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1.‘ 2 method of forming a stable metal chelate prdtein
conjugate, which comprises:

contacting & metal in the absence of protein with a
bifunction&) chelating agent having as a portion of its
molecular structure a funationnl group attached to a
carbon atom of the chelate backbhone and which is stable
in a dilute aqueous solution at a pH for metal chelation
in the range of 1 to 7 and which reacts directly with
amino acid residues of a protein to form a stable
covalent linkage at a conjugating pH in the range of 6 to

11;

admixing said metal chelate with a protein in an
aqueous snlution having a pH of 6 to 11 to form a stable
chelate g)i{bts:’p conjugate;

wherein the chelated metal is stable in vivo for an
extended time period relative to the natural clearance

half life of the chelating agent without the functional

group.
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16. An in vive diagnostic method comprising introducing

-into contact with a body fliid, a metal chelate protein

conjugate according to claim 15 wherein the protein is a
monoclonal antibody, znd quantifying the specifically
bound portion of said conjugate, said metal being
selected from the: group consisting of fluorescent metals,
paramagnetic metals, gamma emitting metals, positron
emitting metals and beta emitting metals, at least 94% of
said metal being bound by said chelate, and said

" conjugate having at least 80% of the kbiological activity

and specificity of the antibody.

17. A method of treating cellular disorders comprising
introducing into contact with a body fluid, a metal
chelate protein conjugate according to claim 15 wherein
the protein is a monoclonal antibody and wherein said
metal is selected from the group consisting of beta
emitting radiometals and Auger emitting radiometals at

_ least 94% of said radiometal being bound by said chelate,
and said conjugate having at least 80% of the biologyical

activity and specificity of the antibody.




Y

o

L

| _VAUA157800/85

PC'[ .I \\\ ' \VORLD INTELLECTUAL PROPERTY ORGANIZATION
. llO urey :
7 INTERNATIONAL APPL]CATION PUBLISHIS RWJE P N OOQ\ATION-TREATY (PCT)
(51) lnternatnonal Patent Classification 4 ; _ (11) lotefnational Publication Number: WO 86/ 06384
: C07.K. 15/229 A61_K 43/00: 49/02 Al (43) International Publication Date: 6 November (986 (06.11.86)
@y 'lnterlixitio,néi ‘Application Number:  PCT/US86/00868 | (81) Designated States: AU, BR, CH (European patent), DE
' : (European patent), DK 'FR (European patent), GB
| (22) International Filing Date: 24 April 1986 (24.04.85) | . (European patent), IT (European patent), JP, KR, SE |-
. : (European patent). )
(31) Pnomy Applncauon Number. 727,919
) ) Published
- (32) Pnonty Date: \j‘-. - 26 Aprii 1985 (26.04.85) With international search repon
> e Before the expiration of the time limit for amending r/re
33) Pnonty Country: =~ , . US| claims and to be republished in the event of the receipt
' of amendments.
(71)(72) Applicant and Inventor: GANSOW Otto A, [US/
’ US]; 3003 Van Ness, N. W., Washmgton, DC "0008
Iws)
- \ (74) Agents: CASS, Myron, C. et al.; Silverman, Cass, Sing-
i er & meum Ltd., 105 West' Adams St., 27th Floor
Chlcago, IL 60603 (US) _ .
AOJD PP
i U-J-*-18DE'Q?§86
This document contains the Sl
: "mond: ients made under : 1 AUSTRALIAN
Section 49 and is correct fc* S 18 NOV 1386
prit mno. : ' _ 7
' ' PATENT OFFICE

(54) Title: METHOD OF FORMING A METAL CHELATE PROTEIN CONJUGATE

3 (57)‘ Abstract

A method of forminga, novel metal chelate protcm conjugate as well as metal chelates and precursor compounds to
the metal chelates. The nove' ‘metal chelate protein conjugates are pamcularly useful in the diagnostic imaging of turnors
and in tumor therapy. . o
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METHOD OF FORMING A METAL
CHELATE PROTEIN CONJUGATE
%~ This invention relates to metal chelate protein con-
jugates and to an imﬁroved method of forhing metal chelate

b 'proféin conjugates.

There has been a continuing inte;est in the art in metal
chelate protein conjugates both for therapeutic and for
diignostic purposes. Representative type conjugates are
diaclosgd, inter alia, in U.S. Patents 4,454,106 and
4,472,509. One such type of conjugate is a metal chelate
monoclonal antibody. conjugate. Other proteins including,

o £ar example, polyclonal antibodies, antigens and blood
proteiﬁs can also be employed in the formation of a metal
chelate pﬂ?tein conjugate. |

In general, the prior art has formed a conjugate of a
chelate and protein and thereafter mixed that conjugate with
the netaixto be chelated.  Such system is feasible as de-
scribed in U.S. Patent 4,472,509, In order to provide a

\ conjugate in which substantially all the metal is contained
% in the chelate, however, several precautions are necessary.
L ‘

“ ...A8 a threshold mattar, the-protein to be used should be es-,

N\

= S 2 )
‘;-g;tially free of metals which cﬁélate because the presence

:_j%lt =T
~

of thqpe metals with the protein may block the desired

chelating sites. 1In addition, protein has an'ipherent b
hal 15 bind mekols in unespected or uquaus| [ocations \

t o 4
abilﬁly to adventitiously bind netalka1992£§he protein |

W8]




BN '
R\

&

10

15

20

|25

30

35

2

molecule. Such metal may be either strongly or weakly
bound depending upon the metal thereby presenting a
significant challenge in removing the adventitiously
bound metals from the protein. Some of the
adventitiously bound metals may be (and often are)
i1eleased in vivo and, partvicularly in the case of
radioactive metals, may produce an undesirable
concentration of the metal in bone marrow or the like. A
process for processing metal chelate protein conjugates
for the removal of adventitiously bound metals is
disclosed in U.S. Patent 4,472,509.

There continues to be a need for effective metal
chelate protein conjugates as well as an effective method
for forming a metal chelate protein conjugate that does
not require substantial protein pre-purification and/or
subsequent processing to remove adventitiously bound

metals.

According to the present invention there is provided
a method of forming a stable metal chelate protein
conjugate, which comprises:

contacting a metal in the absence of protein with a
bifunctional chelating agent having as a portion of its
molecular structure a functional group attached to a
carbon atom of the chelate backbone and which is stable
in a dilute aqueous solution at a pH for metal chelation
in the range of 1 to 7 and which reacts directly with
amino acid residues of a protein to form a stable
covalent linkage at a conjugating pH in the range of 6 to
11;

admixing said metal chelate with a protein in an
aqueous solution having a pH of 6 to 11 to form a stable
chelate protein conjugate;

wgerein the chelated metal is stable in vivo for an
extended time period relative to the natural clearance
half life of the chelating agent without the functional
group. N o

3
\
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A second aspect of the invention provides an in vivo
diagnostic method comprising introducing into contact
with a body fluid, a metal chelate protein conjugate
wherein the protein is a monoclonal antibody, and

5 quantifying the specifically bound portion of said
conjugate, said metal being selected from the group
consisting of fluorescent metals, paramagnetic metals,
ganma emitting metals, positron emitting metals and beta
emitting metals, at least 94% of said metal being bound

10 by said chelate, and said conjugate having at least 80%
of the biciogical activity and specificity of the
antibody.

A third aspect of the invention provides a method of
15 treating cellular disprders comprising introducing into
contact with a body fluid, a metal chelate protein
conjugate wherein the protein is a monoclonal antibody
and wherein said metal is selected from the group
consisting of beta emitting radiometals and Auger
*eses’ 20 emitting radiometals at least 94% of said radiometal

-:::. . being bound by said chelate, and said conjugate having at
PR - least 80% of the biological activity and specificity of
.- the antibody.

el st 25 The method for forming a metal chelate protein

conjugate preferably does not require rigorous pre-
" purification of the proteir: and does not result in
adventitiously bound metals. 'The invention may allow the
“eese® ' formation of a radioactive meﬁal chelate protein
“ee® 0 30 conjugate that does not réquire the use of carrier-free
or no-carrier added radioactive nuclides.

: n\particularly useful bifunctional metal chelate
. compri@es a diethylenetriamine-pentaacetic acid
. 35 substituted on the carbnn backhdne with a side chain
E ” containing a nitro substit ient or a
diethylenetriaﬁ%nepentaacetic acid substiﬁuted

Q

900209,3
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on the carbon backbone with a side chain containing an

isothiocyanate substituent or an N-hydroxysuccinimide ester

substituent.

The practice of the method of this invention substan-
tially eliminates adventitiously bound metal. By selection
of §roper functional groups on the chelate a rapid formation
of the metal chelate protein conjugate is achieved. Such
formation permits a variety of radicactive nuclides includ-
ing those which have relatively short half lives to be ef-
fectively processed according to this invention. Moreover,
since conjugates often are formed at somewhat basic pH's, a

slow formation of the conjugate can result in unwanted side

il effects. Such side effects include hydrolysis of metals

ety ' uitﬁ the accompanying loss of metal from the chelate and '
I precipitation of metal on protein surfaces as undesirable

§°?:. i adventitiously bound metal. 1In addition, hydrciysis of met-

sed o als can result in the formation of undesirable colloids

which may be different to separate from the protein. More-
over, utilization of a rapid coupling reaction provides

sege, glexibilfty and makes a kit practical thus expanding the

| jtypes of laboratory locations at which the formation of
néial chelate protein conjugates may be utilized.

&3 A large number of reactive groups which have been ind;;
é&tod to be useful to couple chelates to proteinsgare not
suitably etticieni for this invention. Thus, dic&tﬁidea or
7

P i,
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maleinides tend to dissociate in water at pH's that exist §n
vivo or in serum, nitrenes, sulfonamides, carbodiimides,
sulfonyl chlorides, and inhydridea tend to be unstuable in
water at conjugation reaction conditions; benzimidates,
“aloacetamides, hydrazides and diazotized amine groups tend
fo inefficiently conjugate; and azides and nitrenes must be
coupled photolytically which can result in inefficiencies
and require considerable equipment.

Yeh, Analytical Biochemjgtry, 100, 152-159 (1979)
reported use of a side chain containing a COOH functional
qroup (l-p-carboxymethoxybenzyl) attached to the carbon
backbone of ethylene-diaminetetraacetic acid (EDTA) (1l-(p-
carboxymethoxybenzyl)-ethylene-diaminetetraacetic acid).

Yeh chelated both iron and indium before conjugation to

o protein by a carbodiimide coupling reaction. The iron and
';;; indium were eamployed to tie up the COOH groups of the EDTA
::n‘r portion of the molecule which was necessary because the cou-
; ?:: pling functional group was also a COOH group. This method

reguires a very large excess of bifunctionzi chelate and
also results in some dimerization of protein. Yeh removed
S0 | the irép after conjugation and then subsequently added the
BN desirable metal ions. Yeh reported that the indium was not
effective as a blocking agent for EDTA carboxylates thus
resulting in an unstable metal chelate protein conjugate.
. Prior art DTPA-containing protein conjugates have
% coupled the DTPA through a ca;boxyl&c dcid group of the DTPA

or through a functicnal qroup“onié side chain attached to a

s
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nitrogen of the DTPA. The DTPA chelates of this invention
are more stable than either or than DTPA itself.

Any of the organic chelating agents (called ligands)
known in the art can be employed in the practice of this in-
vention. Such organic ligands include, jinter aljia, the nat-
ural or synthetic amines, porphyrins,'aninocarboxyllc acids,
iminocarboxylic acids, ethers, thiols, phenols, glycols and [
alcohols or the polyamines, polyaminocarboxylic acids,
solyiminocarboxylic acids, aminopolycarbocxylic acids, imin-
opolycarboxylic acids, nitrilocarboxylic acids,
dinitrilopolycarboxylic acids; polynitrilopolycarboxylic
acids, ethylenediaminetetraacetates,
diethylenetriaminepenta- or tetraacetates, polyethers,

polythiols, cryptands, pulyetherphenoiates, polyetherthiols,

ee.

LI

ethers of thioglycols or alcohols, polyaminophenols, all ei-
St ther acyclic, macrocyclic, cyclic, macrobhicyclic or ‘
O S
Y polycyclic, or other similar ligands which produce highly
' stahle metal chelates or cryptands /{analogues of crown

ethers). One summary of chelating agents is given in

U.K. Patent Application 2,109,407. Obviously, the choice

of the ligand depends upon the metal to be chelated and

TPTEE is within the skill of the art,

et
.

¢
LX 2 2

According to the practice of this invention, the
et 3 bifunctional chelate has as a portion of its molecular
G structure a functional group attached to a carbon atom of
the chelate backbone (that is, the main support of the
chelate molecule) and which rescts directly with amino
acid residues of a protein to form a covalent linkage.
Such

[
.
('] (X}
[
9
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functional groups include isothiocyanate and the N-
hydroxysuccinimide e3ter. The functional group, in accord-

ance with this iunvention, may be attached directly to the

chg;atg backbone or may be attached to the chelate backbone

through any of a wide variety of side chains. Any of a wide
variety of side chains may be emplcocyed and the choice of a
pgrticular one will be within the skill of the art. The’
side chain may contain carbon-to-carbon, ether or thioether
linkages or the like. Hydrocarbon side chains are
preferred. If there are heteroatoms present, for example in
ether linkages, interrupting the carbon backbone, they may
be counted as carbon atoms for the purpose of chain length
determinations. Such structures include, without limita-
tion( straight or branch chain alkyl groups having 1 to
éb;ut 15 carbon atoms such as methylene, ethylene,
propylene, butylene, isopropylene and the like; a atraight
or branch chain alkene group having 1 to about 15 carbon
atoms including ethene, propene, butene and thevlike and
isomers thereof, aryl groups including phenyl, diphenyl,
napthyl and the like; and_alkyl aryl groups having 1 to

about 15 carbon atoms in one or more branched or straight
/

»jphain alkyl gioups, includiqg benzyl, phenyl ethylene,

\
jhenyl propylene, and the like. The essential purpose of

the side chain is only to serve as a stable link between the
chelategand the £uﬁctional group. The side chain should be

3
essentially free oﬂgggggtive groups other than the desired
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functional groups as déscribed above. Preferred gide chains
inciude straight chain alkanes, benzyl, and‘phenylethylene.

Chelates having the appropriate functional groups can be
prepared zmploying methods known in the art. Those methods
include, for example, that described in Analytical
Biochemistry, 142, 68 (1984). '

In one preferred aspect, this invention‘ﬁgg;gaza a
diethylenetriaminepentacetic acid (DTPA) having a side chain
attached to the carbon backboiie of the DTPA and containing a
functiocnal group which is stable in a dilute aqueous solu-
ticn at a pH for metal chelation in the range of from about
1 to about 7 and which reacts directly with amino acid
residues of a protein to form a stable covalent linkage at
conjugating pH's in the range of from about 6 to about 11.
The preferred functional groups and hydrocarbon side chains
are as described above.

In order to make the substituted DTPA, a precursor com-
pound, a &iethylenetrianine, is used. The most preferred
such compounds contain a nitro group attached to the carbon
backbone of .the diethylenetriamine. Such attachment is
provided via side chains containing carbon-to-carbon, ether,
thioether linkages, or the like. Depending on the DTPA che-
late described, the length of the side chain and composition
thereot will vary as described above. Preferred side chains
linking the nitro-group to the carbcn backbone are straight‘

chain alkyl, benzyl, and phenylethylene,

T~

v
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In one process for producing the asukstituted DTPA,
nitrophenylalanine is converted to the methyl ester, for ex-
ample, by reacting with methyl alcohol saturated with
hydrochloric acid and the mathyl ester, for example, by
reacting with methyl alcohol saturated with hydrochloric
acid and the methyl ester is then reacted with ethylenedi-
amine in the presence of triethylamine in an organic solvent
to form the corresponding acid amide of ethylenediamine.

The compound thus formed is subsequently reduced with
diborane in tetrahydrofuran and the resulting boron hydride
adduct i3 cleaved with hydrochloric acid in ethanol to form
2-(nitrobenzyl)diethylenetriamine trikydrochloride. The
diethylenetriamine can then be converted to the pentaacetic
acid employing techniques well-known in the art.

In an alternate method of providing the 2-(nitrobenzyl)-
diethylenetriamine, nitrophenylalanine may be reacted with
the amine blocking group (BOC-ON, Aldrich Chemical Co.) and
the blocked amino acid is then reacted with the acetic acid
salt of glycinamide in the presence of triethylamine and 1-
hydroxybenzotriazole. The primary amine is then
"deprotected” from BOC by refluxing with HC1 in dioxane to
fora the corresponding peptide salt. Reduction with
diborane in tetrahydrofuran followed by cleavage of the
boron hydride adduct with hydrochloric acid provides 2-
(nitrobenzyi)diethylenetriamine trihydrochloride. Once

again, this material may be converted to the nitro-
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il substituted pentaacetic acid by reactions well-known in the

art.

//,'f
i

' The nit;o-aubstituted pentaacetic acid is readily con-
verted to isothiocyanate-substituted pentaacetic acid by
reduction of the¢ nitro-group to an amine group, forming the
corresponding amino-substituted pentaacetic acid which is |
then reacted with thiophosgene. The above amino-substituted
compound can be used to form two particularly useful
chelates: isothiocyanate-substituted DTPA and N-hydroxy-
succinimide ester-substituted DTPA. To form the first such
chelate a variety of methods, well-known in the art, may be
used. To form the second compound, the amine-substituted

DTPA is reacted with a di-N-hydroxysuccinimide ester of a

e

dicarboxylic acid., Suitable esters include those of the
alkyldicarboxylic acids, or aryl-dicarboxylic acids.
Preferred esters are those of malonic, succinic and glutaric

acid. Such reactions are generally performed by addition of

the amine-substituted DTPA to solutions containing excess of %
the ester., Puri:}eation may be accomplished using reverse
phase HPLC. |
The 2-(nitrobenzyl)diethylenetriamine is a valuable in-
termediate since the nitro group can readily be converted
employing reactions well-known in the art, to an amine, as
well as other groups. Diethylenetriamine salts produced by
N many of the above techniques can, of course, be salts of

. R , .
acids othr‘than hydrochloric such as hydrobromic acigd,

Q
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acetic acid and the like. These salts can be converted to
the free amine by neutralization with, for example,
triethylamine or other base and extraction into ether.

Any suitable metal can be employed in the chelate in-
cluding metals which exhibit paramagnetism, metals which are
fluorescent and metals which are radioactive. Representa-
tive paramagnetic metals include gadolinium and iron, fluo-
;escent metals include several metals of the lanthanide
Qeries such as terbium and europium; and radicactive metals
include radionuclides of bismuth, indium, yttrium and
scandium,

Metal chelation is carried out in an agqueous solution,
preferably in a dilute acid medium having a pH of about 1 to
about 7 and most preferably at a pH of from about 4 to about
6. Ambient temperatures br below (to just above freezing)

readily can be employed for the metal chelation. Any ap=

Q}ﬁropriatg metal salt, either in solid form or :in solution,

is contacted with the chelate in solution in: urder to form
the chelated metal. The amont of metal employed may b
from tracer amounts to anountgéequim01ar with the chelate.

A wide variety of metal salts may be employed including, for
ei:ample, n;traﬁet, iodides, chlorides, citrates, acetates

and the like. The choice %t an appropriate metal salt for

S ‘ . . , .
any qfven metal as well as/%he choice of a partiqularly ay-
i } ' / R ST ; B
propriate chelate for any given metal is within thn e¥/J3 &
P ¢ i _

“the Qrf. Itfﬂill be apparent that the practice .
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Véntioﬂ_permits the processing of rather small quantities of

metgl and protein to form metal chelate and metal chelate
protein cbpjuqates.vf \

“ The chelated metal is then mixed in aqueous solution
with the desired at a pH of from abaout 6 to about 11, most
preferably at a pH of grsm about 7 to about 9.5. Desirably,
the pH is adjusted with buffered solutions such as a bicar-
bonate buffered solution. Once again, the choice of an ap-

Lupropriate buffer is within the skill of the art. "The

| temperature of the solution can range from just above freez-

inq io the temperature at which the chelate becomes unstable

or the protein denatures. Often temperatures above 37°C

tend to:denature proteins.

The choice of a protein for use in the metal thelate
proteir, conjugate is not critizal. Any desirable protein
may be e-pioyed to fiora the conjﬁqate. Monoclomnal
aﬁtibodies, of course, are often chosen ag. the protein for

", the formation of metal chelate protein cohjugate both for

ii;bﬁesiiéiind”fc§ therapeutic purposes.) Other suitable

! o Pproteins 1n¢1udgﬂﬁolyclonal antibodies;yantiqens and blood

! bréiiinﬁ,generalii. Generally, chelate and protein are

0o

j?xéd in a molar ratio of greater that 1:1¥and generally

Q
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lega th@ﬁiabout.IO:l. ‘Ratios of about 2:1 to about 4:1 are
ot%en preferred.
~ When either an N-hydroxysuccinimide ester or an
1aothaocyanate is employed in the practice of this inven-
tion, no cggggyat is necessary in order to form the con-
jugate and pﬂﬁs of from about 6 to about 9.5 are desirable.

The presence of a catalyst, while not necessary, may speed

the conjugatiﬁﬂ reaction by a factor of 3 or 4 or more.

' Suitable catalysts are general base catalysts and include

triethylanmine, N,N-dimethylaninopfridine, and the like,

The metal chelate protein conjugate of this invention
may be used as such Qith appropriate pH adjustment. if
needed. Alternatively, if it is desired to purify the con-
jugate from unconjugated chelate or products of any side

reaqtions, the product may be purified. A variety of

ing coluan chronatoqraphy auch as that described in U.S.
Patent 4, 472 509. Hiqh-presaure liquid chromatography
(%PLC) can also be uaed.

LJ
dure in which radiometal chelate conjugated monoclonal
antibodies are introduced into the body and allowed to con-
centrate in the %arqet reqion. There are a wide variety of
radiolotal iootopea which torl ‘stable DTPA complexes and
emit cytotoxic beta particl‘;% Auger electrons and alpha

particles. Useful beta particle enit}gng isotopes include

é ’ ‘ ";

purification technxques known in the art may be used includ-

s, The invention conteuplatea an jn ¢¥ivo therapeutic proce-

N
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5c-46, Sc-47, Sc-48, Ga-72'andeAr731*LéYtz12 is a useful
alpha emitter. The therapeﬁfic effect occurs when the con-
jugates are near or in contéct Qith‘gnd bind to the targeted -’
cells. Cell death, it is believed, is a direct or indirect
result of the radiationIQQent of the radiometal which is
positioned in close proximity to the cell.

The benefits of thiz aspect of the invention are

v;geveral. First, the high specificity of the conjugated
{'p‘idﬁoFlonal antibody minimizes the total radiation dosage.
bﬁi;’enbugh radiation for the target cells need by emplcied.
i, In addition, radiometal chelates generally are cleared
raﬁidly from the body should the ce¢njugated antibody be dis-
ruﬁtgd. The isotope can be short-lived and the affinity
constant by which the ipotope is retained in the DTPA che-
late is very high resulfing in a stably bound setal. Final-
ly, since the amount of radiometal employed is minimized,
the radiation hazard to persons preparing the adminiétering
the radiometal chelate conjugated antibody is significantly
(_reduced.
Because of the properties of the DTPA radiometal chelate
conjugated monoclonal antibody employed by the present in-
vention, tissue damage or whole body dose during therapy are

ﬁ
2 markedly reda“gg as compared to that preuentlyjenployed
' N\

———

methods of radiation theripy auch as isotope irplants, ex-

ternal radiation therapy, <@d\\N¢ﬂnoradxatherapy employxng

iodxne-131 labeled polchon-l or<

P

y o

A

/

‘tfologus antibodies. A4d- L2
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&Etgﬁﬁally, both biological and physical half-lives of'tﬁe
fargeting radiobiological may now be controlled, mihimizing
whole bbdy‘radiation effects. Since radiation is targeted
specifically to cell types (e.g., neoplastic cells) a
therapeutic dose is delivered specifically to malignant
cells, either localized or metastasized. The ability of
radiometal chelate conjugated monoclonal antibody to provide
an effective dose of therapéufic radiation specifically to

metastasized cells is also unique and singularly‘uaeful for
~cancer therapy.

\ In another enbodigght,rfhe present invention con-
ﬁgnplates an in vivo &iagnosti¢'procedure which éomprises
introducing a metal chelate gbnjuqated monoclonal antibody
into the body, allowing‘autﬁicient time for the conjugate to P
localize and identifying tﬂ; degree qﬁd location of
localization, if any. The:}resent iﬁ#ention also con-
templates in vivo analytical procedures employing a chelate
conjugated monoclonal antibody. The coﬁjuqated antibody of
the present invention iﬂfaubs;antially free of adventitious-

Q. ly or weakly chelated metal. The chelate conjugated to the

antibody in the present invention is a défivative of s
diethylenetriaminepentaacetic acid (DTPA).

Other diagnostic and therapeutic techniquea are describ-
ed in U.S. Patent 4,454,106, which is incorporated here by |
retégence. i

) } i

&
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The/,ﬁ-oi‘fo&i""nd’ examples are tc be used for illustrative

s !
purpdses only and are not to be limited by the scope of this

invention.

i

Examglq 1

Prepération of 1-(p-isothiocyanatobenzyl)ethylene
#7777 diamingtetracetic acid.
>} Syntr;/es.is of methyl p-nitrophenylalanine hydrochloride
"<~/ 1, Dry methanol (200ml) was saturated with HCl by bubbling
| in a three-necked round bottom flask and cooled to -10°C,
. p-Nitrophenylalanine (10.0 g, 47.6 mmol) was added in one
portion and left to stir for two hours, then resaturated
Qith HCl. The reaction flask was stoppered with a drying
tube and left to stir at room temperature for 18 hours. The
solution was evaporated to near dryness on a rotary
) evaporator and the precipitated product collected in a Buch-
ner funnel. After drying under vacuum at 50°C, the yield of

i was 10.97 grams (88,3%). A TLC of the free amino ester
1

Tun in CHC1, :MeOH (4:1) revealed an R, = 0.85-0.88. H NMR
(220 MHz, D,0, pH 1.5) J 8.20 (4,2,3=10.0), 7.53
& (d4,2,J=10.0), 4.55 (t,1,J=11.0), 3.84 (s,3), 3.43 (m,2): CI-

MS 225 ((M+1)/2). .
Synthesis of p-nitrophenylalanine amide 2: A si(.lrryv of

1 (10.97 g, 42.1 mmol) in dry met@anol (5 ml) was treatl\;d

y ~with tfiethylamine (6:45 ml). After cleai\\.é\\ng, anhydrous

ether (200 ml) was added to the solution and cooled to -10°C

for one hour. Precipitated triethylamine hydrochloride was

& . 4

Ner
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removed by ?;ltratxon and the letrate concentrated to a

ez

/ llmpxd yellow oil. The\ozl was added to dry methanol (250
i
ml) prev;ously saturated Hlth NH (g) at -10°c, tzghtly stop—

pered and left at -10°C for 42 hours. The precipitated pro-

duct was collected and_dried under vacuum. The liquid fil-

trate was spotted on a TLC plate and developed with

CHC1,:MeOH (4:1) which revealed one spot at Rf=0.50, identi-

3.
cal to that of the collected precipitate. The filtrate was
'therefore stripped to dryness and the remaining SOlld 2 com-
bined with the precipitate (8.12 g, 92.3%): mp 160- 1620¢; m
NMR (220 MHz, DMSO-d), J 8.07 (d,2,3=8.¢), 7.5 (d,2,7=8.0),
7.41 (s,1), 7.00 (s,1), 3.50 (t,1,3=6.0), 3.09
(dd,1,3=€-,o.,1e.o-'),- 2,81 (dd,l,J=6’.0‘,_16._0)-CI~MS'21'0
((M+1)/2). | |
Synthesis of 1-(p-nittobenzy1)ethylenédiamine

;dih}ﬁiochloridefgf A one liter three-neck fouﬁd bottom
flask was fitted with d,rQEIUx'cdndenser, septum, argon

‘iniefland:bubble; exit, then flame dried. 2 (8.12 g, 38.9

\

-mmol)( :/Qashedﬂinto;the reaction flask with dry THF (150
ml) and cooled to -10°C. Néxt, 1 M BﬂaoTHP solution (200

_'mi) wa:_added with a syringe. The réaction solution was

| sfirred one hour at -10°C, then raised to a gentle reflux
féiéia hours, after which‘it~waa cooled to -10°C and dry

>ethanol (25 ﬁl) wan 1n3ected. The redction-was allowed to

i
warm to room temperatu;e before atrzppxng the solvent to

/7/\
near'drynqa?. Methanol (25 ml) aqa;n was added and

N

-0

!
|
3
I
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evaporated to near dryness. The residue was taken up in dry

I )
- ethanol (100 ml), saturated with HCl(g) and heated to reflux

for two hours. The reaction was then tightly stoppered and
left at 0°C for 18 hours. The precipitated product 3 (8.86
g, 85.1%) was collected and dried under vacuunm. 1H NMR (500

MHz, D,0, pH 1.0) J" 8.234 (d,2,7=8.0), 7.634 (4,2,3-8.0),

4.125. (m,1), 3.543 (dd,1,J=6.5,18.0), 3.467

(dd,1,3=6.5,18.0), 3.391 (dd,1,J3=7.0,14.0) 3,260

(dd,1,3=7.0,14.0); (500 MHz,D O, pH 11.5) and 8.046

2
(4,2,3=8.5), 7.423 (d,2,3=8.5), 3.061 (m,1), 2.926
(dd,1,3=10.0,13.5) 2.730 (dd,1,J=10.0,13.5), 2.665

(dd,1,J=16.0,13.5), 2.592 (dd,1,J=16.0,13.5); CI-MS 196

L ((M+1)/2z) .

Synthesis of l-(p-nitrobenzyl)ethylenediaminetetraacetic
acid 4: A 50 ml three-neck round bottom flask was fitted
with the addition tube from an autoburette, a glass elec-
trode, a'stirring bar and a stopperf The reaction ﬁlack was
charged with 3 (2.0 g, 7.465 nmoi) in Hzo (6 ml)‘and heated

1n a temperature controlled o;l bath to 45°C. Bromoacetic
f

aczd (4.198 3, 30.2 mmol) uas added xn four equal portzons

/

over 4 hours(whzle the react;on m;xture was maintained at pH

10.8 by the controlled dropwise addition of 7M KOH. After
the fznal addztzon, the reaction was allowed to continue for

18 hours before filtration through a medium glass frit,

‘ac:dzf;catxon with concentrated HBr to pH 1.8, and evapora-

- tion to dryness. A substantial amount of salt was removed

by
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¥ /
- with hot -100% formic acid followed by fil-

tration on a medium frit. The filtrate ués evaporated and

=

the residug.taken up in 1 M formic acid aﬁd loaded onto an
ion exchange column made up of a 2.6 x 30 cm bed of AGl x 8,
200-400 mesh, anion exchange resin, formnate form (Bié—RAd
Corp.). The column was jacketed and maintained at 40°C by a
water bath. The product was eluted from the column with a 1
M to 7 M gradient of formic acid at a fl®w rate of 2
ml/min., monitoring at 370 nm, with a 6.5 ml fraction size.
Fract%bns 155-Z06 which contained precipitated product 4
were ;ollected by ff&tration and the eluant in fractions
135;537 was combined with the filtrate and stripped to
dryness (2.234 g, 70.0%).

TLC of the product was performed in l—butanol:HZO acetic
acid (4:1:1) with an Rf=0.20 and in Methanol:10% aqueous znm-
monium acetate (1:1) with an Rf=0.80—0.83.

'H NMR (500 MHz, D0, pH 4.5) d" 8.176 (d,2,7=8.0),
7.577 (d,2,3=8.0), 3.928°(4,2,7=17.0), 3,039 (q,r,I=17.0),
3,685 (d,2,3=17.0), 3,581 (t,1,.7=12,.oj/!"\ 3,388 (m,2), 3,006
(t,1,3=10.0); (S00 MHz, D,0, pH 11.5) o 8.098 (d4,2,7=7.5),
7.398 (d,2,3=7.5, 3,40-3.00 (m,7), 2.888 (t,1,J=10.5), 2,720
(4,2,J=16.0), 2,562 (t,1,J=13,0), 2,462 (t,1,3=12.05, 2,152
(4,1,3=14.0); EI-MS - sample was prepared by reacting with
' | excess bis(trimethlysilyl)tritluoroacetamide in M

acetonitrile; m/z={M+) 715, 700, 598, 579, 425, 920.




WO 86/0638&?\\ PCT/US86/00868

- -20-

acid 5: A water-jack?ted three-necked flask (50 ml) was
charged with 10% Pd/qk(éa mg), Hzo (5 ml) and a stirring
bar. The center neckﬁﬁas attached to an atmospheric
hydrogenation apparatus, one side neck was fitted with an
injection valve, and the remaining neck firmly‘;toppered.
The assembled hydrogenation apparatus was evacuated and
flushed with hydrogen while the reaction flask was ¢ooled to
4°C. 4 (427 mg, 1 mmol) was dissolved in H,0 (10 ml) and 5
M NaOH ‘was added to bring the pH to 10.0. The solution was
injectgdwinto the reaction flask and hydrogen uptake
monito}ed. After 67.5 ml of gas had been consumed, the

. £lask was disconnected from t§§”&¥f§§ﬁa§$§ ;2§m£?Qﬁ§3§é§
filtered through a fine frit goate& witﬁkegki£=‘535. The ]
filtrate was acidified to pm*é;o, stripped to near dryness
and the residual solutioy loaded onto an ion exchange
column, 2,6 x 30 cm, charged with AGSOW x 8, 200-400 mesh,
H* form, and“glqted with 0.5'& ammonia. The fractions con-
taining prodhc%}las determ&ped by TLC, were evaporated to a
sgfid and driedfundergvgcuu; for 18 hours (390 mg, 98.0%).

the TLC of the product héd an Rf-O.lo iﬁﬁi-butanolzﬂzoz

acetic acid (4:1:1).
1

)

H NMR (500 MHz, D,0, pH 1.5) o 7.(ép (m,4), 4.109
(d,2,J=16.0), 4.020 (d,2,J=16.0), 3,768 (Jf§}§:17.5), 3,640
(d,z,a-x@.O), 3.887 (m,2), 3,193 (d,I,J-lB.O),>§$796
(d,l,Jtz%.O), one proton obscured by doublet at 3\640; (500 i
0 » 3

o "3

3

I ————— e e
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MHzZ, D,0, pH 6.0) J 7.173 (d4,2,7=7.0), 6.959 (d,2,3=7.0),
3,832 (d,2,J=16.5), 3,699 (d,2,3=16.5), 3,624 (d,2,3=16.5)
3.568 (d,2,J=16.5), 3,346 (t,1,3=9.5), 3,233 (d,l,J=14_-.0),
3,131 (d,1,7=9.5), 2,679 (t,1,J=13.0) one proton obscured by
doublet at 3.624;. (500 MHz, D,0, pH 11.5) J 7.033 | |
/_.q,.z;‘a‘=7.0), 6.805 (d,2;7=7.0), 3.40-3.00 (m,4), 3,0069
(4,2,3=16.5), 2,841 (}1,1,3513."0)'72.725 (t,1_-,J='12;0); 2.659
(d,2,7=16.5), 2,429 (t,.1,3;12;0)', 2,171 (d,l,;_r=1,3.0,.), 2.096
(t,1,3=12.0); EI-MS sample;was preparéd by reacting with ex-
céss bis (trimét::jﬁ'fyl'siiy).tri_flu'oroac'etamid'e in acetqniir‘iia;_ \
for the free amine, m/z (M') 685, 670, 579, 396; for the si-
_lated amine, m/z (M*-15) 742 468).
-Syi')'_thesié o.ff 71-(p-isothiocyana,tob’enzyl')et_f\\ylene-
/ diaminetetraacetic acid 6: The pf’»'ecursOr S (0.33 mmol) was o
,takén'ﬁp m _i(zo (10 ml) a=nd' stirred rapidly in a 10 ml round
bottom.flask' fitted with an addition funnel. The pH was ad-
justed to 8.5 w:.‘:.h sroli.d_NaH(:'-o3 ‘a_nd thiophosgene (42 mg, |
0.365 mmol) in CHCl, (10 ml) was added dropwise. Stirring
was continued until the :olutibn tested negative for amine

. by the fluorescamine method. The aqueous layer was taken to

dryness{ Purification was done by column c¢hromatography on
an  ebsorbent ifor ehrbmcil;ugm#\q, ‘ . raphy
a {\a 1x30 cm Florisil column eluted with acetonitrile:water

(30:8). Tha product eluted from the column cleanly as

determined by TLC and was stored in a dessicator in a.free-
- zer and re-purified immediately prior to use,

N
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‘The Rf of the product, determined by TLC, was 0.45 in
acetonitrile:water (30:8) ‘and 0.60 in ethanol water:acetic
acid (70:25:5). The IR spectra showed an absorption at 2100 -

en! in Nujol™ . lH NMR (500 MHz, D0, pH 5.3) J 7.273

2
(g,4,3=8.5), 3.471 (d4,1,3=17.0), 3.313 (broad singlet,b2),
3.118 (4,1 J=1470), 3.05-2.70 (m,6), 2.547 (t,1,3=13.5)
2.447 (t 1,7=13.0), 2 257 (d 1,3= 14 0).

Examgle 2 :

. Preparation of 1-(p—isothiocyanatobenz?l)diethylene‘
K J) 13 .

it

#" triaminepentaacetic acid, |
Synthesis of N-(2-ahin§ethyk)p-nitrophenyiaianine amide

7Z: In a manner 1dent1ca) to the preparaflon of . 2 1l (4.4 g,
17.9 mmol) was treated uxth trxethylamzne (2. 78 ml, 20.0
mmol) to gener;te the free amino ester. After removal of
the solventg, the ester uas.taken_up in methanol (5 ml) and
added drepwiSe_tQ ethylenediamine (35 ml) at room tempera—

ture with vigorous etirring, While TLC revealed that the
reaction was essentiaily completed in less than one hour,
.the reacfion was allowed to stirzfor 18 houfsﬁﬁ The reaction
flask was fitted with a vacuum take-off adaptor and attached
gp-e vacuum pump with a liquid nitreqen trap in line,

4 Removal of the solvent left a brownish solid which was dried

o  at 50°C under vacuum tor 6 _hours, and 24 hours at room
temperature (4 42 g; 87 5\) TLC of the product showed an

Re=0.10-0.12 in chloroform:methanol (4:1).
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'H NMR (220 MHz, D,0, ph 1.0) J 8.23 (d4,2,3<8.0), 7.54
(d,2,3=8.0), 4.36 (t,1,3=7.0), 3.62 (m,1), 3.41 (m,3), 3.12
(m,2); CI-MS 253 (M+1)/z).

Synthesis of p-nitrobenzyldiethylenetriamine-
trihydrochloride 8: 7 (5.38 g, 21.3 mmol) was reduced with 1
M BH3.THF (125 ml) in a manner identical to that employed in
the preparation of 3 (6.05 g, 82.3%).

'4 NMR (500 MHz, D,0, pH 11.5) J 3.285 (d,2,7=9.0),
7.605 (4,2,3=9.0), 4.118 (m,1), 3.68-3.57 (m,2), 3,538
(t,2,3=7.0), 3,458 (t.2,3=7.0), 3,378 (dd,1,J=9,12.5) 3,213
(dd,1,3=9, 12.5); CI-MS 239 ({M#l)/=).

Synthesis of BOC-p-nitrophenylalanine 12 (Alternative

sy&fhetic pathway to 8

for verification purposes): p-
Nitrophenylalanine (7.94 g, 37.8 mmol) was dissolved in 50%
agueous dioxane solution (60 ml) and triethylamine (0.9 ml,

S i€.7 mmnol) added. BOC-ON (10.24 g, 41.6 mmol) (Aldrich

” Xpﬁemical Co.) was added and the solution stirred for two

%ours. Ethyl acetate (100 ml) and H,0 (50 ml) were next

added-;hd the contents poured into a separatory funnel. The
agueous layer was retained and extracted twice with ethyl

.acetate (100 ml). The aqueous layer was cooled to 0°C and

‘fhv pH was adjusted to 2.0 with 3 N HCl, whereupon a

preékp;tate torned which waAS collected and dried under vacu-
urn. The filtrate was extracted with ethyl acetate twice

(100 ml), dried (quo4) and stripped *o dryness. The two

A\\\\“
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in methanol (25 ml) and again evaporated to a solid which-
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fractions proved to be identical and were combined (11.0 g,

' 94.0%). The melting point of the compound was 165°C.

1y NMR (220 MHZ, DMSO-d.)  8.036 (d,2,7=8.0), 7.29
(d,2,3=_a.i¢‘0),-s._3e'(d;1,.'1=e.0),,' 4.44 (m,1), 3.25
(dd,-l,:r_=6;13.,0), 3.05 (dd,1,3=6,13.0), 1.39 (s,9); CI-MS 311
((M+1)/2) .

Synthesis 6f 1- (p-nitrobenzyl)diethylenetriamine
trihydroghloride 8: Glycineamide, acetate salt (432 mg, 3.23
mmol) was dissolved in ethyl acetate (50 ml) and cooled to
0°C. Triethylamine (326 mg, 3.23 mmol) 12 (1.0 g, 3.23
mmol) and 1-hydroxybenzotriazole (383 mg, 2.84 mmol) were
added in succession. Dicyclohexylcarbodiimide (731 mg, 3.55

mmol) in ethyl acetate (5 ml) was then added. Yhe flask was

‘stoppered with a drying tube,.allowed to.come:to'robm

temperature, and stirred for 48 hours. Thfee drops of
acetic acid were then added and, after 10 hinutes, thé reac-
tion nixturerwas filteréd.' Thé:tiitrate was retained and
washed three times with.O;S.N HCI (50 ml), then with
saturated NaCl (50 ml), three times with 5% NaHCO, (50 m1)
and again with saturated ﬁaCl (50 ml). The wet organic
phase was dried (MqSOQ) and evaporated to a solid which was
dried ﬁnder vacuum for le'hgurs; CI-MS 367 ((M+1)/z). The
product 13 (765 mg, 2.09 mmol) was deprotected by stirring
for Q_hours:iﬁ dioxﬁne (40 ml) to which was added 3 N HCl

(65 ml). The solution was evaporated to dryness, taken up

L.
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was dried ;ﬁder vacuum for 18 hours; CI-MS 267 ((M+l)/z) to
form 14 (1.0 g, 3.7 mmol) which was reduced by 1 M BH3-THF
(15 ml) in a manner identical to the preparation of 3. The
isolated solid (897 mg, 3.077 mmol) was identical in all
respects to that from the reduction of 7.

Synthesis of l1-(p-nitrobenzyl)diethylenetriamine-
pentaacetic acid 3, the correspondirg amine 10, the cor-
responding thiocyanate 1l1: These compounds were synthesized
by methods analogous to those for compounds 4, 5 and 6 and
similarly characterized by nmr and mass spectroscopy.
Exannle 3

111

An aqueous solution ot 5 millicuries of - InCLy in 0.1

3
ml of 0.2 molar HCl was neutralized to pH 4.5 with a 3.0
molar solution of sodium acetate, To this was zdded the
isothiocyanate chelate of Example 1 in an amount equal to 3
times the molar equivalent of the protein to be labeled.
This procedure quantitatively complexed the indium as
demonstrated by siiica gel plate chromatography with elution
in 50:50 solution of methanol:10% agueous ammonium acetate,
Example 4

The proéedure of Example 3 was repeated with the

isothiocyanate chelate of Example 2. Quantitative comple.;a-

tion was again demonstrated,

" Example 5 , = ;
prokein bhek 5 @ ( S

AAmanocldnal antibody&specitic for colorectal carcinoma

was(}abgied by using the’isothiocygpate chelate of Example

AN ¥
~ . ]
% nd .
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4;ﬁ The ant1b0uy was suspended in an aqueous 0.1 M bicar-
bonate b;ffered ormal saline aoiut;on having a pH of 8.5,
The 0 iml solut;on ronta;ned 0.5 mg of antzbody. That
solution was added to the ;ndxum chelate solut;ons of Exam-
plg g, : B .'

A 3.0 M solut;on cf triethylamine hydrochlor;de was
prepared at pH 8.5. AN volume of this solutzon equzvalent to
a 2000:1 mola® ratio of triethylamine t;\prote;n was added
as a cat(i;ét.and buffer. Final pH adjustment tc pH 8.5 was

accompiiﬁhed with a saturated solution of sodium carbonate.

The mixture was gently stirred at ambient temperatuires for

akout. 1 hour.

' i N
!!The proteiﬁ was purified by high pressuye liquid.
e I :
chromatodraphy on a 30 cm x 7 mol TSK 3000 column (Beckman ,

Instruments}, with elut;cn by phosphate buffeied saline
,;

(PBS) at a flow rate of 1.0 ml per minute. This technique
3eparated the protein from unconjugated metal and metal che-
la e. ’

Assay of the prmtezn znd;cated an eighty percent

recove{y of proteln 'labeled to about A microcuries per mi- /
g i : i ' /

AEA
crogranm. &

“ The purified la. nled~protezn,was assayed and shown to
(s

- retain aubstantzally all of 1ts b;ologl sl act;v~ty and ﬁ'.

/
specztzc;ty by competxtave plate b; 4ing assay. The
/ \
stability of the metal chelate/protein conjugate was tested

by dialysis against one liter of. a SOﬁmM sodiumﬂcitrate,
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| 0.15 M salt solution, 0.1 M bicarbonate buffer at pH 7.2 for

seven dayé. Essentially no radioactiVity was detected in
the dialysate. 1

Example 6 ?  1

| “The procedure 6f Example 5 was rereated with the chelate
of‘Examé}éza., The labeled protein retéined substantially

all of its biological activity and specificity but some in-

.dium was slowly leaked upon 7-day dialysis which

- demonstrates that ZDTA is not an ideal chelate for a metal

as large as indium.

When the chelate is:firaﬁ conjugated with the éntibody‘
and the metal is subsequently added as in the prior art, the
product even after pﬁrificationfcontainé af least a few per-

cent of dialyzable dr labile indium. The results obtained

by the practice of this invention are invariably improved

over comparable cheiateS'prgpated by the priOr art methods.
- Since variations of this inventionrwill be apparent to
those skilled in the art it is intended that this invention

'be.limited_only by:thg aéope of the appended claims.

3
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'THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

Y
3

\k - .
1., A method of forming a stable metal chelate protein

coﬁipgate, which comprises:

Kgontacting a metal in the absence of protein with a
bifunctional chelating agent having as a portion of its
molecular structure a functional group attached to a
carbon atom of the chelate backbone and which is stable
in a dilute aqueous solution at a pH for metal chelation
in the range of 1 to 7 and which reacts_directly'with'
amino acid residues of a protein to form a stable
covalent linkage at a conjugating pH in the range of 6 to
11; : | o :

admixing said metal chelate with a protein in an
aquedus solution having a pH of 6 to 11 to form a stable
chelate protein conjugate; '

:whérein the chelated metal is stable in vivo for an
'~ extended time périod relative to the natural clearance
half life of the chelating agent without the functional
group. e

2. The method of claim 1 wherein the metal is a
radionuclide or a fluorescent metal.

3. The method of claim 2 wherein the radionuclide is
- carrier-free (no carrier added) or not carrier-free
(carrier added).

4. The method of claim 2 or claim 3 wherein the
radionuclidé is selected from the group of bismuth,
indium, yttrium and scandium. '

5. The method of claim 1 wherein the metal exhibits
paramagnetism. -

6. The method of claim 5 wherein the metal is
gadolinium, iron or a lanthanide series metal.

900209, 28
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7. The method of any preceding claim wherein the
conjugated protein is an antibody or a blood protein.

8. The methad of claim 7 wherein the antibody is a
monoclonal or a polyclonal antibody.

9. The method of any preceding claim wherein the
functional group of the chelating agent is an
isothiocyanate or an N-hydroxysuccinamide group.

10. A method according to any preceding claim wherein
the bifunctional metal chelating agent is a
diethylenetriaminopentaacetic acid substituted on the
carbon backrone with a nitrd substituted alkyl or a nitro
substituted arylalkyl side chain.

11. A method according to claim 10 wherein the alkyl or
arylalkyl side chain has 1 to 15 carbon atoms in one or

eses’ more branched or straight alkyl chains.

':i:' 12. A method according to claim 10 or 11 wherein said

s, side chain is a phenylethylene group.

gy |

el ot 13. A method according to any one of claims 1 to 8
wherein said chelate is‘J—(p—nitrobenzyl)diethylene—
triaminopentaacetic acidaor 1-(p-isothiocyanato-

:::?’ benzyligdiethyleﬁgtriaminopentaacetic acid. ‘; (

§ “es® o 14. A methgﬁ*of forming a stable metal chelate protein

I con;d@ate substantially as hereinbefore described with

o rgférence to the Examples.
,;7

LN , //45. A metal chelate prdtein conjugate formed by the

°.* \  method of any preceding claim.

.
[J
.
.o ),
[ N
[}

e ; .
“ 7" 16. An in vivo diagnostic methcd comprising introducing
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/»‘-‘? % :
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into contact with a body fluid, a metal chelate protein
conjugate according to claim 15 wherein the protein is a
monoclonal antibody, and quantifying the specifically
bound portion of said conjugate, said metal being
selected from the group consisting of fluorescent metals,
paramagnetic metals, gamma emitting metals, positron
emitting metals and beta emitting metals, at least 94% of
said metal being bound by said chelate, and said
conjugate having at least 80% of the biological activity !
and specificity of the antibody. j

17. A riethod of treating cellular disorders comprising
introducing into contact with a body fluid, a metal
chelate protein conjugate according to claim 15 wherein
the protein is a monoclonal antibody and wherein said
metal is selected from the group consisting of beta
emitting radiometals and Auger emitting radiometals at
least 94% of said radiometal being bound by said chelate,
and said conjugate having at least 80% of the biological
activity and specificity of the antibody.

DATED this 9th day of February 1990. |
OTTO A. GANSOW

B§~His Patent Attorneys
DAVIES & COLLISON

J
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