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METHOD FOR AH'rXBODY.TA'RGETDIG OP DIAGNOSTIC 
OR.·. TJiERAPGTXC AGENTS 

·Bac;Js;rmmd Of The Inyention 

The ·present invention · relates to a method ·for 
5 . enhancing the targeting capability Of an ·antibody usin9 an 

antibody-enzyme co~ju9ate and · a ·separate soluble 
sW>strate-aqent conjuqate, Wherein the . tarqeted enzyme 

. catalyzes the c:onversian of . a ·solUbla substrata, bearing 

at least . one· therapeutic or·-d.iaC)nostic agent, to a p~cduct 

. '" 10 c:o~prisinq the atJ~nt, .viii=.· ac~lates at the tarqet site' 
for eftacti ve trea~4iirit· · •cir diagnosis. · . Tile tore;oing 

method is useful -tor t~"etinCJ any :type o·f agent to a site 
1'. I . , . 

_to which an antibody can e•lactively bind, includinq use 

for · imaqinq t\1110rs, ; infectious lesions, f il>rin clots, 

l.S -yocardial infarctiorls, ·. non-cancerous cells-, dama9ed. 
..;. • I ; , 

normal cells, atherosclerotic plaque, lymphocyte 
autcreactive clones, -~ f_or therapy. , 

It is well known that antibodies or anti.body 

fragments can be conj~ated to rCJ.dioisotopes, drugs or 
. ,1 , • I 

toxins to target the ' diagnostic or,. 1;.herapautic: principle 
. . ·~ . ·. 1- : .. ::• ; : 

to the tumor or lesion site.· ,!A ·major. obstacle to usinq 
. . : ' l' . • ; . • ' ! . • : '· ~ • ! . 

'such methods has ·baen ·11 the: ·diitficuity of loading the 
. - . '. . . . . ,. , I : . ;_ !•' }; • ; . .. . ·. . ~- . 

·antibody. With a SUffi-~ili\rit UlOUztt:·.~f 't;he therapeutic or 

diaqnostic a9ant. 'I 1.l/." -~e:r: c~plic~ti~n is that 

20 

25 overloading the ant11'0Ciy· .. V.ith . a ther"pautic or diagnostic 
__ . _____ _: _ _:_________ ·. ·. i;<{:,:.i '.· "': . i. : . 

j .. 
·;· .. ·. 'i: 
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agent may cause the :_bQdy to reject and destroy the 
· antibody·. ~onjuqata •. · · · · .. l : ·' . 1 

. canjuqation of· ,~toto~ic 'clruqs to . antibodies to 
.... · aehieve a . -tarqetad . th&rapeutic result is well known. !'or 

5·. example, it is·. knO¥n that· .11athotrexate (HTX) can . be 

:conjugated to . ant.ibad1.es .and soiae selective cyt:.otoxicity 
has been obsal:'V'ed.. · l:.t is desirable ta enhance the 
cytotoxicity o~ ~ueb c:~nju9at~s by i~creasinq the loa4inq 
of the cytotoxic drug.. However, multiple conjugation of 

10 individual drUg molecu.les to . an antibody · eventually 
reduces its iJDJllunorea¢tivity, the effect being observed 
when more than about ten'druq molecules are loaded. 

Xt has al.so been prr:>poa~.d.that t".he druq be conjuqated 
ta .a po1ymeric carrier, which in turn may be conjuqated. to 

15 an antibody. This has the advantage that larger numbers 
. of .drug molec~les can ~:, carriad. .. to .. the target site. Uae 

of polylysine as a polymer carrier was reported by Ryaer 
et al., Proc. ·xau. It.Cad. sci. USA, 75:3867-3870, 19'78. 
These authors found that only about 13 HTX per carrier 

· 20 could. be loaded· and hmunoreac:tivity was poor. In 
addition, the bigh amine· content cf the polymer, larqaly 
in the form of charged . ·ammoni1im groups, caused the 
conjugate ·to sti~k ·to .normal .cells and vitiated the 

. i· .• ";;. . ' • 
selectivity of. the cytQ't;p:X.;c ;effec~. ·; j 
. . . -·. : I: .. :·; __ ; . .t • . 

25 Rowland, u.s_. Pi!-t!_ntt 4,~46,72·~, discloses an antibody 
canjuqate wherein a ~lura!J.ity of molecules of a cytotoxic 
aqent are. . coval.ent,ly~ -b~und to : ·a polymer ~rier of 

. . I . . , 

-:molecular weight. s,ooo-soo,ooo, and the loaded carrier is 
·· coval.ently bound to j an ·antibody . by randma attachment to 

! . 

:· 30 ·· · pendant, am.in• ·or car'3oxyl 41roups •. Ghose et ·al., J. Natl. 
can~er_ · Inst.··, 61;657-676.·, 1978, disclos~s · other 

antibody~linkad cytc>t~xic · ;. a9ents useful for cancer 

-. therapy. • _Shih et. ~1·~, ,u.s •. Patent 4,699, 784 discloses 
site spec.itic attachll•nt, ;: :of ·ca 11ethot:rexate-loaded 

. . . .. . ... :. . ··,_, -.·, '·'' ; ~-.; '.· . 

. 3.5 .· . am.inodextran to. ·an utll,,Qicly ~:, · f : ... 
:- . .· . . . .· :.· ·. '.· ' '· . 1, .·. l' 

. Tarqated ne~tr0n1aC;tlva:t;.aQ radiotherapy is described, 
• , . • .. ,.. I -1. • .( ;:·; : .I, . ."j ~ '. • ' 

a.q., ·in Goldenberq ~'t ·g:a1.:, ._Proc,.' Nat~. A.cad. Sci. USA, 
! ' .. 1 ·.! 

I .' ,-, 
·. ' I ·'.i -~ i • I 
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81:550 (1984); . Hawthorne et al. I J. Med. Chem., 15:449 . 

. ( 197 2.) : . and i·n · GoldenbeZ'(), U.S. Patents · 4, 332, 64 7, 

4,348,376, 4,361,544, 4.,468,457, 4,444,744, 4,460,459, and 
. . . . 

4,460,561,. and . ~ related.. pand.iliq applications . u.s. 
5 Serial. Nos. 609,607 (filed 5-14-84) ·and 633,999 (filed 

7-24-84), the disclo•ure• of all of vhiehare incorporated 
herein in their entireties hy reference. 

The ·aforementioned ra~erences disclosa, inter AJJ.a, 
methods of incorporatincJ Boron-10-containinq addends into 

10 antibody conjugates using, e. q. , couplinq of a carborane 
(e.g., linked to a phenyldiuoniwa ion) to an antibody, 
which ~re suitable for incorporation of _a relatively low 
number of Boron...;10 atoms. Typically, between 10 and 120 

B-l.O atoms have . been attached ta IgG before the 

15 

20 

25 

30 

35 

immunoreac::tivity. ~.yield ·o~ recovered. product become 
unacceptably· low, · usin9 .. . . thf! ... ·· carborane-phenyldiazoniua 

conjugation . procedure. It · is dasiraa1a to ba al>le. to 

target a laqe ll\lllber af. 9•10 atoms to a tumor site for 
effective therapy. 

A . need therefore continues to exist for a method of 

antibody targeting where it is possible to deposit a 

sufficient amount of a therapeutic o;,; diagnostic -~9ent at 
a target site, without. ·ove~lcadinq the ·targeting antibody 

! : . 

with the agent and thereby· losing immunareactivity and/or 
inducing an inmunag_enie ra~ponse. 
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diagnostic aqents at a tarqet site without a need ~or hiqh 
·loading of the ~tibady •. 

Yet another ohj ect · of the present invention is to 
. . I • 

provide a method of targetinq a suff ician~ly larqe number 
5 o.f ~oron atoJlu!. ta _ a · tarqet si ta ta function as an 

. af1:icient therapeutic·· agent fol:' themal neutron activated 
radiotherapy of tumors and pa~ological la•ions, without 
having to l.oa~ .the boron atoaa onto an antU,ody. 

other abjects of tbe present invention will .become 
10. more readily apparent to those of _ordinary skill in the 

art.in light of tbe following discussion • 

. sugarv of the Inyention 

These and other objects at the invention are achieved 
by providinq a matbad for tar;etinq a diaqnostic and/or 

15 therapeutic: aqent to a ta1"9et site, which cO.prises the 

steps of: ., 
: I 

(a) ·injecting a mmill&l p~renterally with an effective 
amount for . ·targetinCJ and enzyme · activity of an 

.. . . . 

·· antibo.ciy-enzyae; · conjW1ate, the antibody being reactive 
20 vith at least one antigen present . at the· tarqet site: and 

. . 

· (b) after a sUfficient .perio~ of ti.Jae for the 
antibody-enzyme ccmjucjata to looalize a~ the tarqet site 
and_subst~t).ally c;lear tram the circulatory system of the 
mammal, injectinq tha.,,·mammal parantarally with an 

25 · effecti,.ve amount for. deposition at the tarqet site of a 
· solUhle subStrate-a9ent · conjugate Which is capable of 
transformation by the enzyme to to~ a product com.prising 
the aqent, . Wllich acewmlates at the target site for 

effective treatment a.n~/or diagnosis, the sUbstrate-agent 
JO conjuqate comprising a substrate for the enzyme, 

conjuqated ta at lea•t one diaqnostic or tharapautic 
a9ent, 

, . 
wherein neither . the enzyme n~r an enzyme having 

similar activity with respect to· the subatrata-agant 
. . 

35 conjuqata ~· ~OCJ•noua to the.~ammal at a non-target site 
al,ong . the· route of·· adainistJ:ation or biodiatribution of 

l 
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the· . substrata-aqant .· conjuqata in an ·amount vbich 
. .. . '. . . 

· in~erferea with:targetin9 ~·accretion o~ said. agent. 
·The invention also provides · reagents, sterile 

injectible preparations' and kits for use in practicing the 
roragoinq mathod~ · 

petailed Discussign 
The prior art discloses the attachlllent o~ therapeutic 

or diacpaostic agents · directly to an antibody, or to a 
carrier attached. · to an · antibody. some of the problems 

10 associated. with conjuqatinq an aqent to the antibody 
include cross-link~nq, .loss of iamunoreactivity, 
1Dunogenici ty, · insu~ficient loading o~ tbe a9ent on the 

- aa,tibody and inadequate daposition o~ the agent at the 
. . . . . .. . . 

.. target · site •. · The present . invention overcomes tbese 
is problems by· using .. an" antibody-enzyme conjugate . and a 

.. 

aepaz-ate a~atrat.e-a9ant . conjugate, vbich enables tba 
antibody t.o taxvat .the·. sit•· without having to load the 

diagnostic.a~ therapeutic agent.onto the antiJ)ady. 
.. The method for tar9atin9 a dia9nastic or therapeutic 

. . . . . 

20 . agent . to · a ta~•t. site, according ·to. the present 
:. invention, can be ac~lishad by first inj•ctinCJ a mammal 
parenterally with .'M ;effective_ amount for tarCJetin9 and. 

• • ' • • • I 

enzyme·. activity . at i an . antibody-enzyme conjWJate and 

waiting a sufficient ,:aia~unt. ~f time ,for the canju9ate ta 
; ' ... ·I • 

25 localize at the tarqat·site and ·substantially clear from 
· the circulatory ·:aY,litel& . of the m••mal. The next step of 
the method is inj.eC:tinq the 1DUU1al; parenterally with an 

. . ~ . 

·effective amount for ;~&position at. the tarqet site of a 
. ' 

soluble substrate~a9ent conjuqate capable ~f 
I . 

30 . transfa~ation by "the· en.zyme .. tp a product comprisinCJ t.he 

a9ent., vbich ·accumulates· at ~·;target site for erractive 
treatmant ~· diagnos~s. Th•. aUbatrata-·agent conjuvate is 

. a substrate far ·~~ en8J118·, · ·conjuqatac:l to at ·least ane 
. diagn0stic or therapeutic ·agent. 

's · · The · al$tibady: ·. 'icoaponsnt ot . the antibody-enzyme 
. . .. I .'. : •. . .- . . . . 

conjugate is ~ t:aZ'g'~t:.J.nq poR1on, ancl serves to bind the 
::, 
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·- ~nj~ate selectively to at least one antiqen present at 

the ·target si~e. -·The. enzY.e .component of the canjuqate is 

thU.:abY , .iocaliz.ed a~> . -the tar9et site. once· the 
. . 

. non-tarqatad. conjuga~ substantially clears . from the 

5 _bloodstream, the· substrate-•qent conjuqate ia injected. 

It _should not encounter more tha~ a negli~ible amount of 

the antibody-enzyme _ conjugate or similarly actinq 

.endoqanous enzyme anroute 'to the target aite •. 

. However, 'when the .substrate-agent conjugate reaches 

10 tbe target _site, it will be transfo:cmed by the enzyae into 

a product comprising the diaqnostic er therapeutic agent. 

The enzyme can transform many molecules or subunits of -

substrat~-agent conjugate to liberate many :molec:ules of 

product in a fora which will accrete at the tarcJet site 

15 due to favoraole partitt~n betweari the fluid ba'thin~ the 
. ! 

. 

target site and tbe ti!;s~e--· or other anti9en-containing 

medim at the. site .ita~lf.':; _.·Thus, the enzyme amplifies the 

-targetin9 capab~lit.y l~f- .. ~~ ~ntibady without· the need to 

. CODjQgate th& ilg8ftt tO the . t&qetiDg' antibody f and the 

. r . 

: 20 agent acc:umula~ at the ' target sit~ and can effect its 

diagnostic or therapeutic act.ion there. 

Unless otherwise nated, use of the te:cm •antibody~ 

herein wi11· be understood- to include antibody traC)llents 

and thus to be _equivaleJ'.'t to the term 0 ant1Dody/fragment" 
' • • 

I ' • 

25 whi~h is used -interchangeab1y :t.b.eref o_r in tllis 

. • ·• . -·. :·· .. i. . . : I : 

discussion.·· Antih0d.i4'.!; ·c~n be whole im1mmgqlabulin of any 

class, e.g.,. IcJc;, i9xi,. ;·!9~, :IgD~-' Ig,, or hybrid antibodies 
. . 1-.· . .. . . '. . . 

with dual or multiple ,_antigen IQr epii:ope specificities, or 

fragments, e.q., P.(8b 1 1) 2 ~ , !'(abl2, · Fab', Fab and the like, 
. . . . . . . -, ... I, .. ; . .. . . 

~o · .incl\lding-_byorid ··~ra;men~·. ! 

. AntiboQies ·includ& antiserum preparations, preferably . 

-~affinity-. puririad,:)1a~ing a high imaunoreactivity, a.q., 

a binding constant· of ·at·· least ·about ·107 l/mole, 

prefera~ly at· least about 109_ 'l/mol~, a high 

__ immmiospeci:ticity, -•'~·9., at le~st about 40t, prafaral>ly at 

least ·about -6~'' mo~ pre~ei;'•~ly · abau-t; ·70.;.954, and a· low 
. . · ; ··; I !.· ' .. I · . ·j •-' (, .. •·• l· .. •. . 

c=oss~reactivi'f:y· vii:h .. otharf):t;~saue :intiqens, e.9., not 

· . it· .;rY~ 11t · : iv"·( · j . : , ' · 
- . "l1 I !: . . . , , . ' ; . 

,
J ; • .- :~.· ... I : - • ! ; .. . ,. 
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·.more than about Jot,· preferably not more than aboU.t ··.15% 
and more pre:farably not·· more t:han about St. The antiserum 

can be affinity purified-by conventional procedures, a.9~, 
~Y. · binding anti9an ·to a chromatographic column packing, 

5 e.q., sephadex, · .pass.:i.nq the antiserma throuqh the· ~olmm, 
thereby retaining _specific antibodies and. separating out 

i other i:mmuncqlcbulins and contaminants, and then 
recovering puritied ·. antibodies by elution ·with a 
·cbaotropic aqent, optionally fo1lowad by rurther 

10 purific•tion. 
Monoclonal antil>adies are also suitabl.e tor use in 

the present metnod, and are preferred because o:f their 
high spacificiti••· They are readily prepared. by what are 
now considered conventional procedures of iJIJllunization or 

· 15 . umnals with an iaunogentc· antiqen preparation, fUaion o~ 
i1111una lymph or spleen cells with an immortal myeloma cell 
line, and isolation .. c.f .,specific, hybridmla .clones. Mora 
unconventional method•· , .. af ;.:.pl:apariflq ·.monoclonal antibodies 

are not excluded, such as interspecies fusions and genetic 
20 enginaerinq manipulations of hypervariable regions, ·since 

it is primarily· the antigen specificity of the antibodies 

ttiat affects their utility in the.present method. 
Antibody fraqmants, . "c:an be made by pepsin or papain 

~i9estion of whole'. immunoglobulins by conventional 
·2!5.. method& suCh as tbosei disclosed, inter ·1~a, . in u.s. 

30 

35 

Patent 4,331,647. 
The -tarvet sites .. can ·.ma, . but are not limited to, 

cancers, infectious ·imd -pansitic lesions, fibrin clots, 
·. myocardia1 infarction~,, ... athe:rosclerotic . plaque,·'· damaged 

. - .• ·:· · 1 ·;. . .. 

normal ~alls, n_1-~~cancera.us ! <:ells_ _and lYJlphoc:yte 
autoreact1ve -clones D •. · .. ·.,. • · · 

Many .· . antibodie;~ .:·and anti))ody frapents which 

spacificallY bind ma~kttrs pr~ucad by· or associated ~ith 
tumor& or infe~tioua lesions,.·. including viral, bacterial, 
funqal.and·parasiti~ lnfect~ons, ·a.n~ anti;.:is anc:i·proclucts 
associated with··~ microorv•nisms have been disclosed, 
intez: alia, in Hansen et al.·, U.S •. Patent 3,927, 193 and 

.. 
'' ; ~- ~ ; . : -· . . j 
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Gol.danberq u.s. Pat-firs· 4,.lJl,647, 4341,376·, 4,36l.,S44, 

4 1 468,457, 4,444,744~ 4,460,459 and 4,460,561, and in 
rel.ated pending· applications u.s. se:r. Bos. 609 1 607 and 

633,999, the di.clas'lir.S of all of which are incorporated 
5 · in ·their entireties here~n by reference. 

. . ! 

· Anti-fibrin .ant.ibodiel!. are well known in the art.· 
Antibodies that target myocardial infarctions are 

·-.--· ·disci.oaed in, e.9., · Haber, u.s. Patent. 4.,036,945, the 
, .. _ .i disclosure o~ which ia· incoJ:porated in its entirety herein 

.10 ~ by reference. Antibodies that target normal tissues or 

·1 orqans are disclosed in, e.g., u.s. Patent Ho. 4,735,210, 
. · the disclosure of which is incorporated in i ta entirety 

· herein by re~erence. Anti-fibrin -antibodies are wall 
known in the art, as are antibodies that bind ta 

15 atberosclerotic plaqu-e. and . _ta lymphocyte autoreactive 

clones. 
In general,- antibodie~ can us\ially be raised to any 

antigen, wsin9 the ~y conv~ntional teebniques now wall 
Jcnown in the art. Ally targetiz,19 antibody to an antigen 

. I· ' . 

20 which is found in sufficient .concentration at a site in 
the body o:f a 'lliUDlDal whi~h is of-di&CJJlostic or therapeutic 
interest can be used ta ina1cta tha antibody-enzyme conjuqate. 

i foruse in the mathad:of the invention • 
. · t It shou1d cliso be: noted that. a bispacifiC antibody/ 

25 . · fragment ·can be U.ed -izt! th11 present ~ethod, with ·at least 

one bindinq site .'specific to an antiqen at a tarvat site 
aNt at·least one other bin~ing aite sl;ecific to the enzyme 

. 1 . . 

component of the ·antib~y~enzyma conjugate. such an 
. ,. ' . ~ ; ' 1 . 

t · antibody can bind th~ .an~Y. prior ta injection, thereby 
30 1 obviating the naad. ta. _c;:ovalant:ly. conjuqate th• enzyme to 

i . .-.: I . 

the antibody~ . or it ~an ·ba injected and localized at the 
tarqet site and, after non-targeted antibody has 

! . 

sabstantially cl.eared ·' from the circulatory systa of the 
. ~ . . . 

umnal, enzyme can be 'injected in an amount and by a ~oute 
35 .. which enabies a·suf~ic:ient·aaount of:the enzyme to·reac:h 

the l~alizll;d • antibody . and bind to .it to form the 

.. antibody-enzyme conju9ata iD aia· 
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Bisi>ecific antibodies· can be made by • variety of 

conventional. · :mathocls, . a. g. , ' disulfide cleavage and 
. ·. . . . . . ! . . 
· · refon1ation of mixturala - o~ . whole ZgG or, pre~arably, 

F(ab') 2 ·-i:rapenta, fuaio~s of more than ona clone to form 
5 pol.yo:maa that produca·iJlllUnoqlobulins having aore than one 

specificity, and by gCtetic ~qineerinq. The bispecific 
antibodies can bind tel! one or more epitopes on the enzyme 

. ; 

but should not bind to ~ site that interferes with enzyme 
activity. 

10 'l'ha enzyme used. ·iri the prest1nt invention must be 

capable of transforming_ a substantially solUble 
substrate-aqent conjugate to form a product comprisinq a 
diagnostic and/or· therapeutic aqent, -whidl accuaulates at 
the target· site. Heither the enzyme nor an enzyme with 

is simJ.1ar substrate ·spec.1:1city Sho\ll.4 'be endogenous to tile 

mammal alonq the route of ·ad•1nistration· or 
biodistribution ._ of the · substrate-a9ent · conju9ate. 
Otherwi~e, the-•gent will· be re1eased at·sites other than 
the target site, which _w;ually. thougb not always, vill 

20 intartere with or compromise the effic:ac:y of the 
diagnostic or therape~ti~ effect of.the a9ent •. 

. ',. :' . . .. 

... 25 

JO· 

35 

In principle, the enzyme can be any type of enzyme 
I 

that can· be bcmid ta an .. antibody and can transform a 
sub&trate-a9ent .. con:iu9aia .. to --.-·pJ:Dd.uct,':. aubje~t. to the 

• • ' ;." I . • • 

ab.eve-mentioned ·_ cav ia.ts ~: . _ P~ot~ases, qlycosidasaa, 

esterases Mei the ~ik~. ·ara al.l qaneral · types of enzyaes 

that can . be used _ in -the invention under the · . proper 

cirCUJDStances. Mora' sp.cif'i~ examples of suit.able enzymes 
include, out -are not limited· to, qlucw:onidase, bet.a-

I • 

_ glucosidase, bata-~:a~am~sea" ~llulase, dextranase, 
fructase, amin0pep.;.;.· tidasa and. lysozyma ... 

, . '·.·' -;:: . · .. · .'... . . 

'?be eqz~a .·is . Hl99"J:~d -~s -a· function . of the -type of 
·aubstrata-a9ent co~j~gatf!~ ch~~en. For··exaaple,· the chaice 

' C--·1-: ··· '· · f.. . · · · 

ot de:Xtran as_ a ·~~f~~e;;. ~~1&1j;~_e. ~upl~ with the use of 
dextranase aa the ~Ym~~. -~t-similatly., c•ll~ase Would b~ 

' . . {If . . :. ! . 

used with a cellul~s~ ~ubstrate. · A glu~ranida as the 
• ~. ·'. ••• 

4 

• : :· _. :· !1; l 
I ~. . ~ ~ 
. :.,-.' •'. 

·. . ~ . 

- . 
. '·:: .. · ... 

...... 
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su~strate-a.9ent · conjuq~ta would ba coupled with 

gl~niclase as the· enzyme, and tba like. 
Apart. from the · J.D ai:t1l method of f.onainq the· 

antibody-enzyae c.onjuqata ~ it is . ad.vantaqeous to 

5 ~alentl.y · · bind .th• enzyme to the antil>Ody, directly or 
throuCJh a· short: .or long linlcar moiety, through one or JllOra 

'func1;iona~·.9roupa on· the antibody and/or tha enzyme, e.g., 

amine, caroox- yl, pbenyl, t:hiol or hydroxyl groups. 

Various conventional linkers can .be used, e.g., 

·10 d1siocyanatas, aiisothiocyanatea, bis(bydroxysuccinimide) 

esters, carbodiimides, aaleimida-hydroxysuccinimide 

esters, ql.utaraldehyde and the like. 
A si11ple, method .ts to mix th• antibody with the 

enzyme in· the . ·presence of glutaraldehyda to form the 

.15 antibody-enzyme corajugate. The initial Schiff base 

linkages can be stabilized~ e.q., by borobydricle 
reduction ~o secondary aainas. This method is 

conventionally used .. to prepare, e.g., peroxidase-antibody 

conjugates tor .iamunohistoche•ical uses or tor 

20 immunoasaays. A diisothiocyanate or.a c:arbodiimide .can be 

. used in .place of glu.taral~yde.· 

.30 

35 

·Mora selective. linlcaga.' can .b•. ·achieved by using a­
heterobifu~c:tional li.nk.ei: such as a mal.eimide-

. hydroxysuccinimide ester.. :Reaction of the latter witb an 

enzyme, wi;i.; de.rivati~e Dine :qroups on .the enzyme, and the 
derivative ca~ then·"be reacted with, e.g., an antibody 

Fab fragment with free sUl.tbydryl qroups (or a larqer 

fra9J1ent or intact .hmlunoglobulin with sulfhydryl groups 

appended thereto by., •• ~9., Tr8ut•s Reagent). 
It is advantaCJae>us to link the enzyme to a site on 

the antibody remot:e. ; fr.cm th~ ~ti gen binding site. This 

can be aocompl i~~ed by, . . • • q. • linkage to cl.eaved 

intarchain ·. ~v.lfhy~l groups, as . noted ab~e. Another 
: ., .. , . .. . 

-~ involves reat:t~f ·~ antibody whose carbohydrate 
. . ; .. · ·. ·.' Ii' •.'. 

portion has ·bean, ~i~Ul•ed· ·:with an .enzyme which has at 
. . ..... '. ' .. . . ..· .. .:' '.-f .: i .: . . ·, '.:• ..... ;i. • . . . . . . .' ~ . . . . . . . 

least: one free·. atl:i~f{f~~;tfan•. This ·results in an initial 
·schi~f base (~mine) · lin~a9e, · which is pra:ferably 

. . ,. , 
I • ;; 

.· -
.. '·; 
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stabilized by reduction to a secondary aaine., e.9 .• , by 

borohydrid•· reduction,:·~~- tom. th• f.inal conju9ate. 
Because. oi···the; ·siae ·of the conjugate, it will 

. I . . 

.. ·· . na.Dl&lly be . preferably ~o link one anti.body to one . enzyme 
. . . .. . ;: ' 

5 JllOlec:ule. However, .it· :may : be advantageous to bind a 

plurality· ot antibody· t:i:apents, e.9., Fab or . F(ab') 2 
fragments, . to a _sin9le· enzyme to increase its bind.inq 

affinity or •f~iciency to th• ·antigen tar9et. 
Alternatively, if tb• enzyme is not too bulky, it may be 

10 useful to link a plurality of enzyme molecules to a sinqle 

antibody or antibody fragment to increase the turne>Ver 
I 

.1s 

number of the conjuqate and enhance the rate of deposition 

of the diagnostic or therape\ltic a9ent at the tarqet site. 
. I . 

Conjuc;atea of more than one enzyme and antibody can also 

l>e ~ed, provided tbey can reach the target site and they 
do not clear too . fast.~. Mixtures of different sized 

conjugates, or conjugates that contain a9;re9ates can be 
used, again with the sau.caveats just :.noted • 

The antibody-enzyme conj'llg'ata can be further labeled 

20 . with, or conjugated ox; adapted for conjuqation to, a 

radioisotope or :aia9netid resonance image enhancing agent, 

to monitor its clearance from the circulatory system of 

the mmmial and mak9 ·.certain that it bas sufficiently 

locali&ed at the target site, prior ta the administration 

25 Of the. s@strat~-a9~nt . Conjugate. Alternatively, tile 

conjuqate can be·tacjqed with •·label, e.q.~ a radiolabel, 

a fluorescent lahel . or · the like, .that permits · its 

detection and quantitation .in.body fluids, e.q., blood and 

~ri~a, so that tarcJeCinq and/or.clearance can be :m.easurad 
· · 30 .·· and/or.-inferred. 

ADY c0nventionai method of -radiola»elinq · which is 

suitable for labeling proteins for in vivo use will be 

·. qenerally suitab.le for lab4'al.ing antibod.y-anzyma 
·I . . I . 

· conjugates, · an_d . oft.en· · al~o . for .. labelincj ·substrate-avant 

35: conjugates,. as -w11·1 bf! noted .bel.aw. !rhis can be achieved 

.. by· direct labeling >Y.i~>: e.·9~* ···I•1li, I-123, metallation 

·with, e.q., · Tc~99~ ;~~:~~ ~o~s 0r the ·like, by co~~enti~nal 

. ,_ . 
• ;_j .. 

. · .. · 
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tac:llniques, or by atta<:hinq a chelator for a radiometal.or 
. . . I f . . 

paramagnetic ·ion. . . ~u=. ch~la~r& and thei~ modes of 
attacmient to antil>od1ei; ; are ·w*1.1 known to the ordinary 

skilled artisan and. . ara · cUsclcsed inter Alli in, . e •CJ. , 

tJie aforeaentione~ QO~denberg ~atents and in Childs et 
al., .J. NUC. Mad~, ·2&:293 (1985) .• 

The sU):)atrate•aqent co~jugate will include a 

substrate, which can, be ·transformed by the loC:aJ.izad 
enzyme of the antibody-enzyme conjugate to a procluct. The 

10 aqent will be a diagnostic or therapeutic aqent whose 
tarqatinq at a specific site will be advantaqeaus ~or its 

efficacy~ Sueh therapeutic and diagnostic agents inciude, 

e.q., toxins, antibiotic or Chmnotberapeutic drugs, 

radioisotopes,. pa~amaqnetic ions, boron addends, 
15 cytokines, phot~•~nei~izers,. radiosensitizers, 

vaaodi1ators .and .. t..l\•\L·-.tik,~r.:' .. :· .·: 

20 

The substrat.a..r.~sie.."'lt,."·conjuqate· .. i'must·!·be--<·&olU]:)1e, ~or 

pu~oses ·of. ~inistration .. ~.and.-:.transport. to the target 
site. l:t must also b,a capable·of reaching the target and 
being tr~sfona~ t~ : a prcduct whiCh hail a substantially 

· · ·more fav~rab.l• partition.:coefficient :for attraction to t:h• 

site than .the. conjuqate. A& used herein, ·the term. 

. "soluble11 means· solUble in . the fluid into which it is 

administerGd an~ by ~fl~cp. ·_~t is transported to the tarqet 
25 ·site, to a ' s1lffic~.ent·/;'. e*ent, to ~enatt transport o:f a 

. . . . . I :;. '. ; . I .. ·1 ' ~ 

diaqnastica1ly. ~z:.' ~~.p~utl9a~ly ·.1 effective amount of the 
conjugate to s~c:h s~i•P'1·-.~~~~1y1 administration w111 ba 

' . ' .: . ' ': iii·· .. : : .. ·, 
into the .·• bloodstr~~;, :.: (tJ'1 .. :; i~1;Z'&yenous or intraarterial 
infusion_,·: and': ~1f J:~j:~ca~~~;: yi.11: need to be soluble in 

3 o serum · and . p~~f&J:;~~ii.'. .! .-.s~fficiently hydrophilic to be 
carried 1larqely b'Yk~e ',aqueous· _phase of serum and diffuse 

. . ··I :, 

relativCaly easily ·th:rb\igh th• · wa11s of th• blood v-••ls 
into .. interstitial :! ... fluid, for :~sea where such is 

. . . . ...... :,,\, I : . 
necessary.- . · · ' . , . · 

. . ... . . . ' ' 

35 Of c~'1rsa,· iii:'.~: ~se of bardiac iaa9in9 or iJDa9ing 

or therapy· o~ _a~~.·Ql~tic· ·.~J.aqtie, ;~or the like,· where 
th• caJ:'9•t. site i!s >~Ii::·~~-~ ~irc:Ulat:o~ qat:-, hydrophilic/ . : j::·:;:iyf' ·. . 
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lipophilic solubi~i~y . wtll 1no~ be as iaportant · as 

. reduction . in · serum ; solubility with cleavage of the 

sub~trate- a9ant" conjugat~ by the enzyme t.o a product 
. 

. .. I 

which partitions lion :favorably to the .ta1'9et. l'.t is this 

s ·-partitiQninq out 'ot .: ~)ls agezit, once 'the substrata-agent 

conjugate is acted· ·upon _-by the enzyme component of the 

··targeted antibady1zizym.8 Cc:mjuqate, so that tbe aqent then 

aecretes at·· the target 1site to· a significantly greater 

-extent than the sub~trata-aqant conjugate would accrete in 

10 the absence of · the· · enzyme, tbat characterizes the 

tarqeting ~cbanism of tb.e invention. 

"l'his will ba !>etter understood. in liqht of scme 

9eneral. examples and SOiie aore detailed _description of 

various.species. 

15 The general ••thcd of. . prepa.r-inq a sUbatrate-agent 

conjuqata:· a·ccord.tn-g:·".'t:e~:··t..'.z.~·invent"io
rr:-·involves covalently 

binding . a.t , lett.st:;oJ.u1.:.·t~~rapeutic.;;or.-·.
diag.nostic agent to a 

substrata •. - ·- . , -

certain cytotox~c: ;!rwJs'_ that are useful :for 

20 anticancer therapy·' .are ~lativ~ly insoluble in serum. 
. . ! ' 

25 

30 

35 

Some are also quite toxic · in 'Qllconjuqated form and their 

toxicity is considerably. reduced .bY conversion to conju-

9atas. Conversion of ·~ relatively poorly soluble druq to 

a more sol.uDle -conjugate, e.9., a gluc:uronide, will 

impr~va· its solUbil~ty in the ·aqueous ·pbase ~r serum ·and 

its abi_lity ·to. p~s"'.1.;.~ou9b · v~us, arterial or capillary 

. 1, .. ?-: ....... '! . . ' . 

cell walls· and re&C!l: c• :- interstitial fluid bathing the 

tumor. -_ _ In . _·fa,9t:~'.r;f~~~rl.~o~:_·. of: :d~~n . toxic ~ubstances 

such as_ a~t+c 'tc~r~:·1 ~li#t;:l.ic _ •leobo~'a, th.i.ols, phenols 

• . ···'t ·'·· !·, :1' . ·.. . ' . . • 

and. amines ta glu~onidas t·n ~· liver is the body'ss 
. '•.;· 1-. !- I I . . ii 

method of . 'detoxi~y41q· them aild making tbea more easily 

• . :-;~, : : . i"- .. 

excreted in the;urine~ 
. ',;( .. '. . 

The drug is .'a~'t~~ed ta glucuronic acid t.a form the 

glucuroni4f, wliich _,-..aol~ilizes ·tha. conjuqate. . . The 

. . : I. ~ .: : . ~ ·. . . : ~ ; . . . 

attachment : · jls · u&ually to a llyclroxyl, tbiol . or amine 
. I .,.•.• jl- .. . . . . . . . . 

funct~on of the -~ ,·. · whic;h 'fams: .ail acetal, thioacetal or 

. . . - .. . . . 'J ;, i. • ' . . 

· . aminoacetal with- ;i:he ·;aldehy4e c~on of the 9lucuronic 
. .· . ; : .. . . 

·.· ... , ... ... {·,· '·. 
;_ .:i.': ' .. ·.-- . 

"\'·.V<":.-' .- . ,,: 
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acid. The· conjugate cap b~ _cleaved at the tarqet site by 

the enzyme qlucuroni~:se •I which. would be tha enzyme 
cQlBPonent of ·the ant,ibady9'.enzyme conju9ate. The free drug 

would then be rendered ·. significantly less soluble in the . . . 

s interstitial fluid, and would tend to deposit on the call 
Uml:,rane of surrounding cells and exert its cytotoxic 
af f eot at ~ site of localization of tbe antibody-enzyme 

conjuqate. . 

10 

one lll8thocl · of preparing such glucuranides is to 
inject a ~-al, e.9., a cow, goat, horse or primate, with 
the druq. Some ot the drug is converted to 9lucoronid.e11 

in the liver of the animal, and the d.ru9-9lucuronide 
conjugate is then excreted in the urine. '?be drwJ is 
praferab1y administered by slow I.V. infusion, via a liver 

15 pump, throuqh the ·hepatic artery or the portal vein. 
Collection of thn urine.: ... and .. extraction of the glucuronide 
conjugate can then .be· ~ffect.ad, e.q •. , by ion· exchange 

chromatography_. An ... <ilternstiv.e .. approaeh . is to react 
UDP-glu~ronic . •cid. with t..lle drug and . than isolate the 

20 glucuron14e rro.a the reaction mixture. The raaetion can 

be · catalyzed l:»y enzymas isolated from ~he endoplasaic 
reticulum of ·the liver ~f mammals, and/or the.reaction can 
be C&l='l;'.ied ·.out_ in . the presence of extracts ·or tissue 
bma09ena.tes of the endoplasmic·reticulum. 

· 25 one ·type ot antitwaor dmCJ that c:an be converted tc 

such a substrata is epirubicin, a 4'-epimer o~ doxorubicin 
(Adriamyciri), which is an anthracycline 9lycosic1a and has 

. ~an sb0wn to be a -s~strata for. hUJnan bata•D-qlucuroni-

. . . i ·;· .... . .. 
· ciase · (Arcpone, .('!anel!:'-t-,· ·· Re.s., 4$:5995, 1985). Other 

30 analogues with te~er·p9l~r ~oups would be expected to be .... ··: . 

more lipophilic ·anti •·•bow :_·9reater pro11i.ae for such an 
. . . ' . . . ; . ·; ~ .~ : . . 

appraach. Other ;· dr'Ug's, toxins, . boron compounds or J 

chelators with a~ai.at.i~ · .. or .. alicyclic alcohol, thiol or 1 
amine groups. would ·~is~ be: ~ndidatas ·for such conjugate f ... · 

35 formation. ·_. 
':. i. i . 

Another type of s'Qbstrate-aqent conjugate is a 
pc>lymer with · a plurality of a9ents linked .. thereto at 

:1. 
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intervals alonq th~ po~')'Z&r· backbone. . The polymer can be 
one that is a substrate for the enzyme component of the 
antibody-enzyme conjugate or it can have •evments or 

. ' 
· 1:1ranches ~t :are . su»atra~s for· such enzyme.· · ~ agent 

5 · molecul.es are bound to . the polymer · in. such a way that 
-: cleavage . by the enzyme .;·will liberate the. aqent, free of 

pol.ymer uni~ or boUnd to a small enau9h nwaber ot units 
. • I • ' • • 

to hava th• raqaisite .lover saltmility, or 111ora favorable 
partition coefficient to cells, tissues, lesion components 

·· .10. or the like loci at. tbe target site,. relative to the fluid 
bat:hin9 such loci. 

Examples· .ot polymers for such use ·include, e.9., 
,· i 

polyols, polysaccharides, polypeptides a.ncl the like. one 
. . . . .• · ... 

·type o~ pol.ysac::charide: is de~an, an alpha-g-lycoaide, 
l:i. which. can :be·. cleaved .·with the enzyae. dextranase. 'Die 

diagnostic or therapeutic aqent can be fUnctionalized to 
contain reac~ive ·qroµps towards tbe daxtran hydroxyls, 
•· 9. , an.hydrides, iaocy,.natas or. isothiocyanates . and the 

. ;·, 

like. llternatively, clextran can be .c:lerivatized in a 
20 number of ways, e~9., by conversion to an aminadextran. 

'l'h~ process for .. preparing a f!lubstrate-agent conjuqate 
with an aminodextran (AD) carrier normally starts with a 
dextran pol.ymer, advantageously . a dextran of averaqe 
mol.ecular weight ('MW) of about 10,000-100,000, preferably 

25 &:bout 10,000-40,000, ·>and more preferably al:M)ut . is,ooo. 
The . dextran i• than reacted with. an oxid.izinq agent to 

affect a controlled oxidation o~ a portion of its 
. carbohydr•t• rings to 9anarate al.d.a_hyde qroups. The 
oxidation· is · ·e:"nveniently ·. effected with. glycolytic 

30 · chemical·. reagents, e.9., Naio4, according to conventional 
procedures. , ! 

It is conveni~t. tc .adjust · the BIDOUnt of oxidizin9 
:agent.so that·about'_S0-150, ·preferab1y 100 aldehyde vroups 
are generated, ror : • i11gxtran of MW ·of about 40, ooo, with 

35 about th~ -~ame :pro~o~-t~n of aldehyde 9roups for other-KW 
. . ." ; . : .. : ....... ~. . . . . . . . . 

dextrans. ·· A . ·-1a1:9a:r . '.·number of aldehyde qroups, and 

sU:bseqaeri,t..amine groups~-is-leas •dvanta9aous because t:ha 

!! 

" 
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polymer·th~. behaves more .like poylysine and •ay also be 
resistant to enzyme. cle~vage. A J.ower nmllber results in 

·· less th~n ciAsira.bl.e !~!J!din9 af' drug, toxiri, chelator or 

J:>OJ:'On. addend,· Which·ay be clisadvantaqeoua, especially if 
·5 tha turnover ntimbar of theanz~. is low. 

The .. oxidized dextran is than reacted. with a 

polyamina,. preferably a diamina, and more preferably a 

· ·mono- or poly-hydroxy dinine. suitable . amines include, 

e.q., ethylene d.iamine, propylene d.iamine or similar 
10 polymethylene diamines, diethylene triamine or like 

polyamines, l,3-diamino-2-hydroxypropane or other like 

hydroxylated diamines or polyamines,· .and the like. An 

excess of the amine ·relative to the aidehyde qroups can 
' . 

· be used, to insure 1$\.lbsta~t.i•lly complete conversion of 

15 the aldehyde function~ .ta Schiff base (imine) groups. 
Reductive stal>iliza~ion· of t:he resultant intermediate 

is effected· by react,tncj .the· ·sc:hiff base intermediate with 
. . . ; ' 

a · reducing · aqent, · a. g. 1r HaBH4, . NaBH3 01 r or the like. An 

excess o~ th~ ~educing agent ia used to aasure 
20 sUbstantially compla~. reduction or the imina groups, to 

. secondary . amine. CJrOU:PS, and reduction Of any unreacted 

aldehyde qroups to h~xyl qroups. The resultant adduct 
. . . . . . ·: r , . . . 

can be further pur1tied by passage throuqh a conventional 
.! :· . 

sizing . ~ol,umn . to .. ~• ~c;-s~-linked dextrans. An 

25 estimate of tha ii~e.r.· of •vailal'.11~ primary amino groups 

on the· AD can be !etf~t:tad by reaction Of a weighed sample 
with t:rinitrobenzenesulfcnic acid and correlation ot t:he 

·optical density at 42onm with a standard. This method 

normaiiy .results.in ·~·~ntial~y compl.ete conversion of the 
~o calculated number . of· aldehyde ·groups to primary amine 

groups an the AD. 

Alternatively, the dextran can be cierivatizad by 
. . I 

conventional. methods · for intraducinq . aine functions, 

.. e.9. • by . react~on w~th cyanogen . bromide, followed by 

.. 35 reaction with. a dimdne • 
. 'l'he .. Ao ·'s11oiil.c1.:.''b~" =·reacted. witb a derivative of the 

·. . . . . . .. - - . : . . . : 

particular . dnq,· · .t..rmin, c::belatar or Doron addend, in an . . i · .. ";. _, 

·' 
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activ_atad . form, . ~~et,erably a carboxyl-activated 

deriv~t1ve, p~apaJ;"ed 'by_ tconventional ·means, •·CJ·. using 

· dicyclohexylc:ar.bocliimide ;(DCC) or a water solu»le variant 

' 

• 
I 

•• 

thereof. 
. 

' 

s Methotrexate (EX) . is a typical drUcJ for use in 

10 

15 

20 

25 

30 

· praparinq· conjuqatea · 'ccoJ:di11q to the invention and will 

D8 used to illustrate· .one of the procedures. Analaqous 

steps will be used ~ot other _drugs, toxins, chelatora and 

. 
. 

. boron addends, aadi~iecl .in . appropriate way• which will be 

readily apparent to the ordinary skilled artisan. 

Activation of M'rX i.s conveniently effected with any of the 

conventional carboxyl•·at.?tivating reaqent.s, e.q.. DCC, 

optionally folJ,.owed by reaction with N-hyc:lroxy-

succinillida .. (HOS~~-· tq form the active ester. The 

r~action ia nor.ally arf'acted · in a polar aprotic 

solvent, e.g.,· dima~ylformami4e (DHF),· diaathylsulfoxida 

(DMSO) or the like.. Other activated asters, e.9., 

p-nitrobenzoate and tbe like, can also be used, as can 

111xad.anbydrides. ·The. DCC/HOSu activation is mild and the 

activated. MTX can:· ·btl .reacted. in aqueo~ medium vi1:h the 

AD, so it is -prefe,;.e4~ · 

'l'he proportions <;Jf activat.ed_MTX -to AD are.preferably 

. . 
.·. ..·: !.· '· . • . ... 

. 
. 

such that about hal~ of. ttia amino .qroups available on the 

AD react to· fQ:a:m.~~-- bond&. with the carboxyl·· of the 

·. ·I :.\ .. • · , .• i .· !" 
.. , • I 

activated MTX. · ' :Tb,~; ,·it·" ·al:loUt. : 100 . amine qroups are 

.· .• ' ...;. 

availaU>le on _an ·.AD_-.w~~-- a =sta~inq MW of about 40,000, up 

to about so at' ~a.s~. '.sbo'1ld be ~eactecl with activated 

MTX. Using a pro-.·· pqreion of about .so: 1 MTX:AD, a!MNt 

2s-so · MTX · molecul ... ' .. : are· nonaall.y introcluc:ad. ... :ct· is 

diffi~ult to achi•~~ h_lgher .. loading ·because of incipient 

pJ:ecipitation. of· htu •. · add,µct due to the increasing 

.· . 
• 1'·. 

. 

insolubility .the~of ~- '.. · . 
· . . 

i 
. : I . ) 

~ I 

As an il.lust;at.+,on·of' the adas»tations to be used fqr 

· other drugs. · 10#~" · ·-wi~ 5.;,.~lo~ouracil. < 5-FU) can be 

35 . · ··effected· by ~4+~~9; ~}+r~·~~~ici1n.e cit· the carbohydrate 

portion, e.q ••. i ~~+ri,i:~e;~~~tr," i~eactinti this in~ermadiate 

w~th an aainod~~._1 · ~d _,r
ed~ively stal>ilizinq the 

L>·t·.r. . ., 
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Schiff base ac1cluct. ;cyclohaximide can be loaded by direct 
reaction of its cyC?:LohU&none carbonyl with aminoeiextran 

.·amine groups, followed by radw:tiva stabilization, or by 

reacting i~ . sid.e cuin hydroxyl with an excess . ot a 
.5 ~i1sothiocyanata ·linker and reaction of the isothiocyanate 

derivative with amines on the aminodextran, or by_reaction 
of th.a imide nitroqan with e.g., a haloacid or ha~oester, 
followed by activation of the resultant carboxyl 
derivative, e.g., with DCC, and condensation with amines 

10 on tbe aminodextran. 
Another illustration is provided l:>y the anti):)iotic 

mitomycin c and its analogues. ~his molecule has an 
amine tunction and a·· cyclic imine, either of which can be 
reacted with an alkylating activatin~ group, e.9., 

15 succinimidyloxy iodoaceta.te or sulfoauccinimidyloxy 
(4-iodoacetyl) . aainobeaoate (sulfo-SIAB), the rasultinq 
intermediate is than used to alkylate amine groups on an 
aainodextran. Alternatively, cu»oxyl qroups can be 
introduced usinq, e.g., succinic anhydride, then 

20 activated, a.g., with DCC, and the activated intermediate 
coupled as before. 

Toxins, e.q., p~kfftfeed antiviral protei,n (PAP) or the 
·ricin · A~chain,_ -~~di~ th. ; fiike, can be coupled to 

. aminoclextrans·. by :91titaraldehyde · condensatio~, or by 

25 . · · reaction of a.ctiva'bt4 · car))ox.yl groups on the protein with . . . -;. : 

·amines on the aminodaxtran. . ,· 

Many drugs and toxins are knawn · which · have a 
cytotox~c effect·on·tuaor cells er microorganisms that may 
infect ~ haan and ~use ·a lesion, in. addition to the 

30 specific illustrations given a!)ove. They are to be found 
in compendia of· d.ruqs ·and toxin5, such as the Herek Index 
. . 1.· • . 

. and the like. Any ·. •uC:h dJ:Uq can be loaded onto an AD by 

-~nventiona.l m~ns ~~~1.·:· D,~ i~ thra art., ~nd illustrated 
. ·by analogy ta 'tbM~ ·,~_-dioibc ! above. . The abil.ity to 

.... ·::.··.:: .. ' . . . i 
35 ·:partially or ~omp~:eteiy ·detoxify a ~q as a conjugate 

. . .. ·. ,,..·,:.·::.·l:<:f.:'" ··.··• ·. . . . 
accordinq to the invention, while it is in circulation, 

.· ,· .. · ;· 

•! 
! . 
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can reduce ··sy11t_amic aid" effects of the clruq and permit 

its · use . ·when .,ystemic ac!bainistration .of the uncanjugated 

. 
i 

d:uCJ woulcl be . unapcepY.bla. Por example. HTX and 

cyclobaxim.ide · often:· ;: ara too · toxic when administered 

. . . . . . 
. 

. systemically. Admfniatration o~ more molecules of the 

.dr\ic; conjuptiad ··to· .,a .~$t~ata · carri~,. according· to the 

present . invan~ion, permits therapy while mitiqatinq 

systemic ~xicity. 

Loading of drugs on the substrate carrier will depend 

upon the . solubility (partition coefficient between the 

fluid bathinq a targ~t site and tbe ta:rqet cells, tissues 

or other structures, e.q., atherosclarotic plaque, fi~rin 

clot, vii:us particle, parasite and the like), and upon the 

· eft'iciency of enzyme . cleava.qe of sW:>strate molecules or . 

15 subunits to lil>arate a product comprisinq the drug Which 

has a sµtficiently favo~able partition coefficient to the 

target to effect· the . deeirad. ·'.therapeutic action. In 

general, · it will. k '.. :~esi:rabla ._, to load a druq onto a 

dextran in a ._ratio ot_; ila1:1o"sac:c:harida subunits to_ drUCJ of 

20 from about 3 to about ·2s, although these are preferred and 

not limitinv . amoWits.!I ·vary. heavy loading of drug 

molecules can inbibit . enzyme ·activity due primarily to 

. $teric hindr"ance to binding of the substrate conjugate to 

the active s.ite of ibe ·enzyme. Too light loading can 
.. t .: 

25 result in insufficient reduction in fluid solubi~ity far 

the druq as a result of enzyae cleava9e since a smaller 

portion at ~ polysaccharide-clruq conjuqate might diffuse 
• . i 

' 

away 'from the bound enzyme b8~ore enough sugar subunits 
I' •. · ' • , · .. ·~ : • 1 • : ; 

' 

are cleaved a'ft' to. r.ech!ct!i~; 'olu.bility enough for tbe druq r · 

30 (with perhaps a· ·f~v L91i):oiside su.buni ts still bound to 1 t) 

. . . . . ... J .••. · ·,' .· • ·:.' . . 

to be favoral:>ly part~t;cm,ad out: of the surrounding fluid 

·to accrate at the ··ti-Xvet site,· · •• CJ~, ·on a tumor cell 

membrane., on _a bact,e:cial cell wall, on an atherosclerotic 

plaqu~·· 07; ·· ~ tibrin ·.clot·. aiad the like. Toxin& aay be leas 

··35 heavily loaded. than . drugs~ s·ince they are often larger 
.. 

·proteins~ 
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Chelators for radiometal& or magnetic resonance 

enhancers are also. "'e11 ·known. in the art. Typical are 

derivatives c~ etbyt~~~-i~etatraacatic acid (ED'l'A) and. 
diethylenetriaminepent~cetic ··acid (DPTA). These 

5 typically ·have group~ ,on the aide chain 1>)' which the 

cbalator can ~ att&cb.ed to a earrier. Thia saaa 9roup 
can be us~ to .couple· .the .chelator to aaine groups on an 

AJ>. Alternatively, car):)oxy1 or amine groups on a 

chelator can be coupled to an AD activation or prior 

10 darivatization and then couplinq, all by well known 

methods. For example, deferoxamine, which is a chelator 

for Ga-67, has a free amine qroup that can be acti- vated 

with a suitable linker to contain an activated carboxyl, 

isothiocyanata . or lib group, and then coupled to amines 

.15 on an AD .. Otb.er methods at linleinq cbel.ators to amines of 
an AD w111· .be appa.rci-Z!t,,to ;the .. ,skilled artisan, depending 

an thl' functiona11:r.{.·_'.(<ft.··.t1i11..:.· d\81,ato.r .. 

20 

.25 

30 

Baron .addend.&~ .. ::~·-.• q.,. ... c~rbcre~s, when attached to the 
.. j ••. I 

substrat~ ·~onjugat.e ·and targeted. by t:ha antibody to 
.I . . 

· lesions, ·can be . actJ.vat&d ~y .thermal neutron irradiation 

and con~erted to: radioactive atams which decay by alpha 

emission to proc:lw:e_: hiqhly cytotoxic short-ran9e effects. 

High loading of · ~oron addends, as wall as maqnetic 

resonance enhancinCJ ions,.-. is of qreat importance in 
• I• I 

potentiating their e~facSts.. Carboranes 4=Bft be made With 

carboXyl fUnctions on ·.pendant side chains, as is well 
- i I " . •.: I f 

known in the .art. AttaQlm8nt; o~ these carboranes to AD's 
'· . ' I' ' ·, ; 

by act~vation. ~~,: ~ .1;~,b~~~· g;roups and condensation 

with amines on t.h~.,. F~19irs e~l~s preparation of useful 

subs-:te::~~tas~i: ' l . Pre~ invention, the 

substrata-agent ·c'!~~ugafe would iconta1n a larqe number af 

bo:an atolUI, · Dior~:'·· .'praferably · preparacl from . reagents 

enriched in Bo~n~~o.i.:1iaot0pe,' boren. containing reaqents 

enriched · t·o abo~
1

t , 96t Boron-10 1'ainq COlllDl8rcially 
. . •.· 1· 

availalJle. ·such .'a. ~cmjucjate woV.lcl. be of qraat: utility in 
· ... ,.·• ., I . 

. neutron activat:~d '.·raCl1Qt.herapy,, sine• it could brinq to a 
.-. • . ! ,. ~ . . I f. 

j' 

. ~ '. ! I 
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. tumor site .. Qr the site . or a pathological. lesion a 

· sufficient number of borqn atoms to provide a therapeutic 

4osaqa of alpba. · _p,rl:i~tas to the tarfJetad tisaU. upon 

thermal neutron" irradiation, evett when the percentage of 
. I 

. 

s · an inj ectad dose o:t ·· antibody-enzyme conjugate which 

· . ·localizes in .the tarCJet tissue is relatively low, e.9., 

i-1ot. such localizatic:m percenta9es are not uncommon for 

antibody-tarqeted species. 

The. boron-loa~ed substrate conjuqatea accordinq to 

. ·· 10 ·. the present . inven~1on have a number o:f boron atoms per 

sW>strata molecule · nonal.1y ranqinq from at least about 

so up to about 10,000, preferably from about 200 to about 

2,000. To reiterate, tbese are preferably about 96t 

is 

. . ' 

Boron-10-enriched, al~OWJh. it 11ay be more cost effective 

to use a . conjugate havin(J a larger number of ):)oron atoms 

with the 2ot natural abundance of Boron-10 isotope. 

·~~··:-~~.·-::.·~ ...... 
The. slll»strate-a.qent ... conjugate .. can contain moieties · 

which do not . conta:·in ,;boron, _ .or. which_. :contain boron and 

other· useful func~ion~,· · e.9., a radionuclide, especially 

.I-123, ·I-125 or I~l.:Sl. 11 _i~r f~ctians ·such as chelato~a,· 
. 20 .. . . I . ... , ' .. 

. 

c:helates with metai'. ic3ns',· drugs, toxins, chromopbores, 

. ,:.. t . 

chromoqens, tluorestrent Hnarkars, ·.·and the like, ·all of 

which can contribute to tbe therapeutic effect thereof, 

. r· . 

or permit monitoring.: .,of deposit. and/or clearance . of the 
·t 

: . 

25 boron addend' or;;· .,provide compl.,mentary therapeutic 

·activity~ 'l'he subliti:ate-a9~t conjugate 11ay incorporate 

fUnctiona whose priJl,u:y pµ:po•• .ia to improve the lipid 

solul>ility .and . caqraase the water solubility ot the 

resultant eniyme cleavage· product containing tha boron 

• 

•} ·; : I • 
• 

. ., ,,.., .. 

· ·30 · addend. , . . .. 

:rt ti; us~ful : -~ i -ioy · bo~oiJ caqe compounds to make 

' . 'i.'\ I .· •. . I · 1 : ': ~ ·~ 1: ~ 

such conjuqates, ~r: ·~~·. · Q.f · . ~eir • relative . ease . of 

handlinq and·~~ 'r·~~~~-- ~tt i e~c:h such cage compound can 

. carry s-12 por~~.~ ~t+., -1;0. ~' t~et site. Tb.a mast 

35 . . common and nadfly' -~~.iliabla ici.Dds;. of bOron cage c~aunds 
. . .'·;; . I . 

. 

are the car.borana.~:~·'t • skill•d artisan will be aware of 

. general.· referancae 
1 

·1n •.the. ~ield. ~or .Oat a~ the reactions 

. . . ' . . ! ~; . 
. :·' ! 

,( ... 
' 1·. ;'•, ....• , .• 

I : • : t .~ ... :;:· ." 7 . : • 

.·. -~ 
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to be discussed hereinafter, the best and most 
comprehensive references beinq Huettarties et al., 
"Polyhedral Boranes",. (Dekker, New York, 1968) : 

! 
Muetterties~ Ed., "Boron· Hydride Chemistry", (Academic 

5 Press, N~w York, 1175) ; and Grimes, "C&r):)oranes• , 

10 

(Academic· Press, New York, 1970). These references 

. contain copious' bibliographies en specific topics within 
tha· broad·- sub~ect ranqe· ot synthesis of crqanic 
derivatives containing a plurality of boron atoms. 
Hawehorne, U. s .. 
tiled 6-7-85, 
application iS 
reference. 

Pi!ltant Application serial Ho. 742,436, 

is replete with such details, and this 
incorporated in its entirety herein by 

An alternative to an alpha-qlycoside such as dextran 
15 or aminodeX1:.ran is a beta-qlycoside such as carboxymethyl­

cellulcse (CMC), which can ba cleaved by a cellulase 
enzyme. Attachllent ot diaqnostic ar therapeutic acaents to 
the ace will be analogous .. to -the method .used for dextran, 
since both are suc;ar. polymf,!.rs, differing only in the 

20· stereo- chemistry ~f ·the qlycosidic linkaqe. 
·- DerivatizatiQn of the CMC to append functional molecules 

. . . ~ . 
is perhaps most ·conveniently accomplished by reactinq it 
with a ·carhodi~ide type of condensinq agent and usinq an 
amine function on th~ diagnostic or therapeutic agent to 

25. form amide linka9es. Alternative~y, mild oxidation with 
· qlycol cleavage rea9ents, e.q., periodat:e, to farm· 
aldehyde groups at a plurality of points along the 
polymer. chain, ·followed· by reaction with a diamine, will 

. . ! . . . 

. form an · aminoQ!C sui~l• for reaction with a variety of 
30 different functio~al cP;-o~p•·: ···condensation of the oxidized 

CHC with amines and. : b~robydJ:ide stabilization - is also 
- practicable. "Otbiiir -~1)'5 af attachlDent Of aqents ta the 

. . .· f: • • . ( 

CMC will ba readi1y· ·. apParent · to the ordinary skilled. 
artisan. 

35 Yet another variant on the polymer suQstrate is a 
polymer that is not·cleaved b:y the enzyme, but which bears 
short linker segments cf an oliqomer that is a substrate 

! 
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.. fo;r the enzyme, .· am ~~l. t>ear~ druqs, chelators, boron 
. . .. . . ' I . 

addends and.like.d:ia.gilaetic ~r therapeutic aqents. As one 
. . . .s . . . 

illustration, · . l!l polyvi~Yl · alcohol cailld ba used as a 
canier far. a p1uraiity of short oliqoaaccharidas, a.q. ,· 

5 short dextran . or c-.,J.tulose . oliqamers of, e. 9. , 5-50, 
·preferably s-20, · qlycosid.e ~ul2untts. = The polyvinyl 

. alcohol could. be aainat'd by, •• q. , cyano9en bromide 
~ollowad by diamine 'conr:tensation. 'l'h• oliqcsacc:haride 

could ·.be mildly oxidized with, •·CJ•, periadate, and 
10 condensed with the aminated polymer to form Sehiff base 

linkaqes, which are preferably further stabilized by 
bcrohydride reduction., The resultant oligcmer-charqed 

polymer can then ~e lightly aminated as described earlier 
far dextran or cellulose polymers, or otherwise 

15 conventionally func~.t:onaiized, ' .... to;· put at least 2, 
preferably·. about, -.2~5 .,.-am,~9·~qr.oup1.;'.rron..i-::eacb ·-Of .:-the oli90mer 
linkers. An ave.rag«~:~.,::.·. Qf'.?:.:abcut.:_,,; i-3··::-'· drug · JlQlecules, 

.k . . . 
. chelators, . boron\ . .,.,.;a~dt~«uls;.jjf1:·or..-o;;£<'';athar·:.: agents · is then 

. . . . I . . 

conjuqatad to each af1 tt;ie pligmaers. 
. .:! f.. j. . 

20 . · ·It will -b• reaidly -appar_ent that many other variants 

25. 

30 

.· 35. 

.. can l>e envisioned. '· ;ne· condensation of· the liqhtly 
oxidized dextran · ~11q~r .· linkers to the aminated polymer 
and the drucj or other agent can be effected simultaneously . . 
or sequentially and stabilized later. Other functional 
graups~on the agents~-.~· us~d to·~ind to the oligomer, 
and . other functioMl •·,groups can b• used to bind the 

oliqomer to the PC)lyma~)~clp-'ieZ:·i.... ·1 .. ·· . _ 
. . ' : . : : ; ! • '. • ,.. • '. • ~ • ~' I : }j. ' • • •I. 

· An acrylate pol~!:' ;~n be .. usw, with aminodextran 
·111'···'· ·. t· '. .. I · · 

oliqomers bo\lll4 .. ·to : :;:~t:·· 1 by ~48· '1ilika9es formed by 

carbodiilllide activat1o~' i c>:f the ,: ai~rylate carboxyl.s. A . r ;-.,. :: 1: .... - .: f .• 

p~lypeptide .can be 1:.·S~~d.~ with : ,the oliqomer linkers 
attached to carboX)'i :.o~·: ~ine resi~es on _the carrier. A 

·· . · ·, ·,I . . i . . 

shor:t · polyester . or oligopeptid~ linlcer .. can be used instead 
. o~ . ·an · oli9~s~caha~t4a . .-.- linker, · with an e~terase or 
.peptid~e enzyme tha~· :'.:c1ie,ave• the· linker. The oz-c!inary 
·. .... . I:.. ..· -~'. ·.~ ··•· .. :.:. -.·.· .... ;\.' . ·. : :·-. ' . . 
.skilled -artisan will ~-··'aoleto ·envision other variants ·. . . .. . ·. : : '\:i:, . ' . 

! '· .... ~ .. . : ! 
~ . . ~· 

., ., 
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that fall within. the ~road scopa of the invention and can 
bapreparec:l ~Y convant~onal. sintnetic methods. 

Still another . apProacbi is ·to use a carrier polymer 
. . . . . I 

that l:>ears the ctrugs, ".~•l•tors, boron addends ar ather 
5 agents and :that. haa a . bt9h attraction for the target, in 

unmodified fom, but wbich is then modified by conjuqation 
. . . . .. 

'. 

10 

to solubilizing sUbstrate aolecules whic:b are then cleaved 
by targeted enzyme~ · One illustration of this sUbqeneric 
type of sUbstrata-agent conjugate is a polylysine to which 

are bound a plurality of radiomatal or paramagnetic metal 
Chalators, carboranes or MTX molecul.es. 'l'his carrier 
conjuqate is then c~ndensed with a plurality cf short 
dextran oligomers, e.9., by Schiff base formation with 

li9htly oxidized 4extran and borohydride stabilization, in 
15 .. a ratio Which . incra.aee&: the solubility (reduces the 

0 stickinass•) 0£ .. tJ\e,:.,,.!'(l!ylysine .. :and makes it readily 

transport~J:>le .. in l!ilaztm"·'"and -.. ·readily· dif~usable throWJh 
capillary walls (arad · tflgn:> loaded. with radioisotope· or 

paramaCJlletic ions, if C:belators are attached to the 
20 carrier). At. a tar9et site, e.q., a tumor,. a localized 

·antitumor antibody-dexti.anase canjuqate would strip off 
.· . . .-. 

the 'dextran coating from . the . polylysine to a sufficient 

extent to make it -'sticky" aqain, whereupon it would 
adhere ta the ·tWllor 'c~lls _and the bound polylysine, 

_. 25 bearing its loading· of '<11aCJnostic oi: therapeutic agent 
I···. i r.. ! !, 

would then act upon ~~ · t~or .cff'll to permit imaqinq or 
. ~ . . . . . . 

cytotoxic therapy. · .!, • · · ; =, .: · 
.. _.., . , ·' I . 

A .ha.avily ·. Ud~f~:.: 11ri~~e~ran .. can functi~n as. a 
polylys1ne, and can'.b~ ... su#s1:;.1tutad ·with short ol19omar1c 

. I , .... ·. .···· .·.. . . . 

30 substrate linkers as.di~C\issed·.i>ave .. It will be 11sticky11 

towards cell membran~·'' .. :~nd oc:h~r tissues in . a similar 
fashion to .polylys~.· \.Other polypeptides or heavily 
aminated poiY.ei:S can' '. fun~ion in ~a1ogous :fashion as 

·carriers for sUbstrata coating and . solubilization. In 

35 fact, .amination is ·not. esse.ntial to the loaded carrier 
. . . .. . 1.. ' .:, . ,· . .. . .. ; 

·function, sine.a - any.·. ~tlonali~ ''thilt causes favorable 
. . .. . . -· . ·. . '··:·'··· . . . . 

partitioning out .ot:,a: · con)~gate' of a earrier and one or 
. . •. :, '. ( ... (' ·t ;'. ' 

I·-~-, 

. I 'j . 
··t ... 

i ~ . . .... '; ~ . 
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·· _ mere diagnost-ic· and/or th111rape1.1.tic aqents can ba masked by 

solubilizing slibatrate oliqomars or even small sub~ate 

.molecuie~, suC:h. that -th• reault:ant more s~luble conjugate 
circulates · easily in- seri&m oz another fluid for 

5 administration and .hecomea less soluble in the fluid 
bathing the tarqat site after the coatinq molecules are 
cleaved by action of the localized enzyme of the 
antibody-enzyme conjuqata. 

'l'he proportions ·- of loaded carrier polymer to 

10 •coating" solubilizing substrate groups or oligomers will 
depend on the nature ·of the ta1"'Jet site and the 
-characteristics of the components. If a polylysina or 
functional equivalent is usad as th• carrier, coatinq with 
oli9odextran .will advantageously be effected in a 

15 dextran:polylysine ratio of about 1:10 to about 100:1.by 

waiqht1 prefera_bly .. -abcut-- -·1:1--· tb about 10:1,, more 
preferably about. 3:1 .. to ·about 7:1. An eleample is a 
polylysine of MW about 1,500 daltons, coated witb. · uout 
3-7 clextran oliqomera of-KW about .1s,ooo daltans each. 

20 It will ba appreciated that clearance of 'the 
anti))ody-enzyme conjugate and/or the substrate-:enzyme 
conjugate can be accelerated, after a sufficient: time for 
localization· or . deposit af the diagnostic or therapeutic 
agent, ))y using a s.econd · antibody ta complex the 

25 conju9ate and ~~c~ . .1~ r•~· of-~ptakeby macropbaqe or 
··the reticuloenclotlieliai ·· ayatem, · .as disclosed, a. q. , in 

.. Goldenb~~. u· .. s. : _,at~f N~. 4, ~24, a.ts. The optimal ti.Ile 
. for such second . antibody .. clearance . can ))e determined With 

. . . • . I . . 

the aicl or a lBbal :. ~ eith~ , conjuqat-., so that tile 
. . ' 

30 · extant. of ~o~alization ·.of tt)a .antibody-enzyme conjuqata at 

35 

_the target site.and/o~.t.ha axt!lnt of deposit of the_a9ant 
at the · ta~et site, .-- ancl the ,biadistribution of non­
targeted canj·ugates ·can ,be monitored •. 

The :reag~t•. ·are . conveniently provided as dual 
in'je~able prep~:w;1t-- 1:~ons for.. ~~n. therapeutic and 
diagnostic use .• ' The ·,,f~st · injectab~a ··preparation contains 

an effectiv• qount},oi:-~~~~ -;•t!b~y or. ,~tiOod.y fragment .. ·.. t;!;L:JJ(' . ' 
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' 
conjugated . to an enz~el, ' . in a phar.maceutically acceptible 
injection vehicle, ·p;i:efera»ly phosphate-l>uffered saline 
(PIS)· at physioloqical·pH and concentration. The secand 
inj.ecta.bla prapa~tion cont.ains . an effective amount of a 

. . .· . : . 
5 soluble substrate conjug~ta4 to at least one diagnostic or 

10 

therapeutic·. aqent,. ·in·· a pharmaceutically acceptible 

injection vehicle, qeneral.ly similar to that used for the 
. ~irst preparation_. . t.rbe injectable preparations pi;eferably 
will be sterile, especially it they are intended for use 
in humans.- .. .. 

The rea9ents alao can be conveniently provided in a 
therapeutic or fiia911ostic kit .far antibody targetinq to a 
tarqet site, using two suitable containers. 'l'he first 
container has an effective amount of an antibody or 
antibody fragma~t . covalently bound to an enzyme. The 

second container. bas .. ~n effective amount o~ a soluble 
substrate canj.:!-ICJated.' t..o · at least one therapeutic or 
diagnostic a9qt. The rea9ents can be lyophilized for 
lonqer shelf .... tabillty :, or . provided h, . the form Of 

20 . •ol~tions, ~ptio~~~1y containing conventional 
.. preservatives, stabi1i~ers and the like •. other optional. 

. . 

. ·components · of · such · ki~s. would. normally :be containers of 

buf~ers, labelinq r.~9·n~, radioisotopes, paramagnetic 
. compounds, second antil:K>dy for enhanced clearance, and 

. .· . . : ." I 

25 , ~anventional:syrinqes, C::olUlllns, vials and the""like. 
The method of tba ·invention is norma1ly practiced by 

parenteral injection. The various types of parenteral 
. ' 

injections ·can. be, W.~. are not 1 limited to intracavitaey 
(e.q., intraperit:oneal), intravenous, intraarterial, 

Jo intrapleural, intrathecal, intramuscular, intralymphatic 
·. ! .· . 

and re9ianal intra.arterial, intralesional, subcutaneous, 
catheter perfusion and tbalike. 

For cancer imilginq and/or therapy, intravenous, 
· intraarterial _or intraplaural administration is normally 

35 used for lung,: breast, and leuka11ic tumars. 
:Cntraperitoneal·a~istration is advanta9eous for ovarian 
tumors.. -Intrathe~al administration is advantageous for 

; !.· 

. ·r 
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brain tumors· and-leukemia. Subcutaneous administration is 
. i ·.. . 

advantageous for B~d.qkin~s clisearie, lymphoma and breast 

· carcinoum. catheter · parleusion is useful for metastatic 

. lung,· breast or germ. 1 ceil. carctDomaa of the liver. 
' 

5 Xntrale•ional administ.J;"ation is useful for lunq and.breast 

'lesions.• 

The .. above 111"1&1;.rates the qeneral methods of 

administration of 'antibody-enzyme conjuqates and 

substrate•therapeuti~ _or dia911ostic aqent conju9ates 

10 acc~rdinq to ... the preaent invention. It vill be 

appreciated that· the ·JDOdas of administration of the two 

different conjuqates ·may not be the . same, since the 

clearance pathways and biodistributions of the conjugates 

will ~enerally differ. For. example, intraperitoneal 

15 administration . of an antibody-enzyme conjuqate may be 

20 

25 

30. 

.. 35 
... - .. · 

advantaqeous fer. targeting an · . ovarian· tmaor, whereas 

intravenous . adminlstrat.1.cn .. , · n1' ·: a•: rG\dioisotope-sul:>strate · 
•· 

conjuqate tor imaqinq. •Y be desirable because of better 

co~trol of _:·the· rate ,;i d~posit and e~ae of moni~ring of 

the clearance :rate •. · 

'rhe anti.Dody-en&~ .conjuqate· will generally be 

administered . as an acJu80ll& solution in PBS, preferably a 

sterile solution, especially if it.is for use in humans. 

Advanta9eou~1y, dosa9a Units of about so microqrams to 

cd,out s mq of the. ·,a~tibody-~zyme conjuqate will be 

Administered, either in a single dose or in divided doses, 

al though . smaller · or . larver doses may be indicated 1n 

particular cases. · It··· may . :be ·necessary to reduce the 
•. ·.I I I ·, . . . . . 

dosaqe · and/or use '·h~~h~~T~ ~;fr~ .. · ~ther species and/or 

hypoallergenic .. ant;Lb~ia., . ~.1q. , fr~~ts . or hybrid human 
. . ; ...... I. I .. 

or· primate antibOf!i~.:~', i';to ., '~educe patient · isensitivity, 
- . ; . ·: .·':: . ! . 

espacial.-ly for · thar•pY. •nd · espe~ially if repeated 

administnti~ns are_ ~iij~ataci fQr a therapy course or for 

.. adc!itional diagnostic = .. :-~ri.ceduraa'. : .. . An indica'tion of the 
•• !. • ., •. ·• .·.· ·. , · ··• -·;.-. ..• ·-.'~:·1·r: ::; i. · ,·; : , ; ' 

· need for .··such cau~i~Q' •. .,rocad.~ -~· an increase in 

. . . ·.i/:f} ···: . 
w • .• ~ • 

·• ·1· I 

. i-;. _ .. -~ \·· . . : : : .. 
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'b.lDUUl anti-aouse·ant~dy (HAMA) production, which can be 
. . ., . ·. . ' 

. determined. using . an .illm!.Unoaasay. 

·It ·usualiy . tabs ··;::frraa about· 2 ta l.4 days and 

preferably 5 to· 14 d..•y$ far IgG antibody to localize at 

5 . the.· tarqet site and aubatantially clear from. the 

circulatory system of.the mammal prior to administration 

of the substrate-agent conjugate. 'lha correspondin9 
localization and clearance tiae for F(ab) 2 and F(ab1 ) 2 
antibody fragments is• from about 2 to 7 days and 

10 preferably 4 to 7 days, and from about 1 ta J days and 

preferably 3 days for Fab and Fab' antibody fraC)Jllents. 

Other antibodies may require different time frames to 

local.iza at the tarqet 'site, and the above time frames may 

b~·. ·affected by t.b~ ;*r~S.e~i:;~ . ~f . :the conjUCJated enzyme. 

15 ... Again, it is. not~d ·:.''.t.h•i'.,:;13bali~q the .antibody-enzyme· 

conjuqate. permits.· :.:Bo~ito.t"inq ·ar.. localization and 

.clearance. 
IgG is nonsally ·.'atabolized in the liver and, to a 

. . L 

lesser extant·,. .i~ the·, d1c;~stive system. . P(ab) 2 and 

20 F(ab') 2 are·normall.y'•~t'abolized primarily in the kidney, 

~ut can also be metabol~zad in the liver and the digestive 

system. Fa~ a"d Fab~\ are normally metabolized primarily 

in the kidney, but ecm ·, also · be metabolized in the liver 
;i. ' 

and the digestive syst=.am. , . . 

25 Normally, it · will (be· · ij~cess~ry . for"' at least about 

O. OOOlt of the. inj~ct4d. 4os1f of. antibody-enzyme conjugate 

to localize at the 1 :~~i ·site prior to administration of 
·. , ·. ; ; .~ ~ • ·. ·~ .I: 1 . 

. the substrate-aqent: · cOJ)juqate. 1 To the extent that a 
' . . .· . l. . . 

· · hi9her tarqeting . e~f,lC:iancy "1 
ror this conjuqate is 

30 achieved. thi•. percentage can be greater, and a reduced 

dosa9a can ba adminis~. 

It follows . that: .an ef~ective amount of an 

antil:>ody-enzyae conjupate ·is· that amount sufficient to 

target the conjuqate t.o. the antiqeri at the target si ta and 

35 thereby bind ··an .. ~t of. the enzyme su:fficient tc 
, I· :i • 

trans~orm encmqh of ~' so1w)1a:· s~atrate-a9ent conjuqate 

to product to result .. 1n acc:retian of an effective 
i·· 

., 



------------------------------------· ···---· 

,· . 

SENT BY:,._. 2-20-96 ; 7:49PM ;FOLEY & LARDNER DC A-t 612 2615486;#32/90 

·--·------

W091/08770 PCl'IUSl9/0S441 

-: 29 

: ·; • ii 1 !,;;;,. I 

· _diagnostic or· tharap~~~f ·amount ot the agent at the. 
target ·site.·· · · ·r·:_:··.· ·' 

. . ~ . I I ' ' 

Tb.a sub~trata-t~erapautic or ciia9nostic aqent 

conjuqate ·will -: be · 9.-a~ly adllini&terad as an · aqueous 

5 solution in PBS. Ava.in, thi• will 1'e a sterile solution 

if intended for hwu.n :use. The substrata-agent conjuqate 
I . . . 

will be administered after a sufficient time has passed 

for the antibady-enzfffa conjugate to localized at the 

target site and substantially clear from· the circulatory 

10 system of tbe 11ammal. i 

Ccmju9ates of boron addend-loaded carrier for 'thermal · 

neutron activation therapy_ will normally be af fectad in 

similar ways, and it, tiill ba advantaqeous to wait until 

non-targeted substrat••aqent co~jugate clears before 

15 ·nautrc:>n irr.adiation is p•rf'ormed. such clearance can be 

~celeratad hy use . ..:o-:f ... ,.g~and.·;.iantibady, as is known from, 

e.g., o.s. Patent- 4 1 624',.fl-'46·. · 

_An effective amount-of a substrate-agent conjugate is 
., 

that uaount sufficient,:. to deliver an effective amount o~ 
. . .... · 

20 t:be avant to the target site and that amount of a 

. 25 " 

30. 

' 
substrata which will ·be·_ capable of transformation by the 

enzyme to ·a form of 1the'p~ciuct that· tends to acCUJRulate 

·at the target si~e. . An. effective amount of a therapeutic 
. . ~ . 

or d.iaqnostic agan~'.·:is. ~at. il'Jl.O\lnt. 's_ufficient to treat or .· . . . ... · .... ~~.:·:·. ':. •· .:_:~ .-'~-~ .. ·· ~ .. -~~ . 

d1agnose. the ·target: -_.-i:~•· ::\.t ,_::,_,. . ,_ · · ', · 
· - · ·: · · ·· -:, · ' .,, · r · · · · l f 

· . If . scintiqr..phte :ii\~in~f- is to ·be effected, the 
' : ... , •.. ··, .•. '•ii"·.: ' ' ' ' ., ' ' . 

substrate . agent. co~;".1~~·-:;_·:;~~~l- _ inclUde_ ·a radiolabeled 

_species bound ta ·a s'~qate.·· This can be· a chelate of ·a 
. . ' I r . 

radiometal or a di~~~Yi:~odinated er aetallated compound. 

Suitable CJ~~-1~~~ '.-:;iso~opes include I-131, ·I-123, 

· Tc-99m, · In-111 and Ga~J7~ The antibody will be one that 
. . ··. ;~~ ~:· .1 . 

binds ta . an antig~, at' tbe tarCJet site, and the enzyme 

wil.l be.-one that CO~Y;~S the sUbstrate-aqent conjuqata to . . . 
a product that accretas at ·tJ.'le tar9at .site in an amount 

35 sufficient. t!o -p~it_{lw49~~9,:, ~ one:~' anouqh isotope bas 

deposited ~t .~,-~.:~·~,t;;';~~~~~~~·,_~:~r:a~~. 'is effected with 
. ., · tL, . r •· •· l '. .. . I_: .. r_I'' . ' • . 

either a conven~ipn~~ :,;~~~t.t,Bnd/or .. :SPECT qamma c&111era, or 

. ,, . · 1;~1~~i~:.''.\,)?·,~"\ ?F ·. : ·. 
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by use of a hand held 9amma probe used. externally or 
internally to localize .. the tumor, .microbioloc;ica1 site of 

infection, myocardial infarct, atherosclerotic plaque or 
other target si~. The scintigram is no%'11Ullly taken oy a 

5 qamma imacJin9 .camera having ona or more windows for 
·. . . . 

. detection of energiea in th• so-soo keV ranqe. Use of 
radioisotopes with hiqh ~argy beta er positron emissions 
.would entail use of ima9in9 cameras with the appropriate 

. . . 

· detectors, ·· all of which are conventional in the art. 
10 As .an example, a polylysine oliqomer can be 

conjugated to a plurality cf amincmethyl-DTPA chelators, 
using a succinimidyl p-isothiocyanatcbenzoate linker (U.S. 

Patent 4,680,338), -- the resultant compound can then be 

reacted · with a plurality 01' mildly oxidized dextran 

15 ·. oliqomers, ·which are then stabilized with borohydride. A 

patient, e.9., a cancer .patient is injected with a 
conjugate of an. antit"mt~u:;,'.:ant:ibody· .. amt .. a ... dextranase enzyme 
and 7 clays ara ... ta.ken·-, .. fccr·:,.:·local.izntion ~of .. the- conjugate anc:i 

clearance .of non-targeted. conjugate. The s~strate-

20 . ·chelat:or eanjugata is then charged_ with Indium-111 ions, 

sterile filtered in. PBS~ and injected into the patient. 
Accretion of the label is seen within about 3 hours, and 

25 

clearance of 
a:fter aaout 
effected. . · -· · · 

background label is substantially · complete 

12-2.4 · hours, ·:at which time imaging is 

Haqnetic resonance ima9in9 (MRI)· is effected in an 

analoqous method ta scintiqraphic imaqinq except that tha 
imaginq -aqents. w!11·· conbain MRI Bnbancing species rather 
than radioisotopes. ; } It ti ill ,·be appreciated that the 

. . .. '·, • . f ' . . . . -~ ' . . -~ . . 
3 o maCJJ1etic . resonance. . pJ;!anam.enon ope.rates on a different . 

principle from scl~t:l9t"aphf.. ~ . Normally the signal 
CJ&nerated. is correlat94. with the, relaxation times of the 

11liLCJDetic mo~ents a~ prbtons_in thf!' nuclei of.the hydrogen 
. . . l • ' . . . 

atoms ot wa~er malecL1l.es in the ~egion to be ima9ed. 'l'he 
35 ma9netic . res~·nande. imaqe an~ancin9 aqent acts by 

increasing tha ~te of relaxation,. ·thereby increasinq the 
.. . . :· . . 

.contrast ~atveen water J10lec;Ules in the region where the 
·, 

. ~ ' ... 
. i· 
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. r , ' . . · l .. i · I . 
µaa9inq a9ent a~r~ttfs. .nd! water; :molecules elsewhere in 

. . . I -
the body. Bowe,ver~ tha_effact·rj>t the agent is to increase 
bc:»th Ti, and '1'3, ·th~ .:to~r rasultinq in .vra8.ter contrast, 

·Vbil.a·th .. latter- re~\11~ -~n ie•a•r.contrast. Accordingly, 
. · s the phenomenon · is · 'concentration-dependant, and there is 

. : · .nonally -an ·' ·opti~a ;:·· :~once~tra~ion .. of . a paramagnetic 

. species for maxau. ~fficacy. _·.: 'rhis opt:Uaum concantration 
will vary with th'Ji ··~iclJJ.ar a9ent used,, · tbe . locus o~ 

. . . . . ~ . . 

imaqinq, the ·. mode · or· imaging, i.e. , spin-echo, 

10 saturation-recovery, inveraion-recovery and for various 
other stronqly T1 dependent or T2 dependent imaqinq 
techniques, and the cOllposition of the medium in whieh 

. . ! . . 

the aqent is· dissolved · ·.or suspended. These factors, and 
their relative · illportailca are known in the art. -see, 

1s e.9., Pykett, Scientific American, .i,il:78 (1982): Runge et 
al., Am. J. Radial.~ .~.1:1209·_(1987). 

Examples of· c=o•p~o.n4s·.·:·-usef\il.. for· MRI · imaqe 
. . . . . '· .. . :;·'Y·,. : , 

enhancement ·· :Ln~J..ucf~·E,\'-·p~~-'~aqneti'a:::.~- Gd:(Il:I), Eu (III), 
1· -: .•• ' .: . . . . 

ny (II_I), Pr (II.X),·,',~:\\~~;~),:, : ;Hn(~lE) ,·_ '. cr(l::J:J:), Co(IIl:), 
20 Fe(:tII), CU(I;), . ·tli{IJ:),, · T1.(III) and V(IVJ . ions, or 

.· . . . -.. ~ i .: ·. ·.·. 

:.25 

. 30 

35 

raclicals, e.g., nitJ::~JC+~es, and th••• w~ld be conjugated 
. -to a substratel bearJ.hg:i;·~ua9netic· ion chelators for the 

. • • • ~ I . • ~ • . : . I ·I . 
. ions· or linkets far·:, :the · radical addends. The mr imaCJe 
. enhancing aq~n,t. must\: :be. present in su:tficient amounts to 

. ' . ··ii: .. (· . . . 
enal:::lle detection 'by; .. ::mi external ·camera, usinq magnetic 

field stren~ . ~bf1 ... are raa~anably attainable and 
compatible with patient. safety and instrumental deaiqn. 

The requirements for•-~~ a_gents ~r•. well. knovn in t:be art \ ·, :·· .. L ' I . j I. .:. . . 
for thosei a9ents , JI~~~-~ f;; ~v~ · ·_1;heir effect upon water 
molecules in' the •*'i~:,.:·!~and a1re disclosed, inter· alia, in 

' . i ' . t . 
Pykett, gp. pit.·, :ancf .Runve et al., op. ·cit. 

For 11agneti~ . resonance . i•9ing (MRI) I a similar 
• - • • ·, . J •.· • .• • 

procedure is U:11e" . to.· :tll•t u-,_ed for ~cintigraphy. In the 
·preVioua· ample, ·because it ia ·dasiral>le to carry a larqe 

. . I . 

number of. paramacjnetici •1ons ·to a tarvet site tor hiqh 
· ~ntrast .. ·MR~ enhancaent_, · the polylysine will l:>e loaded. 

·. with a higher · amo~t '. of · c:h•lators ·and more o~ the 

.·1 ' ,•. . . ~ '. 

.. .. I 

.. ; . 
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antibody-enzyme· conjugate .and the subatrata-cheiate 

conjugate will be a~iatered in order ~ deposit a high 
·. . . . . . i . 

coacentration of paramagnetic ions at the tar9et site. 
The . · therapeutic ·-thoci o~ the invention can :be 

5 ·_accompl:i.shad · . ))y. ~o~jugatilUJ an effective therapeutic 
. . . 

amount of .a radioisotope such aa Y-90 or l:-131 (which •ay 
·be used for both l~al:lzation and therapy dependinq on the 
amount injected) or-ad~ such as adriamycin for cancer 
or ganta11lycin .for infection,·an imaunomoc:lul.atory substance 

10 such as poly-IC, or a biological toxin such as pokewaed 
mitogen to the substra~a. and depositinq a therapeutically 

effective amount of the agent at the target site. The 

therapeutic_ . method . of the invention can· also be 
. . 

accomplished.· by. conju9atin9 one or more .boron-10 addends 

15 to :the· s~strate- ancl,' once the boron-10 is deposited at 

the tarcJet - site, ., . e .. 9 •. , a· tumor,· effectinq external 
thermal neutron.-., itt!';dl~tion.<·to · tbe ,·tmacr' : to destroy the 

. ·.neoplastic . c~lls ~ · . Th~·-·. ~~ron:-10 - eonju9ate·: may··. be ·. labe1ecl 

with a r-edioiaotopa., •c;helat~ to lHke certain that 

20 . suftici.ent boro~ ·aM~~s '!lave ·.1or.J!ilizad at the target:. site 

·and .. that substantial.J.Y all . of .the non-targeted boron•lO 

has left the circulatory system prior to neutron 

25 

30 

irradiation. 
I 

Dosage units of .eu.bstrate-aqent conju9ate will depend 
upon many factors', e~ch of· which can be det.ermined in a 

relatively sti-ai9htfonard ·manner, so that optimal 

dosimetry. can be affe~ed. It ~ill be helpful, in the 

initial dosimetric · ~v~lu;f\ti'on, .·to· use a radialabeled 
, ... · . I . 

substrate- agent conj'l9u~1it:· (_it . th~ .. liltJ~nt; is not itselr a 

=~~·~~t'h.trtt~:j;:: .:: :: :: 
clearanee ~- .btQCli·~~ibht10~ ~f non~targetsd conjugate. 

. . , ·. I > . 

. use af. a·· lal>eled 'art;~~dy-enzyme con?:ugata to estimate the 

. ll.lllOUDt of .enzym~ loca~ized at the target site wiiJ. also 

'aid' in dosiml!tric analysis •. 
It may be necessary ~o perform trials for dosimetry, 

generally ·USinCJ. an animal model first, if available, then 
. ~ 

·: . 
•, 
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.. 

in a .. series ot: pati~t· _studies, ta optimize .·tbe dosa of 

substrate-aqent -conjugat4, ·as ·a tun~ion of ,accessibility 

. of t:he ·site, ·llQde. of administration, turnover number of 

the anzyu_, desired ... d(,91• o~.· the a9an1:. to the site, and 

· s . rate of clearance ·of· non-tarqetad conjuqate. 'l'his will J:>e 

· expected an~ ·. tbe te~iquea far ·optimization will J:)e 

within the ordinary &ld.11 of the clinician. 
Without t\lz:ther el~oration, it is believed that one 

skilled in the·. art .can, usinCJ the precedinq description, 

10 utilize the present invention ta its fu1lest extent. The 

following preferred specif_ic embodiments are, therefore, 

to be construed as merely illustrative, and not limitative 
o~ the remainder of the disclosure in any way whatsoever. 
In the followiriq axaaplaa1 ·al1 temperatures are set forth 

15 uncorrected · in degrees Celsius; unless otherwise 

indicated,· all parts.and.percentages are by weight. 

' . · ;· IXAMPLI. 1 . 

. Preparatio~·ot ~~~r~te/~i.Dadaxtran Conju~ate 
(a)" Activation ~-~ .ic~~?~te · . . .. · . . · 

20 In a dried 1te._ct.i•vµ.1~ -45.4 mg of·methotrexate co.1 
• I· . , , 

mmole, Sigma) in l : . ml . ·anhydrous DHF is .introduced by 

syringe. A solution.:~t H-hY:droxy- succinimide (23 mg, 0.2 

11UDOle, Sigma) in 1590 ul ·of anh. DHf and a solution of 

l, 3-dicyclohexylear»~~iaide ( 41. 5 Jll9, o. 2 mole, Sigma) 

25 in 750 ul of anh'. DHF are followed. The reaction mixture 

is stirred in the dar~ at room temperature tor 16 hours 

under anhyclrous· <:anditions. The white precipitate is 

centri~9ad and·· ~e · :oiear · solution is stored in a sealed 

bottle· at -20°c. · · · 
JO · (b)·. Reaction ~ith .~inodextran 

binadextran ,.(10 mg, 2.sx10" 1!l0le) is dissolved in 2 

ml of PBS, pH·7.2~ -~C:t~vatad ll'1'X (12SX104 maole) is added 

gradually. . The · so;l.ution is stiz:recl at rooa temperature 
.· . . . '.. - ·. . 

for s hours and pur~~1ed by · Sephadex c;..;.25- column. The 

35 voic! volume' is collected and further dialyzed. against 

reaction buffer~ :After lyophlli~ation, 2.1 mq of product 
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,~· 

, I l 
is obtained (21'9 yie14·l,·~ ·. 'l'he :.thatrexate incorporation 

· . is . determined bY. · ~~- ·· abso~lon at 370 JUI to be 3 s 
Methotrexate/dext:ran., .. 

,.·.~z 
: ~----

s Preparatian at Chelate>r~pc;1y1ysine,tdexti:-an conjuqate 
Polylysine· (Mw 15,000) · is reacted with an amount of 

the succinimidyl p-isothiocyanato0ent1oate· derivative of 

aminom.ethyl-DTPA (a succinimid.yl benzoata with a thiourea 
linkage ta the DTPA) surticient to attach an average of 5 

. . 

10 M'PA•s to the polylysina. The ·resultant· product is 

reacted with dextran oliqomer (MW 1,500). which has bean 
li~htly oxidized wi~ perioclat• to an extent sufficient to 
produce about 2 aldehyde 9roups per dextran, in an amount 
sufticiant to -lon.~ · . about .-··: l•S daxtrM · uni ts on the 

1!5 · polylysine-t-TPA; ... ··. th~n. :.,, '.!!tab:f.-li.zed·: ····with _borohydride tc 
reduce the. Sch.itt·,:=:r-"'7~:s"',.',:;_lfnkaqes··.- and···· residual a1dehyde 

groups ... 

20 

25 

30 

IXAMPt.I 3 
. 1 ·. 1 

·, , . I • 

Preparation of Epiruhicin99lucuronide conjugate 
Epirubicin is injepted intravenously· into a horse 

over a period_ of_ severa~ weeks. Urine is collected, and 
ep_irubicin · qlucuronid.e is isoli.\tecl by ion-exchanqe 
Chromatography' _of· ~~- urine,, and purified by further 
column chromatography :·:~/O~. HPLC. . 

. . . : . . . l ~ /.! . . . . • :1· . : . 
• • • . ~ :·: =, • 

.. ··::i.1~-,:~:.'.,:··;::: 
Preparatiq~ of Ant~~~~en!i~e''. conjWa'ata 

· (A) . · A substantia~ly monoconju9ated enzyme-antibody 
preparation · is . pr~~area i: by mildly oxidizing the 

c:ar~ohydrate porti~~ .Q.f ',:.an. anti•CEA I9G with periodate, 
then contacting the ox~dized IgG with a dilute solution 

. ·~ . . ,. i . . 

of dextranase (£ram Pen~~illium sp., worthinqton 
Biochemical. corp:.·~: 1.Freehold, HJ) to produce an 

, . ' I . . . 

antibody-enzyme conj~ga:te, 'whi~ ·is. then stabilized by 
. .. r.:.·_ / . ~ :.· . 

_., .. 
_:. ·.·: . 

. . '· .. , .. 
~. 
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borol7.ydri'1a, . .in th. i~ 4. '1'tla canjugate . can be 

radialabalGci wt::th I-l~1t• i~ .cbnventional procedures. . 
(B) In a similar ;-faa,hion . to the above .Part A, an 

· anti-leUlceaia. · IgG is ' ~ju9ate4 to glucuronidase (from . . ~ .. . . . . 

5 · bovine · liver, Wort.hing-o~; ·• . 

Therapy af Lunq cancer 

A human patient .havinq small-cell carcinoma of the 

right lunq is in£usad intravenously with a sterile, 

10 pyrogen-free solution containing 5 mq of the anti.;.CEA 

I9G/dextranase conjuqate ~n . PBS, . prepared according to 

Exa.mple 4(A) hereof, ,.and labeled -with I-131. After 5 

clBys, tha conjug•te is wall localized in the lung and haa 
. . . I ; 

sUbstantially cleare.r! from the ciroulation of the patient, 
15 as seen by scint19rzph:!.c, seanninq :; at daily intervals •. 

A staz:il.a·, .,. pyroqen•frt!t·e,o,:,pas.···· solution of the 
I,· .. 

HTX/aminodextran: canjuqate;·':.·prepared .accordinq to Example 

_1, and. cantaininq.· 50 , DJ of the conjugate, is inrusad 

.intravanoUaly on . each .. of the "next 4 clays. 

20 radioimmunacletectio~, with I-1.,23•ant1-CEA 
siqnificant tumor reduction. 

Subsequent 
Fal> shows 

i. 

gxpple 6 

Therapy of· Lymphoma.:,:·~ .. · ,. , ... · . . . 

A human pat.i•nti)~s~\~ferinq ' from lYJDPh~ is infused 

25 . · intravanm.isly ·.witti· . :?.t. ·, ,•~rf,l~.'- . PYrOCJan-rrea PBS · solution 

con~ininq 5 mg ofi .·th~~- ;.~~i.:.'. :lymphoma ICJG•qlucuranidase 
. : .,, [,. ···:· ··: :· .· ··'· . . . . . .... . . . . . .• 

. conjuqat:.a :preparea '. e(:~~tct!Dq . to. Exaimpl• . 4 (b) hereof, 
• • • '" •• , F •• • ·:- • 

labeled With l~1~i~::·· ·;f~\er .. 6· ·4rys·,.· the conjugate is wall 

localized at tbe t~~t1 s.J.te ·and sUbstantially cleared 

30. from the circ,:ulatory. '•ystaa, 'as datera1ned by gma 

·scanning. · · 
'the . patient is_ th- .;i.n~ed intravenously vith a 

·· sterile, pyroqen_; ~z.e•>· ~ · eolution containinq 10 DJ of 
. . .·· .. ·.· ... ,•: -: . f' .· .f •• •. . 

epirubicin ql~~i.ds, .~prep~:!:'~ . ac:cordin; ·to Example 3 
3S he.reof, · o~-.-~c:b:·:·~~f-!.~· ··'.:.niXt. -,·4·· days. Subsequent 

. . •. •·. ;:: ;';,{:';-~~~~, :~!'; , {.:.·,} ; ·': .· . 
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radioimmunodetection shows si;nificant reduction in the 

lymphoma. 

11.UD'Q 7 

.Twaor Jtadioimmunodetection 

5 A . human . patient . with colon cancer is infused 

intravenously with a sterile, pyro9en-free PBS solution 

containing 5 DUJ of the anti-CEA-IgG/ daxtranase conjugate 

prepared accordinq to Example 4(A) hereof. After 7 days, 

the pati~t is .infused intravenously with a sterile, 

10 pyroqen-.~ree PBS solution containinq . s mCi o:f the 

In•11l-labeled polylysine-DTPA/ dextran conjugate prepared 
accorciing to Exuple 2 hereof and loaded with :cn-111. 

Af:tar · 24 hOlllrs r suf~icient accretion of tbe radioisotope 

at the tumor site occurs.for.scintigraphi~ imaqinq. 

15 EXAMPLE a. 
HRI Imaginq of cancer· 

A human patient having tumor or the ascendinq colon 

is intased intravenously with a· sterile, pyroqen-tree PBS 

solution coritaininCJ 5 aq of the anti-CEA-IgG/dextranase 

20 conjuqate prepared according to Example 4(A) hereof. 

After 7 days_r the pa~ient is infused intravenously with a 

sterila, -py:r:oqan-free PBS :solution containinq soo mg of 

the G~(:CII) loadeg polylysine-DTPA/4•xtran conjuqate 

prepared according to ED1!1ple 2 hereof. After another 2 

25 clays,· DI imaCJUCJ is. effected, revealing an image of the 

tumor Which is · adequately distinguished from surrounding 

tissues. 

The precedinq: exuiples can be repeated with similar 

success by substituting the generically or specifically 

. 30 -described reactants and/Or Operating conditions Of tbis 

invention for tbose·uad in t:ha praced.inCJ examples. 
. .. . . ;·.'.. _,;. I . 

From the ·tore1otng· -d'illscription, · one skil.led in the 
. .• . .:.: $ '; . • ·. . . 

art Ca~ e!9:s_ily. &~~~*~~lit:' th'jt es~e:nti~l charactari.atiCS Of 
· this invention. tm>i·, . ;.\JJ:th~--l't :".~epartin9 f~ the spirit and 

:·' ;. ~ .:J -~.t:- ~ :'· ,: ;l ' ·. !." . .. 
. ~ 4 . •: 

.'I. 1. . . -~ ~; ~ . ' 
- ' .. ·. J. . '. ·~ .' 

: ~ . ... ; 
i 
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scope ._thereo~, · can make variOW1 ·changes and maclifications 

o~ the . · ·_invention · t~ : adapt'• it ta· various usages and 

conditions. 

·, 

i ! . 
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WHAT XS CLADIED IS: 
l. A method fOJ:; ·tarqetinq a ~iaqnostic or 

. therapeutic aqent to a ~rget site, which ccmptisea the 
steps of: 

5. (a) inj~ting_a.~l parenterally with an effective 
amount · for tarqatin9 and. enzyae activity or an 
antibody-enzyme conjuqate, said antibody beinq reactive 

.With at least one antigen present at the tarqet site;.anci 
(b) after a sufficient period. of tilae tor said 

10 antibody-enzyme conjugate to localize at the target site 
and substantially clear froa the circulatOJ:Y system of ·the 

mammal, injecting said mammal parenterally with an 
effective amount for deposition at said site of a solUble 
substrate•aqent co.njuqate which is capab1e of 

is transformation by said enzyme to form a product comprising 
at least- - one diaqnoatic-..... or .... therapeutic agent, which 

accumulates at: said .ta%'9'~t):.ita .. for effective. treatment or 
diagnosis, s.aid--- .suh,;t:rate.-aqent. · conjugate compri-in9 a 
substrata tor said enzyme,- conju9ated to said at least one 

20 .. diagnostic or therapeu~ic a9ent. , 

·25 

30 

. wherein neither safd enzyme nor an ~zyme having 
similar. activity with respect to said sut>strate-aqent 
conjuqate is endoqenous to ·said mammal at a non-tarqet 

• si~e along the route ,;f ·administration or biodistribution 
of said substrate-a9ent conju_gate in an amount whieh 
interferes with targetinq and accretion of said aqent. 

2. The :mat:hod }'t plai.m; l, wherein the ant~body in 
. . . . I . . 

· said antibody•·enzym.9; . C;O~jugate specifically binds to an 
.. ~ I ; . : . • . . . 

antiqen produced · hy/ .or a~sociated . with a tumor, an 
. .: . f ! :. . . = : ,. 

infectious or pa·r:asit1c ! lesion, a fibrin ·clot, a 
i . . ·, 

myocardial. inf arctiOl1o'• an atharosclarotic plaque, a 
. ;1 

non-cancerous cell or a:dama9•d normal call. 

·3. The method of ·claim l, wherein the enzyme in said 
. . . . ' i· 

.. ant.1body-enzym.8 canj~•:t8 is a pro~~~··~~~~~~~~~~~~· a 
35 _9lucuronidase or an esterase. 

1ii1iiUf ...... 

,· 
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4. 'rhe method of claim J, wherein said enzyme is a 
dextranase, a cellulase or a ;luc1ironidase. 

5. The method of claim l, wherein said aqent is a 
diagnostic agent. · 

5 6. The metllo4 Qf · c_laia s, wh•rain said agent is a 

10 

15 

20 

·is 

qa1D1ta-emitting ~aclioisotope emitting in. the 50-500 KeV 
energy range.· 

7. The method of claim 5, wharein said aqent is . a 
paramagnetic ion for maqnetic resonance ilaage enhancement~ 

a. The method of claim l, wherein said agent is a 
therapeutic a~ent. 

9. The methatl o:f .'.cl-aim , a~.-· whe-rein : said agent is a 
bata- or· al.pia-emit.ttl1q·~:.ra~fl>l_•otope·~ .. a ·dt'WJ,· ·a ·toxin, a 
boron -addand, a_: .v~~Odil~.tor," a cytokine, a photo­

sansi tizer or a · i-adia.sen~ifizer. 

10. The method of. claim l, ·wherein said parenteral 

injection is .e~fected by an intracavitary, intravenous, 
intraartarial, intrap~e~r&l, intrat:hecai, intral~tic, 
intramuscular, intraleaional, 
perfusion route. 

.. 
sUbcutanaous or catheter 

11. 'l'he methOd_ ~f ~aha., 1, _wperein said substrate is 
a law molecular we~q~t-coJip,ol.ind • 

. . ) :y'· .. ~--~: ?;. :" . 
12. The matbo~-~t!i_b1~~<i:1, wherein said substrate is 

• • •\ • '; • I ' 

a glueuronide_'canj~9at;&-·ot .. said agent. 
. . ; . I . .'··,·; ·l .. ( '.:. . . . . . . 

I 
• : ,'1 

13. The :mathOci.of claim· 1, wherein said. substrate i• 
'1 . : i 

----.l.:. ____ ___!_ __ ~_; .. 

a polymer •. 

: .. 
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. 1111m~ 111~ 11t111~ 111111 
l.4.. The· meth.aci _:o~ 

1 
·'~~a.J.. ll, wherein said substrate is 

a _clextJ:an,. an am1n~~n,·a carbo~th.ylcellulose or a 
' .. . . f\ : .. 

p0lypeptide. .; ! t 
-~ . 

15. The ·JDathod oi. ,qlaim 13, wherein said enzyme is a 

5 dextranase or a cellulase, ·and wherein said 
subatrate~aqent ·conjugate co111pr1ses a non-substrate 
aminodextran or a 1 polylysine carrier, to which is 
conjuqated said at least one molecule ar ion of said 
aqent, and which is further conju9ate to at least one 

10 solubilizinq daxtran br carboxymethylcellulose aligamer 
which is a substrate fer said enzyme. 

16. The metb.'nd of claim 13, wherein said 

substrate-agent c~nji.,qate comprises a non-substrate 
polymer to ... Which:. i!l: ... attachf'.d-.. at .. least one substrate 

l.S 01190-.er to wbich . is . conjuqated· .. ,at. least ·one molecule or 
ion of said.aqent• 

20 

25 

30 

17. The method' af · claim l, wherein said antibody• 
. . . 

enzyme conjuqate i& further conjuqated to or adapted for 
. I . 

c~njuqation · to a ra_dioisotop• er ma9netic resonance imaqe 
enhancinq aqent, to monitor the clearance of antibody­
enzyme conjuqate t:t"om the c.irculatory system or its 
localization ~t·the ~~ba-et ~ite. . 

. ~ . : .. 

18. The math~. of. c::i·ai111. 1, wbarain said substrate-
.. · ·, .. , . . 

aqent conjuqa~ i1t;_:.turther c~njuqated to or adapted for 
conjugation to a radioisotop~, :•aqnetic resonance .imaqe 
enhancinq a9ent or other label, to monitor the c1earance 
of the. substrate-~qent conjugate :from the circulatory 

system or. its accr~tion.at the,tai:get site • 
. . 

. 19. The -~· of ·claim 1, wh8rain said maJDJU.l is a 
hmaan. · ; 

: ·--· ___ ; --· -

11i1iiiUT 
:· ; 

i 
I 
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·· 20. A dual _star~1e I injec~le preparation for human 

.. _use, far . ~rqetincJ1 a;~rapeutic or diqnostic agent to a 

tar9et site, comprisi~; · 
. . . ·.1 . 

(a) a tirst stUil~ injectabl.a solution containiDCJ an 

effective.amount for t~etin9 ancl·enzyae activity of an 

antil>ody-enzyme .conjQIJata, saj.d antibody being reactive 

with at least one antigieli present at th• target site, in a 

pha:maceutically acce.ptible sterile injection vehicle: and 

(b) a second sterile injectable solution containing 

10 an effective amQUDt for deposition at said site of a 

solUble scstrate-agent conjugate which is capable of 

transformation by said enzyme to ro:r:m a product comprising 

at least one diagnostic or therapeutic agent, said 

suJ:>strate-aqent conjuqate ccmprising a subsi:rate for said 
. . 

15 enzyme, conjugated to said at least one diagnostic or 

therapeutic .. agent., ... Wherein . neither . ·. said enzyme nor an 

enzyme . · ha.vinq si.~ila:t::-:: .. activity with. respect to said 

aubstrate-a9ent.;.;con~'is>7Udo9e
noua-·-·to- .the mammal -at 

a non-tarqat .sita·:_:alo!l9'~tb.e""'route '·of administration or 

20 biodistriwtion of .th• ·substra~e-a9ent conjugate in· an 

amount which. interf~r~~ ~itii ta~geting and accretion of 

said qent, said sUhstrate-agant conjuqate beinCJ dissolved 

in a pharmaceut_ically acc,eptibla sterile injection 

25 

30 

35 

·vehicle. 

21. A Xit ·for lluzaa.n ·418.q;ostic or therapeutic use, 

for targeting.· a ~·r~~ut,!_c:·'·: .o~ diapastic aqent to a 
. : . . . . ' . ,; . i. . -~ : .. q· . . . . 

. target .site, CQllPi:i!l:it:.CJ~· . in." s~i1;,able <:ontainers i 
. .·. I.\· .:·. ·' • : I ~-= •. I ·.OJ . ~ 

'(a) a fin~'.· -~~~~l1f con~"ine.1:- ,containing an effective 

amount for· ... ·~•r•~t.inq··. :·aid· :~nzYJtie ac:t.ivity of an 
• . . ,'. '· !· '~·'. •. '. ~ 1( • • I : . . ;· : : • 

antibody-enzyme .. conjWJiite; said: antibody beint; reactive 
• 

'. "I : i • ·:. ' ·I.• . ': . ... ' ~ :· i 

with at le~st ona:. ~1t.~q•n present at the ·target site: and 

(b) . a secoh.c! ;; ::: at~r ile .. con ta ~ner containing : an 
. . ' . ~' . .• ! i i ·. !"~i . . . . . . . . 

. 

effective amount · .foi: .'.4&1'osition. '.at· said site of a soluble 
. . . .· . . .:. . . .. . 

. &U1'strate;;,.a9ent: :.· conjuqate which is capable · o'f· 

·transformation bY ~aicil·'.enzyme ta fan a product _comprisinc; 
• t • 

• 
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sUbstrate-a9ent conjuqate camprising a sW,,Strate for said 
. . 

enzyme, conjugated to ••i4 . at : l-t one diagnostic or 
. ~ . . 

therapeutic a9ent, wherein neither . said enzyme nor -an 
. . 

enzyme havin9 similar activity with respect to said 
5 aubstrate-agent·conjugata i• andaC)enous to the mammal at a 

ncm-~et : sit• along ~ raut:e Qf adainistration or 
biodistribution of the· substrate-agent conjuqate in an 
amount Whieh intar~eres with tar9etinq and accretion of 
said agent. 

10 22. The kit of claim 21, wherein sa~4 therapeutic or 

! 

diagnostic agent is at least one boron addend, druCJ, 

toxin, radioisotope, nuclear magnetic resonance image 
enhancing agent, vasodilator, cytokine, radiosensitizer er 
pbotcsensitizer. 

15 23. The kit ot claim .. 21, .wherein said antibody-enzyme 
conjugate ·is further ..... conjuqated : .. to.,. or adapted for 
conju9at~on to a.radioisotope or magnetic resonance ima9e 
enhancing agent. 

24. The kit or claim 21,.w.herein said sW>strate-aqent 
20 conjugate 1s· furthier conjuqated ta, ·or adapted for 

. conjugation to ·a radioisotope, ma9netic resonance image 

.enhancinq agent or oJ:her laal. 

25. A method according to Claim l. wherein said 
antioody-enzyJIUa conjugate provid-4 in step (a) co•prises a 

25 oispacific antibody or antibody fragment having a first 
binding site speciric _to sai~ antigen present at a tarqet 
site and a second binding site specific to an epitope on 
said. enzyme which.cloes not interfere with enzyme activity, 
said bispecific ~tibody or antibody fraqm&nt being non-

3 o covalently bound. 't.o L ~i« -'2'1'1Rt a~ ••i4 second l>in4inq 

site to form said antihociy-_enayme conjuqate. 
_· -- ~ i ---~-l-1_~1:___:·· --· -. . . 
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26. -- · A· sterile ~j~able preparation :for human user 

for __ tarqeting a --t:berapeutic or 4iagnostic agent to a 

tarq~t site, c~ris~~-
. (a) a ·fi~st sterile injectable solution 

s containing . an effective am.aunt, for taZ'9etinq· and 
_ en.zyme activity, · of the antibody-enzyme conjUCJ&te of 

c1aui 25, d.issolveCI: in a pharaaceut1ca11y acceptable 

ste_rile injecti_on vehicle; ·and · 

(b) -- a -second sterile injectable solution 

10 containin<J an effective amount, for_ deposition at 
·said site, or -a . soluble substrate-aqent conjugate 
whi~h is -cap41.ble of transformation b~ said enzyme to 
form a product com.prisinq at leai;t one diagnostic or 

15 

20 

25 

therapeutic av~t,-- said substrate-agent conjugate 
comprisi~g a suk~trate for said enzyme,- conjugated to 
aai4 ~t. leaat''·.~n~ -diagnostic or ~erapautic agent, 

. ~ :· . . . 

wherein neither··-said ;enzyme nor an enzyme having 
- . -

similar activity,with respect to aaid substrate-agent 
conjugate_ is- endogenous to a human at a nan-target 
site along. ·. the route of administration or 

bicdistribution of the substrate-agent conju9ate in 

an - amount ; which interferes with tarqetiriq and 
accretion ~f: 'said -ag~nt, said substrate-agent 

conjugate . beinq; _ dissolved -- in a pharmaceutically 
acceptable sterile :injection vahic1e. 

-- -l _-·ii·'-_: .:; - !. ;· - .. - : 

_ 27~ A ·kit to2/:1_1~ c!iagnostic ~r therapeutic use, 
for tar9atin9 _ a :thu:al)eutic o~ diagnostic agent to a 

tarqat_si~. compr~ai~: 

(a) a firs.t - sterile container containing an 

30 effective ~unt, for·:tarqat:ing and enzyme activity, 
of the antil>ody~enzyae;conjugata of Claim 251 and 

(b)_ a second sterile container containin9 an 

effective ulOuntr -- for deposition at _ said site, Of a 
. . • . I • _. . . 

soluble sUbstrate•!UJ8'\t : con)uqate which is capable of 
35 tl:'.ansformaticn :;·by- a.id enzyme ·to form a. product 

- comprising ~~-- '1~ cme -diagnostic or therapeutic 
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' I 
a9ent, said sub~trate"'"aqant canju9ate comprising a 
sUbstrate for said. enzyme, canjuqated ta said· at 
least one diagnostic or therapeutic aqent, wherein 
neither said enzyme nor · an enzyme · having similar 

. ' 
activity .with respeet to said sUbstrate-agent 
. . 

· ·conjuqate is . endagenous to ·a ·human at a non-tarqet 
. . . ··r 

·site· along the· .. route 0£ a411inistration or 
biodiatribution of the substrate-aqent conjugate in 

an amount whic~ inter£eres with tarqetinq and 
accretion of said a7ent. 

28. The-kit or Claim 21, wherein said therapeutic or 
diagnostic aqent is at least one boron addend, drug, 
toxin, · radioisotope, nuclear magnetic resonance image 
enhancing aqent, vas~ilator, cytokine, radiosensitizer ar 

is photosensitizer. 

1. 

J 
; 

) 

.. 20 

. 25 

30 

35 

2.9. A metluxl · .. '. for· targetinq · .. a. diagnostic or 
therapeutic aqent to ·a · tarqet··· site; ,. cam.prisinq the steps 

of: 
(a) provj.~ing a bisp~cific , antib~dy or ant1bo4y 

fra~t hav:ln9 a tirst bindinq· site specific for an 
. . 

antigen pres~nt at.;~. tarqet. site and .a second bind.i~g 
site specific ·to~· All enzyme; ( . . . ···: . : 

(b} injec::tinq a . mumal parenterally with an 
•: I • 'j .. 

effective aJIO\.~~ 'for tUCJetiDCJ of said antibody ar 
antibody frapent; 

. I 
i (c) after a sufficient period. of time for said. 

antibody or antibody rrapent ~o localize at the 
! 

target site and substantially clear from t:ha 
. ' 

· ·circulatory system of the mammal, injecting said 
· maDal , parente:rally w.i:th ·an effective amount for 

· I . f. :q • ' ··: · ,· ·· . 
· enzyme act~v~~Y:.· _. of Tsai~ :,:en~~~· f. such. that said 
localized . fmn~Y : b,~~ s•id ·.nzyme to form said 

. antibody-enz~ · Fpnj~pft" ~n situ 1 ·and. 
· . Cd) furtha_r/ injecting . said •11J111Dal parenterally 

: .· -. : . t· ·1 , 1 ,I 

vit:han effectiv.-\aaeunt'tor deposition at.said site 

. ·~ . . 

:·.· 

·.:~ 

I 
I 
j 



- --~-----------------------
2-20-96 ; s:o1PM ;fOLEY & LARDNER De A-t s&.T BY: 612-2615486;#48/90 

------- ------ ··-·--·· ---·---·-·-·--

WO 91/08770 -

lll1li1mi1Ur 
- PCl'/US89/05441 

. -

- . 
- 45 -

111111111111111111111111111111 
* t l " s * 

of a soluble -· sustrate agent conjugate whieh is 
capable of transtomation by said enz~a to fora a 
product _ _co~prising at -least one diaqnostic or 

- therapeutic aqent, _which accwaulates at- said tarqet 
· s - site for erfeCtive - treatment or diaqnosis, said 

sUbst.ra~e-aqent ccnjuCJate_ comprisinCJ a substrate for 
-said - enzyae·,· ·: . conjugated- - to said at least one 

diagnostic or.therapeutic a9ent; 
wherein neither said_e~zyae nor an enzyme havinq sim.i1ar 

. . . . . . 

10 activity with respeot -_to uaid eusuata-agent conjugate is 

endogenous to said- ~mmal -at-- a non-tar9et site along- the 

route of administration or biodistril>ution of said 
substrate-a9ent. _conj_ugate -·in an amount which interferes 
with targeting and accretion·of said agent. 

15 32. The method- -O~ Claia l 1, wherein said antil>od.y or 
antibody fraCJ11ent in said. antibody-enzyme conjuqate 
specifically. bindS to '- an~,:antigan producad ... by or associated 
with a tumor, an infecttmnr·'.or·-parasitic -lesion, a fibrin 

clot, a ayocardial !nf~~ct.i~n, an atherosclerotic plaque, 
20 a non-cancerous ~ell o~ ~ :aa•a9ed. normal cell. 

33. The method -bt , Claia 31, wherein the enzyme . in ---

said antil>~dy••nzyae iconju9ata is· a protease, a 
. : . ;. . 

9lycosidasa, a qlucnlroniclaae or an ei;;teraae. 

- 34. -The _math~ Qf _Claim :Sl, wherein said therapeutic 
25 or diagnostic aqent _is -at least one _baron addend, druq, 

toxin, radioisotope, nuclear -.gnetic resonance image 

enhancing agent, vaacdil~~c~, cyt~kine, radiosensit.izer or 
- -_- -·- r - ' ,- " 

photosensitizer. :_- •; -_i-:'• __ ,·_~i:,-! -·-

35. . me ~~l~\l~e 31, .. wherein said enzyllO is a 
-- - --- ,-., i -

3 o dextranase - or _ a c1a~1ulb&l!l, and . wherein said substrate-

-_ a9ent conjuqata c~#ses a non-substrate -aminodextran or 
a· polylysine carr1•r_,-:. __ to which is-_ conjugated sai4 at least 
on• maiecNie -Qr -ion._'.. or:. said-. agent, and which -is -- 1'Urther 

" - . 
. 1 .. ' 
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conjug-ated to at . least one solubilizinCJ dextran or 

carboxymethylcellulose oli9rmar which is a sUbstrate for 

said enzyme. 

· 36. The -aethod a'f Clai1a 31, wherein said mammal is a 

s hmnan.· 

37. A sterile inject;al)le preparation tor hWDan use, 
tar · targeting a · therapeutic or diagnostic: agent to a 
tarciet site, comprising; 

. (a) ·a· first sterile · ~njectable solution 

10 containinq an effectiv_e am.o\mt for targetinCJ of a 

bispeci£1c . antil:tady_ or· antibody fra91Rent havinq a 

first bindinq site specific for an antiqen present at 

a tarqet site and a second binding site speci~ic ~or 

an enzyme, said.antil:aady or antibody fraqment beinq 

15 

20 

25 

30 

. -35 

dissolved in a pharmaceutically acceptable sterile 

injection vehicle 1 -. -

(~) .. a second sterile injectable solution 

containing an effective amount tor enayme activity at 
-said tarqet fiite -bf said enzyme, _ said enzyme being 

.. I . . . . 

dissolved · in . ·a:' · .Phazmaceutically acceptable sterile 
. . . . . :J . ·-

injection, ve~i-cl.e; and. : 

(c) a · <tiliX:d :.sterile injectable solution 

. conta~nin9 an ,•¥fec1~ive-' aaoant, for deposition at 

_said sit:e, of·, ·a j ·soluble sul>strata-aqant conjuqate 

whieh.-is capablei()f transformation by said enzyme to 
· form· a prOduc~ . ~~r~sing ~t least one diagnostic or 

:therapeutic a9•nt, said substrate-aCJent conju..,ate 
cc;mprising a·~lib.trate far said enzyme, conjugated to 

~aid ·at leasit: _;·.«?~• di.agriastic or therapeutic: agent, 

said substrat•~4'~zyme1conju9ate beinq dissolved. in a 
. . . . . ·. ; : ~ . :: . '.. . :~ 

pharaac•uti<:ally 2l~captabla sterile injection 
. . . ' . 

Vehicle i' , 
wherein nai bar · said enzyme nor· an enzyme havin9 si.milar 

. \ . . . . 
ac:tivity with respect to said s~strate-aqant conjuqate is 

. ' . , 

endogenous -toa huaan at a non-tarqet site alon9 tbe route 

. I 
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at admin'istration · or biocliatribution of the substrate­
agent _ conjWJate· · 1~ ·' ·an aaount whioh interferes with 
tarqeting and accretion of said agent,. -- said substra.ta­
a9ent ·conjuqate -being dissolved in a phumaceutica1ly 

5 acceptal>la sterile injection vehicle. 

38. A kit far hWaan dia911oatic or· therapeutic use, 
-:for tarqetinq a - t:herapeutic or diagnostic aqent to a 

target.-site, coapr~si~J 
(a) --a first -sterile container containin9 an 

10 effective amount for tarqetinq of a bispecific 
antibody or antibody fra91l8Dt having a first bindinq 
site specific for an antiqen present at a tarqet site 
and. a second hindin9 si~e specitic for an enzyme; 

_ (}?) - • second. sterile container containing an 
15 · ef~active uaount -.for .enzyme .activity at said target 

site of_ said. -enzyma1-,.and ,-- . 

(c)- a third··:· sterile· .. container·- containinq an 
e£fective - UIOt.tnt f.pr ·-depositinn· at said site of a 

soluble substra~~)l9ent. ~onjuqate which is capable of. 
- 'I .-'. ; , _· 

20 transformation: .:.;by - &:•id -enzyme to form a product 
comprisinq a~:_; ;L~'-st'.,:-oiie:- __ d~aqnos~~c or therapeutic 
aCJent, said ·'.s~atrate-aqent_ . conjugate comprisinq a 
substrate for :·said. enzyale,, conjUCJated _to said -at 

i. . 

least ona ~iagnastic-or tbarapautic aq~t: 
25 wherein neither said enzyme nor an enzyme having similar 

activity with rfl&p8ct 1to sa_id :substrate-a9ent conju9ate is 
endcqenous. to a human at a non-tarcJet site along the route 

.o~ _ adllinis~:-atian; 'd.~ ·~.i~i-tri.Au~ion o~ the - substrate­
a9ent conj,ugate. ':iq· · an' ramount Which interferes With 

. . :· ;. ; -;t: ~:·.. ! . . : : . ; 

30 targeting and accr~~pn .o~ -,:G~i~ _agent. 
• :>' :r·· 1. • ' ' . ; 

- .-~: • ,. ! .. ! , H·~- -, -. J-. )'j_· :· -,1 '._ - . 

39. The ~it ':~,f~;c~ai.a .. 38, wherein ;said therapeutic or 
diag"nOStiC aqent· '.1~_t. ;. : :~t .least l. OM bor~n add.end 1 dJ:uCJ I 

toxin, radioiso~f'~··::' ·~: ;nu~lear.: macJiietic resonance ima9e 
·enhancing ag~t, ~-.oClilate:>r,· cytoJd,ne; racliosansitizer or 

- - ' - - ·I 

35 - photoa&nsitize~ •. ·.'.. ,' ' 

I; - ,'!· :'; ... -. 
. ···.·. !-:· . 


