diiodobenzoyl)-1, 6-hexanediamine or N-(2-
hydroxy-3, 5-diiodobenzoyl) -1;6-hexanediamine. -

16. Radiolabelled 4,4-bis(4-hydroxy-3,5-
-diibdophenyl)pentanoic‘ acid, rediolabelled N-(4-hydroxy=-
3,5-diiodobenzoyl)-1,6~hexanediamine or radiolabelled N-(2- .
hydroxy-3, 5—d:|.:|.odobenzoyl) 1, 6-hexaned:.am1ne, for use in a
method of therapy or diagnosis. _
.17' Use of an antibody accord:.ng to any of claims 1 to 14,
for the manufacture of a composition for the treatment of |

' cancer ..

RO O DG
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18. Use of an antibody according to any of claims 1 to 14,
for the manufacture of a 'compo'sition for use in a method of

diagnosis.

1. A product comprising a b:.funct:.onal ant:.body hav:mg'. :

affinity for a tumour and for an organic m_olecule, and a
therapeutic or diagnostic agent which is the organic

molecule covalently bound to a cytotoxic agent or which is

the radlolabelled organic molecule, for simultaneous,
' sequential or separate use. in treatment of the tumour.

20. A method for the treatment or d;agnos:.s of a tumour-

assoc:.ated disease, ‘comprising the = sequential
adm:.n:.strat:.on -ofs " '
(i) a b:.funct:.onal .antibody hav:.ng specificity.
the “tumonr: and.-for a therapeutic:or: d:l.agnestic agent;
(ii) a therapeutic:-OX: -diagnosgic agent .whérein, “,the-.
agen-t—": is .an organic:molecule.that:.is: raddolabelled or: is
covalently bound-to:a cytptoxzeageneb.k

A
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