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METHOD FOR ANTIBODY TARGETING OF DIAGNOSTIC
OR. mzaiumxc AGENTS

The present invention - relates to a method for
enhancing the targeting capah:.l:.ty of an antibody using an

"antibody-enzyne conjugate and - a separate =soluble

substrate-agent conjugate, wherein the targeted enzyme

_catalyzes the conversion of a scluble substrata, bearing

at least. one therapeunc or ‘diagmstxc agent, to a product

compnsing the agent whicb acmulates at the target site "
. for ettactiva traam@nt .or d:.agnos;s. - . The foregoing

.- methad is useful for. i;axg@ting any type of agent to a site

15

- to vhich an antibody can selectzvely bind, including use
~ for imaging tumors, - _:i.n__fectious. lesions, £fibrin clets,
. myocardial infarctionms, ' non-cancerous cells, damaged

normal cells, atherosclerotic plague, lymphocyte

} . autoreactive clones, and for therapy. .

20

25

It is well Xknown that antibodies or antibody
fragments can be conjugated to rad:.oisotopes, drugs or

 toxins to target the diagnostic or therapeutic principle

to the tumor or lesz.on site. 'A major obstacle to using
such methods has baeﬁ the di:friculty of loading the

- antibody with a suffic';.ent amount of tha therapeutic or
diagnostic agent. .A further complication is that -
' 'overloadmg the antilio&y-

'witb a. therapautic or diagneostic
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-1- - # _  NETHOD FOR ANTI BODY TARGETI NG OF DI AGNCSTIC . : OR
THERAPEUTI C AGENTS Babkgroudd O The I nvention The

prese ion relates a_net hod; faor enhanC|ng1ﬁq* ﬂ@%hﬂg'
capabi- pt%’?‘gfﬂén ant i bfb‘hinlwstﬁhE mﬁm‘f ody enzyrre conj uga an

separate sol uble substr ugate- wherein the targeted enzyne
catalyzes the converS|o sub&t Rat®e, bearing at |east one
therapeutlc or dlagnostlc agent to a product

. agent may cause thef:hcdy to reject and dectrcy the
' antibody conjugate. | . - |
: Conjugation of- éytctcx;c ‘drugs to . antibodies to
l”_achieve_a targetad therapeutic result is well Xknown. For
5 example;_ it is- known that methotrexate (MTX) can be
oo fccnjugated to: antabcd;as and scme selective cytotoxicity
has been chsazved.' It is ddsirable to enhance the
cytotcxicity of such ccnjuqates by increasing the 1loading
of the cytotoxic drug. However, multiple ccn]ugatzon of
10 individual drug molecules to an antibedy ' eventually
raduces its inmuncréactivity, the effect being observed
when more than abott tcn'drug molecules are loaded.
It has also been proposed that the drug be conjugated
to a polymeric c;rriat, bnicn in turn may be conjugated to
15 an antibody. This has ths advantage that larger numbers
" of drug molecules can ba.carried .to the target site. Use
of polylysine as a polymer carrier was reported by Ryser
et al., Proc. Natl. Acad. Sei. USA, 75:3867-3870, 1978.
- These authors found ‘that only about 13 MTX per carrier
‘200 could be  loaded and immunoreactivity was poor. In
~ addition, the high amine content of the polymer, largely
in the fcrm of charged ammonium groups, caused the
conjugate to stick “to nermal rells and vitiated the
selectivity of the cytatpxxc effec;
_'25  Rowland, U. s._Patentlé 046 722, dxscloscs an antibody
- conjugate wherein a blural;ty of mclecules of a cytotoxic
.'agent are ccvalentlyi bcund to .a polymer carrier of
‘molecular weight S, 000-500 000, and the 1caded carrier is
ccvalently bound tc;an antibcdy by random attachment to
RE pendant .amine or carboxyl grcups. Ghose et al., J. Natl.
Cancer Inst., 61:657-676, 1978, disczoses“ other
_ antihcdy—linked cytctoxic agents useful for cancer
‘- therapy. Shih et a1., u.s. . Patent 4, 699,784 discloses
° . site specizic attachnent L°f a nethotrexate-loaded
35 .aminodextran to. an antibody. B

- Targated neutron-activated radxatherapy is desc:;hed.
@.g., in Goldenhemg et?al., Prcc. Natl. Acad. Sci. Usa,
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conpri sfng t he agent which accumul ates at the target site for effective
treat ment or di agnosi's——The foregoing nethod is wuseful for targeting any

type o ”Po a ﬁné‘&%eét?l v@e Cﬁle ang antibody can sel ecti ve Ici? /05441
£

i.ncl ud| ng use %dﬁ nfectious lesions, fibrin ot s,

myocardial infarctio H us: cel | s7_damaged normal cells,
atherosclerotic pla Y e autoreaét Tve clones, and for therapy
It is well. known that antibodi‘es or anti.body fragments can be conjugated to
- radi-oi sotopes, drugs or toxins to target the diagnostic or therapeutic
L D AN AT WA et
arfiount of t hd Xt hpeudin® or iBi aGadflemberthentU-Sn  PALBRES  doAPRiIr64(7is0n
's that overd <UB BT 6 e P961 PSElY, Vi | B68, 452 anGeRie;TaR, duagmsuso and
4,460, 561.' and in related pending applications - U.s.
5 Serial - Nos. 609 607 (filed 5-14=84) and 633,999 (filed
' 7-24-84), the disclosures of a11 of which are incorporatad
“herein in their entireties by refarence. _ _
The aforementioned references discloss, inter alia,
methods of incorporating Boron-l0-containing addends into
10 antibody conjugates using, e.g., coupling of a carborane
 (e.g., linked to a phenyldiazonium ion) to an antibody,
which are suitable for incorperation of a relatively low
number of Boron-10 atoms. Typically, between 10 and 120
B-~10 atoms have been attached to 1IgG before the
15 - imunoreé;tj.vity. and - yield ‘of recovered product become
- ‘unacceptably low, using ‘the. - carborane-phenyldiazonium
conjugation procedure. It is desirable to be able to
;ta:get ‘a large number of B~10 atoms to a tumor site for
o effact:.ve therapy. |
20 . A.need therefore continues to exist for a nethod of -
antibody targeting where it is possible to deposit a
sufficient amount of a therapeutic or diagnostic agent at
a target site, without overlcading the targeting antibody
with the agent and thereby losing nmunoz'eactxv.ity and/ar
25 inducing an imnunagam.c rasponse. |

ghiects of the In e

Oone object of the pressnt invention :Ls to provide a
method for enhancing the targeting capabilities of

ant:.bod:.es by amplifying the targeting event.
0 Another cbject of the present invention is to provide
o ngents useful for dxagnos:.s and/or treatument of cancer,
o infectious lesions or; othgr pathologj.cal lesions such as
nyocardial. in!:a:ctwus; EEE k : ' |
| " A further okjact ct t!:a present ‘invention is to
35 .achieve a. high degz‘ee ot depos:.t of tharapautic or
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-2---  'agent may cause the body to reject and destroy the antibody

conj ugate.. - Conj ugation of cytotoxic drugs to antibodies to achieve a

target utic:result is well known. For '
%’9??&9%6 " This Sheet Has Been Replaced PCT/US89/65441
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diagnostic aqents at a -target site without a need for high
-load:mg of the antibady.
Yet another obj ect of the present invention is to
_ provide a method of targeting a sufticiently large number
5 of boron atoms to a target =ite to function as an
 efficient therapeutic agent for thermal neutron activated
- radiotherapy of tumors and pathologioal lasions, vuthout
having to load the boren atoms onto an antibady.
| Other objects of the present invention will become
10, mwore readily apparent to those of ordinary skill in the
' art in light of the following discussion.

These and other abjects of the invention are achieved
by providing a method for targeting a diagnostic and/or
15 therapeutic agent to a target s:.te, vhich comprises the

o steps of: .
(&)’ :.njecting a naml parentez-auy with an effective
- 'amount for targeting and enzyme - act:.vi.ty of an

e antibody-enzyme conjuga.te, the antibody being reactive
20 with at least one antigen present at the target site; and
R (b) after a suffxcxent period of time for the
" antibody=-enzyme conjugate to localize at the target site
and substantially clear from ‘the circulatory system of the
. mammal, ~ injecting the. mammal parenterally with an
‘25  effective amount for deposition at the target site of a
- '-, soluble substrate-agent conjugate which is capahle of
transfomation by the enzyme to form a product comprising
the agent . which accumulates at the target site for
o effective treatment and/or diagnosis, the substrate-agent
30 conjugate compn.sinq a suhstrate for the enzyme,
conjugated to at least one - diaqnostic ar therapeutic

agent,
wherein neither the enzyne nor an enzyme having
~ similar aotiv:.ty with respect to the substrate-agent
'3_5 : conjuqato is endogenous to the mamal at a non-ta:get site
B alonq the route of adninistration or hxodistnbutxon of



SENEBY: _ 2-20-36 7 7:30RM SFOLEY & LARDNER DC 4~ 612 2615486:# 8/90
exagpl e, it is known that nethotrexate (MIX) can be conj ugated to
antfbodies and some sel ective cytotoxicity has been observed. It is

desi r ance the cytotoxicity of such conj ugat es b. t he
| oadi ng @?i@ﬁﬁ]cyt ot mgg,eamggeemﬁgy mul ti pl e conj ugat m@# ﬁ%l dual

drug nol ecules to an a 1y reduces its | munor eactivity, the
effect bei ng observed about=t®n~drug. nol ecul es are | oaded.
It has al so been propo ug be conjugated to a polyneric _
carrier, which in turn may be conjugated to an antibody This has the-
advant age th Iar ru S carrled o]
farget o te, W8 ofaBatREs Sadant LR SR (N An”T AnARek b yPRR,
et al. Pr odnﬁﬂterﬂtamtmmaqm%monws salidsaganthor s
ngoﬁ ggtct Io\r/‘:%/ abays 13::\4‘%&’6&%%‘3 Prd¥ibes 0rglgents, sterile

‘ f&ctibfg praparations and kits for use in practicing the

- faregoing nnthod.

. The prior art discloses the attachment of therapeutic
ar diagnostic -agexi_ts - directly to an antibody, or to a
carrier attached to an -'antibady. Some of the problems
10 associated with conjugating an agent to the antibody
include croés—linkiné. ‘loss of immunoreactivity,
1ﬁmunogenicity,'insufficiant loading'of the agent on the
- ant:.body and’ inadequate deposition of the agent at the
e T target ‘site.” The present invention overcomes these
- 18 problems by using an - antibody-enzyme conjugate and a
- separate eubstrate-agent conjugate, which enables the
- antibody to tarxget the: site without having to load the
~diagnostic or therapeutic agent onto the antibody.
o The method for targeting a diagnostic or therapeutic
20 .agent to  a targct sité, accordihg to. the present
) - invention, can be accomplishad by first injecting a mammal
'parenterally with an ;effective amount for targeting and .
enzyme _activity of an5 antihody-enzyme conjugate and
. 'waiting a sufticxent anount of time for the canjugate to -
25 localize at the tarqat site and substantially clear from
. " the cixculatory.sgsten;qf the mammal. The next step of
the method is injecting the mammal parenterally with an
‘effective amount for deposition at the target site of a
© soluble substrate~agent ,conjugate capable of
30 - tra,nsfdnation by ':he"ehzyne' ,tP ‘'a product comprising tha
- agent, which'aécunulates'at7th¢;target site for effective
treatment and dxagnosis. The substrato-agant conjugate is
.a suhstrate for the enzyne, camaugatad to at lcast one
L _diagnostic or thsrapautic agent. _
38 The antihody componant of the antibody—enzyma
S ccnjugate ia the targatxng portion. and sarves to bind the




%I%I;Oﬂ the high am.ne content of the polyner,
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largely in the form of
to stick to nornal

U.'S. WRROUBBTM, 046, 727pis Shect BlaBresRephacednt i body conj ugate wherein a plurality

of nol ecul es. of a cyt e coval ently bound to a polyner carrier
of nol ecul ar wei ght 5, ' nd t'hesl Oaded carrier is covalently
‘bound -t o "an anti body an

) om attachment to pendant am ne or carboxyl
groups. Ghose et al. . Natl. Cancer: Inst. 61: 657-676, 1978,

di scl oses ot her anti bo I, nk to% Xy q_elan"; Uit ider Opresentr at
therapy. ~ Senivgats sel §L i%n'?% g §§4 di s

attachnent e a‘;gﬁwwﬁate mdguzmnggmﬂ Oie ?nh ngé&'tfe' is
-Target ed neutro&actiggsigzaadl Q@erﬂﬂé’ i caggees i bed;lte._ _Once the
N non-—targetad cnnjngata ‘substantially clears rron ths
" ‘5' " bloodstream, the' substzate-agent conjugate is injected.
_ .':t should not encounter more than a negligible amount of
'-j=_.the ant:.bady-enzyne conjugate or similarly acting
endogenous anzyme nn:oute to the target srhe. :
However, when the substrate-agent conjugate reaches
10 | the target site, :.t will be transfomed by the enzyme into
o a product compr:.sing the diagnostic or therapeutic agent.
The enzyme can transform many molecules or subunits of-
substrate~agent conjugate to liberate many molecules of
product in a form which will accrete at the target site .
15 . due to favorable partition petweern the fluid bathing the
. " target site and the fissue.or other antigen-containing
x medium at the site. :.tsalt. ‘Thus, the enzyme amplifies the
R -targeting capabilitv ‘ot éhs antibody without the need to
"conjugate the agent to the targeting antibody, and t::
: 20 . agent accumulates at tne target site and can etf.ect i
| diagnost.ic or therapeutic action there.
Unless otherwise noted, use of the term "a.ntibody
-here:m will be undarstood to include antibody fragments
| and thus to be eq\uva.lent to the term santibody/ fragment®
25 which is used intercnangeably therefor in this
- discussion. ' mtibgd:,es san he v.mgle imnnoglobulm of any
class, e.9., Igs, Igu, :rqm. mp, IgE. or hybnd antibodies
with dual or multz.ple art;gsn or spitope spsc:.fic:.t:.es, or
: fragments, &-g.. P(ab'.)z, F(ab)g, Fa.b' Fab and the like,
- . hybrid - fragmen -.
?0 : mﬂu:;::hczzes include ::tisem preparations, preferably
- aftinity- purified, having a high imnoreactlv:ty, @.9g.,
. a binding cnnstant of ‘at  least about 10 1/mole,
p:sfsrahi'y at’ least. about 10° 1l/mole,  a high
"-55 :.. -imunospéciticity, e.g. , at least about 40%, prefaerably at
o least -about 60%, mem& p:eferably ‘about 70-95%, and a. low
y .cx-oss-react:.vity with cther :'j’ssha antiqens. e.q. , not
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e.g., i'h &l denber g’ et et al., Proc.. Natl. Acad. Sci. USA, B
-3-.  81:560 (1984) Havvt horne et aI J. Med. Chem, 15:449 (1972); : and

in - Conits9Peser - U. 7, 4,348,376, 4, 36pCY/S89705488. 457,
4, 444,744, 74, _460,'459, a mllu Ill ll I o ' _
T : - 7 '- . :

'nore than about 3o%, preferably not more than about "15% :
and nore preferably not more than about S%. The antiserum o
can be affinity puririad by conventional procedux'es, e.g.,
. by binding antigsn to a chromatographic column pack:mg ’
5  e.q., Sephadex, passing the antiserum through the calunn,
- thereby retaining specific antibodies and saeparating out
) other .immunog_lcbuling and contaminants, and ' then
recovering purified antibodies by elution with a
‘chaotropic agent, optionally followed by further
10 purification.
~ Monoclonal antibodies are also suitable for use in.
the present method, and are preferred because of their
K high specificities. They are readily 'pz"epared by what are
now considered camrentional procedures of immunization of
15 _nammals with an ismunogenic antigen preparation, fusion of
immune lymph or spleen cells with an immortal myeloma cell
‘line, and isclation .cf. .specific. hybridoma clones. More
unconventional methods .of:preparing:monoclonal antibodies
are not excluded, such as interspecies fusions and genetic
- 20 'engmeermg nanipulatians of hypenrariable regions, since
| it is primarily the antigen specificity of the antibodies
that atfects their utility in the present method.
. Antihody fragments ‘can be made by pepsin or papain
_ ' digest:.on - of whole munoglabulms by . c;onventi_onal
"7 -25° methods such as those disclosed, inter alia, in U.S.
Patent 4,331,647, - IR 4
| The - target sites .can be. ~but are not limited to, - {
|
|

"cancers, infectious ‘and parasxtm les:.ons, fibrin clots,

. - myocardial intarcta.ora, _ athsrosclez:otic plaque, - dauaged

3@ . normal cells,_ ?rp"cancerous cells .and 1ymphocyte
R autoreact:we clones.’' . . -

' Many antzbodies and antihady fraqnents | which
specifically bind markets produced by or associated with
tumors or 1ntectioua lesions, anluding viral, bacterial,

35 = fungal and- paras:.tic intections, and antigens and products
' associated with snch microorqanisms have been disclosed,
'm;gz_gm in Hansan et al., U.5.. Patent 3,927,193 and
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4,460,561, and in related pending-applications U.S. Serial Nos.
609, 607 (filed 5- 1‘4—% —and- 633,999 (filed 7-24-84), the disclosures of

~all ‘e inc dhere|n|nth'eir entireties r ce.
The amm ned reff ﬁ{egtﬂe infer alia, met hogé-réﬁéﬁ'm?
i ncor por at'i ng- Bor on- 1 dends rnto ant Lbody conj ugat es usi ng,
e.g., coupling of ac i nkedatn a phenyl di azoniumion) to an

ant i body, whi ch are sui tabl e for [ ncorporat ion of a relatively | ow nunber
of Boron-10 atoms. Typically, between 10 and 120 B-10 atons have been

ttached (o dSRBRAS ' RRSEACLIILY, &Y. VB g ot ka R0t
procedure. 4;46&.&5‘6& rabJﬂ4o74)eq btemb.we ganda a4 86Mer amid BitD
atons to a timtédtf:&@iﬂfﬁ'ﬁﬁizwaﬁf@ﬁépb S. Ser. Nos. 609,607 and
' 633,999, the disclosures of all of which are incorporated
. 5 .'_.in ‘their ent;ret:.es hsrc;.n by refersnce.
B Ant;-tibnn antibodies are well known in the art.
- _Antibodies t.hat tax:get. nyocardial infarctions are
" - 'disclosed in, e.g., Haber, U.S. Patent. 4,036,945, the
K } disclosure of which is incorporated in its entirety herein
10 3 by reference. Antibodies that target normal tissues or
] organs are disclosed in, e.g., U.S. Patent No. 4,735,210,
| the disclosure of which is incorporated in its entirety
-.  ‘herein by :éference. - Anti-fibrin -antibodies are well
_ known in the art, as are antibodies that bind to
15 athe:osclerotic plagque. and to lymphocyte autoreactive
 clones.

In general, antibodies can -usi;ally be raised to any
antigen, using the many ‘conventional techniques now well
known in the art. Any targeting antibody to an antigen

20 which is found in sufficient .concentraticn at a site in
o the body of a mammal which is of diagnostic or therapeutic -
interest can be used tc make the antibody~-enzyme conjugate
[ tor use in the method of the invention.
o 1 ) It should also be noted that ‘a bispecific antibody/
25 . fragment can be used in/the Prasent method, with at least
- one binding site ‘specific to an antiqen at a target site
and at- least one other b:l.nding site spec:.nc to the enzyme
component of the antihody-enzyme conjugate. such an
- ¢ antibody can bind the enzyme prior to injection, thereby
. 30 | obviating the nead to covalantly conjugate the enzyme to
e the antibody, or it can be injected and localized at the
target site | and, at‘ter - non=targeted antibody has
substantially cleared ‘'from the circulatory system of the
1 mammal, enzyne can be :.n)ected in an amount and by a route
- . 35§ which enables a sufficient amount of the enzyme to-reach
. | the 1localized antibody and ‘bind to it to form the
i antihody—enma conjugata in s_;s,u
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where_.it is.possibl e to dep03|t -a sufﬂl ci ent :arfount of a therapeutic or

d| agnostlc -agent at a target site, W t hout o erI oadi ng the-targeti ng

. he agemlns ﬁreetHahmeeh ldoasl ng I m*runoreact | Vi prTAI689bs443duCi N
an lmw&ﬁ’ respons um l jﬁ Qfj ects of thebl Avent | on isdat
of an

One- obj ect- of -t he pres S to prow de. a nmet hod for enhancing
.the targeting.capabilities bodi es 'by anpl i fying the targeting event.
"~ Anot'her "object of the present |nvent|on is to provide agents useful for

di agnosi s -and/or treatment of cancer; ‘infectious I'esions or other

pathol ogi cal les'ﬂ?pé&’f@;ésaﬁﬁweg é%arﬂ‘é'ﬁﬂae by a variety of
- canventional nathods,_ e.9g., disultide cleavage and
- reformation of m.xturah of whole IgG or, preferably,

F(ab’) 4 f:agments. !us:.ons of more than one clene to form

5 _polyomas that produce :mmnoqlobunns havmg more than one
specificity, and by genetic engineering. The bispecific
antibodies can bind to one or more epitopes on the enzyme

but should not bind to a site that interreres with enzyme

activity.
10 The enzyme used. -_in‘ the present invention must be
capable of transforming a substantially soluble

- substrate—~agent conjugate to form a product comprising a

diagnostic and/or therapeutic agent, which accumulates at

the target site. Neither the enzyme nor an enzyme with

15 similar substrate specificity should be endogenocus to the

| mammal along the route of administration oeor

' biodistribution. of the - substrate-agent conjugate.

Otherwise, ‘the agent will be released at sites other than

the target site, which usually, though not always, will

20 interfere with or compromise the efficacy of the
diagnostic or therapeutic affect of the agent. :

In pr...nciple, the enzyme can be any type of enzyne
that can be bound to an . antibody and can transform a
- substrate-agent couiugats to prcduct ;. subject to the

.. 285 above-mentioned caviats. . Proteases, 'glycoéidases,
e esterases and the la.ks are all ganeral types of enzymes
that can be used :Ln the invention under the proper
czrc_unstanc_es._ More specific examples of suitable enzymes
' include, but are not limited to, glucuronidase, beta-
30° glucosidase, bata-lai:tain’a“se, ~ callulase, dextranase,

- fructase, an:.nopep- tidase and lysozynme..

The enzyme is. sglec:ted as ‘a’ function of the- type of
‘substrate-agent conjugate cnésen. For exawple, the choice
of dextran as a subst.rate wguld be coupled with the use of

35 dextranase as the _enzme.. ,s:l.milarly, cellulase would be
used with a cellulos___ 'substrate. " A glucuronide as the
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deposit of therapeutic or . _ - _ -4-
d| agnost i c agents at a target site wit hout a need for hi gh | oadi ng of the
(wo 91708770 Sheet Has Been Reﬂa _ PCT/US89/05441
- " ] - .
| HIllllllII\\ ...

'substrate-agent 'éonjugata would be 'coupled with
glucurom.dase as. the enzyme, and the like.

| Apart . from the 'dn sity method of tommg the

) antibody-enzyue conjugata, it is - advantageous to

5 covalently bind the enzyne to the antibody. directly or

'thrcugh a short or long linker moiaty, through one or more

: :unctiona;. groups on the antibody and/or the enzyme, e.g.,

" amine, carbox- yl, phenyl, thiol or hydroxyl groups.

various conventional linkers can be used, e.qg.,

10 disiocyanates, diisothiocyanates, bis (hydroxysuccinimide)

esters, carbodiimides, maleimide-hydroxysuccinimide

esters, glutaraldehyde and the like.

A simple, method is to mix the antibody with the

_ enzyme in the. presence of glutaraldehyde to form the

15 antibody-enzyme conjugate. The initial Schiff base

~ linkages can be stabilized, e.g., by  borchydride

reduction to secondary anmines. This method is

__cbnventiuna_llY-_usei to prepare, e.g., peroxidase-antibody

: _conjugai:_es_ for immunochistochemical uses or for

20 - immunoassays. A diisothiocyanate or a carbodiimide can be
- . used in .piac_e of glutaraldehyde.

o 'More selective linkage can be. achieved by using a

haterobitugctionﬁl' linker such as a maleimide-

o hydroxysuécinimide ester, Reaf':tioh of the latter with an

25 enzyme will derivatize amine. groups on ‘the enzyme, and the

derivative can then be reacted with, e.g., an antibody

Fab fragment with free sulfhydryl groups (or a larger

tragmeht or intact immunoglobulin with sulfhydryl groups

appended thereto by, e.g., Traut’s Reagent). _1

30 It is advantageous to .link the enzyme to a site on

' the antibody i‘enot_:’e-_ "from the antigen binding site. This

can be acéomplished by, .  8.9., linkage to cleaved

interchain sulfhydryl groups, as . ‘noted above. Another

wmethod involves reaﬂtmg an antibody whose carbohydrate

35 portion has ‘baén _ézsidized, ‘with an enzyme which has at

. least ona free amin --f;mstg.gn. This results in an initial

o _:"Schirt base (i.ui.ne) lz.nkaqe, ‘which - is preferably
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Yet anot her object of the present invention is to provi de a met hod of
tar'geting a suff|C| enL_l_y Larg&munher .of boron atons a target site

.to function f CI ther peut ic agent for ther
acti vaved ’W@t herap Wat hol ogi cal | esi ons%’?‘ﬁgyt“gﬁg\n ng
to |l oad the boron ato ody .= -Oher objects of the present
I nvention will becone par entld ot hose of ordinary skill in
the art in l'ight of the foI | owr ng d| scussi on. - Sunmmary of

t he I nvention- .-These and ot her objects of the |nvent|on ar-e achieved by .
Itoga?\éla'?l ngl ?&%8@5 geti ”ﬁﬁgd' g\ost [ c anﬁléglrwt %jg‘oeut i C ?9er§ to a

. . borohydride reductzon, to form the final conjugata.
L -Because - of - the; size ‘ot the conjugate, it will
T _nomally be p:eferahly to l:lnk one antibody to one. enzyne
5 ' molecule. However, it may .'be advantageous to bind a
" plurality  of antibody tragments, e.g., Fab or F(ab’)
- fragments, to ‘a single enzyme to increase its binding
affinity _o'r efficiency to the ‘antigen target.
Alternatively, if the enzywe is not too bulky, it may be
10 useful to link a plurality of enzyme molecules to a single
| antibody or antibody fragment to increase the turnover
number of the conjugate and enhance the rate of deposition
of the diagnostic or tharapautic agent at the target sgita.
Canugates of wmore than one enzyme and antibody can also
.15 be used, provided they can reach the target site and they
<. do not clear toco fasﬁ;. Mixtures of different sized
, ‘conjugates, or con]ugates that contain aggregates can be

- =-==~" used, again with the same caveats just -noted. |
The antibody—enzyme conjugate can ba further labeled
20. with, or conjugated or adapted for conjugation to, a
~ radioisotope or nagnet:id resonance image enhancing agent,
to monitor its clearance from the circulatory system of
the mammal and make certain that it has sufficiently
_ localized at the target site, prior to the administration
25 of tha substrate_-a’_ge{;at' - c_ohju'gate_. ~ Alternatively, the
' conjugate can be tagged with a label, e.g., a radiolabel, -
a fluorescant : laflel or the like, that permits its
o detect:;on and quantitat:.on in body fluids, e.g., blocd and
' urine, so that targeting and/or clearance can be measured

30 and/or inferred. ' -

o - Any convent;onal method ot radiolabelmg ‘which is
. suitable for labeling p:ctems for in vivo use will be
' . generally su:.tahle for labeling ‘antibody-enzyme
_ '-¢an3ugates, and . often also for labéling 'substrate-agent
35 conjugates, as will be nated below. This can ‘be achieved
. by direct labeling vitia ‘e.g., I-131, I-123, metallation
fwith. e. Ger 'rc-ssn or Cu ions or the 1ika, by conventional
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(a) I njécting a mammal parentergl | yW|th an effective anount for

targeting and enzyme activity an anti body-enzyme conjugate, the

anti body bei hg reacti-ve w-th- at-least one antigen present at the target

site; ang91/0877¢ b) afﬁlggheepﬂ %E'Jn -period of tinmePCTYUS8/08441

ant i body- enzyne conj ug at the target site and substantially
clear fromthe circul at thema |, injecting the mamal
parenterally with an ef for dep05|t|on at the target site of

a 'sol ubl e substrate- agent COI’IJ ugate which is capable of transformation by
the enzynme to forma product  conprising the agent, which accumul ates at
the target sitgchal é&ecatvoytaeaheaahgaadbaaldtaanmorsatﬂualometal or

(o' Tedat SRroRaRHHEtR. G B UBRYRES ik L )
attachpent to anti.bodies are well known to the ordinary
skilled art:.san and ara disclosed inter alla in, e.q.,
_5_' the aforementioned Gomenbe:g patents and in Childs et
" al., J. Nuc. th., '26:293 (1985).
| The substrate-agent conjugate will include a
substrate, which can, be transformed by the 1localized
enzyme of the antibody-enzyme conjugate to a product. The
10 agent will be a diagnostic or therapeutic agent whose
_targeting at a specific site will be advantageous for its
efficacy. Such tneraueutic and diagnostic agents include,
. e.g., toxins, antibiotic or chemotherapeutic drugs,
_ _"radio:.sotopes, naramagnatic ions, boron addends,
1§ oytok;nas.. photos@ns* tizers. radiosensitizers,
s vasodilators .and.thae Ltikao :
The substrata«ao&n&: ‘conjugate must - be-: soluble, for
-pui:poses of. admmistx:ation -and--transport. to the target
. "~ site. It must also bo capable of reaching the target and
20 being transformod to a produot which has a substantially
S more favorablo part:.tion ‘coefficient for attraction to the
; s:.te t:han t.he conjugate. As used herein, the term
~ nsoluble means. soluble in the fluid into which it is
admm.stored and hy wnich it is transportad to the target
25 site, to a‘“ suffic.‘ ent ext.em; to ‘permit transport of a
d;.agnosf.zcally or. t?@;az&autigally effect:.ve amount of the
~ conjugate to such siﬁ ol Norma&ly, administration will be
into the bloodstreut‘,;': by : inqrmrenous or intraarterial
:mfus;on, ‘and ° the ?pbnjugai:e uil:l. need to be soluble in
30 serum  and preferai)lyi sufficxently hyarophilic to be
' carried largely by +the . aqueous ‘phase of serum and diffuse
relatively easily through tho wans of thae blcood vaessels
into . intorstit:.ol :1uid, for cases where such is
'necessa:y. o
s 0f course, in tpo case of ba:d:.ac imaging or imaging
' er therapy of athaxsclerotic plaque, or the like, where
o the ta:got sito is n_ th%,_ éa.:oulatozy syot:on, hydrophilic/
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enzymne havi n
rspec oy
pect to the substrate-agent conjugate S endogengus to ?Leaﬁ;hngyarngh

non-target site al ong—f—krer rout
5. e"of ‘adm ni-stration or biod
WO 91/08770 cet Has Been zﬂlaced od iy URES/08a1O"

Tl i \l\ I

lipophilic' : so].ubn}ity will not. be as important  as

. reduction . .in  serum solubxlity 'with cleavage of the

substrate- agent conjugate by the enzyme to a pr_oduct
which partitiuns ncre favorably to the target. It is this

- 5 . -partitioning out ‘of _the agent, ‘once ‘the substrate—agent

 conjugate is acted ‘upon ‘by the enzyme component of the

"targeted antibody-enzyma conjugata, so that the agent then

accretes at the target gite to-a significantly greater

_ - extent 'cnan the substrata-agant conjugate would accrete in

| 1@ ‘the absence of the enzyme, that characterizes the

' targeting wmechanism. of the invention.
| ‘qnis will be better understood in 1light of some
general exanples and some wore detailed description of

various spec:.es. : :

15 The general xmthcd of prepar:ng a substrate-agent
conjugate” according ~eerremarrinvention involves covalently
binding at . leaet; - QR th»av‘épautic or.-diagnostic agent to a
substrate.. .

Certain cytotcxj.c :‘!rugs that are useful for
20 anticancer therapy -are relatively insoluble in serum.
Some are also quite toxxc “in unconjugated form and their
toxicity is considerably reduced by conversion to conju-
| gates. Conversion of a relatxvely poorly soluble darug to
a more soluble conjugate, @eGe, @ glucuronide, wil]. .
25 improve its solubility in the aqueous phase of serum ‘and
| ~its ab:.].ity to pass' thrcugh venous, arterial or capillary
cell walls and reamh thc interstitial fluid bathing the
tumor. In fact, ce}xvsm).cn of certain toxic substances
such as. a:cnatj.c'! ‘gr :;L_].xcyc].:.c alcohols, thiols, phenols

30 and amines to glucurcn;des in t.he 1iver is the body’s
method of detoxxfymg th- and ma.king them more easily
excreted in the . urmc. '

The drug is 'attached to glucurom.c acid to form the
glucuronide, 3 which .solubilizes ~the conjugate. . The

35 attachment ! is- usua].ly to a t:ydrcxyl, thiol or anmine
'~ function cf the drug which fcrms an acetal, thiocacetal or

" _'aninoacetal with the aldehyde carhnn of the glucuronic
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t he.. substrate-agent conj ugat e in an anmpunt whic chn‘% erferess\’\?t%qlsme’#n’s'

targetl ng and-accretion of said agent The invention also provides

reage ile injectible preparations and kits for uw ci ng
t he fo i'%%re ﬁ%

t hod. ThlsSheetHasBeenReﬁlaced Det ai | ed Di scussSion

prior art discloses the t herapeutic or di agnostic agents
directly to an anti body mmmm II er atidched to an anti bogjy. Some of :
t he probl ens associ at ed onjugati ng an agent to the antibody include
cross-|inking, | oss of . |nnunoreact|V|ty I mmunogeni city, insufficient
'a?a?'hQQt SﬁgéB%:QQ?Qtrx?”#ér? RS HOBHRRNESE, SBROMRE, Hadd 0o
the enzyme glucurom.dase. which would be the enzyme
component of the antibady-enzyne canjugate. The free drug
would then be rendered siqn:.ticantly less soluble in the
5 interstitial flu.id, and vould tend to deposit on the call
membrana of surroundz.ng cells and exert its cytotoxic
effect at the s:.te of localization of the antibody-enzyme
o ccnjugate. _ : - : |
, One method of preparing such glucuronides is to
10 inject a manmmal, e.g., a cow, goat, horse or primate, with
the drug. Some of the drug is converted to glucoronides
in the liver of the animal, and the drug-glucuronide
E _conjugaté_ is then excreted in the urine. The drug is
praferﬁbly adninistered by slow I.V. infusion, via a liver
15 punp, through the hepatic artery or the portal vein.
Collection of thae urine-and. extraction of the glucuronide
conjugate can then he affected, e.g., by ion exchange
chromatography. = An. altsrnative. approach . is to react
. UDP-glucurcnic acid with the drug and. then isolate the
20 glucurcnide from the reactien mixture. The reaction can
be - catalyzed by enzymes isolated from the endoplasmic
reticulum of 'the liver of mammals, and/or the reaction can
be . carned out: in the prasence of extracts or tissue
: homogenates of the endoplasmic reticulum. ' .
25 - One type of antitumor drug that can be converted to
' such a substrate is epirubicin, a 4’-epimer of doxorubicin
(Adnamycm) . Which is an anthracycline glycoside and has
- been shown to be a suhst:atn :or human beta-D-glucuroni-
- dase (Arcamone, cansmr Rea., 45:5995, 1985) . Other
30 analogues with revegax polar uroups wonld be expected to be
more lipophilic and smgw ‘greater promise for such an
approach. ~ Other . drugs, toxz.ns, . boron compounds or
chelators with atamatm or alicyclic alcohol, thiol or
anine groups would alsb be candidates for such conjugate
35  formation. T
Another type of substrate—agent conjugate is a
polymer with a plurality of agents linked - therstoc at
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problens by wusing -an antibody-enzyne conjugate and a separate
substrat e-agent conjugate, which enables the antibody to target the.site

Wi t'hou | o |l oad the diagnostic or therapeutic agent
ant,i.bo&a@“w.’&rhe met Ha a di agnostic or thﬁﬁ@ﬁﬁ]@%ent
to .a target site, ac m e present invention., can be
aceonpl i shed -by .first i |- pardéhterally with an effective
anount for targeting and enzynme activity of an antibody-enzyne conjugate
and waiting a sufficient amount of time for the conjugate to |ocalize at-

il - The HEATGER $15RK, tnel sii¥iler’ HHRkGRg | EhG.RRLYBEE. SRroba |y
with an ef f enacthabuds faorsuestrate ofiout t?he tenZ)yne sconpahent soifuithe
PrOMEL SO e are. sussecaten. for. e mepmn. o gy
that : _ rates s yna. The agent
- - 57 'mo;eculss_ are bound t'o ‘the polymer in such a wa:'( that
' “cleavage by the enzyme .will liberate the agent, free of
‘polymer units or bound to a small encugh number of units
 to hava the raquisite lower solubility, or more favarable
partition coe.fficien't_to cells, tissues, lesion components
-°10  or the like loci at the target site, relative to the fluid
" .| bathing such loci. _.' |
Examples = of 'polﬁérs for such use ' include, e.g.,
polyols, pqus_a;cch_a:j.désf, polypeptides and the like. One
~ ‘type of polysaccharide is dextran, an alpha-glycoside,
i5 which can be cleaved 'with the enzyme dJdextranase. The
diagnostic or therapeutic agent can be functionalized to
contain reactive groups towards the dextran hydroxyls,
€.9., anhydrides, isocygnatés or. isothiocyanates and the
like. Alternatively, dextran can be derivatized in a
20 number of ways, e.g., by conversion to an aminodextran.
' 'x.'he_' process for preparing a substrate-agent conjugate
with an aminodextran (AD) carrier normally starts with a
dextran polymer, adirangageously ~a dextran of average
molecular weight (MW) of about 10,000-100,000, preferably
25 about 10,000-40,000, -‘and more preferably about -15,000.
. The dextran is then reacted with an oxidizing agent to
_affec't_:' a controll_ed' oxidation of a portion of its
.carbohydrate rings to generate aldehyde groups. The
. oxidation is- 'cqnv_ehi,antly effected with. glycblycic
30 chemical reagents, e.g., NalO,, according to conventional
procedures. . - L AR ‘ | |
It is convenient to adjust the amount of oxidizing
agent so that about 50-150, preferably 100 aldehyde groups
~ are generated, for a 'dextran of MW of about 40,000, with
35 about the same proportion of aldehyde groups for other MW
. dextrans.- . '_A'i'-"-iar'?g'éﬁi"h.-’,'nnnber of . aldehyde groups, and =
~ subsequent i{un_iﬁe. 'gféi;ps; 'is less advantfagecus because tha
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di agnosi s. The substrate-agent conj ugate is a substrate for the enzyrre

conjugated to at |east one di agnostiic-or t.herapeutic agent .
ant i bodVQIHEIONt of the anti body- e%yma COI’lj ugate is the %%P&@P;

portion, and serves tpmbs WW i
o \\\\\ e
- . polymer then behaves more 1like poylysine and may also be
: res:.stant to enzyme ozleavage. A lower number results in
" less than des:.rabl.e leading of drug, toxin, chelator or
. . boren addend, wh:.ch may be’ da.sadvantageaus, especially if
© 5 the turnover number of the anzyme is low.
L The oxidized dextran is then reacted with a
. polyamine, preferably a diamine, and more preferably a
' mono- or polﬁ-hyd_rcx'y dianine. Suitable amines include,
| f'e.g_. . 'ethylé.ne-' diamine, propylene diamine or similar
10 polymethylene diamines, diethylene triamine or 1like
: polyamines, 1,3-diamino-2-hydroxypropane or other like
hydroxylated diamines or polyamines, and the like. An
excess of the amine relative to the aldehyde groups can
-be used, to insure substantially conplete conversion of
15 the aldehyde functi ons to Schiff base (imine) groups.
Reductive stabilization of the resultant intermediate
is effected by reacting thé Schiff base intermediate with
'a__-feducing -agent, ag. NaBH,, némigcu, or the like. An
excess of the reducing ~ agent 1is used to assure
20 substant.tally camplen reduction of the imine groups ' to
'~ secondary amine groups, and reduction of any unreacted
o aldehyde groups to hydroxyl groups. The resultant adduct
can be further purified by passage t:hrouqh a conventional
- sizing column to remove : cros;-linked dextrans. An
25 . estimate of tha number of avaalable primary amino groups
' on the AD can be effectad by reaction of a weighed sample
with trinxtrobenz_enesulfonxc acid and correlation of the
‘optical density at 420nm with a standard. This methed
' normally results in essem:ially complete conversion of the
30 calculated nunber ot aldehyde groups to primary amine
: groups on the AD. L
'~ Alternatively, the dextran can be derivatizad by
: canventional nethods for introducmg amine functions,
o . @ege, by react:.on with cyancgen bromide, followed by
e s - reactxon w:tth a dxamme. .
- The AD should: ke’ macted w:.th a den.vative of the
| particular drug, te:sin, chelhtnr or boron addend, in an
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conj ugat e

sel ectively to at |east one antrger] present at the target site.
The enzyne corrponertt—crf—the “conj ugate |s thereby locali
target site.

ss}{eaé.[agtg&n aa{ed conj ugat e subst%’&ﬁ” HICEH ears
f r omwio90878st r eam -agent_
not encounter nore tham m

Whkés beWd el &% T el W

onJ ugate is inject ed It should
armun oL t he .anti body-enzyne
conjugate or simlarl

However

nous enzyme enroute to the target' srte
when the substrate- agent conj ugate reaches the. target site,
Wl

be transformed by the enzyrre into a product conprisin
or therapeutic agent.

tic |
an me&u %dtg‘ggast
of substr at aa‘géma% Ju t'o l%&fdﬁﬂﬁﬁqm ng units
form whi ch viddiveervss preparad

¥ Pt S {Wiéﬂfcﬁmsqf ®:@dicusing
ai clohexylcarbodiinide (DCC) or a water soluble variant
there°f' mxi for use in
| typzcal darug
o nethotrexate ( y is a O e e
5 'preparing conjugates ?c:ordi.nq to the :.nv.nt:io o
be used to :.nustrate one of the p:'orr..clurac;l e
steps will be used ::or othar arugs, toxins, hn 1 me
'.'boron addends, mod:.ﬂ.ed in- appropriate wag:; 1:3:(:_ vy
_the ordinary S
readily apparent to : ol
1°_ Act:.vat;on of MTX i= convena.ently etfected with any e
convent:.onal carhoxyl- activating reagents, e.gt; 'd,__'oxy:_
opt;onally fol;c_:'ered by reaction .with s::ry -
_succininide (uosu) . %o form the actxvel a: - cpronte
'5" react.:.on is nomally affected in a Po ;suuoxida
® ‘golvent, €.G. dimethyltomamide (DMF) , dinethy
s:nSO) ' or the 1like.. other activated esters, - o
can
' (-nitrobenzoate and. the like, can alsf: | be- us?d; a:d o
| pixed anhydrides. '.l'he DCC/BOSU activation 18 mil ath "y
20 activated MIX can- be zeacted in aquecus medium with
0 a |
o so it is preferred. : .
o The proportinns ot activa ated m:x to AD ari aiiefz: th;;
o groups avali e
tha.f. about hal,! of tﬁe amin
" :‘:’h eact to form ami.de “bonds . with the carboxyl of the
: mx abol g are
25 'act.wated 'rl'ms, ; ; t. 100 ani.ne q:':u:oo -
' available on an AD' wit;h a starting MW of about ctiv; e
t about 50 of these shauld be reacted with a .
u:x ' Usi.nq a pro— P qrtion of about 50:1 MNTX: AD, Iahout .
25 .;0 MTX molecnl.es - are’ nomlly :.ntrod.ucadf. . cioient
ate of in
' lu.gher loading because
: d.tfticult to achieve R
:3'0 prec:.p:.tatmn of ;the ad.duct due to the inc g
olubility thereof. - cor
e ‘as an illust:ation of the adaptations to be used ol
: ther drugs loa.dix}g w:i.th 5'£lourourac:.l (5~FU) <=adn:r -
25 "ottected by oxidxz "‘ sbtlom:ou;‘idine at the carhohydi:te |
e g
35' | e g. us:l.n y 'eno[iata, ‘peacting this interme
' P“ﬁ-‘m- it and reductively stahil:.zing the
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due to favorable partition between the fluid bathing the target site and
the tissue or other antigen-contai-ning—rediumat the site itself. Thus, the

enzyne Wﬂﬁm the targetin a Iltdél1 of -the anti body mmlds“heed
to-conj ugat e the agent ntibody, and the agent accunul ates
at the target Si'te and g;m mﬁl |agno &IQ or therapeutic action
there. - Unl ess ot her of t e term"anti body" herein wll
be ;und.er,st oo__d to include antibody fragnments and thus to be equivalent to

the term' ‘anti body/fragment” which is wused interchangeably therefor
in this di Scm:me bakid Iatuahas. caydichdimidanesny P saded bpndizkess,

SIS oy M ey sl Bt Mok affodit i
“F( ab)[err] Falﬂind:acbrauﬂs; hcfollﬂ.lowpda hy uddyctive etabijisation, or by
. reacting its side chain hydrcxyl with an excess of a
5 diiscthiocyanate 1inker and reaction of the isothiocyanate
derivative with amines on the aminodextran, or by reaction
of the imide nitrogen with e.g., a haloacid or haloester,
followed by activation of the resultant carboxyl
_ derivative, e.g., with DCC, and condensation with amines

10 on the aminodextran.

Another illustration is provided by the antibiotic
mitomycin € and i%s analeguas. This molecule has an
amine function and a cyclic imine, either of which can be

. reacted with an alkylating activating group, e.g.,

15 _s_uccinimidylo’xy' iodoacetate or sulfosuccinimidyloxy

(4-iodoécetyl) .amincbezoate (sulfo-SIAB), the resulting

intermediate is then used to alkylate amine groups on an

. aminodextran.  Alternatively, carboxyl groups can be

~ introduced using, e.g., succinic anhydride, <then

20 activated, -e.g.,' with DCC, and the activated intermediate
' - coupled as before. | |

Toxins, e.qg., pekswaed antivu-al protem {PAP) or the ‘
ricin A-cha.m, andt t;he 1ike, can be coupled to
.'aminodexfraris by glutaraldehyde condensation or by

25 reaction of activat.ed carbexyl groups on the prote:.n with
’ amznes on the aminodextran.

Many arugs and toxins are known which have a
cytotoxi.c effect on’ tumor cells or microorganisms that may

, infect a human and cause a lesion, in addition to the
30 specific illustrations given above. They are to be found
- 4in compendia of drugs and toxins, such as the Merck Index
__and the like. Any su;h drug can be loaded onto an AD by
conventional memss WAIJ !mm in the art, and illustrated

by analogy to: t!tgzae dsscrj.hen ‘above. The ability to

35 < -partially or completely detgxify a drug 'as a conjugate
according to tne invant:ton, vhile it is in c:.rculatxon.
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SENTi BGdi es i ncl ude anti se?u%n

preparatlons preferably affinity- purified,
havi ng a hi gh i'nmunoreactivity, e.g.

. . a binding constant. of at | east about
10[err] 1/ nol e, prefﬂe*r?rb%y*—at— ‘+east-—about

10[err] 1/ pireusse/os4dl  a
m L1 Clt Wi Siedd Has about 40% preferably at |east about
60% pre erabl y a IT“

a lew cross-reactivity with other
ti ssue antigens, I

- 19 -
'can reduce systenic s:.dq effects . 'of the drug and 'pe:::ti
its use ‘when gystemic adnxnxstration of the unco:::;g o
. darug would be . unaccept,able. For exanple, o
cyclohexmide often .are too ' toxic when ad:lu.m.-.’.f ethe
'5"' .systenica.lly. ) Adninisf.ration ‘of more molac:;.ie: 1
 drug canjugatad to a- gubstrate ‘carriex, acco mft o |
prasent ;nvant:.pn, pamits therapy while ig
| sys';enl.::dﬁ:i::tz;ugs on the substrate carrier will depend
10 upon the _solubility (partition coefficient betwe::ssz:
" £1uid bathing a targat. site and the target cells, Lazues
or other structures, €.« atherosclarctic plaque, :he
clot, virus particle, parasite and the l:l.ke) , and up:n e
efficiency of enzyme .cleavage of substrate molecu esni‘m.
15 subunits to :I.:.barata a product conprising the drugtw o
has a suffic:.ently tavorable partition coefficient to i
target to effect the . deax:ad tharapautic act.:.on. o
general, -4t will ks de--«.xrabls t6 load a drug on >
dextran in a. ratio at moncsaccharide subunits to drugand
20 from about 3 to about 25, although these are preferreddmg
" not limiting anounts. ‘'Yary heavy loading of s
molecules can inhibxt enzyme activity due primarily =
| steric hindrance to binding of the. substrate conjugate
. the act‘.ive site of t‘.he ‘enzyme. Too light loading :::
25 result in insufficum: reduction in fluid solubility e
" the drug as a result of enzyme cleavage since a smaf
portion of the polysacchande—drug conjuqate might 4if \;::
away from the hound enzyme before anough sugar :::uz o
. are cleaved o!f o re.duga solubxlity enough for : :;:t); B
30 - (with perhaps a few glyces:.de subunxts still ho::d :hud
'~ to be favarably partitiongd ou'l.'. of the surroun ng o
: ‘tc accrete at the target site, e.g., on a gnnor ctic
nembrane, on a bacte::.al cell wall, on ap .a.therqsq:er:.5=
: plaque or. a tibrin ‘clot and the like. Toxins may :arg-r |
35 .' heavily 1oaded than drugs, since they are otten
- 'proteins. o :

-7-
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nmore than about 30% preferably not nmore than about 15% and nore S%%fzg%sa‘}oap 72379

not nore than about 5% The antlserum can be affinity purified by

convent i onal proceduréé “€.9., by binding antigen to a chro h| C

col um W@ RIAgTe. g. BHddﬁXasBQﬁ gq t he antiserumt hrougﬁsﬁ%a 4,
thereby retaining specif and separating out other

I mmunogl obul i ns and cont %mru t hen=r @Gowering purified antibodies -
‘by-elution with a chaotrop tionally followed by further

puri-fication. Monocl onal antibodies are also suitable for use in the

present nethod, and.are preferred because of _their hlgah sgeplflmtles They
are r eadi | y pr epar &hgya’gn:gs afer radiumetals or gnetic resonance

enhancers are also. wall known in the art. Typical are
: derivatives o: ethyl. dianinetetraacetic acxd (EDTA) and.
diethy1enetriaminop¢n€ucetic - acid (DP'.I'A) These
5 typically have groups on the side chain by which the
' chelator can be attaem to a carrier. This same group
can be used to .couple the ‘chelator to amine groups on an
- AD. Alternatively, carboxyl or amine groups on a
chelator can be coupled to an AD activation or prior
10 derivatization and then coupling, all by well Xxnown
methods. . For example, deferoxamine, which is a chelator
for Ga=-67, has a free amine group that can be acti- vated
with a suitable linker to contain an activated carboxyl,
isothiocyanate or like group, and then coupled to amines
15 on an AD. Other methods of linking chelators to amines of
‘ an AD will be apparent . te ‘the. .skilled artisan, depend:.ng
on the functionality cﬂf the' c;k;elatar.
_ . Boren addend.s, a?e . «carboranes, when attached to the
suhstrate conjugam and target.ed by the antibedy to
20 lesions, can be ast:wated by themal neutron irradiation
" and converted to radioactive atoms which decay by alpha
emission to produce -h-'i.ghly cytotoxic short-range effects.
Righ loading of boron addands, as well as magnetic
_ resonance enhancing ions,. is of great importance in
‘25 potentiating their. Efreéts. Carboranes can be made with
carboxyl functions on pendant side chains, as is well
known in the art. Attachment of these carboranes to AD‘s
by activation of thé 'darbox}d. groups and condensation
with amines on ’cne car;:iets enébles preparation of useful
3o snhstrate—agent can'jugates. ! o
In one. embodmen;t of ine present invention, the
: .substrate-agent con:?ugate wou].d 'contas.n a large number of
boron atoms, more'. preterably prepared from reagents
enriched in Bo:on-lo u'iaot:)pe, boren containing reagents
'35 _enriched to about 96% Boron-10 being commercially
. available. ‘Such ‘a conjugate wou].d be of great utility in
h .neutron actzvated :adiﬁthe:apy. since it could bring to a
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N RS onsi dered conventlonal proced.ures of immunization of manmals with an
| mmnogenl c anti gen preparati-on,-fusion of imune |ynph o
wth an i nortal

nyel oma ceII I J}Rela&ﬂld i sol ati on of specn w
cl onemlmﬂuconventl m‘ﬂm

preparlng nonocl onal anti bodi es are
not excl uded, such as i iong” genetlc engi neering
nanlpulatlons of hyperva sTn is primarily the antigen
specificity of the antibodies that affects the|r utility in the present
nmet hod. Ant i body fragnents can -be nmade by pepsin or .papain_digestion
of whole immunoglobulins by, conyanti opgl aetpathological thesion 2
di scl osed; i mn:al isite n Q¥ S,

e i e et amemr e R e BTG SRS
fibri n'cl_ots dong/aochr o‘l:lfal w{xgr Cﬁifei aghemmsm otasgm:gquet i i of.
: N thermal neutron imdiat:mn, even when the periiz i > ot
- jected "dose of - antibody~enzyme conjuy:
: "an 1: in the target tissue is relatively low, e.g.,
‘i:z::.ZEZch localizatxan pexcentages are not uncommon. for
a“tih;:r't:::::ffo:::: lasta-bst:ate conjugates according to
© 10 -t.he present invention bave a number of bo:;-;onleaa::::ms abz::.t-
o substrate mnlecula ‘mormally ranging from a e et
50 up to about 10, ooo, preferably from about e e
2,000. * To reiterata. these are preferably Prective
B;roh—lo enriched, although it may be more cost e o
15 to use a. conjugate ‘having a larger numbexr of :oron
" with the 20% natural abundance of Boron-10 1so. ope. recies
The. suhst.rate-agent .conjugate . can contain mo "
which do not .contain- ‘boron, . or. which..contain boro:iaix;y
other useful functions, e. g-, a radionuclide, ::p:ators |
- 20 I-123, -I=125 or: I-l:!l., 5 'or functions such as e °res,
| ‘cnelates with met.a.l ions. drugs, toxins, c:::mophau o;
chromogens, tlucrescam:. . markers, - and. the 1 ‘ o ot
which can contrzbut:a to the t.herapeutic effect e th;
or pem;t moni.toring of depos:.t and/or cleara::era
25 .boron addend. or. prov;de complementary $ ao P -t
| -activ:.ty. 'rhe subst te—agent conjugate nmay n:h rp:i m_
functions whose prmry purpose is to improve e . fm :
golubility and docrease the water solubility [ e
'resultant enzyme clleavage product_ containi.ng the
s 3“‘1‘“2; is useful tn empioy boron cage conpounds to make
such con:ugates. | ..-bacause of their ' relative e::: c::
handling and t&ia " fact t'.hat each such cage conp:h na -
: carry 5-12 poron ahtams to tha target site. e
45 common and re:d.tly availabla kinds of boron cage co::r nas
* are the carboranes. f:@e skilled artisan will be a xe of
- general reterences in the field. for most of the reac

i
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nornal eIIs non-cancerous cells and |ynphocyte autoreactive clones. -
Many ant i bod| es and antipedy—fragments which specifically bind markers

produ QY, assom at’lﬁg th- tum)rs or ‘infectious |esi onser/ lﬁﬁb g
viral, bacterl aI funga blsced Nf ecti ons, and anti gens an
products associ at ed wt l ani sns _have been di sclosed, inter
alia, in Hansen et al. 9277188 and

'~ to be discussed hereinafter, the best and nost
' .comprehensive :éferehcés being Muettsrties et al.,
"Polyhedral Boranes", (Dekker, New York, 1968):
Muetterties, Ed., "Boron Hydride cChemistry”, (Academic
5 Press, New York, 1975); and Grimes, “Carboranes,
(Academic - Press, New York, 1570). These references
. contain _copiou_s b:.bliog_r_éphies on specific topics within
the broad subject range of synthesis of organic
 derivatives containing a plurality of boron atoms.
10 = Hawthorme, U.S. P;tent_ Application Serial No. 742,436,
filed 6-7-85, is replete with such details, and this
application is 'in_corporatad in its entirety herein by
reference. ' '
An alternative to an alpha-glycoside such as dextran
15 or aminodextran is a het_a-glyéoside such as carboxymethyl-
' cellulose (CMC), which can be cleaved by a cellulase
enzyme. Attachment of di.agnostic or therapeutic agents to
the CMC will be analogous.ts the method .used for dextran,
since both are sugar polymers, differing only in the
20 _stéfe_o—"chemistry of  the glycosidic linkage.
~ © -Derivatization of the oNe to append functional molecules
;'is'perhaps-mps:-con#énieﬁtly accomplished by reacting it
with a carbodiimide type of condensing agent and using an
S amine function on the 'diaghostic or therapeutic agent to
.25 form amide linkages. Alternatively, mild oxidation with
- glycol cleavage reagent:s. . e.g., periodate, to form
aldehyde groups at a plurality of points along the
- polymer. chain, followed by react:.on with a diamine, will N
. form an  aminoCMC snita.ble for reactian with a variety of 4
30 d;tferent 2unctiona1 grmxgs.. ‘Condensation of the oxidized 1
- CMC with ama.nes ami bnrehydnde stabhilization 1is also »
L pract:.cable. other: neama of attachment of agents to the
CMC will be read:.ly apbarent to t.he ocrdinary skilled
'artisan. - :
35 Yet another variant on the polymer substrate is a :
' : palymer that is not cleaved by the enzyme, but which bears
short linker sagments of an pligoner that is a substrate
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SENT Gbldenberg U.S. Patents 4,331,647, 4348,376, 4,361,544, 4,468, 457,
4,444,744, 4,460,459 and 4, 460, 561 and in rel ated pendlng appllcatlons

U.S. Ser. Nos. 60 9——607—and'633 7999, the disclosures of all_of which are

i ncor pWILIVEBTY ¢ hei rrhiestxdeﬂﬁhBem ced n by reference. RET{US89405441
.antlbodles are wel | Antlbodles that target nyocardial -
infarctions are dISC|O n beer- p3S~ Patent 4,036,945, the

- disclosure of which is" |ncorporate inits entirety herein by reference.

Anti bodi es that target normal - tlssyeslhr organs are disclosed in, e.g.,

uU. S. Patent No. 4,735,210, .. .
- for the enzyme, and whi bears drngs, chelators, boron

~ addends and 1like diagnnatzc ¢r ‘therapeutic agents. As one

illustration, a polyvinyl -alcohol could be used as a

. carrier for a p&urality of short oligcaaccharldes, e.qg.,

§ short dextran or cellulese oligomers of, e.g., S5-50,

. ‘preferably 5-20, glyqoside subunits. ° The polyvinyl

alcohol could be aminated by, e.g., cyanogen bromide

followed by diamine condensation. The oligosaccharide

. could - be mildly oxidized with, e.g., periodate, and

10 condensed with the aminated polymer to form Schiff base

linkages, which are preferably further stabilized by

borohydride reduction. The resultant oligomer-charged

polymer can then be lightly aminated as described earlier

for dextran or cellulose pelymers, or otherwise

15 conventzonally functionalizad, .to . put at least 2,

preferably about..2«5- an*na?grcuysﬂbﬁ"each of . the cligomer

~linkers. An av&raga“ oftiahogt.s 1-3 ‘drug ‘molecules,

chelators,  boron:« adéandsafom- *othey: - agents is then
"'conjugated to each of, the oligomers. :

20 . It will ba reaidly apparent that many other variants

.can be envisioned. _'*The condensation of the 1lightly

oxidized dextran oligomer linkers to the aminated polymer

and the drug or other’ agent can be effected simultaneously

¢or sequentially and stab:.lized later. Other functional

' 25 groups-on the agents can ba used to bmd to the oligomer,

. and other fnnctional 'groups can be used to bind the

- oligomer to the polymer. cdrr:.er._; P

~°  An acrylate pQ].YIIli:F r ;fr.an be u.sed. with aminodextran

oligomers - bound . tOvﬂxt lby an;de 1inkages formed by

30 carbodzimzde activatxom o the acrylate carboxyls. A

© ' polypeptide can be 4, with ,the oligomer linkers

attached to carboxyl: ot amxne residues on the carrier. A

"shozt polyester or oligopept;de linker can be used instead

o _ef an oligosaccnazide 1xnker. “with an estorase or

55_- _ peptidase enzyme that cleaves ‘the linker. The ordinary

-__.skilled artisan will _, ,f"-fable to envisicn other variants
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tﬁe gi 8cl osure of which is incorporated in its entirety herein by
r ef er ence. Anti-fibrin anti bodi es are vvelliknown in the art, as are

ant i bQgj bind to at hérosclerotic plaque and to Iy

autorggbfgﬁm ones. This ShegHe Badn Replitkd bodi es can usual ?ﬁé&pﬂpgﬁ to
any antigen, .using the | techni ques now well known in the
art. Any targeting anti gend#hith is found in sufficient
concentration at a.site in a mamal which is of diagnhostic or
t.herapeutic i nterest can be used to nake the anti body-enzyne conjugate for

biopeci {1 ShathcERIL; PEEhER: tha, Birbad spann Gt HhecLAYSHELHBIand, caRa
| east one blbdlmparﬁshmocénutﬁianahnsylﬁheticamaahgds.m te and at | east
one other bindinge{if 3RBEher" dfptdkc"16™eo use a carrier polymer
= that bears the drugs, cne].ators, boron addends or other
5 agents and that has a high attraction for the target, in
- unmodified fum, but which is then modified by conjugation
to solubilizing substrate molecules which are then cleaved
by targeted aenzyme. ' One illustration of this subgeneric
type of substrate-agent 'conjugate is a polylysine to which
10 are bound a plurality of radicmetal or paramagnetic metal
chelators, carboranes or MTX molecules. This carrier
conjugate is then condensed with a plurality of short
dextran oligomers, e.g., by Schiff base formation with
- lightly oxidized dextran and barohydnde stabilization, in
15 - a ratio which incranges the solubility (reduces the
“stickiness®) of. the.poelylysine -and makes it readily
' transportable in sszum-and -readily  diffusable through
capillary walls (and then. loaded. with radioisotope or
' paramagnetic ighs,- it Chela_tars are attached to the
20 carrier). At a ‘target site', ‘@.§., a tumor, a localized
'antitunor antihody-dextranase caonjugate would strip off
* the dextran coating from the. polylysine to a sufficient
extent to make it "sticky" again, whereupon it would
adhere to the tumor célls ‘and@ the bound polylysine,
25 |Dbearing its loading' ot diaqnostac or therapeutic agent
would then act upon tlm tumoz: ce.‘!.l to permit imaging or
cytotoxic therapy. " o . '
A heavily " am.nat.@sl t a.mdaxtran can function as a
polylysine, and can' hg stibstxtuted uz.th short oligomeric
. 30 substrate linkers as. discussed above. It will be "sticky"
. towards cell membranes and other tisgues in ‘a similar
fashion ¢to polylysins - othar polypept:.des or heavily
| aminated polymers can function in analogous fashion as
‘carriers for substrate coating and solubilization. In
35 fact, amination is not essential to the loaded carrier
.'function, since’ any tuncticnal:l.ty ‘that causes favorable
pazt:l.t:.oning out of a cnnjugate o: a carrier and one or
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component ef the anti body-enzyme conj ugat e. Such an anti body can
bihd the enzyme prior t&in}eeti%r%—thereby obviating the need to

-coval ugat e the e the anti body, or it c ' fs‘i& d and
| ocal i zec?iag‘ ihe tar er non-targeted anti bo ‘i‘ﬁaugJ 1 '
substant i al | y. cl eare I atory system of the manmal, enzyne can
be.injected in an ano ut e \ihi &nabl es a sufficient, anpunt

of the enzyne to reach the Iocallzed antlbody and bind to it to formthe
' -ant| body- enzyrre conj ugat e in situ.

. more diagnostic and/cr therapautic agem:s can be masked by
sclubilizing =ubstrata oligomers or even small substrate
molecules, such that th_a resultant more soluble conjugate
circulates - easily ir’i' serum or another fluid for

5 adm.nistrat:.on and beccmes less soluble in the fluid
bathing the target site after tne coating moclecules are
cleaved by action cf the localized enzyme of the
antihcdy-enzyne conjugate.

The proportions of loaded carrier polymer to

10 “coating™ solubilizing substrate groups or oligomers will

~depend on the nature of the target site and the
characteristics of the components. If a 'polylysine or
functional equivalent is used as thae carrier, coating with

, cligcdextran . will ‘advantageously be effected in a

15 dextran.polylysinc mt.é.c of about 1: 10 to about 100:1 by
weight, preferably ~about--131 -tdo about 10:1, more
prcfcrahly ‘about. 3:1. to ‘about 7:1. An example is a
polylysine of MW about 1,500 daltons, coated with about
3-7 dextran oligomers of -MW about 15,000 daltons each.

20 ‘It will be appreciated that clearance of the -
antibody-enzyme conjugate and/or the substrate-enzyme
conjugate can be accelerated, after a sufficient time for
1ccalizat:.on or deposit of the diagnostic or therapeutic

- agent, by using a second antibody to complex the

25 conjugate and cnhancs Lts rat.e of uptake by macrophage or =

i the reticulcendcthclial . gystew, as disclosed, e.g., in
Goldenberyg, U.S. Patent Mo. 4,624,846. The optimal time

. for such second ant:.bcdy clearance can be determined with

the a.-l.d of a 1abal on either conjugate, so that the

30" extent of lccalizaticn ot the antibody-enzyme conjugate at

~ the target site and/or the extent of deposit of the agent
at  the - t;argat site,. and the .biodistribution of non-

targeted ccnjugates can be monitored. _

, The reagents ‘are . ccmrenxently providcd as dual

35  injectable prepara- ticns for, hmn therapeutic and

diagncstic use. 'l'ha tirst. mjectabla preparaticn contains
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. Bi speC|f|c anti bodi es can be nade by a variety of conventional
net hods, e. g disulfide cleavage and reformation of m xtures of
whol e | qG or. pref efably, F(ab" )2 fragrents, f usi ons of more_than one clone
"to for /8IS thatThnrsQnggBlem jobul | n$ having nore BGEUSENMO5441

specificity, -and by ge |ng The bispecific antibodies can bind
to one or nore epitope but=s2eu+d not bind to a site that

interferes with enzyne ~The enzyne used in the present
|nvent|on nmust be

conjugated to an enzynela;n a pharmacentically acceptible
injection vehicle, preferably phosphate-buffered saline
(PBS) at physioiogicél'pu and concentration. The second
- . injectable preparation contains an effective amount of a
'S soluble substrate conjugated to at least one dxagnostic or
' :herap.utic aqent,_ "in a pharmaceutically acceptible
injection vahicle, qan@*ally similar to that used for the
first preparation. The injectable preparations preferably
will be sterile, especxally if they are intended for use

10 in humans. _; _
The reagents also can be conveniently provided in a
therapeutzc or .diagnostic kit for antibody targeting to a
target site, using two suitable containers. The first
container has an effective amount of an antibody or
15" antibody fragment. covalently bound to an enzyme. The
' second container has.oan effective amount of a soluble
substrate conjugated  to at least one therapeutic or

_ diagnostic agent. 'I'!'-é reaqent;s can be lyophilized for
longer shelt stability or provided in the form of

"u:fzo;;sclutions, pptionglly containing conventional
SR _Ppreservatives, stabiiiiers and the like. Other optional

- ‘components of - such - kxts would normally he containers of
buffers, labeling reagents, radxo;satopas, paramagnetic

-compounds, second antzbody for enhanced clearance, and

' 25 . canventxonal syrinqes..colunns. vials and the-like.

' The method of the invention is nermally practiced by
parenteral injection. - The various types of parenteral
Lnjections ‘can be, but are not limited to intracavitary
(e€.9., intraper;tnnaal), intravenous, intraarterial,

30 intrapleural, intrathecal, intramuscular, intralymphatic

and regional intraarterial, intralesional, subcutaneous,
‘catheter perfusion and the like.

| . For cancer imaging and/or therapy, intravenous,

~ -intraarterial or intrapleural administration is normally

35 used for. lung,' breast, ~and  leukemic tumors.

Int:apentaneal adninistration is advantageous for ovarian

tumors. Intrathecal qdnznistr;uon is advantageous for
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_ of transformng -a substantially soluble substrate- agent
conjugate to form a—preduct—eenpri+si-ng a diagnostic and/or therapeutic

agent, which accumJI t site. Neither the jan
enzynt'/Q\Pl Oyi | ar ﬁﬁ&& Il;leenﬁfﬁfledm ty shoul d be endogle,?gﬁ%sgtyé t he

mammal - along the ni st rat« on . biodistribution of the
subst r at e- agent conj u t he ad@emt vm' I | be released at sites
ot her than the target site, which usually, though not always, wll

interfere with or .conprom se the efflcacy of the diagnostic or therapeutic
effect of thé agent

enzyme t hat btmgbé'-%}'ﬁjw oy nm}&g %P%mggﬂx? Cas#ﬁ?gsgﬁéggggt% agent

conj ugat e taqar atitageous Diceg! nagme@oﬁmu.onmphmamd breast
. Pr ot eases, Gcosi dases, ases a lj ke [ of
enzymos ima**° cathetel ‘Pabbllaidh '{d “ulbbul s EathstiE
S lung, hreast or gem | cell carcinomas of the l:l.ver.
e 5 Intrales:.onal administration is usetul for lung and hreast

: lesions.

"rne . .above illustrates the general mnethods of
administration' of :antib'gdy—enzyne conjugates and
substrate-therapeuti.g'_ ‘or diagnostic agent conjugates

10 according to the ;@rgﬁent invention. It will be
| appfeciéted that the modes of administration of the two
different conjugates may not be the same, since the
clearance pathways and biedistributions of the conjugates
will generally differ.  For example, intraperitoneal
15 administration .of an antibody-enzyme conjugate may be
advantageous for. targsting an ovarian tumor, - wherxeas -
intravenous a.dm.njstrat:: on - of a. radloisotope-substrate -
conjugate for imag:.ng my ‘he -desirable because of better
~ control of ‘the rate et depos;.t and ease of mcnxtoring of
20 . the clearance rate. -'

The . antibody-enzyne c°njugat.a ~ will generally be
admim.stered ‘as an aqueous solution in PBS, preferably a
sterile solution, eapecxally xf it is for use in humans.
'Advantageously, dosage units of about 50 micrograms to

25 . about 5 mg of the antihody-enzyme conjugate will be
administered, e:l.ther in a smgle dose or in divided doses,
although smaller  ox J.arger doses may be indicated in
partxcular cases. It may ba necessary to reduce the
dosage and/or use antibo&ie; from other species and/or

30 . hypoallergenic anti.badias, fg. . frag,ments .or hybrid human

R or primate antibodies, e ha reduee patient 'sensitivity,
'especially for - therapy ‘and espec:.ally if repeated
adnim.strations are ;nd:l.catad for a therapy course or for

~ ~ additional diagnost:l.c- p:oceduras. . An indication of the

.38 need for such cautionary procaduras is an increase i.n
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tﬁm B¥an be used in the m%ggtﬁlﬁon under the proper circunstances. Mre

speci fic exanpl es of suitable enzynes include, but are not limted to,
gl ucur oni dase, beta- _glucesirf}aee ~ beta-Il actanase, cel | ul ase,

dextran e fruct ase ﬁ Q@éae and lysozyne. S
sel ect Qncti el?een f substrate-agent conj UQ{W@&K For
exanpl e, the ch0| ce of substra‘te wpul d be coupled wth the use

of dextranase as the rI y, ceRButrase would be used with a
cellul ose substrate A gI ucurom de as the L

hunan antz-nousa antibcdy (HA.MA) production, wh:l.ch can be
, determinad using an immassay. :
" It usually taxgs ::aa about 2 to 14 days and
‘preferably S to 14 da?s for IgG antibody to localize at
- 5 the.  target site and substantially clear from the
| circulatory system of the mammal prior to administration
‘of the substrate-agent conjugate. The corresponding
localization and clearance time for F(ab), and F(ab’),
antibody fragments is from about 2 to 7 days and
10 pteferably 4 to 7 days, and from about 1 to 3 days and
preferably 3 days for Fab and Fab’ antibody fragments.
- Other antibodies may require different time frames to
local:l.ze at the target s:.te, and the above time frames may
. be affected by the pzasence of. the cnnjugated enzyme.
" 15 Again, it is. nateé that: labeling the antibody-enzyme'
' " conjugate permits - monitcr:.ng "of: localization and
.Clearance. -
IgG is nomally 'netabol:l.zed in the liver and, to a
"_1e.sser exta_nt,_ in .the; digestive system. P(ab), and
20 F(ab’); are nomaliy’ metabolized primarily in the kidney,
' but can also be metahol:.zad in the liver and the digestive
' system. Fab and Fab’ are normally metabolized primarily
in the kidney, but can also be metabolized in the liver
and the digestive systam. o _
25. Normally, it wzll ba necessary for at least about
| 0.0001% of the m)ected ose of antibody-enzyme conjugate
. to localize at the' tatgs site prior to administration of
the substrate-agent coﬂjugate.-: To the extent that a
higher targeting etticmncy for th:.s conjugate is
-30_- achieved, this. percentaga can be greater, and a reduced
~ dosage can be a.d.nmistered :
It follows that: ‘an effective amount of an
. antibody-enzyme conjngate is that amount sufficient to
target the conjugate to the antigen at the target site and
35 thereby bind "an ammmt of . the enzyme sufficient to
i transform enough of tne sslubla substrate-agent conjugate
to product to reault in accretion of an effective

-!-!- .
e
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- =" substrate-agent. conjugate woul d be coupled with glucuroni dase as
the_.enzyme and the |ike. _ Apart fromthe in situ nethod of formng the

ant i body- enz cb‘r’if'ﬁgaﬁer* is _advantageous to co ‘bind the
enzyne' 9&7729m| bod¥his Sk r through a short or Ionéawo% ety,
t hr ough one or nore fu ﬁ ®bn the anti body and/.or the enzyne, .

e.g., -am ne, carbox- yI or h?%r'bxyl groups. Various
.conventlonal l i nkers d|S|ocyanates

di i sot hi ocyanat es, bi s( hydroxysucm nim de) g

d:.agnost:.c or therapenti&: ' anount of the agent at the

target site. ' r:- coo
The substrate-therapeutic ax d_iagnostic agent
 conjugate will : be gamerally administered as an’ aquecus
5 solution in PBS. Aga:.n, this will be a sterile solution
if intended for hunimn use. The substrate-agent conjugate
will be administered after a sufficient time has passed
for the ant:.hody-enzyme conjugate to localized at the
target site and substantially clear from the c:.rculatory

10 system of the mammal.

" conjugates of boron addend-loaded carrier for thermal
neutron activation therapy will normally be effected in
sinilar wvays, and it vill be advantagescus to wait until

non~targeted substrate-agent conjugate clears before
15 neutron irradiatien is psrformed. Such clearance can be
" accelerated by use-of. 5econd antibcdy, as is known from,
e.g., U.S. Patant 4,624, 846, '
' An effective amount of a substrate-agent conjugate is
that amount snfficient to dal.wer an effective amount of
20 the agent to the target site and that amount of a -
substrate’ which will be capable of transfomation by the
enzyme to a form of »the product that - tends to accumulate
‘at the target site. An etfective amount of a therapeutic
. or diagnostic agent. :.5 tnat: amunt sufficient to treat or
28 --'d:.agnose the targst’ s:!,.te.:.';?v’- AT | -
| . If scint:.gxaphic. mégmg ls te he effected, the
substrate agent cnnjug_aga wa.ll include 'a radiolabeled
species bound to a s tr;?ate. This can be a chelate of ‘a
. radiometal or a d:.ra_, _ly. :odinated ‘or natallated compound.
30  Suitable gama-enit't Ing '/isotopes include I-131, I-123,
' Tc-gsm, In-111 and ca-sv. The antibody will be one that
binds to an ant:.gen at. the target site, and the enzyme
will be one that converts the substrate-agent conjugate to
a. product that accrates at t.he target site in an amount
35 suff;c:.ent tlo pem:.t ,maging. Once enough 1sotope has
 deposited at the ta raat .4_sit.e," scanning is effected with
either a conventibnal lana nd/or SPBC'.I.‘ gamma camera. or
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esters, car bod| i m des, nal ei ni de- hydr oxysucci ni m de esters, glutaral dehyde

and the Ilke "~ Asinple, nethod is to mx the antibody with the enzyne
in the esence of gl utaratdehyde to formthe anti body- enzyne conjugate.
The %V'WQGhI ff  DESGhdet MsBIOReplead be stabilized, RCHUSSINS
borohydr| de reduction t amnes. . This nethod is
conventional ly used to meamw per exBOase- anti body conj ugates for

i mmunohi st ochemi cal uses assays. A diisothiocyanate or a
carbodiim de.can be used in pl ace of glutaral dehyde. More sel ective

l'i nkage can be achi eved by usin a heteroblfunctlonal |i nker such _as a

mal ei mi de- hyHYox‘}%%c& t Bpldpgamna, \PEPDE Hused: ¢ ceXheTRadd Yer®Y ne

will derivati iaternadlg wamlhﬁeeﬁnﬁmwd wierddiolagicacaitdeas be
-'_react ed with, 'ef%cti%rﬁ, %‘%gfgdxal infarct, atherosclerctic plagque or
o . other target site. The scintigram is normally taken by a
S gamma 1maqing canera ‘having one or nmore windaus for
.det.acuon of energies in the ' 50~500 keV range. Use of
rad:.oxsotopes with high energy bata or positron emissions
would entail use of inaging cameras with the appropriate

detectors, all of which are conventional in the art.
10 A8 an exanmnple, .a polylysine oligomer can be
conjugated to a plurality of amincmethyl-DTPA chelatcrs,
using a succinimidyl p~isothiocyanateobenzoate linker (U.S.
Patent 4' 680,338), - the resultant compound can then be
reacted with a plurality of nildly oxidized dextran
- .15 o].:.gome:s. which are then stabilized with borohydride. A
patient, e.g., a cancer patient is injected with a
. conjugate of an.antitumor:antibody.and.a.dextranase enzyme
_ and 7 days are taken- forilocalization:of the-conjugate and
" clearance . of 'ndx:-'t._a_rgsted conjugate. The substrate-
- 20 chelator ._éqnjd_gata 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
clearance 'of -background label is substantially complete
 after about - 12=24 hours, ‘at which time imaging is

25 - effected..r~ | S |

| Haqnatzc resonance - imaging (H.RI) is effected in an
‘analogous method to scintiqraphic imaging except that the
imaging agents will ronl;am MRI enhancing species rather
than rad.m:.sotopas. ? { Tt will be appreciated that the
30 magnetic resonance ﬁnangmenon opeiates on a different.
principle from scint;araphy.." Normally the signal
qenerated is correlated with the ralaxation times of the
naqnet;c monents of prctons in tha nuclei of the hydrogen
atoms of war,er nclecn].es in the ragion to be imaged. The
'35 magnetic resonance image anﬁancznq agent acts by
incmsing the rate of relaxation, thereby increasing the
.contrast_hetwgen vater molecules in the region where the
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F%Tfragrrent with free. sulfhydryl groups (or a larger fragnment or intact
" i mrunogl obul i n vm th sul fhydryl groups—appended thereto by, e.g., Traut's

Reagent S advanta equs 1& jnk the enzyme to a aé@ on the
anti bo orsﬂmmfromt SHecT ng site. This can be LRE0SA4Y by,
e.g., linkage to cl eave IfhydLyI groups, as noted above.

. Anot her net hod i nvol ves ti body@dtose car bohydrate portion has

been oxi di zed,. with an enzynme whi ch has at Ieast one free am ne function.
Th| S resul ts in an initial Schiff l;)ase (|1m ne) | i nkage, which is preferably

mag:.ng agent accretes And water molecules elsewhere in
~ the body. However, . the effect. of the agent is to increase
“both T, and 'rz. thej Loz r resulting in greater contrast,
_ '~ 'while the 1atter results in lesser contrast. Accordingly,
" 'S the phenanenon is" consentration—dependent and there is
- normpally "an ' opt:umm emeem:ratiun of a paramagnetic
- species for maximm et:ieeey. * This optmum concentration
will vary w:.th the pazticulax agent used, the locus of
. imaging, ‘the - moda  of ‘imaging, i.e., spin-echo,
10  saturation-recovery, inversion-recovery and for various
' other 'strongly 'Ty dependent or T, dependent imaging
techniques, and the co'nposition ©of the medium in which
the agent is dissclved or suspended. These factors, and
their relative inportance - are known in the art. '-See,
15 e.g., Pykett, Sclentific American, 246:78 (1982); Runge et

| al., Am. J. Radiol., 141:1209 (1987).
Examples of cnmpoundsa- useful. for MRI ° image
. enhancement incluéen g,,eauagnetfe Gd(III), Eu(II1),
. Dy (III), px(nx), Dag;v}. un(n), Cr(III), Co(III),
20 - Fe(III), _Cu(II), NL(II): Ti(III) and V(IV) ions, or
radicals. e.g., nitroxides. and these would be conjugated
. to a substrate bearing paramagnetic ion chelators for the
‘ions or linkets tor tne radical addends. The mr image
enhancing agen,‘t: must be present in sufficient amounts to
.25 enable detection 'by.:; external ‘camera, using magnetic
field strengths wh.'!. are reasonably attainable and
'compatible with patient safety and instrumental design.
' The requirements for such agents are well known in the art
for those agents which* have their ‘effect upon water
.30 . molecules in the nedium. fand are d:.sclosed, inter alia, in

.....

" Pykett, gg_,_gig,_ and Runge et al., w. .
o For magnet:.c mbnance i.magmg (MRI), a similar
procedure is used to that used for sc:l.ntigraphy. ' In the
T previous emple, because it is desirable to carry a large
' 35 number of paramagnetic iens to a target site for high
- contrast MRI enhancenent, the polylysine will be loaded -
F with a higher anount ‘of chelntors and ‘more of the
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stabil1zed by reduction to a secondary :am ne, e.g., by borohydride

reduction, to formthe final conjugate. Because of. the size of the

conjugate, it mnll nornally be preferably to link one antibody to one

enzyne W08 dadvant ageous to bind (USE05481 o f

anti body fragnents b y[err] £ragnents, to a single enzyne

to-increase its b|nd|n efficien@® =0 the antigen target.
ternatlvely,.lf t he enzyne |s not too bul ky, it may be

~ antibody-e‘nzYne conjugate .and ‘the substrate-chelate
ccn)ugate will be adninistered in order to depesit a high
concentration of paranagnntic ions at the target site.
o The therapeutic nnthod of the invention can be
'S5 °acccmp1ishad by conjugating an effective therapeutic
.-ancunt of a radicxsctnpe such as Y-90 or I-131 (which may
‘be used for both lpcalxzaticn and therapy depending on the
amount injected) or a drug such as adriamycin for cancer
or gentamycin for infection, an immunomodulatory substance
10 such as poly-IC, or'a biological toxin such as pokeweed
mitogen to the substrate, and depositing a therapeutically
effective amount of the agent at the target site. The
therapeutic 'methcd of the invention can alsc be
) - accomplished by ccnjugatxng one or more boron-l0 addends
15 to ‘the substrate and, once the boron-10 is deposited at
_ the target - site, . 6.9,, a tumor, effecting external
- thermal neutron:irxzdiation..to the tumor-'to destroy the
“;neoplastic cells;i'Tﬁp‘bcrnnwiu-ccnjngata“may*be=1ahe1ed
. with a radio;ectspa 'chclate to mske certain that
zol,'suttxcient boron aﬁd&nﬂs have 1ocalizad at the target site
-and that suhstantially all of the ncn-targeted boron-10
has left the cxrculatory system prior to neutron
zrradzatzon.
Dosage units of substrate—agent conjugate will depend
25 upon many factors; each of. uhich can be determined in a
relatively straight:orward ‘manner, so that optimal
dosimetry can be eftected. © It will be helpful, in the
initial dosxmetric s?aluatxcn, o use a radiolabeled
_ substrate- agent ccniuga@h (if thé agent is not itself a
.. 30 . radicactive isotope) 'ts. éi-.emine the degree and rate of
' depesit of the agent'a£ 'fa ta:get site, and the rate of
clearance and biodistrxbutio of nnn-targeted conjugate.
‘Use of a- labeled aptihcdy-enzyme ccnjugata to estimate the
. _anount of enzynme lccal;zcd at the target site will also
35. aid in dosimetric analysis. - o
' It may be necossazy to perfczn ttials for dosimetry,
gene:any us.mg an aninal model first, if available, then
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useful to link a plurality of enzyme nolecules to a single antibody or
antibody fragnent to increase the turnover nunber of the .conjugate and

enhanc of- deposH—l -on of..t-he di agnostic or therappgrGssss at
t he- ta?vgé??w ConfykiGs ﬁas(ge'{ﬁ t han one enzynme and anti body ca#‘alll SO

be used; provided the target |te and ‘they do.not clear too

fast. ‘M xtures of dUm mg conj uga or conjugates that contain

aggregat es_-can be use t he same’ caveats j ust noted. The

anti body-enzyme conjugate can be further |abel ed with, or conjugated or

adapt ed f or &fapygéhﬂast bf @aﬁi £ Ytiied) £BIBPEIR1ZES UK GobdPaE
en -

.enhanC| ng -ag to nonit arance rom t he Circul atoré system
&

t he manmal atﬁ?ﬁﬁﬂ?@%ﬁ%ﬁﬂ?tm ngate s ag,d UNSRkiIGR,| OF ;RFS S&P:‘AGGY .
‘target site, o | the! @it 6688 Uf adeindétidtion) bturtioverganinker) ogal e.

Alternatlvel)@h tgt?zﬁa, das:.red dose of the agent to the site, and
5  rate of clearance of non-targated conjugate. This will be
- expected and the techniques for optimization will be
‘within the ordinary skill of the clinician.
without furthex elaboration. it is believed that one
skilled in the art can, using the preceding description,
10 utilize the present invention to its fullest extent. The
following preferred specific embodiments are, therefore,
to be construed as merely illustrative, and not limitative
of the remaiind_ér of the disclosure in any way whatsoaver.
~ In the following axaniple_s,' all temperatures are set forth
15 _ uncorrected -in degrees Celsius; unless otherwise
| indicated, all barts ‘and percentages are by weight.
~l’r:epara't:um of Hethotrexate/aminodaxtran conjugate
- (a) Activat:.on of Hethotx*axate ~ '
20' : In a dried Reacti-vial, 45.4 mq of nethotrexate (o 1
| mmole, Sigma) in 1.ml anhydrous DMF is introduced by
syringe. A solut:mn ot N—hydroxy- succinimide (23 mg, 0.2
mmole, Sigma) in 75_99 ul of anh. DMf and a solution of
1,3~-dicyclohexylcarbodiimide (41.5 mg, 0.2 mmole, Sigma)
. 25 in 750 ul of anh. DMF are followed. The reaction mixture
is stirred in 'the dark at room temperature for 16 hours
| under anhydrous conditions. The white precipitate is
cent:rituged and tne clear solution is storad in a sealed
. ‘bottle at -zo°c. ' . :
30 (B). Reaction with Am:.mdextran
| aninodextran (10 mg, 2.5x104 mole) is dissolved in 2
 ml of PBS, PH 7.2. Activated MIX (125X10¢ mmole) is added
gradually. . The’ selutinn is stirred at room temperature
.. . for 5 hours. and pu:iﬂ.ed by -Sephadex G-25 column. - The
35  void volume is collocted and further dialyzed against
- reaction buffer. Atter lyo;:hilization, 2.1 mg of product
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conj ugate can be tagged wt abel, e.g. , a radiolabel, a fluorescent

| abel or the Ilke—_LhaL_pﬁrmJj |ts detection and quantitation I n body
fluids, e.g., blood d ur| ne - so t hat targeting and/ or clearance can be

reasUr eWQAL08770 nf er [igPheet H as mentlonal met hod of r REFHIUSRIVQS441
which is, suitable for Hﬂﬁmﬂ eins for_i.n vivo'use will be generally
suitable for |abeling conj #gakes, and often also for

| abel i ng substrate-agent conjugates, as will be noted below. This can be
achi eved by direct labeling with, -e.g.; I'~131, 1-%23, netallation wth,

e.g., Tc-99mor Cu ions or the |ikes by conventlodal
is obtained (21% y:.eld)' _The methotrexate mcorporation

' is determined by trqe absorption at 370 nm to be 218
Hethotrexate/dextran. . ;f _- .

S Preparation of Miﬁaﬁ@é&ﬁ?ﬁihe/dextrm conjugate
| Polylys;ne (HW as, noo) ie reacted with an amount of
the s_uccinz_.midyl p-isot:niccyanatobenzoata derivative of
aminomethyl-DTPA (a succinimidyl benzoate with a thicurea
_ linkage to the. DTPA) sufficient to attach an average of 5
" 10 DTPA’s to the polylysine. The resultant product is
' reacted with dextran. oligomer (MW 1,500) which has been
lightly oxidized with perxodata to an extent sufficient to
produce about: 2 aldahyde groups per dextran, in an amount
sufficient t.o lead a!.mut .3=5 dextran - units on the
15 polylysino-l‘:TPA,« ‘then stahn; zad - with borohydride to
' reduce the s;hiff hEga lisxkaqﬁs and " r@s;dual aldehyde

groups. .
Preparation of Epirubicineglucuronide Conjugate
20 - Epirubicin is injected intravenously  into a horse

over a period of several weeks. Urine is collected, and
epirubicin glucurunade is xsolated by ion-exchange
chrcnatography of" the unne, and purifxed by further
colunn chrmtography and/er I{?Lc. :

- 25

'(A) - A substantialiy monoconjugated enzyne-antibody
'preparat:.on ‘is preﬁared ‘by mildly oxidizing the

: carbohydrate portign of: ‘an’ anti=CEA IgG with periodate,

30 - then contacting the . oxxdized Igc with a dilute solution
- of . dextranase (f:'on Penicilli\m sp., Worthington
Biochemical Corp.: lFreehold. NJ) to produce an
antibody-enzyne conjugat.e,; which is then stabi.lized by
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- 12 - t echni ques, or by attach| ng a chelator for a radionetal or
‘paf amagnetic ion. Such chelators and their nodes of attachnment to

et al.

i ncl ude a subst_rate
' borohydride, in the Juqu_'

':-'.(3),' In a s.i.milar :ashion to the above Part A._-an'

10

15

20

30

3

. Therapy of Lymphora .

~Nuc. Med. 2

anti bo wel | known to t he-or di nary skilled artisan | osed
inter Q‘fi‘ﬁﬁ% e.g., Thigéh ﬁﬁfmeiﬂﬂ@d Gol ‘denber.g patents an(?l n%lil ds
ns '

for b'y the | ocal i zed

nanndr. The conjugate can be
v é:onventxonal procedures.

radiolabeled with 1-13?.

";antz-leukemia IgG :Ls cahjugated to glucuronxdase (from
bov:me l:.ver, Wcrt,m.ngan) . . !
EXAMPLE S
Therapy of Lung Cancer :
A human patiant hav:.ng small~cell carcinoma of the
right lung is infused intravenously with a sterile,
pyrogen-free 'solutinn ‘containing 5 mg of the anti-CEA

IgG/dextranase conjugate in PBS, prepared according to
Example 4(A) .hereo_t, and labeled with I=-131. After S

‘days, the conjugate i.s_ well localized in the lung and has

substantially cleared £rom the circulation of the patient,
as seen by scintiurapn*s scanning :at daily intervals.

A sterile,. . pywqenmfrexe FPBS -"solution of the
MTX/aminodextrxan c:on'_)uga.te, ‘prepared according to Example

1, and containing 50 mg of the conjugate, is infusea
.intravenously on each of the next 4 days. Subsequent
radxomunodetection, with I-lzz-anti-cn Fab ' shows

‘significant tumor reduction.

A human . patiem; ;rfsuffermg fmm 1ymphgma is infused
intravencusly -with 2 ‘sterile, pyrngan-t:ea PBS solution
contammg 5 ng of tzr.a 2 tfi- 1ymphm IgG-glucuronidase
'con;uqata prepared acscrding ' -t’é‘ Empla 4(b) hareet,
labeled with I-131. Aq%er € days, ‘the conjugate is well

' localized at the. t;azqﬁt:‘ site 'and substantially cleared

from the cxrculatex'y systam, -as ‘determined by gamma

-scanning. : : : _ :
| The . patient is tnen infused intravenously with a
) sterile, pyrcgen— :ree pas solution containing 10 ng of
epirubicin glucuxsnme. prepamd acccrding ‘to Example 3
hereof, on each 0f . the. 'next 4 days. Suhsequent -

subst rate-agent conjugate wl|

Y
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enzyne ‘of the anti body-enzyne conjugate to a product. The agent wll be a
di agnostic or therapeul_l_c_ agent_whose targeting at a specific site will be
advant ageous for its effi cacy Such therapeutic and di agno
i ncl ude‘% 'd 0; oxi ns, Thi lcRe taced chenot her apeuti c i;mb‘ggsm'
rad|0|sotopes__paranagne addends cyt oki nes,
phot osensi ti zers, radl asom PAt Urs and the |ike. " The

substrat e-agent conjugate nust be so ubI e, for purposes of adm nistration
.and transport to the target site. It must al so be capable of reaching the

~target and be| ns pr t |1,

" favorabl e partr %&éﬁ%ﬁ%’?rb s&?&%ac#ﬁff'g%g M%ﬁ t"*‘enEixg
conjugate.  Aymphmiderein, the term "soluble" means soluble in the fluid
into which it is adm nistered and by which it is transported to the target

. Tumor Radioimmunodetection '
.5 A human patient with colon cancer is infused

‘ intravenously witn a sterile, pyrogen-free PBS solution
eonta:.m.ng 5 mg of the anti-CEA-IgG/ dextranase conjugate
prepared aecordmg to Exanple 4(A) hexreof. After 7 days,
_ the patient is infused intravenously with a sterile,
10~ pyrogen-free FPBS solution containing 5 mwCli of the
' In-lll-labeled polflysine—DTPA/ dextran conjugate prepared
according to Exampla 2 hereof and lcaded with In-111l.
After 24 hours, suffieieni: accretion of the radioisotope

at the tumer site occurs for scintigraphic imaging.

15 ' EXRMPLE 8.
MRI Imaging of Cancer -

A human patient having tumor of the ascending colen
is infused intravencusly with a sterile, pyrogen-free PBS
solution containing 5 mg of the anti-CEA-IgG/dextranase

20 conjugate prepared according to Example 4(A) hereof.
After 7 days', the patient is infused intravenously with a
eterile, pyrogsn—free PBS solution containing 500 mg of
the Gd(III} loadead pelylysine-m‘PA/dextran conjugate

: prepared acccrd:.ng to Emple 2 hereof. After another 2

25 days, MRI inaqing is. effected, revealing an image of the

| tumor which is adequately distinguished from surrounding
. tissues. L |

The preceding examples can be repeated with similar

_ success by substituting the generically or specifically

.30 described reactants and/or operating conditions of this
- invention for thosa used in tha precedmg examples.

l-‘rom the foregca l,ng descxiption, cne skilled in the

art can easily a5€§;“€‘—ﬁin ‘the essantiel characteristics of

" this mvention asv;l, rsisgzmt departi,ng from the spirit and
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tto a sufficient extent to pernit transport of a diagnostically or
therapeutically effective ambunt of the conjugate to such site. Nornally,

admi mﬂéﬁ) WI 1" be into-the bl oodst ream by intravenoupCryuUS89/05441

intraa 0nf Usi Bis Shest tgate will need to be soluble in serum
and preferably suff|C| ii“% lic to ?g carried largely by the

aqueous phase of . seru elative y easily through the walls of

t he bl ood vessels into |nterst|t|al fluid, for cases where such.is

necessary.. Of course, in.the case of’ ‘cardiac i magi ng or imaging or

t he f at | t t t Qti t
erapy o aé@p}gsﬁ% #fgrop BaKl Véribke chERgast andt aedtEieations i n

t.h_e. circulat the j_nvgntlon Fof:fl aﬂ apt" 1t to various usages and

conditions R
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- 13 - i poph| lic solubility will not be-as inportant as reduction in
serum solubility wth cleavage of the substrate- agent conjugate by
the enzyys oifygrdg Product which partitions nore favorably topghpussuresdss !t
is this partitioning out of the agent, once the substrate-agent conjugate
is:acted upon by the enzyme conmponent of the -tsar ‘geted anti

5 TR T QLTS

WHAT IS CI.AIMED IS' _
1. A method for tarqeting a d:.agnostlc or
.therapeut:.c agent to a target site, which comprises the

- steps of:
5. (a) injectmg a naml parenterally with an eftective
amount = for tatgatinq and enzyme activity of an

antihody-enzyme conjugate, said antibody being react:.ve

"wi.th at least one antigen present at the target site; and

, (b) after a sufficient pericd of time for said

10 antibody-enzyme conjugate to localize at the target site

N and substantially clear from the circulatory system of the

mammal, injecting said wmammal parenterally with an

effective amount for deposition at said site of a soluble

suhstrate-agent conjugate which is capable of

.18  transformation by said enzyme to form a product comprising

' at least.. one diagnostic...or. therapeutic agent, which

accumulates at said faryat:site for effective treatment or

diagnosis, said.-. _substrate~acent conjugate comprising a

. -~ substrate for said enzyme, coenjugated to said at least one
20 diagnostic or therapeutic agent,

o wherein neither said enzyme nor an enzyme having
_similar act ivity with respect to said substrate~agent
conjugate is endogenous to said mammal at a non~target

- site along the route of ‘administration or biodistribution

25 of said .suhstrate-a.gent conjugate in an amount which

1nterferes with targeting and accretion of said agent.

2. The method ef c:laim 1, wherein the antibody in
“said ant:.body«-enzqu ccmjugate specifically binds to an
antigen produced by ox' a.ssociat.ed ~with a tumor, an
30 infectious eor pazasitic lesion, a fibrin -clot, a
. myacardial infarction, ‘an atherosclarctic plaque, a

. non-cancerous cell or a' damaged normal cell. :

. 3. The method of clam 1, wherein the enzyme in said

_ ..antibody-enzyme cenjugat.e is a protease, a glycosidase, a
. 35 glucuronidase or an esterase.

N _ _ ' oo This Sheet Has Been Rzﬂlaced

i
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subst r at e- agent conjugate would accrete in the absence of the enzyne, that

char act gy, gﬁ targeting mechani smof the invention. PO /US8o s
better understood in light of some general exanples and sone nore detailed
description of .various species. . The gene nmethod of preparing a

substrat e-agent conjugate according to the i niVention in mnm
bi ndi ng at Ieast one therapeutic or diagnostic agent toﬂ“mum

Certain ‘cytot oxi c drugs that are wuseful for anticanrces t'her"ap? ale
relatively insoluble in serum- Sone are al so qU| te toxic in unconjugated

formand their toxi |ty con |y, reduge conversi gn tQ.conj u-
gates. ©Conversion o %t'%é?s g PY"Q' é” ’fﬁ‘){] 5'8 enzyne 'is a
. dextranase. a cellulase or a glucurcnxdase.

5. The method of claim 1, wherein said agent is a
 diagnostic a.gent. : '

: 5 . 6. "rhe met!'x‘ea-es claim 5, whersin said agent is a
qama-em:.tting radigisotcpe emitt:.ng in the 50~500 KeV
eneryy range.

7. The method of claim 5, wherein said agent is a
paramagnetic ion for magnetic rasonance image enhancement.

10 8.  The method of clam 1. wherein said agent is a
therapeutie agent. ' - ' '

9. The method of ‘claim 8, wherein 'said agent is a

baeta= or- alphavenit.tmg radicisatope, ‘a drug, a toxin, a

, boron addend, a vaggd,natox. a cytokine, a photo-
15 sensitizer or a radigsansiti.ze:. : S -

10. The méthod .of 'c'laim 1, wherein said parenteral
"~ injection is effected by an intracavitary, intravenous,
| intraarterial, intrapleural. J.ntrathecal, intralymphatié,'
mtranuscular, intz.ale_gi_.onal subcutaneous or catheter
20 ° perfusion route. -

11. The mathod of clam 1, wherein said substrate is
a low molecular we:.qht compound. '
' 'l' 't“” a7 ";’ P
12. The nethnd oﬁ claim 11, where:.n said substrate is
a glucuronide conjngata of. said agent.

i .
}

28 " 13. The mathod ‘of claim 1, wherem said substrate is
... a polymer. . T :
~ This Sheet Has Been R
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a nore sol uble conjugate, e.g., a glucuronide, will inprove its solubility
in ‘the aqueous phase of serum and its'ability to pass through venous,
arteri alwy ?@9‘7 lary cell walls and reach the interstitial pfd'yusmlng
t he tunor. act, conversion of certain toxic substances such as
aromatic or alicyclic al cohols, thiol's, phefigls_and am nes to gl ucuronides
in the liver is the body's net hod fof! det oxi f ng thenljﬂ"n nor e
easily excreted in the urine. The drug is attache ,Mmmgwﬁ cid
to formthe glucuronide, which so] u.d;[..l izes the conjlgate.t
attachment is usual hy teng B&éha&ybt;b hgh Qﬁ.aﬁhﬂﬁmﬁMP%Hﬂa1sﬂhdﬂ%&ﬁHlEh

whi ch forns an acet al t hi oacetal ok " noacetal _.with e aI Sl‘i de car bon
of ‘the gl ucur8nf@Xtran, an aminodextran, a carboxyme ulose or

polypeptide. . P

i5. The mathod of. !cf.l_.ain 13, wherein said enzyme is a

5 dextranase or a cellulase, ‘and wherein said

| substrate~agent conjugate comprises a non-substrate

. aminodextran or a' poiylysine carrier, to which is

conjugated said at least one molecule or ion of said

agent, and which is further conjugate to at least one

io solubilizing dextran or carhoxymethylcellulose oligomer
which is a substrate fox said enzyme.

16. The netbﬁtsd of cla'im 13, wherein said

- substrate-agent conjugate comprises a non-substrate

 polymer to  which' is. attached.at least one substrate

15 oligomer to which is conjugated.at least one molecule or
_ion of said agent. -

17. The method: of claim 1, wherein said antibody-

enzyme conjugate is :urtner conjugated to or adapted for

_ conjugation to a radmxsotope or magnetic resonance image

20 enhancing agent, to monitor the clearance of antibody-

' enzyne conjugate from the circulatory system or its
localization at the tai'uat s:.te.

18. Tne mst.n@d cr r'lain 1, vharein said substrate-

agent con:ngata is furthar conjugat.ed to or adapted for

25 conjugation to a radioisotope, ‘magnetic resocnance image

enhancing agent or other 1abe_l, to monitor the clearance

of the subst_:rate¥ gent conjugate from the circulatory
system or its accretioi; at the target site.

_ 8. 'rhemethoa of 'c_la_.in 1, wherein said mammal is a
30 human. '

lﬂin

ThlS Sheet Has Been R
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- 14 -+ -acid. The conjugate can be cl t he i
: _ eaved
enzyme gl ucuroni dase, _which.-woul-d--be the agngcﬁetggggt L

ant | boghe SR CON LOALE, ] s9080
Si gnlflcanEI ess JS'B%’ Hﬁtﬁ{f ;ﬁ %rUQ woul d t hen be renm

dep05|t “on the ceII erstitial fluid, and woul'd tend to

P M

‘ ©20. A ‘dual ste¥11etxnjectahle pmeparation for human
. use, for - targetingna therapeutic or diagnostic agent to a
_ tarqet sxte. gomprzsing. _

o (a) a tirst ster:l.lé injectable solution ‘containing an
5 ' effective amount for taxgat;ng and enzyme activity of an
- an\::.body—enzyme ccn)ugat.a, ‘gaid antibody being reactive
with at least one antigen prasent at the target site, :in a
pharmaceutically aceeptible sterile injection vehicle:; and
(b) a gsecond sterile injectable solution containing
10 an effective amount for deposition at said site of a
soluble substrate-agent conjugate which is capable of
transformation by said enzyme to form a product comprising
at least one diagnostic or therapeutic agent, said
substrate-agent conjugate comprising a substrate for said
15 enzyme, conjugated to said at least one diagnostie or
therapeutic agane. unerein neither .. said enzyme nor an
enzynme . havina similay-. activity with respect to saiad
_ aubstxate-agent«cnnjngats.is=endogennus to. the mammal at
' a non-target sit.a alm-g «thia~route -of administration or
20 - biodistributien of the substrate-agent conjugate in an
amount which interteres with targeting and accretion of
- said agen: ¢ said substrate—agent conjugate being dissolvad
in a pharnaceutically acceptibla sterile injection

“vehicle. | ' :

25 21. A kit for numan diagnostic or 'charapeutic use,
for ta:geting a. tn@raéeutic or diagnostic agent to a
target site, empx:iaug, in snitahle containers;

(a) & fi:st st;&r’il? cgnta?a,ner containing an effective

, amount . for Pa:qeting ‘and’ enzyme activity of an
- 30 ant;hody—enzyme conjugate, _ sa:.d ‘antibody being reactive
. with at least one ant.i.gen present at the target site; and
(b)) a second sterile container containing : an

eftective anount for deposition at said site of a soluble _

S suhstrate-agent conjugate which is capahle -of

35 - tra tomauon by said ‘enzyme to form a product comprising

- at l.east one d;agnostic or therapeut:.c agent, sa:.d
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site of

ef fect’ at t | ocal i zation of the anti body- enzynme conj ugat e.
One nethod of preparing such glucuronides is to inject a mammal, e.g., a

cow, go or primate, with the drug. Sonme of the druscTAIS89/0534% €d
w0 Yok P10
€

to glucoronides in the liver of the animal, and t he drug- glucuronide o
conjugate is then excreted in the urine. drug |s p

admnistered by slow I.V. infusion, via a | |v punp, Jﬁl&!ﬂﬁ) mu"’
artery or the portal vein. Col l ection of the urlne and e

gl ucur oni de conjugate can then be effected, e.g., .by ion exchange

chromal 0gr aphy gupgtiadile énj SPPES *Ebupk fs i’ 87 SutldRiatle #UP41a

acid with the grug an |so te e gl ucuron defromthereactl
m xture. The r SRE™®y cSA Sgééﬁgly d #82% H‘mei fiagnest e or
endop' asmi c. r eidnadapeutiic hadents! Qhei‘im|ﬁaxﬂﬂdtors$itb en2YhicONnoEN an
enzyme having similar activity with respect to said
‘8§ substrate-agent con'juga;ta is endogenocus to the mammal at a
' non-target site along the route of administration or
. biodistribution of the substrate-agent conjugate in an
amount which intsrteres with targeting and accretion of

said agent.

10 22. The kit of claim 21, wherein said therapeutic or
. diagnostic agent is at lsast one boron addend, drug,
toxin, -radioisotope, nuclear magnetic resonance image
| enhancing agent, vasodilator, cytokine, radiosensitizer or

' photosensitizer.

.15 ' 23. The kit of claim.21, wherein said antibody-enzyme
" ©  comjugate ‘is further .conjugated..to, or adapted for

_ coxijugat;on to a. radioiscotope or magnetic resonance image
enhanqing ‘agent. ' | ' |

24. The kit of claim 21, vherein said s’ubstrate—ai;ent

2_b cdnjugate is further conjugated to, or adapted for

‘conjugation to a radioisotope, magnetic resonance image
_enhancing agent or other label.

25. A method according to Claim 1, wherein said
antibody-~enzyme conjugate provided in step (a) comprises a
25 bispecific antibody or antibody fragment having a first
binding site specific to said antigen present at a target
site and a second binding site specific to an epitope on
said enzyme which does not interfere with enzyme activity,
said bispecific hnt;tmdy or antibody fragment being non- -
30 covalently bound t.aa ‘said enzym® at said second binding
site to f.om said annbody-enzyne conjugate.

— i -

Thﬁﬁﬁlﬁi!ﬁtﬁ RT
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be carrl ed out in the presence of extracts or tissue hormgenat es of the

endopl cul um One type of antit mor drug that
conver&z&ﬁf)&gﬁfth a su'ﬂssfflmtélas%eeeﬁwlamdl cin, Z 4' - epi ner ofﬂﬁqxorubl cin

(Adrianycin), which is e glyc_03| de and has been shown to be
a substrate for human b - da‘Se"(Arcarmn
45: 5995, 1985). O her anal ogues vmth f ewer pol ar gﬂmmnmwi"mﬂm

expected to be nore |ipophilic and show greater prom se*fof sucht *

approach. | ;’rrﬁ;cgsngcﬂt GELTR, s ot AT iy B L,
candi dates fofoructargetingt caf dehaxapeutic on\n&ﬂmqw ofigent to a
fﬁte)fte'[ gt gt age%rgg@ gg_%he 'Mﬁ(yw Wi t h a plurality of agents |inked
_ - (a)  a first sterile injectable solution
5 containing an’ ettectiva amount, for targeting- and
| _ ,enzyme activity, of the antihody—enzyne conjugate of
 Clainm 25, dissolved in a phamceuticany acceptable
-sterile injection vehicle; and
(b) -a scccnd sterile injectable seoclution
.10 containing an effective amount, for deposition at
: ‘said s:.te. of -a .soluble substrate—-agent conjugate
which is .capable of transformation by said enzyme to
form a product comprising at least one diagnostic or
therapeutic ) ageint, ~ said substrate-agent conjugate
15 ‘ comprising a substrate for said enzyme, conjugated to
. ‘said at leaet one diagnostic or therapeutic agent,
wherein neither “said 'enzyme nor an enzyme having
-sinilar acti\rity with respect to said substrate-agent
conjugate is endegenous to a human at a non-target
20 - slte. along . the routa of administration or
' hiodistribution ‘of the substrate-agent conjugate in
an’ amount which :Lnterferes - with targeting and
accretion Bf said agent, " said substrate-agent
_ conjugate being disso].ved in a phamaceutically
25 acceptable ste:ile injection vehicle.
- 27. A kit 'tof’ hunan dia’gn‘ostic or therapeutic use,
for targeting a therapeutic or diagnostic agent to a
- target site, cprising: ' '
' _ (a)  a first sterile container containing an |
30 eftective anount, ‘for targeting and enzyme activity, -
'_ot the antibady-enzyne con:ugata of Claim 25; and ]
 (b) a second sterile container containing an |
effective amount, :or deposition at .said site, of a
_ - soluble substrate-aqent ‘conjugate which is capahle of
s - - transtomtien by said enzyme te form a product
' comprising at least one diagnostic or therapeutic
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- 15e- " intervals al ong the polyner backbone. The pol yner
is a substrate for the enzyrre conponent of the anti body-enz
it can WO81/08%0ent s 0|Thl ar e substrates for

Cld 2615486'#47/9(
can be one that

ST ARAL,

ac
agent nol ecul es-are boun ﬁm”"ﬂ mﬂllﬁ.ﬁ in such a way that
- 44 -

10 -

15

PRI S S,

20

- 25

30

RO R A

_ agent said substrate-agant con:ugate comprising a
R snbstrate for said enzyme, conjugated to said at
least one diagnost:.c or thsrapeutic agent, wherein
neither saxd enzyﬁe nor an enzyme having similar

_ activity . with raspect to said substrate—agent

- "conjugate is endoganous to ‘a human at a non-target
‘site - along tho - route of administration or
biodistribution of the substrate-agent conjugate in

- an. amount which interferes with targeting and
accretion of said égent_-

28. The kit of Claim 27, wherein said therapeutic or
diagnostic agent is at least one boron addend, drug,

‘toxin, radioisotope, nuclear magnetic resonance image

enhancing agent, vasodilator, cytokine, radiosensitizer or
photosensitizer.

29. A method: for targeting .a. diagnostic or

' ther_apeut:ic : agent to & target site;. comprising the steps

- ofs:

35 .

(a) prsw s:im_'g a bisnecuic antihady or antibody
fragment having a first binding site specific for an
antigen rpressent at .a target site and a second bzndmg
site specific for an: ‘enzyme; ;

; (b) injecting a mammal paranterally with an
. effective amount ‘for ta:getmq of said antibody or
antxhody fragnent.

u(c) after a sufficient period of time for said
antibody or antibody fragment to localize at the
taz'get site and substant:.ally clear from the

" eirculatory system of the mammal, injecting said
'mamal parenterally with an effective amount for
-'enzyme act:.v;ty oF .sa;ld enzyme, : such that said
localized antimdy binds’ said enzyme to form said
. antihody—enzm cémju?atq in situ; -and -

' (d) turtner injectinq said mammal parenterally

w:.th an ettectwe anaunt for deposition at ‘said site
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cl eayage by t he enzyme_wW | | Ilberate t he agent free of polyner units or

bound tg P39 m., p_€nough nunber of unl_t_'é" to have the requi si pErhsiBiosss:
Y, aaaaedcoeffl cient to cells,_tissues,

sol ubi I _ nor e fav"BI1 ]

| esi on corrponents or the mﬁ he t_a.; et site, relative to t he
flui d bat hi ng such | oci . f pdl rs for mu

e.g., polyols, polysacchari des, poI ypeptldes and the ”m mnﬁnlﬂm uﬂ

pol ysacchari de is dext ran, an al pha- gl ycosi de, which can be tl davéd With

Funct omati ved 1o Bhoi & noPRubLROL S3ptsReel BHABE!| o R0ERLe " nbE, 1o

e.g., anhydri d'es cgpajaa.nat@& SransSormation by a!d-dt nzyne@. to form a

‘Alternatively, gﬂdl n m‘Fx‘ 28id Zege i N1@aged f d’ﬁﬁ’}m

conversion to an a e‘g':(?r Eﬁ ! ﬁﬁ roces%a f%}egrl efo G

.substrate agent cofPes: gpgutzc agent, . which accunu s at) said target
- ~ site for etfective ‘tyreatment or diagnosis, said

i} substrate-aqent conjugate comprising a substrate for
‘said enzyne, conjugated to said at least  one
diagnostic ox. therapeutzc agent;

" wherein neither said enzyme nor an enzyme having similar

10  activity with respect to said substrate-agent conjugate is

' endogenous to said mammal at a non-target site along the

route of adm.nistrat:.on .0r biodistribution of said

su_bstz_-ate-agent. _,‘c_onj_ugate ‘in an amount which interteres
wvith targeting and accretion of said agent.

15 ' 32. The method of Claim 31, wherein said antibody or
antibody fragment in said antibody-enzyme conjugate
specifically binds to:an:antigen produced.by or associated
with a tumor, an infgctivus-or-parasitic lesion, a fibrin
clot, a myocardial. .nfare:ticn, an . a’chemsclerotxc plaque R

20 a non-cancerous csll or ‘a danaged normal cell.
"-33._ : 'rhe meth.od ot CJ.aiu 31, vherein ‘the enzyme in
saiad antibcdy-enzyme conjuqate is  a protease, a
qucos:.dase. a glucuronidase or an esterase.
. " "34.'- | :'rhe method of clain 31, wherain sa:'.d therapeutic

25 or diagnostic agent is:at least one boron addend, drug,

' toxin, radioisntopa, mtc:lsar mgnetic - resonance image
enhancing agent, vaseéilat@r '3 cytnkine, rad:.osensituer or
pnotosensitizer.- T ‘Q i : |

1s. 'rhe met!md gﬁ zL:A.ax.’i:m 31, whexein sa:.d enzyme is a
30 dextz-anase or a cellulosa, and wherein said substrate-
' .agent conjugate comprises a non-substrate aminodextran or
'a polylysine carrier. ‘to which :I.s conjugated said at least
' one nolecule or ion of sau.d agent, and wlu.ch is- further

l

¥
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vmtI\an ami'nodextran (AD) carrier normally starts with a dextran pol yner,
advant ageously a dextran of average nmol ecul ar wei ght (MN of about

10, 000- W@ 900873r ef er abl'y about 10, 000- 40, 000, and nore pr cPGF/AIS8H/G54eU1
15,000. The dextran-is meSheéteﬁcheﬁi ﬁabéﬂ an oxi di zi ng agent -to effect a— -

~control | ed oxi dation of S car bggydrat e rin enerat e
al dehyde groups. The onven| ently effect ﬁum ﬂ mr C
chem cal reagents, e.g., ) accordl ng to conventi .

It is convenient to adjust the armunt of oxidizing agent so that about
50- 150, prefer ¥¥nj ail debydeatr Olpast’ € gy ersonibiliving dedéxerant o

other W dext r Remesyety e ke P6RS0kaR] i1 0} 4° b tox

ani ne groups, |sa:|1dawlm.nt ageous because the

- 36. The methodaf Claim 31, wherein said mamma) is a

37. A sterala mjoctable preparation for human use,
for targsting a therapeutic or diagnostic agent to a
target site, comprising;

.(a) ‘a first sterile jinjectable solution

10 cont#ining an effective amount for targeting of a

bispecific antibody or antibody fragment having a

first binding site specific for an antigen present at

a target site and a second binding site specific for

an enzyme, said antibedy or antiboedy fragment being

1s dissolved in a pharmaceutically acceptable sterile

inj ection vehicle:. -

~ (b) . a second sterile injectable solution

_ contaming an effective amount for enzyme activity at

‘said tarqet site 6f said enzyme, said enzyme being

20 . . dissolved - in. a bhamaceutically acceptable sterile
' | :I.njection vem.cle. ‘and

() a ‘‘thira .sterile injectable solution

'.cnntaininq an etfective anount, for deposition at

said site, of a saluble substrate-agent conjugate

'.'25'. - which is capable of transformation by said enzyme to

o . form a product compr:.sing at least one diagnostic or

:tharapeutic aqent. said substrate-agent conjugate

comprisinq a substrate for said enzyme, conjugated to

said -at laast one diagnostic or therapeutic agent,

30 - said substrate—enzyme conjugate being dissolved in a
phamaceutzcally acce_ptahla sterile injection
' '.vehicla. o

wherein ne:.h\ar saxd enzyme nor an enzyme having similar 1
‘ activity w:r.th respect to said substrate-agent conjugate is
- 35 endogenous to a hunan at: a non-target site along the route



LI -3'1:_ L <=2U~390 + O-Ucllé SFULLT & LARDNCN U &7 Gls 20193380, 7our ov

- 16.-" polyner then behaves nore |ike poylysine and may al so be
resistant to enzynme cleavage.- -Atower-nunber results in | ess than

deswalwedltwmlg of %ngeh?ﬁheenR chglator or boron addendmp§ﬁ9/ﬂ§§41be_

sedvantegeots.espct S 1T

' of administration or biodistribution of the substrate-

' agent conjugate in ‘an amount which interferes with

targeting and accrét.inn of said agent, said substrate~-

- agent conjugate being dissolved in a phamceutically
5 - acceptahle sterile 1njection veh.xc].e.

38. A kit for hnnan'diagnostic or'thetapeutic use,
-for targeting a t:hex:apeutic or d;agnost:.c agent to a
target site, éompris:.n.g, :
(a) -a girst sterile container contazning an
10 effa_ctive amount for targeting of a bispecific
antibody or antibody fragment having a first binding
site specific for an antigen present at a target site
and a second binding site specific for an enzyme;
(b) - a second sterile container containing an
15 ' aeffective amount . .for .enzymeé activity at said target
gite of said enzyma;.and .. |
(c) a third -sterile . container containing an
effective  amount far - ‘deposition at said site of a
soluble substxate-‘agent. conjugate which is capable of
20 transfomtion hg said ‘enzyme to form a product
comprising at laast ‘one. - dz.agnostic or therapeutic
agent, said substrate-—aqent conjugate compriging a
substrate for said enzyme, conjugated to said at
_ least ona di.agnostic or tharapeut:.c agent- |
25 wvherein neither sa:.d enzyne ‘nor an enzyme hav;nq similar
: activity with respect o said substrate-agent conjugate is
endcgenous to a hunan at a ncn-target site along the route
- of adnim.strat.i.cn or bicdist:ibution of the substrate-
. agent conjugate 1n an rauoun: wh:l.ch interferes with
30 targetmg and accretipn of sai.d agent.

39. The kit 4 £ CJ.ain 38, where:.n said therapeutic or

diagnnstic agent ""at least | one horon addend, drug,

toxin, radioisoto?e- _ nuclear nagnetic resonance image

- enhancing agent, vasodilator, cytokine radiosensitize: or
35 .photnsensitizer. R
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or pol y-hydroxy di am ne.

propyl ene
or like pg
hydr oxyl at g
“relative tg
conpl ete cd
gr oups.
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HETHOD FOR ANTIBOBY TERGETING oF DIAGNOSTIC '
' ' OR THERAPEUTIC AGENT9 '

The present invention relates to a method for
enhancing the targeting capability of an antxhody using an’

antibody-enzyme conjugate
substrate-agent conjugate,

foxr effective

and

sepa:ate saluble

vherein the targeted enzyme'
_catalyzes the conversion of a soluble substrate, bearing
at least one- tharape;tle or diagnostic agent, to a product
comprising the agent, whtﬂh accumulates at the target site

traam@rt or dzagnas;s. :

. The foregoing

- method is useful for targeting any type of agent to a site

"~ to which an antibody ‘can selectively bing,

infect1ous_ lesions,
- myocardial

for 1mag1ng tumors, -
infarctioﬂs,

normal cells,

noN-cancerous
‘atherosclerotic

_autoreactive clones, and for therapy.

It is

well Xxnown that antibodies
fragments can be conjugated to rad:.oisctopes,

including use
£ibrin clots,
cells, damaged
plaque, lymphocyte

dt antibody
drugs or

toxins to target the diagnostic or therapeutic principle

‘to the tumor or 1es;on sate.'A major

ocbstacle to using

such methods has baen “the- dxfficulty of 1oading the
antibody with a suffxcxent amount of the therapeutic or

diagnostic agent.

Al further camplication

is that

-overloading the antiboﬁy with a therapeutic or diagnostic
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secondary am ne groups, and reduction of any unreacted al dehyde groups to
hydr oxyl groups—Fhe resultant adduct can be further purified by passage
t hrough a conventﬁﬁﬂﬁ&ﬁﬁwﬁkaguwnahunn to renove cross-linked dextrans.

An estimate of the Iable prinary am no groups on the AD can
be effected by rea hed sanple_wth trinitrobenzenesul fonic
acid and correl ati optlcal densifyza't' 420nm wi t h a standard.

Thi s met hod nhor mal | y results in essentially conplete conversion of the
cal cul ated number of al dehyde groups to primary am ne groups on the AD.

Al I d d
ternative neeg&%t réghgém &?e LA t |tzda ﬁé‘(ﬁ{“"%ﬂd or@%ﬁxocﬁ‘é or

i ntroduci ng® tions, by ] actlo cyanogen
fol | owed bym% lelfh“ﬁaﬁﬁam ne. « The AD should be reacted with a

derivative:of thQ:onjugation of éytot.oxJ.c drugs to . antibodies to
' achieve a tarqeted therapeutic result is well known. For
- example, it is known that methotrexate (MTX) can -be
';conjugated to antihodies and some selective cytotox:.city
has baen ahsarved. It is ddsirable to enhance the
.eytotcxic:l.ty ot such confuqates by increasing the 1oading
of the cytotoXic drug. However, multiple conjugation of
individual -drug molecules to an antibody eventually
reduces its 'imunoréactivity. the effect being observed
when mare than about ten 'drug moleculaes are loaded.

It has also been prapssed that the drug be con)ugated
to a polymeric carriaer, wh:l.ch in turn may be conjugated to
an antibody. This has the advantage that larger numbers

'of drug molecules.can ba. carried .to.the target site. Use
of polylysine as a peolymer carrier was reported by Ryser
et al., Proc. Natl. Acad. Sci. USA, 75:3867-3870, 1978.
These authors found that only about 13 MTX per carrier
'could be  loaded and immunoreactivity was poor. In

© addition, the high amine content of the polymer, largely
in the form of chargéd ammonilim groups, caused the
con:;ugate to stick - “te normal cells and vitiated the
selectivity of the cytatnx:.c effecﬁ.. ]

Rowland, U.S. Patem:' 4, 046 722, discloses an antiboady
conjugate wherein a plura!!.ity of molscules of a cytotoxic .
| agent are cavalent;ly- .pcund to .a polymer carrier of
molecular weight 5,000-500,000, and the loaded carrier is
~ covalently bound to,an antibedy by random attachment to

pendant amine or carboxyl groups. Ghose et al., J. Natl.
Cén_cer’ Inst., 61:657-676, 1978, discloses other
antibody-1linked cy’to_t.b’xic agents useful for cancer
- therapy. shih et al';, U.S. Patent 4,699,784 discloses
site specific attachment of 'a 'methotrexate-loaded
ammodextran to an antibody. i
Targeted neutron-aqt:.vated rad:.otherapy is described,

e.g., in Goldenbergiettal., Proc.’ Natl. Acad. Sci. USa,
' . This is the replacement sheet
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pargicular drug, toxin, chelator or boron addend, in an _
- 17 - activated form preferably a carboxyl- acti vat ed derlvatlve

prepared by conventional neans, e.g., using dicycl ohexyﬂ'hlaﬁﬂd] mlﬂiﬁlﬁ@:

or a water solubl g- variant
81:560 (1984); Hawthorne et-al., J. Med. Chem., 15:449
(1872); and in Goldenberg, U.S, Patents 4,332,647,
4,348, 376, 4,361,544, 4, 468,457, 4,444,744, 4,460,459, and
4,460 561, and in related pending applications = U.s.
Serial Nos. 609,607 (filed 5-14-84) and 633,999 (filed
7~24-84), the disclosures of all of which are incorporated
herein in their entireties by reference. :
The aforementioned references disclese, Jinter g;ig
‘methods of incorporating Boron-10-containing aﬂdends into
; antihedy conjugates using, e.g., coupling: of a carborane
. (e.g., ‘1inked to a phenyldiazonium ion) to an antihody,
. which are suitable for incorporation of a relatively low
. numbexr of Boron-10 atoms. Typically, between 10 and 120
RS B=10 atoms have  been attached to IgG before the
- immuncreactivity and yield -of recovered product 'become
‘unacceptably 1low, using.. the. carborane-phenyidiazonium
conjugation procedure. It is desirable to be able to
'Earget a large number of B~10 atoms to a tumor site for
effective therapy.

‘A .need therefore cent:lrmes to exist for a method of
ant:.body targeting where it is possible to depos:.t a
suffic:.ent amounit of 3 theraneutxe or diagnostic agent at

. a-target site, without overleoading the targeting antibody
with the agent and therehy 1losing immunocreactivity and/or
d.nduéing an immunogenic response.

-3 -

mg.s.tg..gi.sne_mxsp_tm |
One object of the presant invention is to provide a
method for enhancing the targeting capabilities of
antibodies by amplifying the targeting event.
Another object of the present invention is to provide
agents useful for diagneosis and/or treatment of cancer,
. infectious lesions ar ath.or pathologic;al lesions such as
nyocardial inrazctum.... : :
A further okj ect: of tbe present invention is to
‘achieve a . high .d.eg;eq of deposit of therapeutic or
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th@reof? Met hotrexate (MIX) is a typical drug for use in preparing
conj ugates according to the invention and will be used to illustrate one of
t he procedures. Anal ogous steps will be used for other MGWH*BM laced

chel ators and boron addends, nodified in appropriate wa
readi |y apparent to the ordlnary_skllled artisan. Activ

conveniently effected with any of the convent i onal car boxyl -activa |n
reagents, e.g., DCC, optionally followed by reaction with N hydroxy-
succinimde (HOSu), to form the active ester. The reaction is
normal |y efdggdsdstie aeeﬁelsaac a WrebitCsiteywithoutda Midwisy: fR{gRN de

(esD![vQ’s, @ rret h %{Jﬁ%tbgﬂggﬁvgggﬁﬁart‘htehﬁ kleI kgan al gohgre uggzjl, v:gegan m xed
anhydrides The D&Y Hamotdodx val:;gelcntlI sofii kthearprésent invention is to
provide a method of targeting a sufficiently large number
_ of boron atoms to a target site to function as an
.efficient therapeutic agent for thermal neutron activated
' radiotherapy of. tumors and pathological ler.ions, without
havi.ng to load the boren atoms onto an antihcdy. .
. Other objects of the present invention will become
‘more readily apparent to those of ordinary sxill in the
. art in light of the follow:.ng discussion.

These and other cbjects of the invention are achieved
by providing a methed for targeting a diagnostic and/or
therapeutic agent to a target site, vhich comprises the

steps of: : . :
_ (a) inj ecting a namnal parenterally with an effective
: 'amount for targeting and enzyme - act:.v:.ty .of an

- antibody-enzyne eonjugate, the antibody ‘being reactive
with at least one antigen present at the target site; and
: (bj‘-i after a sufficient .period of time for ‘the
' antihody-enzyme conjugate to localize at the target site
" and Substantially clear from the circulatory system of the
mammal, injecting the nammal parenterally with an
'effective amount for deposition at the target site of a
_':_' soluble substrate-agent conjugate which is capable of
transformation by the enzyme to form a product comprising
the agent, which accumulates at the target site for
effective treatment and/or diagnosis, the substrate-agent
‘conjugate comprising a substrate for the enzyme,
conjugated to at least one diagnostic or therapeutic
agent,
wherein nex.ther the enzynme nor an enzyme having
similar activity with respect to the substrate-agent
conjugate is andogenous to the mammal at a non-target site
along the route of administration or biodistribution of

This is the replacement sheet
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activated MIX can be reacted in aqueous nediumw th the AD, so it is

preferred. The—proportions .of _activated MIX to AD are preferably such
that about half of e m no groups avail able on the AD react to form
ani de bonds with th Bm activated MIX.  Thus, if about 100
am ne groups ‘are availl U with a starting MW of about 40, 000, up
to about 50 of these ted W activated MIX.  Usi ng a pro-

portion of about 50:1 MIX: AD, about 25-50 MIX nolecules are normally
I nt roduced. - It is difficult to achieve higher Ioading because of

i nci pi ent peggl PiddiboRatd-adlfic AUbiiuois % AR -

I nsol ubi lit I on t he adapt at | ons to"i'bé1 used
for other dit;ssrtlesaa wadth axgeating (ﬂﬂ‘%{(ﬂq"-’{%‘#‘w L nspddepEelted by

oXi dl zing 5-flpurge i difiventildit CalBo'yPrdeides reagents, sterile
 injectible preparations and kits for use in practicing the
foregoing mathod.
: Detailed Discussion
The prior art discloses the attachment of therapeutic
ar diagnosﬁie ‘agents directly to an antibody, or to a
carrier attached to an- antibody. Some of the problems
~ asmociated ‘with conjugating an agent to the antibody
‘include - cross-linking, loss of immunoreactivity,
immunogenicity, insufficient loading of the agent on the
K antibody and inadequaj;é deposition of the agent at the
- éaz;get ) site; . The present invention overcomes these
problems by using an antibody-enzyme conjugate and a
separate substrate—agent conjugate, which enahles the
| antibody to target the site without having to load the
k diagnostic or therapeutic agent onto the antibody.
The method for targeting a diagnostic or therapeutic
;agent . to a target site, - according to the present
: invention , can be accomplished by first injecting a mammal
'parenterally with an effective amount for targeting and
enzyn‘xé_ activity of an antibody-enzyme conjugate and
wa,i.i:in'g a sufficient amount of time for the conjugate to
localize at the t:argei: site and substantially clear from
the circulatory system of the mammal. The next step of
the method is injecting the mammal: parenterally with an
erffective amount for depositibn at the target site of a
soluble substrate~agent 'conjug’ate capable of
transformation by the enzyme tb a product comprising the
‘agent, which accumulates at the target site for effective
treatnent and dxagnos;s. The substrate—agent conjugate is
.a substrate for the enzyme, conjugatad to at least one
_diagnostic or therapautic agent.
" The ntibody camponnnt of the antibody+~enzyme
‘ -conjugate is the target:.ng portion, and sarves to bind the
: This is the replacement sheet
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por‘tion,‘ e.g., using periodate, reactlngthls internmediate with an
am nodextran, and reductivel y—s*rabrh zing the :
- 18 - Schi f f bas&‘h:adld,aq; he i m de can be | oaded by direct

iwin - -

conjugate selectively to- at least one antigen present at
,the. ‘target site. ‘The enzyme component of the conjugate is
- thégaby .localized at the target site. Once the
. non-targeted canjugate substantially clears from the
bleoodstrean, the substrate-agent conjugate is ini ected.
-.It should not encounter more than a negligible amount of
; _tha antihady-enzyue conjugate or similarly acting
N endoqenou: anzyme enroute to. the target sits. - :
L However, ‘vhen the .substrate-agent. conjugate reaches
; tha target site, it will be transformed by the enzyme into
a product comprising the diagnostic or therapsutic agent.
" The .enzyme can transform many molecules or subunits of.
substrate-agent conjugate to liberate many molecules of
product in a form which will accrete at the target site .
due to favorable partition betweern the fluid bathing the
target site and the £issue. or .other antigen-containing
i * medium at the site. ;.taalﬁ. /Thus, the enzyme amplifies the
' -targeting capability. oL the antihody without the need to
‘conjugate the agent to the targeting antibody, and the
agent accumulates at the | target site and can effect its
_dxaqnostic or therapeutxc action there. _
Unless otherwise noted, use of the term *“antibody"
here:.n will be und_erstacd to include antibody fragments
and thus to be equivalent to the term "antibody/fragment"
which is used intéfchangeahly therefor in this
‘discussion. Ant:ibadms gan be uhgle immunoglobulin of any
-class, e.g., IgG, Igﬁ, 'rgA Igb, IgE, or hybrid antibodies
with dual or multiple a.mt'igan oY spitopa speéificitias. or
fragments, e.g., P(ab'l)z, E‘(&b)z, Fab' Fab and the like,
:.ncluda.ng hybrid fraqments.
antibodies include antiserum preparations, preferably
aft:mity- purified, having a high imunoreact:wzty. e.g.,
" a binding constant - of at ' least about 107 1/mole,
preferably at least about 10° "l/mole, a high
immunospecificity, e.g., at least about 40%, prefarably at
.- least about 60%. mexa nxeferably about 70-95%, and a low

cross-reactxvify with -other: . txssuo.’ .an.t;geﬁi.s l&,et?‘g.l épla%gﬁem shl"t.
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reaction of its cyclohexanone car bonyl wi th am nodextran am ne groups,

foll owed by reductive stabilization, or by reacting its side-chain_ hydroxyl
with an excess of a diisothiocyanate |inker and reacti onrhggfs """

i sot hi ocyanate derivative with am nes on the am nodext ra B

1h
of the imde nitrogen with e.g., a hal oamd.lor haI oester &
activation of the resultant car boxyl deri vat' ve, l/
condensation with am nes on the am nodextran. Anot her illustration is
provided by the antibiotic mtonycin C and its anal ogues. Thi s nol ecul e

hashan arr} EexlnéﬂéCtﬂlﬁh aaBo@tC) 0% C pfePerasiy h%tofm%\becwd&?oﬁéaﬁ
Sul fosucer n) My PoEs Bretarmthil ok sk nalt ASedt 47 7h8 SRk gatrun
resulting i nﬂ:&nnbdl affe ind tiyh puristiad dbwldorivsnt onak groupdunesane.g. ’
by binding antigen to a chromatographic column pac):ing,
€eg., Sephadex, passing the antiserum through the column,
thareby retaining specific antibodies and separating out
other immunoglobuling and contaminants, and then
recovering purified antibodies by elution with a
‘chaotropic agent, optionally followed by further
- purification. ’ | |
- xanoclcnal antibodles are also suitable for use in
the pz_'esent. nethod, and are praferred hecause of their
- high _speqiﬂ.cit:‘_.es. They are readily p:epared by what are
now dons:.de:i:ed canventianal procedurés of immunization of
namals with an immunogenic antigen preparation, fusion of
izmune lymph or spleen cells with an immortal myeloma call
*  ‘line, and isolation of .specific. hybridcma clones. More
unconventional methods .of..praparing.monocleonal antibodies
are not excluded, such as interspecies fusions and genetic
'engmeering manipulations of hypervariable regions, since
it is primarily -the antigen specificity of the antibodies
that affects their utility in the present method.

Antibody fragments can be made by pepsin or papain

'~ digestion - of whole ' impuneglobulins by coénventional
me’_chods s_u_i:h as those d-i.'sclosed,_ inter alia, in U.s.
Patent 4,331,647. - :

The - target sites can be, but are not limited to,

cancers, infectious and parasitic leaions, fibrin clots,

B myocardial infarcta.sz‘s, athsroscl.erotxc plague, - damaged
normal cells, non»cancerous cells and lymphocyte
autoreact:we clones., :

Many antzbodxes ‘and antibody fragments which
specifically bind markers preduced by or associated with
tumors or infectious lesions, including viral, bacterial,
fungal and parasitic infections, and antigens and products
associated with ‘such zicroorganisms have been disclosed,
inter alia, in Hansen et al., U.S. Patent 3,927,193 and
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an nodextran. Alternatively, carboxyl groups can be introduced using,
e. g succini ¢ anhydrl de then activated, e.g., with DCC, and the activated

i nt er medi at e coupl edh
protein (PAP) or the
to am nodextrans. by

Re laced Toxins, e.g., pokeweed antiviral
in,- and the Ilike, can be coupled
condensgtlon of by reaction of activated
car boxyl groups on the prote| n vmth am nes on the am nodextran. Many

drugs and toxins are known which have a cytotoxic effect on tunor
cells or mcroorganisns that may i nfect a human and cause a lesion, in

addi tion t gdlesbess  itr.s] | walietitsONs 93!?@4?90V¢345h915?er&t:ﬂsi’%i@““d in
conpendi a of déé’gfs-?”di Xiﬂ‘sni‘r'dh afs&“fsé\’era%‘fa' ¥ %60,561, ana in
related pending applications U.S. Ser. Nos. 609,607 and
633, 999, the disclosures of all of which are incorporated
_in ‘their entzzeties hm:.n by reference.

Ant;—fibrin ;antibodies. are well known in the art.
__Antibodies that ta:get. nyocardi.al infarctions are
'd:l.sclosod in, e.g.,  Haher, U.S. -Patent . 4,036,945, the
'disclosure of which is incorporated in its entirety herein
by reference. Antibodies that target normal tissues or
_'organs are disclosed in, e.g.; U.S. Patent No. 4,735 z:.o,
" the disclosure of which is incorporated in its entirety
“herein by reference. Anti-fibrin antihodies are well
¥nown .in the art; as are antibodies that bind to
atherosclerotic p.laque ‘and . to lynpnooyte autoreaoe.tve
clones.

In general, ant:.hod;es can usually be raised to any
antigen, using the maay conventional technigues now weil
known in the art. - An? targeting antibody to an antigen
which is found in sutf:lcient concentration at a site in’
t:ne body of a mammal which is of diagnostic or therapeutic -

 interest can be used to nake the antibody-enzyme conjugate
for use in the method. of the invention. }
' It snould also be noted that ‘@ bispecific antibody/
fragnent ‘can be used inl the present netnod, with at least
one binding site ‘specific to an antigen at a target site
‘and at- least one other b:.nd:.ng site spec:.fzc to the enzyme
component of the ant:.hpdy-enzymo conjugate. such an
antibody can bind the enzyme prior to injection, thereby
obviating the need to covalently conjugate the enzyme to
the a_ntihody,_ or 11: can ha injected and localized at the
target site and, '_a'ftar non~targeted antibody has
substantially cleared from the circulatory asystem of the
ma_nmai, enzyme can be injected in an amount and by a route
which enables a sufficient amount of ‘the enzyme to reach
_the 1localized ant:.body and bind to it to form the

: ant:.body—enzyne conjugata in situ. This is me replacement sheet

ﬁato’z 0 5_ DEC 1%



and the.like. Any such drug can be | oaded onto an AD by conventional means
well known in the art, and illustrated by analogy to those descrl bed above.’

The ability to partially or conpletely detoxify a drug a
acggrdi ng to the invention, while it is in circulati on, fﬂiﬂm"m”lem

Bispecific antibodies can be made by a variety of
conventional methods, e.g., 'disulfride cleavage and
reformation of n:.xtures of whole IgG or, preferably,
F(ab’ )2 fragments, fus:.cns of nmore than one clone to form
polyomas that produce :.munoqlohulins having more than one
specificity, and by genetic enqineermg. The bispecific
antibodies can bind te one or more epitopes on the énzyme
but should not bind to a site that interteras with enzyme
activity. : .

' The enzyme used . in the presant invention must be
_capahle of transfoming_ a st_;hst_antially soluble
substrate-agent conjugate to form a product comprising a
diagxiosti_.c and/or therapeutic agent, which ac¢cumulates at
the target site. Neither the enzyme nor an enzyme with

' similar substrate specificity should be endogenous to the

+  mammal along the route 'of ‘administration or
biodistribution. of the substrate-agent ‘econjugate.
Otherwise, the agsnt will be released at sites other than
the target site, which usually, though not always, will
interfere with or compromise the efficacy of t.he
diagnostic or therapentic effact of the agent.

In principle, the enzyme can be any type of enzyme
that can be bound tﬂ an antibody and can transform a
substrate~agent cen‘_iuga.ta to - product, . subj ect to the
above-ment:.o_ned caviats.. Proteases, glycosidases,

. esterases and ‘the liks are all general types of enzymes
that can be used in the invention under the proper
circumstances. More spacific examples of suitable enzymes
-include, but are not 1limited to, glucuronidase, beta~
glucosidase, bata=lactamase. cellulase, dextranase,
fructase, aminopep- tidase a.nd lysozyne.

The enzyme is. se:l.sct;ed as a functiocn of the type of
subsgtrate~agent cen:;ugat.a cl'msen. For example, the choice
of dextran as a suhstrat:ﬂ wou].d -be coupled with the use of
dextranase as the enzyme. similarly, cellulase would be

v_.lsed with a cellulose substrate. A glucurcnide as the
' i This is the replacement sheet
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can reduyce systemc side effects of the drug and permt its use when
system ¢ adm nistration of the unconjugated drug would be unacceptable.

For exanpl e,
systemically

substrate carfier, accor
while mtigating syste
carrier wll eso

depend upon

-MrX and cycl ohexini dé often are too toxic when adm ni stered
Adm ni SU‘hl&Shea:lHaﬁ)ﬁeeHRé | ecul es of the drug conjugated to a
esent invention, permts therapy
~Jgadi,ig of drugs on the substrate
y (partition coefficient between the

fluid bathi ng a target site and the target cells, tissues or other

structures,

.; atherosclerotic plaque, fibrin clot, virus particle,.

parasite andsl triade~agrnbon GARIBIALS ogubd erh;%/necell&i\ﬁ;be with
substrate MDgEARRbIAAEE Kk €hé CchkPREA Snd EREAUSKeGONDI i SiNg the drug

whi ch

Apart . trom the Jip situ method of rorm.ng the

_antibody-enzyne conjugate, it is advantagaous to

covalently ‘bind the enzynme to the ant;hody. directly or
through a short or 1ong ‘linker moiety, through one or more

- functional g:oups on the antibody and/or the enzyme, e.g.,
' ‘amine, carbox- y:l.. phenyl. thiol or hydroxyl groups.
_v:rious conventional 1inkers' can be used, " @eGey

disiocyanates, diisothioeyanates, bis (hydroxysuccinimide)
esters, carbodiimides, naleinide-hydroxysuccinin:.de
esters, glutaraldah}'ds and the like. :

A simple, mthod is to mix the antibody with the
enzyne in the ‘presance of glutaraldehyde to form the

antibody-enzyme conjugate. The initial Schiff base

linkages can be satabilized, e.g., by borchyaride
reduction to "secon_dary amines. '._L'his methed is
conventionally used. to prepare, e.g., peroxidase-antibedy
,conjuga'tes' for imnunohistochemical uses or for

imunoaséay__s‘. 'A diisothiocyanate or a carbodiinide can be
. used in place of glutaraldehyde.

More selective 1tnlaage ¢an -be. achieved by using a
heterebztunct;onal linker such as a maleimide-~
hydroxysucc:.ni_mide_. ester, Reaction of the latter with an
enzyme will derivatize amine groups on the enzyme, and the
derivative can then be reacted with, e.g., an antibody
Fab fragment with free sulfhydryl groups (or a larxger
fragment or intact immunoglobulin with sulfhydryl groups
appended theraeto by, e.g., Traut’s Reagent).

It is 'adv'ant:a_gepus. to link the enzyme to a site on
the antibody remote from the antigen binding site. This
can be acco’mpiished by, =.g9., linkage to cleaved
interchain sulthyd:yl groups, as .'notad above. Another
method mvolves r&aﬂtmg an a.ntibody whose ‘carbohydrate
portion has been oxmmed, with an enzyme which has at
least one free am..m'a ﬁ!:mc;tlon. This zesults in an initial
Schiff base (hu.ne} 1inkage, which is preferably

0 S DEC 1996
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has a suff|C|entIy favorabl e partition coefficient to the target to effect

the desired therapeutic action. In general, it wll 'be desirable to-{oad
a drug onto a dextran in a ratio of monosacchari de Sumﬂsﬁe&}wﬁ Ia%ed
fromabout 3 to about 25, although these are preferreéed

anount s. Very heavy |oading of drug nolecules can ﬂi&
act|V|ty due primarily to steric hi ndr ance ¥b Di ndi ng o

conjugate to the active site of the enzyne. Too light |oading can result

in insufficient reduction in fluid solubility for the drug as a result of

enzyme clea a of t
conj ugat e ml%%? g‘i%%sebg cefﬁg q"ro}’ou%d %%X fo%@' edoug Uggy
subuni ts ar BoFRbYAxids erd}:l‘FMe tel Germi t fhenfdsalr sonjmgagesg (with

perhaps a few gl m&&a Subgni ¢ke St sikebogld thel t konFusRitiedVoiabd! %rill
partiti oned OUt a(l ; eesﬁi-é%@gbi% e u'ldink one antibody to one. enzyme
' molecule. However, it nay be advantageous to bind a
;Sluralityj of -antibody fragments, e.g., Fab or F(ab’),
fragments, to -a single enzyme to increase its binding
affinity or. afficiency to the ‘antigen target.
Alternativaly, it the enzyme is not too bulky, it may be
useful to link a plurality of enzyme melecules to a single
antibody or antibody tragment to increase the turnover
number of the conjugat:e and enha.nca the rate of ‘deposition
of the diagnostic or therapegtic agent at the target site.
Canjugataes of more than one enzyme .and'-aqtibody can also
. be used, provided they can réach the target site and they
do not clear too fast.  Mixtures of  different sized
conjugates, or con:ugat;es tnat contain . aggregates can be
used, again with the same . caveats .just :noted.
The antihody-enzm conjugate can ba further labeled
with, or conjugated or adapted foxr conjugation to, a
radzoxsatope or magnet:id resonance image enhancmg agent,
to monitor its clearance from the circulatory system of
the mammal and make certain that it has sufficiently
localized at the target site, prior to the administration
Qf the substrate-agent conjugate.. Alternatively, the
conjugate can be tagged with a label, e.g., a radiolabel,
a fluorescent label or the 1like, that permits its
detect:.cn ana quantitatxon in body fluxds, e.g., blood and
urine, so that targeting and/or clearance can be neasured
. and/or inferred.
. Any convent:.onal method of radiolabeling which 1is
su:.table for labeling proteins for in vivo use will be
_generally suitable for labeling antibody-enzyme
canjugates, and often also for labeling substrate-agent
conjugates, as ‘will be noted below. This can be achieved
by direct labeling with, e.g., I-131, I-123, metallation

with, e.q., Tc-9%m or Cu ions or the like, by conventional
iR G- Rt ’ Th¥s is the rep!acement sheet
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to;accrete at t
bacterial cell

he target site, e.g., on a tunor cell nenbrane, on a
waH—en—&rr—at--her—ese-l—erotic pl ague or a fibrin clot and the

| i ke. Toxins may b eaVvi
| ar ger prot ei ns. q’hxs etl-ﬁsgeenkg

o‘faded t han drugs, since they are often

i o

- 12 -

techniques, or by attaching a chelator for a radiometal or
parenagnetzc ion. - eueh chelators and their modes of
attachnent to antibodies are well known to the ordinary
skilled artisan and are disclosed jinter alia in,  e.g.,
the aforenentxoned Goldenberg patents and in cmlds et

.al., J. Nuc. Had., '26¢ 293 (1985),.

The subatrate-agent conjugate will include a

.  substrate, which can , be - tmstermed by the 1localized

enzyme of the antibedy-enzyne conjugate to a product. The

_agent will be a diagnostic or therapeutic agent vhose

targeting at a specitie gite will be advantageous for its
e._ffic_:acy. Such tnerapeutic and d:.a.gnostic agents inclnde.
€.G., toxins, ant:!.biot;ic or chemotherapeutic drugs,

' radioisotopes, paramagnetic ions, boron addends,

cytokines, . phcteeane*tizers,. radiosensitizers,
vasodilators and.tha:tikst. o

The suhstrete«egent cen]uqate rpust--be-. soluble, for

-purposes of. administx:ation ~and--transpeort. to the target
" _site. It must also be capable of reaching the target and

being transfomed to a prodnct which has a substantially
mnore favorahle partition ‘coefficient for attraction to the

_s:.te than the conjugate. As used herein , the tarm

"soluhle“ means’ soluble in the fluid into which it is
administered and hy which :.t is transported to the target
site, to a sufficn.ﬂntf extem: to pemit transpart of a
diagnostically or thera.éautieally effective amount of the

conjugate to such site. i Noma'lly, administration will be

into the bloodstreani, by int;rayenous or intraarterial
infusion, and the } conjugate wil:l. need to be soluble in
serum and preferablyi suffzcxently hydrophilic to¢ be
carried largely by ‘the . aqueous ‘phase of serum and diffuse
relatively eas:.ly through the walls of thae blood vessels
into interst:.t:.el :luid, for cases where such is
necessary. ; .

of ccurse, in the case of t:ardzac imaging or imaging
or therapy of athe:selerptic plaque, er the like, vhere
the target sita is in"tnd: e:.rculatezy system, hydrophilic/

- This is the replacement sheet
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Ck}el ators for radionmetals or nagnetic resonance enhancers are al so
wel |l known in the art. Typi cal are derivatives of

et hyl enedi am netetraacetic acid (EDTA) and di et hyl enet ThigShep

e;gseﬁ)t aﬁcet ic
acid (DPTA). These typically have groups on the si _ &dn
the chelator can be attached to a carrier. This sane gr to
couple the chelator to am ne groups on anlBD- AlternatiV oxyl
or am ne groups on a chelator can be coupled to an AD activation or pri or
derivatization and then coupling, all by vveII known net hods. For.
exanpl e, -def eroxam ne, which is a chel ator f ha anm
group that 1¢mmmhit:l - smlt&ﬁ-iw-tﬁ avdhit oBOS I| era? i%ﬁ %F%ﬁgﬁ 45

activated- car E{%@i&%l Sﬁtl h| ﬁg at e_;d;_ruﬁimxgr wmhandlehvngeouafed the
am nes on substrat.e- agant conj ar‘l:kl "ByCEhE! Unkyhde 28bNEE YProduct
which partitians nore. favorably to the target. It is this
-partitioning out of ~ths agent, once the substrate—agent
conjugate is actsd upon by the enzyne component of the
“‘targeted antibody-enzyma conjugate, so that the agent then
S .accretes ‘at” “the targaet site to-a significantly greater
L B -extent tnan the substrata—agant conjugata would accrete in
: -the absence of the enzyme, that characterizes the
" targeting mechanism of the invention.
' ‘This will be better understeod in light of some
- general exanples and some mnore detailed descr:.pt:.on of
. various species. : .
" The general mstncd of prepan.ng a substrate-agent
. conjugate accerdingTtarther invantion' involves covalently
" pinding at.least:omse: tba*dpeutic or.-diagnostic agent to a
substratn.

‘Certain cytotox;.c érugs that are useful for
anticancer therapy are relatwely insoluble in serum.
Some are ‘also quite toxxc in unconjugated form and their
toxicity is considerably reduced by conversion to conju~
| gates. Conversion of a relatively poorly soluble drug to
a more soluble conjugate, e.g., 3 glucuronide, will
improve its solubuity in the aqueous phase of serum and
its abil;ty to pass througn venous, arterial or capillary
.' cell walls and raaf'h thé :Lnterstitial fluid bathing the
tumor. In fact, cepvmh.on of’ certa:m toxic substances
such as aromatic VigE . 2licyclic alcchols, thiols, phenols
and amines ¢to gluc:ux'onldas in t.he liver is the body’s
method of detoxifyxng them and makmg them more easily
excreted in the. ur:.ne.

The drug is 'attached to glucuronxc acid to form the
glucurcnide, which solubxhzes ‘the conjugate. '?he
‘attachment : is usually to a h:ydrox]rl, thiol or anmine
function of the drug, which forms an acetal, thioacetal or

_ £ the glucuronic
,aninoacetal with the a‘ldehyde carhon ° This is the? replacement sheet
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an AD wi kI be apparent to the skilled artisan, depending on the
functionality of the ~Thetater —- - Boron addends e.g., carboranes, when

attached to the subgfiatgy i u ate and targeted by the ant | body to
| esi ons, can be. actly ﬂﬁ’ﬁ d neutron irradiation and converted to

radi oactive atonms wh pha em ssion to produce highly cytotoxic
short-range effects. of bor ok <waddends, as well as
magneti c resonance enhancing ions, is of great inportance in potentiating
their effects. Car boranes can be made with carboxyl functions on pendant
To AD 5 by A1 BReoroPaitaA, sk . &%\‘%“@%néb%ig%%% P hes -
on the carriths mme pgdpeuronddase us e-hﬂgerﬁhﬁzorqnmes
In one embodigigdn@ht! 88 EheSSAtIbBUGREN2 me! BOnjugate. The free drug
would then be rendered significantly less soluble in the
interstitial flui.d, and would tend toc deposit on the cell
membrane of. surrounding ‘cells and exert its cytotoxic
‘affect at the site of 1ocalization of the antibcdy-enzyne
'..conjugate. ' S B ' ‘

One mc:hod ot prepar:.nq auch glucurcnides is to
inject a naml. e.g., a cow, goat, horse or primat:n. with
the drug. Some of the drug is converted to gluco:om.des
in the liver of the animal, and the dmg-glucuron:.de
conjugate is then excreted in the urine. The drug is
preferably adnimstered by slow I.V. infusien. via a liver
punp, through the hepatic artery of the portal vein.

. Collection of ;tha- urine.and.extraction of the glucuronide

' conjugate can then bhe.  affected, e. g'. + by . ion exchange
chromatography. . An . alternztive. .approach . is to react
UDP-glucurnnxc ‘acid with the drug and . then isolate the
glucuronide from the reaction mixture. The reaction can
be - catalyzed by enzymes isolated from the endoplasaic
reticulum of the liver of mammals, and/or the react:.on can
be carried out in the presence of extracts ‘or - tissue
homogenates of the endoplasmic reticulum. '

One type of ant:.tumor drug that can be converted to
such a substrate is epirubicin, a 4’-epimer of doxorubicin
(Adriawmyein), - which is an anthracycline glycoside and has
been shown to be a tmbstx:ate £or human beta-D-glucuroni-

- dase (Arca.nnna, cane-ar Res.,' 45 5945 1s85). Other
analogues with fe:ger nola,r groups would be expected to be
more lipophilie and snow ‘greaterxr pxom.se for such an
approach. Other . drugs. tm:a,ns, - boron compounds or
chelators with atmt,a,c or al:.cyclic alcohol, thiol or
anine groups would al.so be' candidates for such conjugate
formation. o -

Another type' o’f 'substrate-agant conjugate is a
polymer with a plurality of agents linked theretc at

This is the replacement sheet
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substrat e-agent conjugate would contain a |arge nunber of boron atons, nore
preferably prepared fromreagents enriched in Boron-10 isot ope "bb'r"bn

contai ning reagents enriched to about 96% Boron-Thi SheblEHaa
avai l able. Such a conjugate would be of great utilit t| vat ed
radi ot herapy,. since it could bring to a

- 21 - | =15 -

intervals along the polymer backbone. The polymer can be
one that is a substrate for the enzyme component of the
antibody~-enzyme conjugate or it can have segments or
‘branches that are substrates for such enzyme. The agent
nolecules are bound to the polyner in such a way that
-.cleavage by the ‘enzyme .will . liberate the agent, free of
‘polymer units or bound to a small encugh number of units
to have the requisite lower salubility, -or mora favarable
~ partition coefzicient to cells, tissues, lesion components
or the like loci at the target site, relative to the ﬂuid
~bathing such loci.
Examples of polymers for such use - j.nclude, e.g. ’
polyols. polysaccha:ides ’ polypeptides and the like. One
‘type of - polysaccharide  ia dextran, an alpha-glycoside,
which ‘can be . cleaved with the enzyme dextranase. The
diagnostic or therapeutic agent can be functionalized to
contain reactive groups towards the dextran hydroxyls,
e.g., anhydrides, isocyanates or. isothiocyanates and the
like. Alternatively, dextran can be derivatized in a
number of ways, e.g., by ceonversion to an aminodextran.
The process for preparing a substrate-agent conjugate
with an aminodextran (AD) carrier normally starts with a
dextran polymer, advantageously a dextran of average
. molecular weight (MW) of about 10,000~100,000, preferably
about 10,000-40,000, ‘and more preferably about - 15,000.
The dextran is then reacted with an oxidizing agent to
 effect a controlled oxidation of a portion of its
éarbohydrata rings te generate aldehyde groups. The
oxidation 1is conveniently effected with glycolytic
' chemical reagents, e.g., NalO,, according to conventional
procedures. [ |
It is convenient tc adjust the amount of oxidizing
agent so that about 50~150, preferably 100 aldehyde groups
are generated, for & dextran of MW of about 40,000, with
about the same prbﬁér:ion of aldehyde groups for other MW
dextrans. A largar number of aldehyde groups, and
‘subsequent amine groups, is less advantageous because the
' _ This is the replacement sheet
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tupor sjte or the site of a pathological lesion a sufficient nunber of

boron atons to provi de a therapeutlc dosage of al pha particles to the
arget ed ti ssue upoThi¢ $heet Hiad BoaeReplaesd i rr adi ati on, even when t he percent age

of an injected dose yme conjugate which localizes in the
target tissue is rel I
|

g.,, 1-10% Such | ocalization percentages
are not uncomon for an ody-targeted species- The boron-1| oaded
substrate conjugates according to the present invention have a nunber of
boron at ons per. substrate nol.ecule nornmally ranging from at | east about 50

‘#2.%&2?8‘“ gpies, ShEntniaved HRER° UGk bl yiie &nd ey sido ba |
may be mor e ms@am@ctp\/@nzme cleavags. A lower number results in
1ess than desirable lgadimr of drug, toxin, chelator or
boren addend, which may be disadvantageous, especially if
the turnover number of the enzyme is low.
| The .oxidized dextran is then xreacted with a
. polyani.ne,_ preferably a dianu.ne, and more preferably a
. momo-= or pcly-hydroxy di.anine Suitable . amnines include,
 @eGey ethylene d.tan:l.ne. pr°pylene diamine or similar
polymethylene diamines, diethylene  triamine or 1like
polyamines, = 1,3-diamino-2-hydroxypropane or other like
hydroxylated diamines or polyamines, and the like. An
excess of the anmine relative to the aldehyde groups can
' be used, to insure substa.ntially ::omplate convers:.on of
the aldehyde functions to Schiff base (imine) groups.
Reductive stabilization of .the resultant intermediate
is effected by raacting the 'Schiff base intermediate with
a -reducing agent,’ a.g., NaBHq, NaBH;cu, or the like. An
excess of ‘the reducing - agent is used to assure
substant:.ally campleta reduction of the imine groups to
secondary am.ne groups, and reduction of any unreacted
aldehyde groups to hydroxyl groups. '~ The resultant adduct
- can -be further pur:.fied by passage i:hrough a conventional
: siz:.ng calumn to move cros;-lznked dextrans. An
estimate -of the mmber of available primary amino groups
on the AD can be effectad by reaction of a weighed sample
with trmxtrobenzenesulfonxc acid and correlation of the
optical density at 4zomn with a standard. This method
nomally results in essentially complete conversion of the
calculated number ot aldehyde groups to primary amine
groups on the AD. e _
Alternatively, the dextran can be derivatized hy
convantional nethods - for mtrodur:xng amine functions,
S - 1 - P by reaction with cyanocgen 'bromide, followed by
reaction with a dz.amme. _
The AD shoulé be reacted with a derivative of .the

particular drug, tmsm, chelator or boron addend, in an
| This is the repiacement shut
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nat ural abundance of Boron-10 i sot ope. The substr cedjat e
can contain noieties which do not contain boron, oron and
ot her useful functions, e.g., a radionuclide, espeC| 25 or

| -131, or functions such as chelators, chel@@tes wth netal |ons drugs,
toxins, chronophores, chronogens, fluorescent narkers, and the Iike, al

of which can contribute to the therapeutic effect thereof, or permt
nonitoring of deposit and/or clearance of the boron addend, or provide
conphymntamctihemﬁmut@btﬁtlwpgetéﬁnbiMxnaat5&£kﬁ¥“&nﬂ@®h?éﬁ&@

LSF‘JLPFT?;%L%QS‘%rea o BREeREpE HyPHdRAE S, ot chayimina
cl eavage pr ddewe lqagpthim&#en BEgy§r a water so e variant
- thereof. ' .
‘Methotrexate (MEX) is a typical drug for use in
'preparing: conjugates according to the invention and will
be used to illustrate one of the procedures. Analogous
‘steps will be used for other drugs, toxins, chelators and
'5555" _ddénds, mndified in appropriate ways which will be
raadily"apparent to the ordinary skilled artisan.
Antxvatian of umx is conveniently effected with any of the
. conventional ca:baxyl-actxvating reagents, e.g., DCC,
?_optxonally fol;cwed by reaction with N-hydroxy-
succinimide . (HOSu), tq form the active ester. The
reaction is normally effected in a polar , aprotic
solvent, e.g., dimathylformamide (DMF), dimethylsulfoxidae
(DMSO) or the 1ike. Other activated esters, e.g.,
p-nitrobenzoate and the like, can also be used, as can
mixed anhydrides.' The DCC/HOSu activation is mild and the

' activated MTX can- be :eacted in aqueocus mediun with the
AD, so it is preferred.

The proportions of activated MTX to AD are preferably

such that about haLﬁ of. tie amino groups avallable on the

" AD react to form - amiae bonds with the carboxyl of the
activated MTX. Thus, if about 100 amine groups are
available on an AD with a starting MW of about 40,000, up

' to about 50 of these should be reacted with activated
MTX. Using a pro- portion of about S0:1 MTX:AD, about

. 25=50 MTX molecules .are normally introduced. It is
difficult to achieve higher loading because of incipient
precipitation of ‘the adduct due to the increasing
insoluhility thereof.’

As an zllustratzon of the adaptatxons to be used for
other drugs, loading with 5-flourouracil. (5-FU) can be
effected by oxzdzhing S-flourouridine at the carbohydrate
portion, e. 9., uszn& parig ta, reactlng this intermediate
with an am;ncdextran, and reductively stabilizing the

to use a.conjugate having a |arger number of boron g}o eeﬁth the 20%

T . This is the replacement sheet
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It sis useful to enploy boron cage conpounds to nake such conjugates,
because of their reka%%ve—ease-o% hand}ing and the fact that each such cage
conmpound can carry 5- the target site. The nobst common
and readily avail abl e cage conpounds are the carboranes. The
skilled artisan wll II I raI ~efgrences in the field for nost
of the reactlons - 22 -

Schiff basa adduct. Cyéloheximide can be loaded by direct
reaction of its cyclohéxanone carbonyl with aminodextran
1anine groups, followed by reductive stabilization, or by
reacting its 'sz.de chain hydroxyl with an excess of a
diisothiocyanate 1inker and reaction of the J.sothiocyanate
derivative with amines an the aminedextran, or by reaction
of tha imide nitrogen with e.g., a haloacid or haloester,
followed hy activatioh of the resultant ' carboxyl
'detiﬁative, ‘e.gs, with DCC, and condensation vith amines
on the aminodextran. T
Another illustration is pxov:.dad by the antibiotic
m.tomycin C and it= analogues. This’ molecule has an
amine funct;on and a ‘eyclic imine, either of which can be
reacted with an alkylating activating group, . e.q.,
" succinimidyloxy " iodoacetate or sulfosuccinimidyloxy
(4-icdoacetyl) .aminobezoate (sulfo-SIAB), the resulting
intermediate is then used to alkylate amine groups on an
. aminodextran.  Alternatively, carboxyl groups can be
introduced using,_ e.g., succinic anhydride, then
- activated, e.g., with DCC, and the activated 1ntermediate
coupled as before.
Tox;ns, e.g., pekeweed antxv1ral pxotein (PAP) or the
ricin A—chazn, and& the like, can be coupled to
_ aminodextrans hy glutaraldehyde' condensat;on or by
'reacticn of activated carbexyl groups on the proteln with
" amines on the anznodextran.

Many druqs and toxins are known which have a
cytotoxic effect on tumor cells or microorganisms that may
infect a human and cause a lesion, in addition to the
specific illustrations given above. They are to be found
in compendia of drugs and toxins, such as the Merck Index
and the like. Any'éugh drug can be loaded onto an AD by
,conventional means vﬂll knewn in the art, and illustrated
by analogy to- t!m:;a @,g,éczihed ‘above. The ability to
‘partially or’ complg‘:ely detexity a drug as a conjugate
according to tne invantion, while it is in circulation,

3 : This is the replacement sheet
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to ibe discussed hereinafter, the best and nost conprehensive

references being Mietterties et al., "Pol yhedral . .Boranes! . ——
(Dekker, New York, 1968); Mietterties, Ed. " Bor on Hydrl de CherE s1 X
(Academ c Press, New York, 1975); and Grl mes, " eplace

OUS

(Academ c Press, New York, 1970). These ref erenceam HM”‘H“
bi bl i ographi es on specific top| cs within the ¥?oad subj ec

synt hesi s of organic derivatives containing a plurality of boron atonms.
Hawt horne, U.S. Patent Application Serial No. 742,436, filed 6-7-85, s

replete with such detarls andthls | i [ [ r t nits
entirety her ei9RTh y 8}1 temic s%%% éﬁéﬁ%’s ar 'tHe 39{18 %%d permit

its use when system:.c administration of the unconjugated
drug would be unacceptpbla. For example, MTX and
cycloheximide often .are too toxic when administered
systemically. Administration of more molecules of the
drug cenjugatad to 2 mhst,:ata carrier. accordmg to the
present invention, peormits therapy while mnitigating
. systemic toxicity.
I.oad:l.ng of drugs on the snbstrat:e carrier will depend
upon the solubi.lity (partition coefficient between  the
~ fluid bathing a target site and the target cells, tissues
or other structures, e.g., atherosclerctic plaque, fibrin
clot, virus particle, parasite and the like), and upon the
efficiency of enzyme cleavage of substrate molecules or
subunits to liberate a product comprising the drug which :
. has a sufficiently favorable partition coefficient to the
' target to effect the . desired ‘therapeutic action. In
general, it will k= fﬁési,x:ablsl--td load a drug onto a
dextran in a ratic of honosaccharide subunits to drug of
'tran about 3 tao about .25, 'a'l't.hougn these are preferred and
not 1limiting amounts. Vary heavy 1loading of drug
molecules can inhibit enzyme activity due primarily to
steric hindrance to binding of the substrate conjugate to
the active site of éhé enzyme. Too light loading can
result in insufficient reduction in fluid soluhility for
the drug as a result of enzyme cleavage since a smaller
portion af the polysaccharide-drug conjugate might diffuse
awvay from the bound enzyme befoxe enough sugar subunits
are cleaved off to x:esmge soluhility enough for the drug
(with perhaps a few’ glyc,as:ade subunxts still bound to it)
to be favorably partitioned out. of the surrounding fluid
to accrete at the target site, e.g., on a tumor cell
membrane, on a bacte;ia;l. cell wall, on an atherosclerotic
plague or a fibrin clot and the like. Toxins may be less
heavily loaded than drugs, since they are often larger

proteins.
This is the replacement sheet
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An al terpative to an_al pha-glycosi de such as dextran or am nodextran is a
bet a- gl ycosi de such as carboxymethyt---eel | ul ose (CMC), which can be cl eaved

by a cellul ase enzyne. mAEh@Eﬁm%@énﬂr dl agnostic or therapeutic agents to

the CMC wi || be anal og 0d-used for dextran, since both are
sugar polyners, di ffer| stereo-_ chemstry. of the glycosidic
| i nkage. Derivatization appe‘hd"’q unctional nolecules is

per haps nost conveniently acconplished by reacting it with a carbodiim de
type of condensing agent and using an am ne function on the diagnostic or

With giycol ol ealtbplSEEEET dBr! | Fliftnecdls T 00 ' digherTl ¥ SBdIBINGS
groups at aeuhansers erepoalse waldngknown pdnyiehe caxtn, f%'hfpémd- are
reaction wit yegidiAivies We 'eéﬂﬂﬁéhfﬂﬂ@%ﬁ&éa@i@ helar qadiragn ahdah 2
variety of diethylenetriaminepentaacetic - acid (DPTA).  These
typicauy have groups . on the side chain by which the
chelator can be attachad to a carnar. This same group
" can be used to couple the .chelator to anme groups on an
'AD. Altemtively,_ carboxyl or amine groups on a
chelator can be couplad to an AD activation or prior
derivatization and then coupling, all by well Xknown
‘methods. For example. defercmine, which is a chelator
for Ga=-67, has a free amine group that can be acti- vated
with a suitable linker to contain an activated carboxyl,
isothiocyanate .or like group, and then coupled to amines
. on an AD. Other nathods of linking chelators to anines of
i N an AD will be apparent. -to -the-.skilled artisan, depend:.ng
' on the. functicnality: wLthe ck;elatox:.
, Boreon a,ddem!.a,, .gs, «carboranes, when attached to the
substrate conjngat;a and target-ed by the antihody to
"lesions, -can be ast.ivater.i by thermal neutron irradiation
and conve:ted to radigactiVe atoms which decay by alpha
emxss:.an to produce ‘highly cytotoxic short-range effects.
High ‘loading of  boren addends, as well as magnetic
resonance enhanc:mg ions, . . is of great importance in
potentiating their et.'zects. Carboranes can be made with
carboxyl functions on pendant side chains, as is well
known in the art. Attachnent of these carboranes ta AD‘s
- by activation oﬁ the ‘darbo ;I. groups and condensation
with amines on tne carr.xers enébles preparation of useful
substrate-agent conjugates. ! i _

In one embodment of the: present invention, the
substrate-agent conjugate would Iconta:.n a large number of
boron atoms, mm:-e preferably prepared <from reagents
enriched in Borpnfq.o_( isotope, boren containing reagents
enriched to about: 96% Boren-10 being commercially
available. ‘Such ‘a canjugate would be of great utility in

' neutron activated radxotherapy, sinca it could bring to a
' T e T This is the replacement sheet
c T ' 05 DEC 18%

Date:



di f:«f erent functional groups. Condensation of the oxidized CMC with am nes
and borohydri de stabtl4zation___is also practicable. O her nmeans of
attachnment of agentsT}lo th CIVC WI |1 be readily apparent to the ordinary

skilled artisan. ¢d ant on the polyner substrate is a
pol ymer- that is not nzyne but whi ch bears short Iinker
segnents of an oli go bstr'a?e ;

tumor site or the site of a pathological lesion a
sufficient number of boron atoms to provide a therapeutic
‘dosage of alpha - partic}es to the targeted tissue wupon
thermal neutron irradiation, even when the percentage of
‘an inj ected dose of antibody-enzyme conjugate which
localizes in the target tissue is relatively low, e.qg.,
1-10%. such locali.zation percentages are not uncommon for
‘_antibo'dy-targated spacies.
The - horon-loaded. substrate conjugates according 2 1.}
' ‘the present ,inv_en_t:l.cn bave a number of boron atoms per
' substrate molecule normally ranging from at least about
' 50 up to about 10,000, preferably from about 200 to about
2,000. e 'reiterate, these are preferably about 96%
C _Boron-lo enriched, although it may be more cost effective
to use a conjugate having a larger numbexr of boron atoms
with the 20% natural abundance of Boron~10 isotope.
The substrate-agent - conjugate can contain moieties
‘which do not contain boron, or.which. contain boron and
other useful functioms, e.g., a radionuclide, especially
_’1-_-123, -I=-125 or I-'-J.;:!J_., i} lor functions  such as chelators,
chelateés. with metal is_:"r';s:.' drugs, toxins, chromophores,
' chromogeris, fluores:sanﬁ : markers, and the like, all of
which can contribute to the therapeutic effect thereof,
or pernit mom.totxng of deposit and/or clearance of the
. haron addend, or - prov:.de complenmentary therapeutic
-activity. The substrate-agent conjugate may incorporate
- functions whose primaxry purpose is to improve ‘the lipid
' solubility and decrease the water solubility of the
‘resultant enzyme c}!.eava_ge' product containing the boron
 addend. - -
' It is useful to employ boron cage compounds to make
such conjugates,e hecause of their relative ease of
handling and the fas:t that each such cage compound can
~carry 5+12 boron atams ta the target site. The most
.comon and read.tly ava;lable kinds of boron cage compounds
are the carbo:anes.; 'me skilled artisan will be aware of

.' general references in the. field for most of the reactions
' This is the replacement sheet
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and |ike diagnostic or therapeutic agents.

for the enzyme-, and which bears drugs, chelators, boron addends
As one illustratiom-—a petyvinyl

al cohol could be used as a carrier for a plurality 6ifis3HaHhs Been

. Replaced
ol i gosaccharides, e.g., short dextran or cellulose oI
5-50, preferably 5-20, glycoside subupijs.. The Im [W mcoho
could be amnated by, e.g., cyanogen bron1de fol | owe

condensat i on. The ol i gosaccharide could be mildly oxidized with, e.g

peri odat e,
| i nkages,

and condensed with the ami nated polynmer to form Schiff base
weochbe e @istasHed f hedwinatobl,i zecthdy best and most

comprehensive references being Muetterties et al.,
"Polyhedral Boranes", (Dekker, New York, 1968);
Muetterties, Ed., "Boron Hydride Chemistry”, (Academic
Press, New York, 1975): and Grimes, “Carboranes",
(Academic - Press, New York, 1970).. These references

_contain copicus bibliographies on specific topics within

the broad ' subject ranqe' of synthesis of organic

" derivatives . containing a plurality of boron atoms.

Hawthorne, U.S. Patent Application Serial No. 742 » 436,
filed 6-7-85, is replete with such details, and this
_applic_ation. is "in_corporat.ed in its entirety herein by

. refaerence.

An alternative to an alpha-glycoside such as dextran
or aminodextran is-a bét,a—glycoside such as ca_rboxyméthyl-
cellulose (CMC), which can be cleaved by a cellulase
enzyme. Attachment of diagnostic or therapeutic agents to
the CMC will be analegous .to the method -used for dextran,
since both axe sugar. polymers, differing only in the

stereo- 'chemistry Qf  the.. glycosidic linkage.

Der:.vatization of the CMC to append functional molecules

C is perhaps most ccnven;em:ly accomplished hy reacting it
with a carbodiimide type of condensing agent ‘and using an

amine function on the diagnostic or therapeutic agent to
form amide linkages. Alternatively, mild oxidation with

'glycol cleavage reagents, e.g., periodate, to form
" aldehyde groups at a plurality of points along the

polymer chain, followad by reaction with a diamine, will
form an aminoCMC suitahle for rxeaction with a variety of
different functional groups.: Condensaticn of the oxidized
CMC with amines and knr;;bydride stabilization - is also
practicable. Other means of at:tachment of agents to the
CMC will be readily apparent to the ordinary skilled
artisan. : _

Yet another variant on the polymer substrate is a
polymer that is not cleaved by the enzyme, but which bears
short linker segments of an oligomer that is a substrate

This 16
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bor ohydride reduction. The resultant ol igoner-charged pol ynmer can then
be lightly am nated as described earlier for dextran or cellul ose polyners,

or ot herw se conve’i’VH eéntm hdegnal i zed, to put at least 2, preferably
about 2-5 amine gro t he ol igomer |inkers. An average  of
about 1-3 drug nol mﬁ“’F ors boron addends or other agents is then
conj ugated to each of the TteHi | be reaidly apparent that

many ot her variants can be enV| SI oned. The condensation of the lightly
oxi di zed dextran oI [ gorrer llinkers to the am nated polynmer and the drug or

Carer. "o ndO8 uSBeT AEEVRR . B4, REGHS phals JEHISE. | Belafina Borohe
ol i goner, amﬂdemaeanduhtkaodahggm@s e therapeutiic Hgehtde oAsgemer to
the poI ymer iﬁ&é@fatxon, a polyvinyl alcohol could be used as a
carrier for a plu:ala.ty of short oligo-accharides, e.g.,
short dextran or cellulese oligomers of, e.g., 5-50,
'preferabl_y 5-_-20,_ glycoside subunits. - The polyvinyl
alcchol could be aminated by, e.g., cyanogen bromide
_followed by diamine ‘condensation. . The oligosaccharide
could -be mildly oxidized with, e.g., periodate; and
condensed with the aminated polymer to form Schiff base
linkages, which are preferably tfurther stabilized by
bqrohydride_ reduction. The resultant oligomer-charged
' polyx_ner can then be lightly aminated as described earlijer
for. dextr'an or cellulose polymers, or otherwise
conventionally functionalized, to. put at least 2,
o preferably about 2«§ - apinergroupe’® otr‘"each of‘the cligomer
i + linkers. Arn averacms‘ of T akout. - 1=3 - drug molecules,
,chelato‘:s, boren ar:-ﬂmdsawr ‘other:. agants iz then
conjugated to e.ach of, the oligamers. o

It w:.ll be reaidly apparent that many other variants
.can be envisioned. ‘The condensation of the 1lightly
oxidi.zed dextran oligomer linkers to the aminated polymer
and the drug or other agen_t can be effected simultaneously
or sequentially and stabilized later. Other functional
groups on the agents can ‘ba used to bind to the oligomer,
and other functional groups can be used to bind the

: 'olxgomer to the polymer: cirrzer. . ;

An acrylate polymex: ;;an be used, wit:h ‘aminodextran
oligomers bound to it %by am.de ‘linkages formed by
carbodiimide activat:.nn of the acryla.te carboxyls. A
polypeptide can be' uséd w:.th .the oligomer linkers
attached to carboxyl or amine residues on the carrier. a
short polyester or oligopeptide linker can be used instead

. of an oligcsacchai:ide linker, with an esterase or
 peptidase enzyme that cleaves the linker. The ordinary
skilled .artisan w:.ll be able to - envision other variants
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An acrylate polymer can be used, w th am nodextran oligoners

bound to it

by* ami de |inkages forned by carbodiinide activation of the-acrylate

car boxyl s. A pol ypeptide can be wused, wth Thh@hee@ms

attached to carboxyl or am ne residues on the carm
ol i gopeptide || i nker can be used instead of an ollgo l

an esterase or peptidase enzyne that cleaved4the. li
skilled artisan will be able to enV|S|on ot her varlants

Ilnkers

§ester or
"’ ﬂker with
i nary

that fall w:.tm.n theé broad scopa of the invent:.on and can

 be prepared by conventional synthetic methods.

Still another approach is to use a carrier polymer

" that bears the drugs, chelators, boren addends or other

agents and -that ‘has a high attraction for the target, in

' unmod:.fied form, but which is then modified by cenjugation

to solubilizing substrate molecules which are then cleaved
by targeted enzyne One illustration of this subgeneric

X ‘type. of substrate-agent conjugate is a polylysine to which

are bound a plurality of radiometal or paramagnetic matal
chelators, carboranes or MTX molecules. -This carrier

"'conjugate is then condensed with a plurality of short

dextran oligomers._ e.g., by Schiff base :Eormation with

.1ightly oxidized dextran and boruhydri.de stabilizatmn, in
- a ratio which increases the solubility (reduces the

ustickiness®) of. the.-pelylysine:-and makes it readily

- transportable in sszum--and -readily: diffusable through

capillary walls (and then:loaded - with radioisotope - or

. paramagnetic ions, if chelators are attached to -the

carrier). At a target site, ‘@.g., a tumor, a localized
ant.itumcr antihody-dextranase conjugate would st'.'::.p off

" the dextran coating from the polylysine to a suffic:.ent
- extent to make it "st:.cky" again, whereupon it would

adhere to the tumor cells and the .bound polylysine,
bearing its loading of diagnostic or therapeutic agent
would then act upon tha tumc: cell to pernit imaging or

cytotoxic therapy.

A heavily am.natesi ﬁ* medextran can function as a

| polylysine, and can’ he substxtuted w:.th short oligomeric

substrate linkers as discussed above. It will be "sticky"
towards cell membranes and ot.her tissues in a similar
fashion to .polylya:u;s. " . other polypeptzdes or heavily
aminated polymers can function in analogous fashion as
carriers for substrate coating and solubilization. In
fact, amination is not essential to the loaded carrier

‘function, since’ any tunct;onal:.ty that causes favorable

partitiom.nq out _of,_a, conju_gate of a carrier and one or
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- 24 - that fall wthin the broad scope of the invention and can be
prepared by conventrﬂmﬂﬁasgﬁmﬁﬁﬁ&1<g§thods Still another approach is
to use a carrier poly t he drugs, chel ators, boron addends or
ot her agents and'that traction for the target, in unnodified
form  but. which is then nD conj ugaggon to sol ubilizing substrate
nol ecul es whi ch -are then cleaved by targeted enzyme. One illustration of
this subgeneric type of substrate-agent conjugate is a polylysine to which
are bound a plurality of radionetal or paranmagnetic netal chelators,

carboranes mnrémaiaqﬁGSﬁiesandTBtstmatapﬁntic agents can be masked by

sclubilizing substrate oligomers or even small substrate

molecules, such that the resultant more soluble conjugate

circulates easily in serum or another fluid for

administration and becomes less soluble in the fluid

. batning the target site after the coating molecules are

cleaved by action of the localized enzyme of the
antibody-enzyme conjugate.

" The . proportions of loaded carrier polymar to
"coating“ solubilizing substrate gzuups or oligcmers will
dapend on the nature ot the target site and the
- characteristics of the cnmponents. If a polylysine or
functional eqn1va1ent is used as the carrier, coating with
cligodextran - will 'advantageously be effected in a
dextxan.polylysine ratieo of about 1:10 to about 100:1 by

. weight, preferably. -about. - 131 ito about 10:1, more

}  preferably about 3:1 t» about 7:1. An example is a

polylysine of MW about 1,500 daltons, coated with about
3~7 dextran oligomers of ‘MW about 15,000 daltons each.

It will be apptaéiated that clearance of the
antibody-enzyme  conjugate and/or the substrate-enzyme
conjugate can be accelerated. after a sufficient time for
localization or deposit of the diagnostic or therapeutic
agent, by using a second antibody to complex the
conjugate and ennancs its rate of uptake by macrophage or

_the reticuloendothelizsl system, .as disclosed, e.gqg., in
:Goldenberg, u.s. Patant Ho, 4,624,846. The optimal time

- for such second antzhedy Clearance can be determined with
the aid of a label on either conjugate, so that the
extent of localization of the antibody-~enzyme conjugate at
the target sxte and/oxr the extent of deposit of the agent
at the - target site, and the biodistribution of non-
targeted conjugates can be monitored.

The reagents are convéniently provided as dual
injectable prepara- tions for ‘human therapeutic and
diagnostic use. The 'iwst znjectable preparation contains

an effective amount of aq 1mt1hcd or antibody fra t
S ‘ ‘. Y : This |syme re lagé‘ment sheet
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conjugate is then condensed with a plurality of short dext—%&rr oﬁ—goﬁ‘érs,
e.g., by Schiff base formation with Iightly oxidized

d xt
bor ohydri de stabilization, in a ratio which |ncreas
(reduces the "sticki ness") of the polylysine and ma \“ﬂ%
transportable in serum and readily diffusable wal | s
(and then | oaded with radi oi sot ope.or par’arﬁa@n‘étlc |ons I f chelators are
attached to the.carrier). At a target site, e.g., a tunor, a localized

antitunor anti body-dextranase conjugate would strip off the dextran coating

 whereupon | CAER Fa° e Gflflel 1A h, pHaBREeu oun&i'ﬁf G4 e

bearing its injegtipn ofvehigkrst iprefexakky pahasphakanbukis hesabme upon

the tunor celgpdie pﬁf:mphjs'ﬁﬂ.'d&é&l Cpifk ChRd | éoﬁééﬁﬁ?ﬁtion. The second
injectable preparation contains an effective amount of a
soluble substrate conjugated to at least one dxagnostic or
t:herapeutzc agent, in a pharmaceuticany ‘acceptible

. in‘jection vehie.le, ganerally similar to that used for the
first preparation . The injectable preparations preferably
will be sterile, especially it they are intended for use
in humans. .

" The reagents also can be conveniently provided i.n
therapeutic or .diagnostic kit for antibody targeting to a
targat site, using two suitable containers. The first
container has an effective amount of an antibody or
antibody fragment . covalently bound to  an enzyne. The
second conta:.ner has . an ‘effective .amount of a scluble
substrate conjugated: to’'-at. least one therapeutic or

_ diagnostic agant. 'I'ha reagents can be lyophilized for
1onger shelf stability or _provided in the form of

. solutions, nptional_ly containing conventiona.l

) _preservatives, stabilizers and the like.  Other optional
‘components of ' such - kxts would normally he containers of
buffers, 1labeling- rea_gep’:s, radioisctopes, paramagnetic
compounds, second antibody for enhanced clearance, and
conventional syringes, columns , vials and the like.

The method of the invention is normally practiced by

. parenteral injection. The various types of parenteral
injections can be, but are not limited to intracavitary
(e.g., intraperitoneal), intravenous, intraarterial,
intrapleural, intrathecal, intramuscular, intralymphatic
and regional intraattéfial. J.ntrales:.onal subcutaneous,
catheter perfusion and the like.

For -cancer imaging and/or therapy, intravenous,
intraarterial or intrapleural administration is normally
used for 1lung, breast, and leukemic tumors.
Intraperztaneal adnm:.stration is advantageous for ovarian

tumors. Intrathecal administration is advantageous for
This is the replacement sheet
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A heavily am nated am nodextran can function as a polylysine, and can be
substituted with shcrrt—eHgomar i_c substrate linkers as discussed above. It

can function in analo s carriers for substrate coating and

sol ubi l'i zati on. n is ffo®%ssential to the |oaded carrier
function, since any functionality that causes favorable partitioning out of
a conjugate of a carrier and one or

‘brain tumors ahd .leukemia. Subcutaneocus administration is
advantageous for Hodgkin’s disease, lymphoma and breast
carcinoma. Catheter perlfus;on is useful for metastatic
lung, " breast or germ cell carcinomas of the liver.
- Intrales:.onal admmistration is useful for lung and breast
lesions. - ' ‘

will be "sticky" towy | |_menbranes and other tissues in a sinilar
fashi on to polylysi neHmﬁ padptldes or heavily am nated pol yners

The . above illnstrates the ganeral methods of
adninistration of antihody-enzyne conjugates and
suhstrate-therapeutic or diagnostic agent conjugates
accarding to _the present invention. It will be
appreciated - that ‘the modes of administration of the two
different conjugates may not be the same, since the
clearance pathways and biedistributions of the conjugates
will ganera].ly differ. For example, intraperitoneal
administration of an antihody-enzyme conjugate may be
advantageous for. targeting an .ovarian tumor, whereas
intravenous -admini. stmﬂ.cn of a:- radloisotope-substrate
conjugate for imaging my ke dszirable because of better
ccntrol of the rats of deposit and ease of monitoring of
the clearance rate. |
'rhe.'_" antibody-enzyme conjugate will generally be
administered as an aqueous solution in PBS, preferably a
's_terile solution, especnlly if it is for use in humans.
Advantageously, dosage units of about 50 micrograms to
about 5 mg of the antibody-enzyme conjugate will be
administered, either in a single dose or in divided doses,
although _sn_alle: oxr larger doses may be indicated in
particular cases. It may be necessary to reduce the
dosage and/or use anta.bodles .from other species and/or
hypoallergenic. antibadies, - 'g. . fragments or hybrid human
or primate antibedies, 'ka reduce patient sensitivity,
especially for tharapy' and espec;ally if repeated
: adm:.n:.stratxons are mdicated for a therapy course or for
 additional diagnostic procedures. " An indication of the
need for such caut:.onary procedures is an increase in

This is the replacement sheet
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- 25 - mor e di agnostic and/or therapeutic agents can be"fr'ﬁs_kﬁi“tir

sdl ubi I'i zi ng substrate oligoners or even snall subst'ﬁhalsheetm&enlle

that the resultant nore sol ubl e conjugate circul ates m or
another fluid for adm nistration and becones | ess soI UI d
bathing the target site after the toati ng ecul es are cI eaved by action

of the localized enzyne of the antibody-enz ne conjugate The
proportions of @ |loaded carrier polyner to "coating" solubilizing
substrate groups or oligoners will depend on the nature of +the target

site and tmman anti—mouse antibody (HAMA) preoduction, which can be
determined using an imhunoassay. ' '

It usually takna fxem about - 2 to 14 days and
preferably § to 14 days for XgG antibody to localize at
the target site and subatantaally clear from the
czrculatory system of the mammal prior to administration
of the. substrate-~agent conjugate. - The corresponding

' localization and clearance time for F(ab)z and F(ab’),
~ antibody fragments is ' from about 2 to 7 days and
' preferably 4 to 7 days, and from about 1 to 3 days and
preferably 3 days for Fab and Fab’ antibody fragments.
- Other antibodies may require different tine frames to
1oca11ze at the target site, and -the above ‘tine frames may
be “affected by the prasem'a of the conjugated enzyme.
_Aga:.n. it is. not.ed that: labelmg ‘the antibody-enzyme'
conjugate. pemits mouitoring ‘of: localization and
s ‘clearance. - - R '
' IgG_is'nornally intéboliéed in the liver and, to a
‘lesser extent, in the digestive system. F(ab); and
F(ab’), are normaliy netabolizad primarily in the kidney,
but can also be metabolxzed in the liver and the digestive
systen. - Fab and Fab‘ are normally metabolized primarily
in the kidney, but can also be metabolized in the liver
and the digestive system. ' .

Normally, it w;ll ve necessary for at least about
0.0001% of the Lnjectﬂd dose of ant;body-enzyme conjugate
to localize at the' tazgau site prior to administration of
the substrate-aqent conjugate. i To the axtent that a

" higher targeting etticzency for this conjugate is
achieved, this percentaga can be greater, and a reduced
dosage can be adnznistered.

It follows that an effective amount of an
antibody-enzyme cnnjugate is that amount sufficient to
target the conjugate to the antigen at the target site and
thereby bind 'an amount of the enzyme sufficient to
transform enough of tﬁ“ sglubla substrate-agent conjugate
to product to result in accretzon of an effective

: ' This is the replacement sheet
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characteristics of the components. [If a polylysine or functional
equi valent is used as._the carrier, _coating with oligodextran will
advant ageousl y be effect edin a dextran polylysine ratio of about 1:10 to

about 100:1 by well dhbout 1:1 to about 10:1, nore preferably
about 3:1 to about Iu le-is a pgbyl ysi ne of . MNabout 1, 500
dal tons, coated wt xtran ol i'gonmers of MW about 15, 000

dal t ons. each. It will be appreciated that -clearance of the

ant i body- enzyne conj ugat e and/ or the subst’rate-enzyne conjugate. can be
accel er at ed,dﬁ%ﬂésﬁx&ufcitcwerapmier- | agebhtatapntiie degentt af Hhe

di agnosti-c O{Meﬁagegt | c agent any Using a second antibody to

conpl ex J B2 and enhance-its rate of uptake. by macrophage or

the reticul oendot‘nhhl alsubstrate<thdrapemdtis coy. , dinghbdtiker pgént

Patent No. 4 ggglugéée Wi 0.9%&31;.;&.&%;1;: administered as an aquecus
solution in PBS. Again, this will be a sterile solution
if intended for human use. The substrate~agent conjugate
will be administered after a sufficient time has passed
for the antihady-enzyme conjugate to localized at the
target site. and substantially clear from the circulatory
systeu of the naml i :

' conjugates of boron addend~icaded carrier for thermal
neutron activation therapy will normally be effected in
similar ways, - and it will be advantageocus to wait until

_ non-tardeted substrate-agent conjugate clears before
neutron irradiation is performed. Such clearance can be
accelerated by use.of.gecond-antibedy, as is . known from,
e.g., U.S. Patent 4,624,846. '
' An effective amount of a substrate-agent conjugate is
: that amount sufficient 't;:_e deliver an effective amount of
the agent o the target site and that amount of a -
substrate ‘which will be capable of transformation by the
enzyne to a form of the prcduct that ' tends to accumulate
" at the target site. An effective amount of a therapeutic
or diagnostic agent. ;.s that ameuni- sufficz.ent to treat or
d:.agnose the ta:get ei,tp. ;,..: ’ B ' .
_If scintigraphic mmmg is t:e k;e effected, the
" substrate agent rgx‘juqmie will include a radioclabeled
species bound to a substrate. This can be a chelate of a
radiometal or a diz:ectly J.od;.nated or metallated compound.
Suitable gamma-emittl.ng ‘isotopes include I-131, I-123,
Tc-99m, In-111 and Ga=67. The antibody will be one that
binds to .an antigen at the target site, and the enzyme
will be one that converts the substrate-agen’c conjugats to
a product that accretes at the target site in an amount
sufficient to permit :.megmg. Once enough isotope has
deposited at . t:ne ta.-qmt site, scanning is effected with

eithez- a conventiona;t planer .And/or .SPECT gamma camera, Or
This is the replacement shest



for. such second anti body cl earance can be determned with the aid of a
| abel on either conjugate, so that the extent of |ocalization of the
anti body-enzyne conjugate at the target site and/or the extent of deposit
of the agent at the target -site, and the bi odi st rThisfheécoHas Beén Replaced

targeted conjugates can be nonitored. The reagent ﬂ"mﬁmnm‘mlmntly
provi ded as dual injectable prepara- tions $ogghenan t _
di agnostic use. The first injectable preparation contalns an eftective .
amount of an anti body or anti body fragnent
by use of a hand held gamma prohe used externally— or
internally to localize the tumor, m.crob:.olog:.cal site of
- infection, myocardial J.nfarot, atherosclerctic plaque or
~ other target site. The scintigram is normally taken by a
gamma imaging cawera having one or more wmdows for
. datection of enargias -in the 5o-soo keV :-ange. Use of
radioisotopos with high energy beta or positron emissions
. would om:a.il use of inaqing cameras with the appropriate .
' detectors, an of which -are conventional in the art.
As an example, a polylysine oligomer can be
oonjugated to a plurality of aninomethyl-—DTPA chelators,
using a suooininidyl p-:.sothiooyanatobenzoate linker (U.S.
. Patent 4, 680 338_) . the resultant compound can then be
reacted with a 'plu.rality of mildly oxidized dextran
' oligomers, which are then stabilized with borohydride. A
T patient, ‘e.g., a cancer patient is injected with a
conjugate of an.antitumor:antibody:and.a. dextranase enzyme
and 7 days are taken.forvlocalizationsof. the-conjugate and
cl__earance of non-t-;:geted oonjugate. - The -substrate-
‘chelator _.oonju'gato is then charged,_with Indium-111 ions,
sterile filtered in PBS, and injected into the patient.
Accretion of the label is seen within abéut 3 hours, and
clearance of background label is substantially complete
after about 12«24 hours, -at which time imaging is
 effected. - * o
Hagnetic resonance imaging (MRI) is effected in an
. analogous method to scint:.graphlc imaging except that the
imaging agents will rom;az.n MRI enhancing species rather

than rad:.o:.sotopes. . Tt will | ke appreciated that the
magnetic resonance plxmomnmn onerates on a different
principle from oant;graphy., Normally the signal

generated is corrplataq with the, relaxation tzmes cf the
nagnet:.c moments of pxotons in the nuclei of the hydrogen
atoms of wat',er molecnles in the region to be imaged. The
magnetic resonance image enl‘Lanoan agent acts by
moreasmg the rate of relaxation, thereby inoreasing the

contrast between wvater molecules in the region where the
This is the replacement sheet
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- 26 - conj ugat ed tHn enzyrre ' | n a pharmaceutically acceptible

i nj ection vehicle, te-buffered saline (PBS) at
physi ol ogi cal pH and The second injectabl e preparation
contains an effective mag lubl e substrate conjugated to at |east
one di agnostic or ther ent I n a pharmaceutically acceptible

I njection vehicle, generally S|n1Iar to that34sad for the first
preparation. The injectable preparations preferably will be sterile,
especially if they are intended fon use in humans.

imaging agent accretes ind wvater molecules elsewhere in
the body. However, the effect of the agent is to increase
both '1'1. and Ta, the formar resulting in g'reater contrast,
wh:.le the latter results n leaser contrast. Accordingly,

~ the phenomenon is concentration-dependent, and there is
- normally -an '_optigm_ ‘cencentration of a paramagnetic
species for maximum efficagy.  This optimum concentration
- will vary w'.l.th the paxticulaz: agent used, the locus of
.:.naging,. the meda of imaging, i.e., spine-echo,
'saturation-recovery ’ inversion-recovery andéd for var:Lous
other strongly '1‘1 dependent or T, dependent J.naqmg
_t:echm.ques, and' the composi.tion of the medium in which
the agent.is dissolved ‘or suspended. These factors, and
thexr relative importance are known in the art.  See,

e.g., pykett, Scientific American, 246:78 (1982); Runge et
al., Am. J. Radiol., M.l-1209 (1987).

Examples of eempcunasx- ugeful . for MRI - image
- enhancement inelud&m paramagnet.:(c Gd(rn)_, Eu(III),
_Dy(III), P:(III), _-JQIV), Hh(II),_ Cr({III), Co(IlI),
- Fe(IIX), ©u(II), - Ki(II)n Ti(III) and V(IV) ions, or
.'z-adicals. e.g., nitroxides, and these would be conjugated
| -t:o a substrate bearing paranagnetic ion chelators for the
jons’ or. linkets for .the radical addends. The mr image
"enhancing agen:t: must be present in sufficient amounts to
 enable detecti.on by an external camera, using magnetic
field strengths which| are vreasonably attainable and
‘compatible with patient safety and instrumental design.
The requirements for such agents are well known in the art
for those agents wh;,ch ‘have their effect upon water
molecules in the medi\m', 'and are disclosed, inter alia, in

| Pykett, op. cit., and Runge et al., gp. cit.

' I-'or ‘magnetic resonance imaging (MRI), a similar
prccedure is used to. that used for sclntigraphy. In the
previous example, h_eceuse it is desirable to carry a large
number of paramagnetic lons to a target site for high
contrast MRI enhaneeme‘nt, the polylysine will be loaded
with a higher amount of chelators and more of the
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The reagents al so can be conveni en{I y provided in a therapeutic or
di agnostic kit formg‘gﬁep‘q_gyl;geg j g to atarget site, using two suitable

cont ai ners. The f s an effective anobunt of an anti body or
anti body fragnment c iﬂ" m,’ to an enzyme. The second contai ner has
an effective anount substraf'e cOnjugated to at |east one
therapeutic or diagnostic agent The reagents can be |yophilized for

| onger shelf. stability or provided in the formof solutions, optionally

contai ning cogye! r}}ﬁ%e;ﬁﬁg a&b*§%§§£@bi %P&er%ﬁé‘d LiEstLke -%E?é’r.g

opti onal conponen SUC ner ma y becontal hefs 6
| abel i ng reagéﬁ!'@ugait&dl widd éﬁﬁes‘dﬂﬁeﬂm in eFdet ke, depesit anhigbdy

for enhanced gbfaeateatidnd W‘ﬁi‘iﬁ&ﬂeﬁ&'i&%mﬁ%ﬂé‘“ﬁarﬁé@' sigad the
ke The method %J}%ge%efg' Gotiod O'SF' ' thé' LhvEREISN can ve
_ accomplished _by conjugating an effective therapeutic
-amount of a _rad:lois'ot'np'g. such as ¥-80 or I-131 (which may
‘be used for both localization and therapy depending on the
amount injected) or -a drug such as adriamycin for cancer
or g’entaxhycin for infection, an immunomodulatory substance
~ such as poly-Ic. or a biological toxin such as pokewaed
' mi.togen to the suhstraee, and depositing a therapeutically
 effective amount pf the - -agent at the target site. The
'_ the_;apeutié:_,’_methéd of the invention can also be
aééonplléhed 'by' conjugating one or more boron-lo addends
. to ‘the - substrate and, once the boron=10 is deposited at
the target - s:l.ta, 5 @eHsy a tumor,: effecting external
. ' thermal neutron:irrazdiation-to the-tumor-‘to destroy the
| '-_nenplastic cells. ' ‘Tha- !,:.s" »ron~10-‘conjugate may "be ' labeled
with a radiaxeptops 'shelate to make certain that
, sufticient ‘boron addeeads ‘have 1or~.ala.zad at the target site
-and that substantially all of the non-targeted boron-10
'has left the cxrculatcry system prior to neutron
_J.rrad:.atmn. ,

Dosage units of substrate-agent conjugate will depend
upon many factors, each of which can be determined in a
relatively straightforirard manner, so that optimal
dosimetry can be effected. It will be helpful, in the
_initial dosimetric - avaluation, to use a radiclabeled
substrate- agent cmﬁw:r-s.t;a ( i? t,h@ agent is not itself a
radicactive isotope) m ¢ e*emme 'the degree and rate of
deposit of .the agent at e taxget sit.e, and the rate of
clearance and biodist.r:.butio of non-targetad conjugate.
Use of a labeled antihody—enzyme conjugate to estimate the
amount of enzyme localized at the target site will also

aid in dosimetric analysis.
It may be necessary to perform trials for dosimetry,
generally using an animal model first, if available, then
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parenteral injection. The various types of parenteral injections can_be,-

but are not linmted to intracavitary (e .g., intraperitoneal),

i ntravenous, intraarterial, intrapleural, intrathecal, m@&f@tﬂm@ aced
intral ynphatic and regional "intraarterial, intral esional a
catheter perfusion and the like. For cancer _imaging an

i ntravenous, intraarterital or intrapleural “ad®i i stration nor mal |y used
for lung, breast, and |eukemc tunors. Intraperi toneal adm ni stration

I s advant ageous for ovarian tunors. Intrathecal admnistration is

advantageous fQr . o jes of patient studies, to optimize the dose of

substrate-agent conjugate, as a function of accessibility
of the site, mode of administration, turnover number of
the "e'nzYina,' desired dose ‘of the agent to the site, and
. rate of clearanée of non-targeted conjugate. - '.l'his will be
-expected and '  the technigues for optmzat:.on will be
within the ordinary skill of the clinician.
~ wWithout further elaboration, it is believed that one
skilled in the ‘art can, using the preceding description,
utilize the present invention to its fullest axtent. The
following preferred specific embodiments are, therefore,
to be construed as meraly illustrative, and not limitative
of the remainder of the disclosure in any way whatsoever.
In the following examples, all temperatures are set forth
 uncorrected in degrees Celsius; unless otherwise
i indicated, 211 barts and percentages are by weight.

EXAMPLE 1 .
Preparation of Methot:;exgte/aminodextran Conjugate

(a) Activation of Metliot.z}\exata

In a dried Reacti-vial, 45.4 mg of methotrexate (0.1
mmole, Sigma) in 1 ml anhydrous DMF is introduced by
syringe. A solution of N-hydroxy- succinimide (23 mg, 0.2
mmole, Sigma) in 7590 ul of anh. DMf and a solution of
1,3~dicyclohexylcarbodiinide (41.5 mg, 0.2 mmole, Sigma)
in 750 ul of anh. DMF are followed. The reaction mixture
is stirred in the dark at room temperature for 16 hours
“under anhydrous canditions. The white precipitate is
bentrif.uged and the clear solution is stored in a sealed
bottle at -20°cC. '
(b) Reaction with Amincdextran

aminodextran (10 mg, 2.5%10% mole) is dissolved in 2
ml of PBS, pH 7.2. Activatad MTX (125X104 mmole) is added
gradually. . The solution is stirred at room temperature
for 5 hours and purified by Sephadex G-25 column. The
~void volume is collected and further dialyzed against

reaction buffer. After lyophilization, 2.1 mg of product
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- 27 - brain tunmors and | eukem.a. Subcutaneous adm nistration is
advant ageous for HodgKi n' s .di sease, |ynphoma and breast carcinona.

Cat het er perf usi @msslﬁetwﬁeﬁﬁﬁi{ tastatic lung, breast or germcell
carci nomas of the. sional adm nistration is useful for |ung
and breast |esion ove |Ilustrates t he general nethods of

...:I.S obtained (21% yxeld) . The mothotrexat"e incorporation
is determ:.ned by tne ahsorption at 370 nm to be 38
Hethotrexate/dextran.. .

\ ' EXAMPLE.2

Preparation of Chelator-polylysine/dextran conjugate
' poly].ysine (uw 18, 000) is reacted with an amount of
: ’ the: sucoi.nimi.dyl p.ismigaymtohenaoata der:.vat:lve of
- ; 'aninonethyl-ma (a. succin:l.nidyl benzoats with a thiocurea
- i "1i.nkage to tne n'm\) sut:icient to attach an average of 5
: DTPA’s to “the- po1y1ys1ne. The ‘resultant product is
1.7 reacted with dextran oligomer (MW 1,500) which has baen
o liqhtly oxidi.zad with periodata to an extent sufficient to
_produce about 2 aldehyda groups per dextran, in an amount
sufficient . to Jead. . about - 3=5 dextran ‘units on ‘the
i polylysine-m‘PA,- ‘then ::etabilized - ~with borohydride to
reduce the s;;hiff pEEe J.j.nkaqes ‘and “residual aldehyde

qroups.j

Preparation of Epirubicin-glucuronide Conjugate
Epzrub:.cm is 1njeoted intravenously - into a horse

over a perzod of seVeral weeks. Urine is collected, and

epzrubic:m glucurom.de is isolated by lon—exchange

chromatography 0f the urine, and purified by turther
' colunn ch:omatognphy end/or zezm.c.

| m;auﬁgxw
Preparata.on of Antihédv—ehzyme Conjugata
(A) A substantially monoconjugated enzyme-antibody

'prepa:ati.on _'is_ prepared by mildly oxidizing the
carbohydrate porticfn of an anti-CEA IgG with periocdate,
then oontacting the ox:uiized Igéc with a dilute solution
of dextranase (:E:.-on Pen:.cillz.um sp., Worthington
Biochemical Corp.,: I.Freehold, NJ) to produce an
antibody~-enzyme conj ;;g'agie, ‘which 'is then stabilized by
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adm ni stration of antibody-enzynme conjugates and subst rat e-t herapeutic or
di agnosti c agent conjugates according to the present “inventiof——H—.

Wi- | | be appreciated that the nodes of administration OfThfsﬁﬁeettl-YXQBe
different conjugates nay not be the same, since the cl

and biodistributions of the conjugates willL sgereral |y -di f @m
exanple, intraperitoneal adm nistration of an anti body- en

may be advantageous for targeting an ovarian tunor, vvhereas |ntravenous

admi ni stration of a radi oi sotope-substrate conj ugate for imagi ng may be
desi rabl e becherehyAride;erinotheoluaydl haanaac-of mposmjagawammf be

ToNiLOr i of rhleothBRIBRCRIH =131, c:ﬁNéﬁ’@f’&n&i‘Zf&e goate will

general ly mnistered as an teous, sotution _in P refera Iy a

sterile sol ut (Bh, -esPRcidl I5ip3lay |§a$lb$°%set‘?n ﬂtﬁm@we Part A, an
. anti-leukemia IgG is cenjugated to glucurom.dase (from

bovine liver, Wortm.ngon) .

EXAMPLE S .
Therapy of Lung Cancer

A human patient having small-cell carcinoma of the
right lung is infused intravenously with a ster:.le,
pyrogen-free solution containing 5 mg of the anti-CEA

-~ IgG/dextranase conjugate in. PBS, .prepared according to
Example 4(A) hereof, and labeled with I-131. After 5

_days, the conjugate is well localized in the lung and has
substantially clearsd €rém the circulation of the patient,
as seen by scintigraphic sc,anning at daily intervals.

A sterile, pvraqonafrma .PBS.- solution of the
MTX/aninodextxan - c:omuggta,. prepared according to Example
1, and containing 50  mg of the conjugate, is infused
intravenously on each of the next 4 days. Subsequent
radicimmunodetection, with I~123-anti-CEA  Fab shows
significant tumor reduction.

Example 6
Therapy of Lymphoma :

A human patient auﬁfenng from lynphoma :.s infused
_ intravenously with 2 stan,'la, pyrggﬁn-trss PBS solution
“containing 5 ng of thn 'amt;» 1ym§hom IgG-glucurom.dase
conjugate prepared’ aﬂ"crdmg to Example 4(b) heteof,
labeled with I-131. Aﬁ,ar € days, ‘the conjugate is well
localized at the targat site and subsi:antially cleared
from the clrculatery systam, as determined by gamma
scanning. :

The patient is then infused intravenously with a
sterile, pyrogen- free PBS solution containing 10 mg of
epirubicin glucurenide, prepared accerding to Example 3
hereof, on each of .the néxt 4 days. Subsequent
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Advant ageousl y, dosage -units -of--abeut—50 m crograns to about 5 ng of the
anti body-enzyne conj ugat e ﬁﬁl' he adginistered, either in a single dose or
i n divided doses, aI or larger doses nmay be indicated in
particul ar cases. It mm%sary to reduce the dosage and/or use
ant i bodi es from ot her hypoal.l gggani ¢ anti bodi es, e.g-,
fragnments or hybrid human or prinmate antibodies, to reduce patient
sensitivity, especially for therapy and especially if repeated

adm nistrations are indicated for a therapy course or for additional

di agnostic prgaeﬂu&munode%edea@msofsi@axﬁeedntorredmdfcrant iimarghe
procedur es |s an hncrease in

EXAMPLE 7
Tumor Rad:.oimmunodetect:.on
. A human patient with colon cancer is. infused
, ‘intravenously with a sterile, pyrogen-fréee PBS solution
_containing' 5’ mg of the ant:l.-CEA-IgG/ dextranase- cnnjugate
' .prepared according to. Example 4(A) hereof.  After 7 days,
the - patient is infused intravenously with a starile ’
S pyrogen-free PBS solution containing .5 mCli of the
:'- - In—ll:l.-labeled polylysine-n'rPA/ ‘dextran conjugate prepared
' according to Example 2 hersof and loaded with TIn-111.
~ After 24 hours, su:t!.cz.ent accretion of the radioisotope
" .at the tumor szte cccuxs for scintigraphi.c :maging.
| EXAMPLE 8 -
MRI Imaging of Cancer-

‘A human patient havmq tumor of the ascending colon
is infused intravennusly with a ster:.le, pyrogen-free PBS
solution contammg 5 mg of the anti-CEA-IgG/dextranase
conjugate ‘prepared according to Example 4(A) hereof.
After 7 days, the patient is infused intravenously with a
sterile, pytogan—frse }?_Bs solution containing 500 mg of
the Gd(iI_I-) loaded polylysine~DTPA/dextran = conjugate

- preparéd according ;::5 Example 2 hereof. After another 2
days, MRI :Liuaging is effected, revealing an image of the
tumor which is adeguately distinguished from surrounding
tissues. ' -

The preceding examples can be repeated with similar
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in tha preceding examples.

From the fora"xﬁ'ng dagcr:pt:!.cn, one skilled in the
art can easily. asczxta;n the essaﬂtlal characteristics of
this xnventa.on a.nii,. rat tzﬂ“" denarting from the spirit and
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- 28 - human anti-nouse anti body (HAMA) production, which can be

det ermi hed using an i mmunoassay. It usually takes frqmg{;&q{asﬁeeha‘;iaﬂ

days and preferably 5 to 14 days for 1gG antibody to |ocall
site and substantially clear fromthe circulatory system 01;\

prior to admnistration of the substrate-agent conjugat
correspondi ng | ocalization and clearance time for F(ab)[err] and
F(ab')[err] :
~ scope thereof, can make various changes and modifications
of the invention to adapt it to various usages and
ccndztions.

heet
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ant;i body fragnments is fromabout 2 to 7 days and preferably 4 to 7 days,
and fromabout 1 to 3 days and preferabl y 3 days for Fab and.Fab'—anti body

fragnments. O her ar¥hjs ire different—tine franes aIize
at the target site, time frames may b m“m \ﬁ
presence of the conj Again,. agtais ng“ ng the

anti body-enzyne conj ugate per mts monitoring of Icocéli zat lon and

cl earance. "1gGis normally netabolized in the liver and, to a | esser
extent, in the digestive system F(ab)2 and F(ab')[err]are normally
met abol i zed MMSImImheISidney,_ but can al so be netabolized in the

i mar i1y it he ?éhéi,syﬁiee%%ﬂ "&SEC SRRasYindo I WaSRRRd N Er
di gestive sythexapeutic agent to a target s:.te, which compr:.ses the
steps of' '

(a) xnjectxng a namal parenterally with an effective
amount = for targating and enzyme activity of an
antibody-enzyme conjugate, said antibody bei.ng raactive
'w:i.th at least one antigen present at the targat site; and

- (b) _.aftexr 'a sufficient period of tiwme. for said
'antibody-enzyne conjngate to localize at- the target site
and substantially glear from the circulatory system of the
mammal, injecting said nmammal parenterally with an
- effective andu_nt for deposition at said site of a soluble
suhstrate-agen_t conjugate which is capable of
transformation by said enzyme to form a product comprising
at least. one diagnostic...or.. therapeutic agent, which
accumulates at. said.-ﬂ:axga_t;; site. for effective treatment or
diagnosis, said.;-...mrhstr&té-agent " conjugate comprising a
sutstr'ate for said enzyme, canjugate_d to said at least one
diagnostic or therapeutic agent.

.where:m ne:.ther sa:.d enzyme nor an enzyme having
similar activity with respect to said substrate-agent
conjugate is endogenous to said mammal at a non-target
site along the route of administration or biodistribution
of said substrate-agent conjugate in an amount which
interf_e_res’ with tar’:’_:eting and accretion of said agent.

2. The metb.ad ef claim l, wherein the antibody in
said antibody- ~enzyms cesxxjuga*a specifically binds to an
antigen produced by or assoclated ~with a tumor, an
‘infectionus or parasxtic lesion, a fibrin clot, a
myoccardial 1nfarction' an atherosclerctic plagque, a
ncn-cancerous cell oz a damaqed normal cell.

3. The method of claim 1, wherein the enzyme in said
antibody~enzyme conjugate is a protease, a glycosidase, a

91“‘3“7-‘0“1‘3_353 OF an  esterase. This is the replacement sheet
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Normally, it will be necessary for at |east about 0.0001% of the injected
dose of antibody-enzyne conjugate to |ocali ze at the_Larget Site- pm or to
adni ni stration of the substrate-agent conju he ext ent

hat
hi gher targeting - GhisiShéeetia BediMepihdd S CON ugate i s a mEUﬂmu“““mnﬂlt:ent age
can be greater; and age can be-a@dgi Ai St | ows
that an effective aunmﬁm F U ti body-enzyne conjugate is t hat” amount
sufficient to target e to the antigen at the target site and

t hereby bind an anount of the enzyme sufficient to transform enough of the
sol ubl e substrate-agent conjugate to product to result in accretion of an

effective 4. The method of claim 3, wherein said enzyme is a
dextranase, a cellulase or a glucurcnidase.

S. 'rhe nethod of claim 1, wherein said agent is a
R di.agnostic agent.

6. '!he mthed of slaim S5, wherein said agent is a
’ gama-enitting rad:l.gi.sgtepe emitting in the 50-500 KeV
anerqy range..

7._.-'- “The jnéﬁhod of claim 5, wherein said agent is a
paramagnetic ion for magnetic rasonance image enhancement,

- 8. ‘r_ha method of claim 1, wherein said agent is a
therapeutic agent. |
9. The method nf claim 8, wherein said agent is a
bata~- or- alpha«emif.t:mg radivisotope,  a drug, ‘a toxin, a
boron addend, a vaggdilatcx, a cytokine, a photo-
sensiti.zer or a radigsensitizer. -

10, 'I'he méi:hod of claim 1, wherein said ‘parenteral
injection is effect:ed by an intracavitary, intravenous,
intraartarial, intrapleural zntrathecal, intralymphatic,
:Lntramuscular, xntralesxgnal subcutaneous or catheter
perfusm_n raute.

11. 'rhe method of claim 1, wherein sa:.d substrate is
a law xnolecular wexght compound.
12. The netm:ﬁ of ela.im 11, wherezn said substrate is
a glucuronide cnnjugats of said agent.

13. The method of clam 1, wherein aald substrate is
a polymer. . o
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- 29.-. , diagnostic or ‘therapeutic __amount of the agent at the target
site. The substrate- { hef‘a‘p‘eut ic or di agnostic agent. con} ugate -wkti e

general |y adm ni stered dso lution in PBS.
a sterile solution |th‘? uman use. The su m“ﬂ h “i“ﬁ“ ugate
will be admi ni stered ent ti me gloas- pas

14. The method of ci,am 13, wherein said substrate_is
a dextran, an ‘aminode : tan, a carbomethylceuulosa or a
polypeptide. 'i o
15.. .'.l'ha' 'maﬁhod. of claim 13, wherein said enzyme is a
-dextranase_ or a cellulase, ‘and wherein said
substrate-~agent conjugate couprises a non-substrate
'aninodextran or a polylysine carrier. to which is
‘.conjuga.ted sai.d at lea.st one molecule or ion of said
agent, and which is further conjugate to at least one
solubilizing dextran or carboxynethylceuulose nligoner_

vhich is a substrate tor said enzyme.

l6. ' ‘I‘he nethod of _ claim 13, whel'éih B sa,i,d

_suhstraté-ége:it éqnjmga_te comprises a non-substrate

~polymer to. which' 1 . attached..at.. least one substrate

‘ oligomer to which 15 conjugated.at ‘least one molecule or
ion of said .agent..

17. 'x‘he method of claim 1, wherein saiad antibody=-
enzyne canjugat.e is :urt.her canjugated to or adapted for
conjugat.mn to a rad:.aisotope or magnetic resonance image
enhancing agent, to monitor the clearance of  antibody-
enzyme conjugate. from the c:.:culatory system or its

- localization at ‘the ta&'«uet s:n.te.

18. 'l‘he met:.ned of rkasm 1, wherein said substrate~-
. agent con:ugate is further canj ugated to or adapted for
" eonjugation” to a- r_'ad:.o:l.sotope, ‘pagnetic resonance image
enhancing agent or other label, to monitor the clearance
of the substrate-agent conjugate from the circulatory
system or its accretion at the target site.

18. The uiet:ho?'.i of claim 1, wherein said mammal is a
human. : ' ; '
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forsthe antibody-enzyne conjugate to.localized at the target site and
subst antially clear fromthe circulatory system of _the mammal .
Conj ugat es of boron &dtid&hetHag amdteﬁﬁm er for thermal neutron activation

therapy will normally "I{ﬂmtmrﬂ tzamshﬁgh;\gzz ammﬂl"mmwn(ﬂuaars

advant-ageous to wait u
be

fore neutron irradiation s perforned cl earahce can Be #accel erated
by use of second antibody, as is known from e g., U S Patent 4,624, 846.
An effective anount of a substrate- agelnt conjugate is that anount
sufficient to deli20k an d!ﬁi]acs Linj ettable apreparation fonr humasit 6.

T et o oker el @é&é@%hyaa%%am@;@%ﬁ?%ﬁﬁﬁ B,
site. An ef f cbargetamdbine opm Sut i ¢
' (a) a first stez:ilh injectable solution containing an
" effective amount for taxgot:.ng and enzyme activity of an
antibody—enzyne oon;uqate, said antibody being reactive
with at 1east-. one antigan present at the target site, in a
'phamoeutioauy aooeptiblo sterile injection vehicle:; and
(b) a seoond stor:.le injeotable solution contaming
T an ettective anount tor deposition at said site of a
, soluble substrato-agent conjugate vhich is capable of
1 : transfomation by sai.d enzyme to form a produot cemprising
.at: least one diagnostic or therapeutic agent, said
suhstrate-aqent conjugate comprising a substrate for said
enzynme, - oonjuga.tod to said at least ome diagnostic or
tnerapeutio agont. wherein .neither . said enzyme nor an
enzyme }mving sivilar: activity with respect to said
._substrate-agent. conjugatesis. endogenous-to. the mammal at
a non-target site al.r.mg ~“tha - route -of administration or
biocdistribution of the substrate-agent conjugate in an
~ amount which mterfe_z:es ‘with targeting and accretion of
- said aﬁem:, said substrate-agent conjugate being dissolved
in a phamaceut:.oally acceptible sterile injection
vehicle.

21. A kit for human diagnostic or therapeutic use,

for targeting a thompeum.c or diagnostic agent to' a
" target site, compraﬁu‘g, in emtablo containers;

‘(a) a first etﬂmﬂ ‘b. onw"ainar _oontaim.ng an effective
amount fo: f'argatxng ahd 'énzyne -activity of an
antxhody—enzyme oon:;ugato, said :am:ihody being reactive
with at least ona ant.n.gan present at the target site; and

(b) a second ‘sterile container containing an
effective amount for deposition at said site of a soluble
.substrate-~agent _oonjugate which is capable of
transformation by said enzyme to form a product comprising

- at least one ,éiogx;'ostio or K therapeutic agent, said
' : This is the replacement sheet
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or di.agnostic agent is that anpunt sufficient to treat or diagnose the

target site. | f .scintigraphic imaging is to be effected, the substrate
agent conjugate w |l i.nclude a radiol abél ed species bound to a substrate.
Thi s can be a chel ate'ﬂ) Saeer% iBediitRepthce® a di rectly i ,ﬁ”’ﬂm | at ed
conpound. Suitable ga topes_J Y wle I m’ﬂ l}
In-11l and Ga-67. The eonethat bi nds to‘an amlgen*at t he
target site, and the enzyma ne that converts the substrate-agent

conjugate to a product that accret es at the target site in an anpunt
sufficient to gwgaﬁagé’%@gc csngagateugbmpmmm rasselsbrated far tsadd
o e e, g Ud "aBia" e 21688 b8 ULAYAGEE 18" U
therapeutic agent, wherezn naeither said enzyme nor an
enzyme having similar activity with zespect to said
‘substrate-agent conjugate isg endogenous to the wammal at a
' non-target site along the route oI. administration or
. biodistribution. of tne eubstrate-agent conjugate in an
. amount which interterel with targeting and accretion of
said agent.

22. 'rhe kit of cl.ain 21, wherein said therapeutic or
) d:.agnostic agent is . at least . one boron addend, drug,
_toxin, . radioi.sotope. nuclear nagnetic ‘resonance image
' enhancing ‘agent, vasociletor, cytokine. radiosensitizer or
-'phctosensitizer. : :

23. The kit of claim-21, wherein said ‘antibody-enzyme
conjuga.te ‘is further..conjugated.-to, or . adapted for
conjugation to a. radioi.sotope or magnetic resonance image
enhancing ‘agent.

-i4'. The kit of 'dl_aim 21,  wherein said s’ubstrate-ai;ent .
conjugate is further conjugated .to, or adapted for
conjugat:.on to a radz.o:.sctope, 'na_gnet._ic resonance image
enhancing agent or other label. .

25. - A wmethod according to Claim 1, wherein said
antibody~enzyme conjugate provided in step (a) comprises a
bispecific antibody or antibody fragment having a first
binding site specific to said antigen present at a target
site and a second binding site specific to an epitope on
said enzyme which does not interfere with enzyme activity,
said h;speci:ic anti.bedy or antibody fragment being non-
covalently bound to aoid enzyne at said second binding
site to form sa:m, antz,hndy-enzyme conjugate.
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- 30.-, , by use of a hand hel.d-gamra probe used external ly or internal |y
to localize the tunor, m crob| oI |}g%h site of infection, myocardial -
infarct, at herosclero’fhl z er target site.

normal |y taken by a ga g“‘?era haV| r__!’g one or”mmmrnuﬁmmm
detection of energies i ey ra

26. A sterile' injectable preparation for human use,

for target:.ng a- tberapeutzc or diagnostic agent to a
target 8ite, comprisi.ng _

(a) a _.first sterile injectable solution

containing an effective amount, for targeting and

- .. enzyme activity, of the antihody-enzyme conjugate of

Claim 25, dissolved in a pnamacanucauy acceptable

-stenle injectiou vehicle; and " _

' (b) ‘a ‘second sterile injectable solution
_'eontaining an -effective amount, for deposition at
'_'sa:i.d site, of -a soluble substrate—agent conjugate

-which is capahle of transformation by said enzyme to

-fom a product cemprising at J.aast one diagnostic or

therapeut:.c agent : said suhstrate-agent conjugate.

' conprising a substrate for sald enzyme, canjugated to

said at least' one di.agnostic or therapeutic agent,

s ! whérein neither ‘said enzyme nor an enzyme having
similar activity with respect to said substrate-agent
conjugate_ is endogenous to .a human at a non—-target

:'si_ite ‘along . the 7routa of administration or

biodist’ributiori of the substrate-agent conjugate in

an - amount wh;.ch :.nterferes with targeting and
accret;on Bf said agent said substrate-agent
conjugate bemg‘ dissolved in a pharmaceutically
éicceptatale stggile' Anj ection vehicle.
_ 27. A kit for bunian diagnostic or therapeutic use,
. for targeting  a therapeutic or diagnostic agent to a
target site, comprising:; :

(a) a £first sterile container containing an
effective amount, for targeting and enzyme activity,
of the é.ntibady_-enzyme ‘conjugate of Claim 25; and

(b) a second sterile container containing an
effective amount, for deposition at said site, of a
soluble substrate-agant cnnjugate which is capable of

_ transfamatzon 'y sa;.d enzyme te form a product
comprising at laast one diagnostic or therapeutic

This is the replacement. sheet .



radi-oi sokopes with high energy beta or positron em ssmns would -entail_ use

of imaging cameras with the approprl ate detectors,
conventional in the a ‘SSheet lac@xanpl e, a poI uﬂwmn
be conjugated to a pI ul rret hyl - DTPA chel a

succi ni m dyl p-isothio linker44¢uss. Patent 4, 680 338), the
resul tant conpound can then be reac ed with a plurality of mldly
oxi dized dextran oligoners, which arel then stabilized with borohydri de.

atient e. ncer ti
gntlturmr antgl bodyagﬁgéa d%?g ééuffaén'?;@%‘@are tgggh? ‘u‘%n a
| ocal i zati on of thsubskrage: efand saidr snayney ganjugated eto cgﬁjldgaab.
The substrate- chgagkgr &9@1 H&%h%ds}ifd“e&c ettt | Bt 1'4:11?98%:1

sterile filtered in PBS, i, nj ect into the patient. Accretion
| abel is seen wit hPﬁ”&BGEt 3ah€ur§n=1ma nor enzyme having similar

activity .with respect to said substrate-agent
"conjugate is . endogenous to a human at a non-target
‘site alnng the - route of adninistration ox
- biodistributiocn of the substraf.e-agent conjugate in

" . an aneunt whicb intarferes with targeting and
aceretion of sai.é agent.

28. The k;t of Clainm :27, wherein said therapeutic or
d:.agnostic agent 4is at least one boron addend, drug,
“toxin, radio;sotope, nuclear magnetic resonance image
enhancing agent, vasodilator, cytokine, radiosensitizer or

photosensitizer.

- 29. A wmethod:- for targeting .a. diagnostic or
therapeutic agent to & target site, comprising the steps
of: - - E

(8) prbﬁﬂing a-éisneritic antihady or antibedy
fragment havina a tirst binding site specific for an
anti.gen presgm: at. & t:arget; site and a second binding
site spec;.fic for an enzyme;

_ (b) injecting a mammal parenterally with an
effective amount for target.mg of said antibody or
antibody fragment. 1

(c) after a sufficient period of time for said
antibody or antibody fragment to localize at the
target site ' and substantially clear from the
circulatery system of the mammal, injecting said
mamal parenterally with an effective amount for
enzyme actz.v;.ty oF .said enzyme,'- such that said
localized antibody bi.nds sa:.d ‘anzyme to form said
antihody-enzyne cun]u atq in situ; and
_ (Q) tuxther :mjecting .Said mammal parenterally
with an ettective amount for deposition at said site

th This is the replacement sheet
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cl ear ance of background | abel |s substantlal Iy conplete_ after about 12- 24
holr's, &t which ti m@hl&mg{l Lect ed. Magneti c resonance inagi ng

(MRI) is effectedln thodto SC|nt|g " ept

that the, inmaging age MR endwyinci ng m l’ﬂu"'mum"mg

r adi oi sot opes. at ed that the magnefl ctreSsorfance
phenonmenon oper at es on a d| fferent principle from scintigraphy.

Normally the signal generated is correlated with the relaxation tines of
the magnetic nonwyg s f gonisle isubderate! cdgert t merdjugaken whiictks dos

Qﬁhiﬁc?ﬁgeéééﬁf el "Re” b fndfordR0Lin By SRER-Idnayuet 0S #Ern Y °
i ncreasing the cprodutthetonnprisisg natecdeast n oRe rdd Pﬁﬁ%‘b 1P
: therapeutic agent, wluch accunulates at said target
site for etfective treatment or diagnosis, said
substrate-aqent conjugate comprising a substrate for
said anzyme, conjugated to said at least cne
_ : diagnostic or. therapeutic agent;
. wherein naithar said enzyna ner an enzyme ‘having similar
' activity with respect tn sa:.d eubsttate-agent conjugate is
Lo . endogenous to said nmal at. a non-target site along the
' route of. adninistration ‘or  biodistribution of said
-'substrata-_-a.g_ent_; _conj_ugat_e in an amount which interferes
with targeting and accretion of said agent.

32.. The method of Claim 31, wherein said antibody or
antibody fragment in said antibody-enzyme conjugate
specifically binds to an.antigen produced.by or associated
with a tumor, an infsctivus-or-parasitic lesion, a fibrin
clot, a myocardial inﬁamt;cn, an atherosclerotic plaque,
a non-cancerous cell or a damaged normal cell.
| 33 'rhe method "ét' Claim 31, vherein the enzyme in
said ""ant_ibo,dy-e_nz'yme . conjugate 1is a protease, a
glycosidase, a -glucu_i-onidase or an esterase.

34. The. meﬁhod of Claim 31, wherein said therapeutic
" or diagnostic agent 1.5 at least one boron addend, d4drug,
toxin, radioisntopa, nuclear magnetic resonance image
enhancing agent, vasae!_iia,:ar ¢, oytokine, radiosensitizer or
phot‘osenai.‘tizer. -

35. The methgﬂ of tlaim 31, wherein said enzyme is a
dextranase or a cal}ulose, and wherein said substrate-
agent conjugate comprises a non-substrate aminodextran or
a pclylysine carrier, to which is conjugated said at least
one nolecule or ion of said agent, and which is further
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- 31+ » . imagi ng agent. accretes and water nol ecul es el sewhere in the body.
However, the effect 2f the agent is to increase both T1, and.T2,.the forner
resultlng in greater

lhiggthe latter re esser contra
Accor di ngly, the phemﬁllﬁ iﬂent rati on depend mm””, "l"lnmmms

conjugated to at least one solubilizing dextran or
carboxymethylcellulose oligomer which is a substrate for
'said enzyme. g

36. The method of Claim 31, wherein said mammal is a

_ 37. A sterila injectable preparation for human use,
gor targating a’ therapantic or diaqnostic ‘agent to a
target site, comprising;

-(a) ‘a’ first sterile 'i_,n:iect_abJ.e- solution
containing anp effective amount for targeting of a
bispecific antibody or antibody fragment .having a
first binding site specific for an antigen present at
a target site and a second binding site specific for
an enzyme, said . antibody or antibody frag'ment being
digsolved in. a phamaceutxcally acceptable stari.le f
inj ection vehicle;. .

(b) a sacond sterile injectable solution
containing an effective amount for enzyme activity at
said target site bf said enzyme, said enzyme being
disselved  in a; phamaceut:.cally acceptahle sterile
inject:.on vehicle. and _

- (e) a third sterile injectable solution
containing an effective amount, for deposition at
said site, of a : ‘gsoluble substrata-agent conjugate
which . is capable.. of transformation by said enzyme to
form a produdt cbmprising at least one diagnostic or
therapeutic agent, said substrate-agent conjugate
comprismg a substrate for said enzyme, conjugated to
said ‘at least - one dzagnostic or therapeutic agent,
said substrate-enzyme conjuqate being dissolved in a
pharmaceutically acceptable sterile injection
vehicle; | '

~ wherein na;.ther ‘said enzyme nor an enzyme having similar
~activity with resp"ecft to said substrate-agant conjugate is
endogenous to a human at a non-target site along the route
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nor rad Isy.an opti mum cancentration of..a paramagnetic speci es.for maxi mum
efficacy. This opt| mum concentration will vary with the iart I cul ar aEe

used, the locus of \JW lacghde  of |rrag| ng, UI' lltﬂ“g ﬂxt lly
saturation-recovery, overy an or vari ou T1
dependent or T2 dep techm ques and the corrp05|t|on of the
medi um in which the agent is di ssol ved or suspended. These factors, and

their relative inportance are known in the art. See, e.g. Pykett

Sci entific YEerham Pm%é@al&dnw%%)  pReagsteibation nosJ. tﬁldlsqibatﬂaﬂeeﬂ%
(1987). ‘Exanpl es | nds useful for NE} en(l}ancerrent

i ncl ude par &%8Het |%°"§!)‘E9?F? g&(l A% apeynt) W f#’ S vAsh
Cr(111), Coiargetimf | and asutreriohi (of) saflid | ag)a_ntlad siidl) substrate~
radicals, e Qund Usuilffee Wbty S QUM GE W Wkklrnacentically

acceptable sterile injection vehicle.

38. A kit for mm diagnostic or therapeutic use,
-for - targeting ‘a- thmpoutio or diaqnost:.c agent to a
target site, éonpri.si’ni;.

L {a) - La tizst -sterile container conta:.ning an
effective anount for targeting of a bispecific
antibody or antihody fragment having a first binding
sita speciﬂc for an antigen present at a target site
and a second binding site specific for an enzyme;

(b) - a second. sterile container containing an

" effective amount .for .enzyme activity at said target

a site of said enzyma;.and -

(¢} a third sterile container containing an
effective amoumt: oy deposition at said site of a
soluble suhstratevhgent. conjugate which is capable of
transformation ‘by said enzyme to form a product
comprising at: lleast ona. dxagnostic or therapeutic
agent, said subotrate—agent conjugate compriging a
substrate for . said enzyme, conjugated to said at
‘least ona d‘iag_oostic- or therapeutic agent;

wherein neither said enzyme nor an enzyme having similar
activity with respect fo said substrate~agent conjugate is
endogenous to a human at a non-target site along the route
of adm.ni.stratioo or biodistribution of the substrate-
agent eonjugate :l.n an amount which interferes with
targeting and accretion of said agent.

(
|F

3§. The kit of.' c:.éim 38, wheto.m sa:.d therapeutic or

- diagnostic agent :I'.s at least . one boron addend, drug,
toxin, radxoi.sotope, ._ ‘luclear magnetic resonance image

enhancing agent, vasodxlator, cyto)une, radiosensitizer or

i ; 0§ DEC 1996
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to a substrate bearing paramagnetic ion chelators for the ions or |inkers
for the radical addends. The nr inmage enhanci ng agent nust be present in
sufficient anounts to enable detection by an external camera, using
magnetic field strengths which are reasonably attainable and conpati bl e
with patient safety and instrunmental design. The requirenents for such
agents are well known in the art for those agents which have their effect
upon water nolecules in the nedium and age disclosed, inter alia, in
Pykett, on. cit., and Runge et al., on. cit. For magnetic resonance
imaging (MRI), a simlar procedure is used to that used for scintigraphy.
In the previous exanple, because it is desirable to carry a |arge number of
paramagnetic ions to a target site for contrast MRl enhancenent. the
IEoR

pol yl ysi ne WIETHED IRQR AN % TARGET DIAGNQSTY; ORTHERARRUTIG ¢ he
AGENTS

ABSTRACT
Theuugﬂtg1xmmbﬂﬂy(f:nxamﬂxﬂyisehmnmzdlmh@:mnzummmdyqnmynw
mnﬂwgueéndztmqmnnesohﬂﬂesubﬂnﬁ&ﬂgmutxnﬂugMB,w&mmﬁnihetaqxﬂuienqwne
catalyzes the conversion of a soluble subs&ate, bearing at least one therapeutic or
diagnostic ‘agent, to a product comprising the agent, which accumulates at the target site
for effective treatment or diagnesis. This method is useful for targeting any type of
agent to a site to which an antibody can selectively bind, including use for imagining,
eg., tumors, infectious lesions, fibrin clots, myocardﬁl infarctions, non-cancerous cells,
* damaged normal cells, atherosclerotic plaque, lymph(’)cyte autoreactive clones, and for

therapy, eg. with drugs, toxins, immune modulators, radioisotopes or antibiotics.

This Sheet Has Been Repl
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-

- 3 - % antibody- enzyme conjugate and the substrate-chel ate conjugate
‘Wi ll be adm nistered in order to deposit a high concentration of

paramagneti c ions at the target-site. The therapeutic nmethod of the
i nvention can be
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METHOD FOR ANTIBODY TARGETING OF DIAGNOSTIC
' OR THERAPEUTIC AGENTS

Background Of The Invention :

The present invention relatés to a method for
enhancing the targeting capability of an antibody using an
antibody-enzyme conjugate and a separate soluble
substrate-agent conjugate,' wherein the targeted enzyme
catalyzes the conversion of a soluble sdbstrate, bearing
at ieast one therapeutic or diagnostic agent, to a product
éomprising'the agent, which accumulates at the target site
for effectlve treatment or diagnosis. The foregoing
method is’ ‘useful for targeting any type of agent to a site
to which an antlbo@y can selectively bind, including use
for imaging tﬁmbrs, ‘infectious lesions, fibrin clots,
nybqardial infarctions, non-cancerous cells, damaged
normal cells, atherosclerotic plaque, lymphocyte
autoreactive clones, and for therapy.

It 'is well known that antlbodles of antibody
fragments can’ be conjugated. to radlolsotopes, drugs or
toxins to target ;he dlagnostlc or therapeutic principle
to the tumor or'lesion site. A major obstacle to using
such methods has been the difficulty of loading the
antibody with a sufficient amount of the therapeutic or
diagnostic agent. A further . complication is that
overloading the antibody with a therapeutic or diagnostic

_ This is the replacement sheet -
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achaniEhed by conjugating an effective therapeutic anount of a
radi oi sotope such as Y-90 or 1-131 (which nay be used for both | ocalization
and t herapy depending on the anount injected) or a drug such as adrianycin
for cancer or gentamycin for infection, an immunonodul atory substance such
as poly-1C, or a biological toxin such as~p®k&weed nitogen to the
substrate, and depositing a therapeutically effective anount of the agent
at the target site. The therapeutic nmet hod of the invention can al so be

acconpl i shed_by, con ugatln or ron-10. addends.to, t e substrate
and, once t®¥¢ %8 Ja X u%‘«?po ed adeyt %ct af ey t @Nd | desrroy o they,

effectlng eanenhaﬂytmanmugauauron irradiation to the tunDr to destroy the

o of sot ope. chofSFd BRIl Lk PN R R T aREaL0 B0 shleibelis | b

| ocal i zed agchhgveaﬁgétaggeﬁed therapeutic result is well known. For
example, it is known that methotrexate (MTX) can be
conjugated to antibodies and some selective cytotoxicity
has been observed. It is desirable to enhance the
cytotoxicity of such conjugates by increasing the 1loading
of the cytotoxic drug. However, multiple conjugation of
individual drug molecules to an antibody eventually
reduces its immunoreactivity, the effect being observed
when more than about ten drug molecules are loaded.

It has also been proposed that the drug be conjugated
to a polymeric carrier, which in turn may be conjugated to
an . antibody. This has the advantage that larger numbers
of drug molecules can be carried to the target site. Use
of polylysine as a polymer carrier was reported by:Ryser
et al.,: Proc. Natl. Acad. Sci. USsA, 75:3867-3870, 1978.
These euthors found that only about 13 MTX per carrier
could be 1loaded and immunoreactivity was poor. 1In
addition, the high amine content of the polymer, largely
in the “form of charged ammonium groups, caused the
conjugate to stick to normal cells and vitiated the
selectivity of the cytotoxic effect.

Rowland, U.S. Patent 4,046,722, discloses an antibody
conjugate wherein a plurality of molecules of a cytotoxic
agent are covalently bound to a polymer carrier of
molecular weight 5,000-500,000, and the loaded carrier is
covalently bound to an antibody by random attachment to
pendant amine or carboxyl groups. Ghose et al., J. Natl.
Cancer Inst., 61:657-676, 1978, discloses other
antibody~-linked cytotoxic agents useful for . cancer
therapy. shih et al., U.S. Patent 4,699,784 discloses
site specific attachment of a methotrexate-loaded
aminodextran to an antleQy

Targeted neutron-activated radlotherapy is descrlbed,
e.g., in Goldenberg et al., Proc. Natl. Acad. Sci. USA,.;.M

| Thts isthe replacement shoet
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and that substantially all of the non-targeted boron-10 has left the
circulatory systemprior to neutron irradiation. - Dosage units of
substrate-agent conjugate will depend upon many factors, each of which can
be determined in a relatively stralghtformsrd manner, so that optim
dosinetry can be effected. It will be heFpful, in the initial dosimetric
eval uation, to use a radiol abel ed substrate- agent conjugate (if the agent
is not itself a radioactive isotope) to determ ne the degree and rate of

depasi L 0l 8108680 mgﬁ{the H&GERbrAk! @ 200, | NG I Qg Of cHedAr angs . aud

bi odi stribution of hon-targeted conjugate. Usé of abel ed anti body-enzyne
conj ugate {39 hat @8nche hﬁouﬁpl(ﬁ nhekge | Belki zé’&t@cntt%e 4?3210 68i7ve

will also gidabn3gesi WEIIEL, 50g) V5, 368,457, &, aa% R 4\1ece 660 Y469, PahkOr M

trials for4dgng%61X’ and in related pending applicatloqs U.s.
Serial Nos. 609,607 (filed 5-14-84) and 633,999 (filed
7-24~84), the disclosures of all of which are incorporated
herein in their entireties by reference. |

The aforementioned references disclose, jintexr alia,
methods of inéorporgting Boron—lo-containing addends into
antibody conjugates using, e.g., coupling of a carborane
(e.g., linked to a phenyldiazonium ion) to ‘an antibody,
which are suitable for incorporation of a relétively low
number of quon-lO'atdhs. Typically, . between 10 and 120
‘B~-10 atoms have been attached to IgG before the
immunoreactj.vity and yield of recovered product become
unacceptably 1low, using the carborane-phenyldiazonium
conjugation procedure. It is desirable to be able to
target a large number of B-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 or diagnostic agent at
a target site, without overloading the targeting antibody
with the agent and ﬁhereby losing immunoreactivity and/or
inducing an immunogénic response.

jects © e Invention

One object of the present invention is to:provide a
method for enhancing the targeting capabilities of
antibodies by amplifying the targeting event.

Another object of the present invention is to provide
agents useful for diagnosis and/or treatment of cancer,
infectious 1lesions or other patholog1ca1 lesions such as
myocardial 1nfarctions. : '

A further _object_ of the present invention is to

'achieve a high degreé of deposit of therapeutic or

1tis is the replacement she@t



generaldy using an aninal,nndellfirst, I f avail abl e, then

33 -

in a series of ‘patient studies, to optinize the dose of

substrate-agent conjugate, as a function of accessibility of the site,

of adm nistration, turnover nunber of

-4 -
i

diagnostic agents_aﬁ a target site without a need for high
loading of the antibody. :

Yet another object of the present invention is to
providé'a'methpd of targeting a sufficiently large number
of boron atoms to a target site to function as an
efficient therapeutic agent for thermal neutron activated
radiotherapy'of tumors and pathological lesions, without
hav1ng to load the boron atoms onto an antibody.

" Other objects of the present 1nvention will become
more readily apparent to those of ordinary skill in the
art in light of the following discussion.

Summary of the Invention _

These and other objécts of the invention are achieved
by providing a method for t;argeting ‘a diagnostic and/or
therapeutic.agent‘td a targetféite, which comprises the
steps of: E i

(a) 1njecting a mammal parenterally with an effective
amount for targeting and enzyme activ1ty of an
antibody-enzyhe conjugate, the antibody being reactive
with at least one antigen present at the target site; and

(b) -after a sufficient period of time for the
antibody~-enzyme conjugate to localize“at'the target site
and substaﬁtially clear from the circulatory system of the
mammal, : injecting the mammal parénterally with an
effective amount for deposition at the target site of a
soluble substrate-agent conjugate which is capable of
transformation by the enzyme to form a product comprising
the  agent, which accumulates at the target site for

effective treatment and/or diagnosis, the substrate-agent
conjugate comprising a substrate for the enzyme, .

conjugated to at least one diagnostic or therapeutic
agent, o -

wherein neither the enzyme nor an eﬁzyme having
similar activity with respect to ‘the substrate-agent
conjugate is endogenous to the mammal at a non-target site
along the route of administration or biodistribution of

node
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t he enzyne, desired dose of the agent to the site, and rate of clearance of
non-targeted conjugate. This will be expected and the techni ques for

optim zation will be within the ordinary skill of the clinician.

Wthout further elaboration, it is believed that one skilled in the art
can, using the preceding description, utT13 Ze the present invention to its
full est extent. The followi ng preferred specific, enbodinents are,
therefore, to be construed as nerely illustrative, and not limtative of

the remainder o L sl in . at;soever. | fo 10
exanpl es, Qg}% t%%%&af%?%s%%ggqt cﬁg}r/ ‘le\‘?%tr:\ggr rl'z{c)t e%ﬁ 1 r#:é egtr:ee?hqtv%erpsi us;
unl ess otindrest feresdvithetiarget ing andrtqretion R€ssatd pgendi-ght .
EXAMPLE 1 The invention also provides reagents,. sterile
injectible preparations and kits for use in practicing the

foregoing method.

Detailed Discussion

The prior art discloses the attachment of therapeutic
or ‘diagnostic agents directly to an antibody, or to a
carrier attached to an antibody. Some of the problems
associated with conjuggting an agent to the antibody
include cross=~linking, 1loss of immunoreactivity,
immunogenicity, insufficient loading of the agent on the
antibody and inadequate deposition of the agent at the
target site. The present invention overcomes these
problems by using an antibody-enzyme' conjugate and a
separate substrate-agent conjugate, which enables the
. antibody to target the site without having to load the

diagnostic or therapeutic agent onto the antibody.

' The method for targeting a diagnostic or therapeutic
agent to a target site, according ‘to the present
invention, can be accomplished by first injecting a mammal
parenterally with an effective amount for targeting and
enzyme activity of an antibody-enzyme conjugate and
waiting a sufficient amount of time for the conjugate to
localize at the target site and substantially clear from
the circulatory system of the mammal. The next step of
the method is injecting the mammal parenteraliy with an
effective amount for deposition at the target site of a
soluble substrate-agent conjugate capable of
transformation by the enzyme to a product comprising the,
agent, which accumulates at the target site for effective
treatment and diagnosis. The substrate-agent conjugate is
a substrate for the enzyme, conjugated to at least one -
diagnostic or therapeutic agent.

The antibody compénent of the antibody-enzyme
conjugate is the targeting portion, and serves to bind the
This is the replacement sheet
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Preparati on of Methotrexate/ ani nodextran Conjugate (a) Activation of

Met hot r exat e In a dried Reacti-vial, 45.4 ng of nethotrexate (0.1
mole, Signm) in 1 m anhydrous DVF is introduced by syringe. A solution
of N-hydroxy- succinimde (23 ng, 0.2 mole, Sigma) in 7590 ul of anh. DM
and a solution of 1, 3-dicyclohexyl carbodrifide (41.5 ng, 0.2 mmol e, Sigm)
in 750 ul of anh. DMF are followed. The reaction mxture is stirred in the
dark at roomtenperature for 16 hours under anhydrous conditions. The
white precipitate is centrlfu?ed and th clear solutipn is stored in a

seal ed bot EPBINGaLgoSEkeetivy YRER(AnLGAEE ARSRRKITER Present at
Anmi nodext r gpe( tArget &ivel04 The cenzgmdi ssmpuaenitn o theofcdiBugpte 7i2.

Qf?Lygéegt 88%%25ﬁ#§€§%# qynl |§H¥ﬂk¥gég§@uallgitlbe smdgé(n1£ﬁe
non-targeted conjugate substantially clears from the
bloodstream, the substrate-agent conjugate is injected.
It should not encounter more than a negligible amount of
the antibody-enzyme conjugate or similarly acting
endogenous enzyme enroute to the target site.

- However, when the substrate-agent conjugate reaches
the target site, it will be transformed by the enzyme into
a product comprising the diagnostic or therapeutic agent.
The enzYme can transform many molecules or subunits of
substrate-agent conjugate to liberate many molecules of
product in a form which will accrete at the target site
due to favorable partition between the fluid bathing the
target site and the tissue or other éntigen-containing
medium at the site itself. Thus, the enzyme amplifies the
targeting capability of the antibody without the need to
conjugate the agent to the targeting antibody, and the
agent accumulates at the target site and can effect‘its
diagnostic or therapeutic action there.

_ Unleéss otherwise noﬁed, use of the term "antibody"
herein will be understood to include antibody fragments
"and thus to be equivalent to the term "antibody/fragment"
which 1is used interchangeably ' therefor in this
discussion. Antibodies can be whole immunoglobulin of any
class, e.g., IgG, IgM, IgA, IgD, IgE, or hybrid antibodies
with dual or multiple antigen or epitope specificities, or
fragments, e.g., F(ab’),, F(ab),, Fab’, Fab and the like,
including hybrid fragments.

Antibodies include antiserum preparations, preferably .
affinity- purified, having a high immunoreactivity, e.g.,
a binding constant of at least about 107 1/mole,
preferably at least about 109 l1/mole, a high
immunospecificity, e.q., ag least about 40%, preferably at
least about 60%, more preferably about 70-95%, and a low
cross~reactivity with other tissue antigens, e.g., not

This is the replacement sheet

pate: 2 0 FEB 1997



for 5 hours and purified by Sephadex G 25 col um. The void volunme is
collected and further dialyzed against reaction buffer. After
| yophilization, 2.1 ng of product - 34

mofe than about 30%, preferably not more than about 15%
and more preferably not more than about 5%. The antiserum
can be affinity purified by conventional procedures, e.g.,
by binding antigen to a chromatographic column: packing,
e.g., Sephadex, passing the antiserum through the column,
thereby retaining specific antibodies and separating out
other immunoglobulins and contaminants, and then
recovering purified antibodies by elution with a
chaétropic ageht, optionally followed by further
purification. o ‘ '

Monoclonal antibodies are also suitable for use in
the present .metﬁod-, and are preferred because of their
high specificities. They are readily prepared by what are
now considered conventional procedures of immunizétion of
mammals with an immunogenic antigen preparation, fusion of
immune lymph or spleen cells with an immbrtal mfeloma cell
line,' and isolation of specific hybridoma clones. More
unconventional methods of preparing monoclonal antibodies
are not excluded, such as interspecies fusions and genetic
engineering manipulations of hypervariable regions, since.
it is primarily the antigen specificity of the antibodies
that affects their utility in the present method.

| Antibody fragments can be made by pepsin or papain

digestion of whole immunoglobulins by conventional
methods such as those disclosed, inter alia, in U.s.
Patent 4,331,647.
| The target sites can be, but are not 1limited to,
cancers, infectious and parasitic lesions, £ibrin clots,
myocardial infarctions, atherosclerotic plaque, damaged
normal cells, non-cancerous cells and lymphocyte
autoreactive clones. .

Many antibodies and antibody fragments which
specifically bind markers produced by or associated with
tumors or infectious lesions, including viral, bacterial,
fungal and parasitic infections, and antigens and products
associated with such microorganisms have been disclosed,
inter alia, in Hansen et al., U.S. Patent 3,927,193 and
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I s~obtatned (21%yield). The nethotrexate incorporation is determ ned by
the absorption at 370 nmto be 38 Met hotrexat e/ dextran.

EXAMPLE 2 Preparation of Chel ator-polylysine/dextran Conjugate

Pol yl ysine (MW 15,000) is reacted with an amount of the succinim dyl

p- i sot hi ocyanat obenzoat e derivative of amsgnenet hyl -DTPA (a succi ni m dyl
benzoate with a thiourea |linkage to the DIPA) sufficient to attach an
average of 5 DTIPA's to the polylysine. The resultant product is
reacted with dextran oligoner (MN1,500) which has been |ightly oxidized
with peri cdddenbery dkiSnt Pagfents eAt 383 ,64dducé34Bodi 62 aft ddbhd&4dr,oups

per dextran,dd) 48y Amopnfa 84k ¢ ent 456, k880 2hQUt 4 3a80q8%h!,aNad t 3PN the
related pending applications U.S. .Ser. Nos. -609,607 and
633,999, the disclosures of all of which are incorporated
in their entireties herein by reference.

Anti~-fibrin antibodies are well known in the art.
Antibodies that target myocardial infarctions are
disclosed in, e.g., Haber, U.S. Patent 4,036,945, the
disélosure of which is incorporated in its entirety herein
by reference. Antibodies that target normal tissues or
organs are disclosed in, e.g., U.S. Patent No. 4,735,210,
the disclosure of which is incorporated in its entirety
herein by reference. Anti-fibrin antibodies are well
known in the art, as are antibodies that bind to
atherosclerotic plaque and to 1lymphocyte autoreactive
clones.

In general, antibodies can usually be raised to any
antigen, using the many conventional techniques now well
known in the art. Any targeting antibody to an antigen
which is found in sufficient concentration at a site in
the body of a mammal which is of diagnostic or therapeutic
interest can be used to make the antibody-enéyme conjugate
for use in the method of the invention.

- It should also be noted that a bispecific antibody/
fragment can be used in the present method, with at least
one binding site specific to an antigen at a target site
and at least one other binding site specific to the enzyme
component of the antibody-enzyme conjugate. ' Such an
antibody can bind the enzyme prior to injection, thereby
obviating the need to covalently conjugate the enzyme tc
the antibody, or it can be injected and localized at the .
target site and, after non-targeted antibody has
substantially cleared from the-circulatory system of the
mammal, enzyme can be injected in an amount and by a route
which enables a sufficient, amount of the enzyme to reach .
the 1localized antibody and bind to it to form the

antibody-enzyme conjugate in situ. This is the replacement sheet
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pol yl ysi ne- DTPA, then stabilized with borohydride to reduce the Schiff base
| i nkages and resi dual al dehyde groups. EXAMPLE 3
Preparation of Epirubicin-glucuronide Conjugate. Epirubicin is injected
intravenously into a horse over a period of several weeks. Uine is
col l ected, and epirubicin glucuronide isisotated by ion-exchange
chromat ography of the urine, and purified by further colum chromat ography
and/ or HPLC. EXAMPLE 4 Preparation of '
Ant i body-enzynme Conj ugat e

Bispecific antibodies can be made by a variety of

conventional methods, e.g., disulfide cleavage and
reformation of mixtures of whole IgG or, preferably,
F(ab’), fragments, fusions of more than one clone to form
polyomas that produce immunoglobulins having more than one
specificity, and by genetic engineering. The bispecific
antibodies can bind to one or more epitopes on the enzyme
but should not bind to a site that interferes with enzyme

'actiﬁity.
The enzyme used in the present invention must be
capable of transforming a substantially soluble

substrate-agent conjugate to form a product comprising a
diagnostic and/or therapeutic agent, which accumulates at
'the targét site. Neither the enzyme nor an enzyme with
similar substrate specificity should be endogenous to the
mammal along the route. of administration or
biodistribution of the substrate-agent conjugate.
Otherwise, the agent will be released at sites other than
the target site, which usually, though not always, will
interfere with or compromise the efficacy of the
diagnostic or therapeutic effect of the agent.

 In étinciple, the enzyme can be any type of enzyme
that can be bound to an antibody and can transform a-
substrate-agent conjugate to product, subject to the
above-menﬁioned caviats. Proteases, glycosidases,
"esterases and the like are all general types of enzymes
that can be used in the invention under the proper
circumstances. More specific examples of suitable enzymes
include, but are not 1limited to, glucuronidase, beta-
glucosidase, Dbeta-lactamase, cellulase, dextranase,
fructase, aminopép- tidase and lysozyme.

The enzyme is selected as a function of the type of
substrate-agent conjugate chosen. For example, the choice
of dextran as a substrate would be coupled with the use of
dextranase as the enzyme.” Similarly, cellulase would be.
used with a cellulose substrate. - A gdlucuronide as the
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(A A substantially nonoconjugated enzyne-antibody preparation is
prepared by mldly oxidizing the carbohydrate portion of an anti-CEA 1gG
with periodate, then contacting the oxidized 1gGwith a dilute solution of

dextranase (from Penicillium sp., Worthington Bi ochem cal Corp.
Feeehol d, NJ) to produce an antibody-eniyﬁ@ conjugate, which is then
stabilized by - 35 -

substrate-agent conjugate would be coupled with
glucuronidase as the enzyme, and the like.

Apart from the in situ method of forming the

antibody-enzyme conjugate, it is advantageous to
covalently bind the enzyme to the antibody, directly or
through a short or long linker moiety, through one or more
functional groups on the antibody and/or the enzyme, e.qg.,
amine, carbox- yl, phenyl, thiol or hydroxyl groups.
Various conventional 1linkers can be used, e.g.,
disiocyanates, diisothiocyanates, bis(hydroxysuccinimide)
esters, carbodiimides, maleimide-hydroxysuccinimide
esters, glutaraldehyde and the like. '
' A ‘simple, method is to mix the antibody with the
enzyme in the presence of glutaraldehyde to form the
antibody-enzyme conjugate. The initial Schiff base
linkages can be stabilized, e.gq., 'by  borohydride
reduction to secondary amines. This method is
conventidnally_uséd to prepare, e.g., peroxidase-antibody
conjugates for immunohistochemical uses or for
immunoaséays. A diisothiocyanate or a carbodiimide can be
used in place of glutaraldehyde.

More selective linkage can be achieved by using a
heterobifunctional 1linker such as a maleimide~-
hydroxysuccinimide ester. Reaction of the latter with an
enzyme will derivatize amine groups on the enzyme, and the
derivative can then be reacted with, e.g., an antibody

. Fab fragment with free sulfhydryl groups (or a larger
fragment or intact immunoglobulin with sulfhydfyl groups
apéended thereto by, e.g., Traut’s Reagent).

It is advantageous to link the enzyme to a site on
the antibody remote from the antigen binding site. This
can be accomplished by, e.g., linkage to cleaved.
interchain sulfhydryl groups, as noted above. Another
method involves reacting an antibody whose carbohydrate
portion has been oxidized, with an enzyme which has at
least one free amine funcﬁion. This results in an initial
Schiff base (imine) 1linkage, which is preferably
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bor ohydride, in the usual manner. The conj ugate can be radiol abeled with

| -131, by conventional procedures. (B) In a simlar fashion to the above
Part A, an anti-leukema IgGis conjugated to glucuronidase (from bovine
l'iver, Wbrthingon). EXAVPLE 5 Therapy of Lung
Cancer A human patient having smal | “ctl ~carcinona of the right lung

Is infused intravenously wth a sterile, pyrogen-free solution
containing 5 ng of the anti-CEA | gQd dextranase conjugate in PBS, prepared

according b o, AMISE 40 rB8068Ron 308 lAPSLEMndLEY ladiite, £YdE Ry
borochydride reduction, to form the final conjugate.

Because of the size of the conjugate, .it will
normally be preferably to link one antibody to one enzyme
molecule. However, it may ©be advantageous to bind a
plurality of antibody fragments, e.g., Fab or F(ab')z
fragments, to a single enzyme to increase its binding
affinity or efficiency to the antigen target.
Alternatively, if the enzyme is not too bulky, it may be
useful to link a plurality of enzyme moleculeé_tb a single
antibody or antibody fragment to increase fhe-turnover
number of the conjugate and enhance the rate of deposition
of the diagnostic or therapeutic agent at the target site.
Conjugates of mé:e than one enzyme and antibody can also
be used, provided they can reach the target site and they
do not clear too fast. Mixtures of different sized
conjugates, or conjugates that contain aggregates can be
used, again with the same caveats just'ndted.

The aptibody-enzyme conjugate can be further labeled
with, or conjugated or adapted for ‘conjugation to, a
radioisotope or magnetic resonance image enhancing agent,
to monitor its clearance from the circulatory system of
the mammal and make certain that it has sufficiently
localized at the target site, prior to the administration

of the substrate—-agent conjugate. Alternatively, the
conjugate can be tagged with a label, e.g., a radiolabel,
a  fluorescent label or the 1like, that permits its

detection and gquantitation in body fluids, e.g., blood and
urihe, so that targeting and/or clearance can be measured
and/or inferred. '

Any conventional method of radiolabeling which is.
suitable for 1labeling proteins for in vivo use will be
generally suitable for 1labeling antibody-enzyme
conjugates, and often also for labeling substrate-agent
conjugates, as will be noted below. This can be achieved
by direct labeling with, e.g., I=-131, I-123, metallation
with, e.g., Tc-99m or Cu ions or the like, by conventional
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days, the conjugate is well localized in the lung and has substantially
cleared fromthe circulation of the patient, as seen by scintigraphic
scanning at daily intervals. A sterile, pyrogen-free PBS sol ution of

t he MIX/ am nodextran conjugate, prepared according to Exanple 1, and
cont ai ni ng 50 ng of the conjugate, i$ i used intravenously on each of
t he next 4 days. Subsequent rad|0|nnunodetect|on wth [-123-anti-CEA
Fab - shows significant tunDr reducti on. Exanpl e 6

Therapy of LURIGE,  or A WESRLASTS SHELLLOOCLLOR (YIRS > 4 uoed
the anti- pyrmhagretdC glioouroniSash chelators and their modes of
attachment to antibodies are well known to the-ordinary
skilled artisan and are disclosed jinter alia in, e.g.,
the aforementioned Goldenberg patehts and in Childs et
al., J. Nuc. Med., 26:293 (1985). ,

The substrate-agent conjugate will include a
substrate, which can be transformed by the localized
enzyme of the antibody-enzyme conjugate to a product. The

" agent will be a diagnostic or therapeutic agent whose
targeting at a specific site will be advantageous for its
efficacy. Such therapeutic and diagnostic agents include,
e.9., toxins, antibiotic or 'chemotherapeutic drugs,
radioisotopes, paramagnetic ions, boron addends,
cytokines, photosensitizers, radiosensitizers,
vasodilators and the like. ' '

The substrate-agent conjugate must -be soluble, for
purposes of administration and transport to the target
site. It must also be capable of reaching the target and
being transformed to a product which has a substantially
more favorable partition coefficient for attraction to the
site than the conjugate. As used herein, the term
"soluble" means ‘soluble in the £luid into which it is
administered and by which it is transported to the target
site, to a sufficient extent to permit transport of a

diagnostically or therapeutically effective amount of the

conjugate to such site. Normally, administration will be

into the bloodstream, by intravenous or inﬁraarterial

infusion, and the conjugate will need to be soluble in

serum and preferably sufficiently hydrophilic to be

carried largely by the aqueous phase of serum and diffuse
relatively easily through the walls of the blood vessels

into interstitial fluid, for cases where such is

necessary. , ,

Of course, in the case of cardiac imaging or imaging
or therapy of athersclerofic plaque, or the like, where
the target site is in the circulatory system, hydrophilic/
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conj ugatte prepared accordi ng to Exanple 4(b) hereof, labeled with I-131.

After 6 days, the conjugate.is well localized at the target site and
substantially cleared. fromthe circulatory system as determ ned by ganmm
scanni ng. The patient is then infused intravenously with a sterile,

pyrogen- free PBS sol ution containing 10-ng3of- epirubicin glucuronide,
prepared according to Exanple 3 hereof, on each of the next 4 days.
Subsequent

lipophilic solubility will not be as important as
reduction in serum solubility with cleavage of the
substrate- agent conjugate by the enzyme to a product
which partitions more favorably to the target. It is this
partitioning out of <the agent, once the substrate-agent
conjugate is acted upon by the enzyme component of the
targeted antibody-enzyme conjugate, so that the agent then
accretes at the target site to a significantly greater
extent than the substrate-agent conjugate would accrete in
the absence of the enzyme, that characterizes the
targeting mechanism of the invention.

This will be better understood in light of some
general examples and some more detailed description of
various species. _

The géneral method of preparing a substrate-agent
conjugate according to the invention .i'nvolves covalentiy
binding at least one théraﬁeutic or diagnostic agent to a
substrate.’ . :

Certain cytotoxic drugs that are useful for
anticancer therapy are relatively insoluble in serum.
Some are also quite toxic in unconjugated form and their.
toxicity is conéiderably reduced by conversion to conju-
gatés. Conversion of a relatively poorly soluble drug to
a more soluble conjugate, e.g., a glucuronide, will
improve its solubility in the aqueocus phase of serum and
its ability to pass through venous, arterial or capillary
cell walls and reach the interstitial fluid bathing the
tumor. In fact, conversion of certain toxic substances
such as aromatic or alicyclic alcohols, thiols, phenols
and amines to glucuronides in the 1liver is the body’s
method of detoxifying them and making them more easily__
excreted in the urine.

The drug is attached to glucuronic acid to form the
glucuronide, which solubilizes ' the conjugate. The
attachment is wusually t¢ a hydroxyl, thiol or amine
function of the drug, which_ forms an acetal, thioacetal or

aminoacetal with the aldehyde carbon of the glucuronic
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- 36 - : radioi nmunodetection shows significant reduction in the | ynphoma.
" EXAMPLE 7 Tunor Radi oi nmunodet ecti on A human patient wth col on cancer
is infused intravenously with a sterile, pyrogen-free PBS sol ution
containing 5 ng of the anti-CEA-1gG dextranase conjugate prepared
according to Exanple 4(A) hereof. After < Idys, the patient is infused

I ntravenously with a sterile, '

acid. The conjugate can be cleaved at the target site by
the enzyme glucuronidase, which would be the enzyme
component of the antibody-enzyme conjugate. The free drug
would then be rendered significantly less soluble in the
interstitial fluid, and would tend to deposit on the cell
membrane of surrounding —cells and exert its cytotoxic
effect at the site of localization of the antibody-enzyme
conjugate.

"one method of preparing such glucuronides is to
inject a xﬁammal, e.g., a cow, goat, horse or primate, with
the drug. Some of the drug is converted to glucoronides
in the 1liver of the animal, and the drug-glucuronide
conjugate is then excreted in the urine. The drug is
preferably administered by slow I.V. infusion, via a liver

' pump, through the hepatic artery or the portal vein. |
Collection of the urine and extraction of the glucuronide
conjugate can then be effected, e.g., by ion exchange
chromatography.’ An alternative approach is to react
UDP-glucuronic acid with the drug and then isolate the
glucuronide from the reaction mixture. The reaction can
.be catalyzed by enzymes isolated from the endoplasnmic
ret_iculuxﬁ of the liver of mammals, and/or the reaction can
be carried out in the presence of extracts or tissue
homogenates of the endoplasmic reticulum.

One type of antitumor drug that can be converted to
such a-substrate is epirubicin, a 4’-epimer of doxorubicin
(Adriamycin), which is an anthracycline glyéoside and has
been shown to be a substrate for human beta-D-=glucuroni-
dase (Arcamone, Cancer Res., 45:5995, 1985). Other
analogues with fewer polar groups would be expected to be
more 1lipophilic and show greater promise for such an
approach. Other drugs, toxins, boron compounds or |
chelators with aromatic or alicyclic alcohol, thiol or
amine groups would also be candidates for such conjugate
formation. )

Another type of substrate-agent conjugate 1is a

polymer with a plurality of agents linked thereto at
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pyrogen+free PBS solution containing 5 nCi of the In-111-1abel ed

pol yl ysi ne- DTPA/ dextran conjugate prepared according to Exanple 2 hereof
and | oaded with In-111. After 24 hours, sufficient accretion of the
radi oi sotope at the tunor site occurs f or cintigraphic i maging.

EXAMPLE 8 MRI | magi ng of ~Cancer A hunﬁ% patient having tumor of the
ascending colon is infused intravenously with a sterile, pyrogen-free PBS
solution containing 5 ng of the anti-CEA-I1gG dextranase conjugate prepared

e nveng by Lo, R oy A TeRihe, A pSlInds LALERS

of the GﬁpHIQhatoaﬁe@ %ﬁb%ty%tﬁefBWRmhﬁmt?Eﬁyméomqmﬂﬁnﬁnt °f the
antibody-enzyme conjugate or it can have segments or
branches that are substrates for such enzyme. The, agent
molecules are bound to the polymer in such a ‘_\ray that
cleavage by the enzyme will liberate the agent, free of
polymer units or bound to a small enough number of units
to have the requisite lower solubility, or more favorable
partition coefficient to cells, tissues, lesion components
or the like loci at the target site, relative to the fluiad
bathing such loci. ' '

Examples of polymers for such use include, e.g.,
polyols, polysaccharides, polypeptides and the like. One
type of polysaccharide is dextran, an alpha-glycoside,
which can be cleaved with the .enzyme dextranase. The
dlagnostlc or therapeutic agent can be functionalized to
contain reactive groups towards the dextran hydroxyls,
e.g., anhydrides, isocyanates or isothiocyanates and the
like. Alternativély, dextran can be derivatized in a
number of ways, e.g., by conversion to an aminodextran.

The prodess for preparing a substrate—-agent conjugate
with an aminodextran (AD) carrier normally starts with a
dextran polymer, advantageously a dextran of average
molecular weight (MW) of about 10,000-100,000, prefefably
about 10,000-40,000, and more preferably about -15,000.
The dextran is then reacted with an oxidizing agent to
effect a controlled oxidation of a portion of its
carbthdrate_ rings to generate aldehyde groups. The
oxidation is conveniently effected with glycolytic
chemical reagents, e.g., Nal04, according to conventional
procedures. .

It is convenient to adjust the amount of oxidizing.
agent so that about 50-150, preferably 100 aldehyde groups
are generated, for a dextran  of MW of about 40,000, with:
about the same proportion,of aldehyde groups for other MW
dextrans. A larger number of aldehyde groups, and
subsequent amine groups, is less advantageous because the
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preépared according to Exanple 2 hereof. After another 2 days, MR imaging
Is effected, revealing an inage of the tunor which is adequately

di stingui shed from surroundi ng tissues. The precedi ng exanpl es can be
repeated with simlar success by substituting the genericaliy or
specifically described reactants and/or operating conditions of this

I nvention for those used in the precedi ng exanpl es. From t he foregoing
description, one skilled in the art can easily ascertain the essential

characterishi gRed! ¢l bOHEVELOBAY 1 1ké NBUY1GRAAE! 14l ThaY HiRSRLE! !
resistant to enzyme cleavage. A lower number results in
less than desirable loading of drug, toxin, chelator or
boron addend, which may be disadvantageous, especially if
the turnover number of the enzyme is low.

The oxidized dextran is then reacted with a
polyamine, preferably a diamine, and more preferably a
mono- or poly-hydroxy diamine. Suitable amines include,
e.g.,  ethylene diamine, propylene diamine or similar
pblymethyiene diamines, diethylene triamine or 1like
polyamines, 1,3-diamino-2-hydroxypropane or other 1like
hydroxylated diamines or polyamines, and the 1like. An
excess of the amine relative to the aidehyde groups can
be used, to insure substantially complete conversion of
the aldehyde functions to Schiff base (imine) groups.

Reductive stabilization of the resultant intermediate
is effected by reacting the Schiff base intermediate with
a reducing agent, e.g., NaBHy, NaBH3CN, or the like. An
excess of the reducing agent is used to assure
substantially complete reduction of the imine groups to
secondary amine groups, and reduction of any unreacted
aldehyde groups to hydroxyl groups. The resultant adduct
can be further purified by passage through a conventional
sizing column to remove cross-linked dextrans. An
estimate of the number of available primary amino groups
on the AD can be effected by reaction of a weighed sample
with trinitrobenzenesulfonic acid and correlation of the
optical density at 420nm with a standard. This method
normally results in essentially complete conversion of the
caldulated number of aldehyde groups to primary amine
groups on the AD.

Alternatively, the dextran can be derivatized by
conventional methods for introducing amine functions,
e.g., by reaction with cyanogen bromide, followed by
reaction with a diamine.

The AD should be reéc_ted with a derivative of the

particular drug, toxin, chelator or boron addend, in an
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- 87 - + scope thereof, can nmake various changes and nodifications of the
I nvention to adapt it to various usages and conditions.

- 17 =

activated fornm, preferably a carboxyl-activated
derivative, prepared by -conventional means, 'e.g., using
dicyclohexylcarbodiimide (DCC) or -a water soluble- variant
thereof. ' '_

Methotrexate (MTX) is a typical drug for use in
preparing conjugates according to the invention and will
be used to illustrate one of the procedures. Analegous
steps will be used for other drugs, toxins, chelators and
boron  addends, modified in appropriate ways which will be
readily 'apparent to the ordinary skilled artisan.
Activation of MTX is conveniently effected with any of the
conventional carboxyl-activating reagents, e.g., DCC,
optionally followed by reaction with N-hydroxy-
succinimide (HOSu), to form the -active ester.. The
reaction is normally effected in a polar , aprotic
solvent, e.g., dimethylformamide (DMF), dimethylsulfoxide
(DMSO) or the like. Other activated esters, e.g.,
p-nitrobenzoate’/ and the 1like, can also be used; as can
mixed anhydrides. The DCC/HOSu activation is mild and the
activated MTX can be reacted in aqueous medium with the
AD, so it is preferred.

The proportlons of activated MTX to AD are preferably
sueh that about half of the amino groups available on the
AD react to form amide bonds with the carboxyl of the
activated MTX. Thus, if about 100 amine groups are
available on an AD with a starting MW of about 40,000, up
to about 50 of these should be reacted with activated
MTX. Using a pro- portion of about 50:1 MTX:AD, about
25-50 MTX molecules are normally  introduced. It is
difficult to achieve higher loading because of incipient
precipitation of the adduct due to the increasing.
insolubility thereof. |

As an illustration of the adaptations to be used for
other drugs, loading with 5-flourouracil (5-FU) can be
effected by oxidizing S5-flpurouridine at the carbohydrate
portlon, e.g., using periodate, reactlng this intermediate
with an aminodextran, and reductlvely stabilizing the
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38 Therclains defining the invention are as foll ows:

1.

A

met hod for targeting a diagnostic or therapeutic agent to a target site

whi ch conprises the steps of: (a) i njecting a mamal

parenterally

with an effective anount for localizing at a target site and providing

enzyne activity at said site of an antibodyjgnzyne conjugate,

Schiff base adduct. Cycloheximide can be loaded by direct
reaction of its cyclohexanone carbonyl with aminodextran
amine groups, followed by reductive stabilization, or by
reacting its side chain hydroxyl with an excess of a
diisothiocyanate linker and reaction of the isothiocyanate
derivative with amines on the aminodextran, or by reaction
of the imide nitrogen with e.g., a haloacid or haloester,
followed by activation of <the resultant carboxyl
derivative, e.g., with DCC, and condensation with amines
on the aminodextran.

Another illustration is provided by the antibiotic
mitomycin € and its analogues. This molecule has an
amine function and a cyclic imine, either of which can be
‘reacted with an alkylating activating group, e.q.,
succininidyloxy iodoacetate or sd;fosuccinimidyloxy
(4-iodoacetyl) aminobezoate (sulfo~SIAB), the resulting
intermediate is then used to alkyléte amine groups on an
aminodextran. Alternatively, carboxyl groups can be
introduced using, e.g., succinic anhydride, then
activated, e.g., with bcc, and the activated intermediate
coupled. as before. ' '

' Toxins, e.g., pokeweed antiviral protein (PAP) or the
ricin A-chain, and the 1like, can be coupled to
aminodextrans by glutaraldehyde condensation or by
reaction of activated carboxyl groups on the protein with
" amines on the aminodextran.

Many drugs and toxins are known which have a
cytotoxic effect on tumor cells or microorganisms that may
infect a human and cause a lesion, in addition to the.
specific illustrations given above. They are to be found.
in compendia of drugs and toxins, such as the Merck Index
and the like. Any such drug can be loaded onto an AD by
conventional means well known in the art, and illustrated
by analogy to those desgribed above. The ability to
partially or completely detoxify a drug as a conjugate
according to the invention, while it is in circulation,

This is the replacemant sheet

Date: 2 0 FEB 1397



sai‘d anti body being reactive with at | east one antigen present at the

target site; and (b) after a sufficient period of time for said
anti body-enzynme conjugate to localize at the target site and substantially
clear fromthe circulatory systemof the mammal, injecting said manmal

parenterally with an effective anmount for l®eposition al said site of a
sol ubl e substrate-agent conjugate which is capable of transformation by
said enzyne to forma product conprising at | east one diagnostic or

t herapeutic agent, which accunulates at said target sjite for effectjve
treat ment AN dregNes ssyshepisupsidet e£f£geke %n?h@at@%n@ﬁﬁsimt

substrate fo¢ galed WHeN "BystEhigahafihdstehdish |FRSth@N@nconjugated
drug would be unacceptable. For example, -MTX and
cycloheximide often are too toxic when administered
systemically. ~Administration of more molecules of the
drug conjugated to a substrate carrier, according to the
present 4invention, permits therapy while mitigating
systemic toxicity. '
| i.oading of drugs on the substrate carrier will depend
upon the solubility (partition coefficient between the
fluid bathing a target site and the tafget cells, tissues
or other structures, é.g.,- atherosclerotic plaque, fibrin
clot, virus particle, parasite and the like), and upon the
efficiency of enzyme cleavage of substrate molecules or
subunits to liberate a product comprising the drug which
‘has a sufficiently favorable partition coefficient to the
target to effect the desired therapeutic action. In
general, it will be desirable to load a drug onto a
dextran in a ratio of monosaccharide subunits to drug of
from about 3 to about 25, although these are preferred and
not limiting amounts. Very heavy 1loading of drug
molecules can inhibit enzyme -activity due primarily to
steric hindrance. to’ binding of the substrate conjugate to
the active site of the enzyme. Too light loading can
result in insufficient reduction in fluid solubility. for
the drug as a result of enzyme cleavage since a smaller
portion of the polysaccharide-drug conjugate might diffuse
away from the bound enzyme before enough sugar subunits
are cleaved off to reduce solubility enough for the drug
(with perhaps a few glycoside subunits still bound to it)
to be favorably partitioned out of the surrounding fluid
to accrete at the target site, e.g., on a tumor cell
membrane, on a bacterial cell wall, on an atherosclerotic
plague or a fibrin clot and the like. Toxins may be less
heavily loaded than drugs, since they are often larger
proteins. :
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di agnostsi ¢ or therapeutic agent, wherein neither said enzyne nor an
enzynme having simlar activity with respect to said substrate-agent
conjugate is endogenous to said nanmal at a non-target site along the
route of administration or biodistribution of said substrate-agent
conjugate in an amount which interferes wi2%h targeting and accretion of
sai d agent. 2. The nmethod of claim1l, wherein the antibody in
sai d anti body-enzynme conjugate specifically binds to an antigen produced

DY 0 25200t 2t e L Bt SRS O PSS ] © Eln DT
enhancers are also well known in the art. Typical are
derivatives of ethylenediaminetetraacetic acid (EDTA) and
diethylenetriaminepentaacetic acid (DPTA)._ These
typically have groups on the side chain by which the
chelator can be attached to a carrier. This same group
can be used to couple the chelator to amine groups on an
AD. Alternatively, carboxyl or amine groups on a
chelator can be coupled to an AD activation or prior
deri#atizatioh and then coupling, all by well known
methods. For example, deferoxamine, which is a chelator
for Ga-67, has a free amine group that can be acti-~ vated
with a suitable linker to contain an activated carboxyl,
"isothiocyanate or like group, and then coupled to amines
on an AD. Other methods of linking chelators to amines of
an AD will be. apparent to the skilled.artisan, depending
on the functionality of the chelator.

Boron addends, e.g., carboranes, when attached to the
_substrate conjugate and targeted by the antibody to
lesions, can be activated by thermal neutron if:adiation
and converted to radioactive atoms which decay by alpha
emissioﬁ to produce highly cytotoxic short-range effects.
High loading of boron addends, as well as magnetic
“resonance enhancing ions, is of great importance in
potentiating their effects. Carboranes can be made with
carboxyl functions on pendant side chains, as is well
known in the art. Attachment of these carboranes to AD’s
by activation of the carboxyl groups and éondensation
with amines on the carriers enables preparation of useful
substrate-agent conjugatesQ

In one embodiment of the présent invention, the
substrate-~agent conjugate would contain a large number of
boron atoms, more preferably prepared from reagents
enriched in Boron-10 .isotope, boron containing reagents
enriched to about 96% Boron-10 being commercially
available. Such a ccnjugéte would be of great utility in
neutron activated radiotherapy, since it could bring to a
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pl aque, ra damage rel ated site of a non-cancerous cell or a damage-rel ated
site of a damaged nornmal cell. 3. The nmethod of claiml,
wherein said enzyne in said anti body-enzyne conjugate is a protease, a

gl ycosi dase, a glucuroni dase or an esterase; - 4. The met hod of
claim3, wherein said enzyne is a dextranase, a cellulase or a

gl ucur oni dase. 5. The nmet hod of claim1l, wherein said agent is a
di agnosti c agent.

tumor site or the site of a pathological 1lesion a
sufficient number of boron atoms to provide a therapeutic
dosage of alpha particles to the targeted tissue upon
thermal neutron irradiation, even when the percentage of
an injected dose of antibody-enzyme conjugéte which
localizes in the target tissue is relatively low, e.g.,
1-10%. Such localization percentages are not uncommon for
antibody-targeted species. ' '

" ‘The boron-loaded substrate conjugates according to
the present invention have a number of boron atoms per
‘substrate molecule normally ranging from at. léast about
50 up to about 10,000, preferably from about 200 to- about
2,000. To reiterate, these are preferably about '96%
‘Boron-10 enriched, although it may be more cost effective
to use a conjugate having a larger number of boron atoms
with the 20% natural abundanée of Boron-10 isotope.

The substrate-agent conjugate can contain moieties i
which do not contain boroen, or which contain boron and
other useful functions, e.g., a radionuclide, especially
I-'123, I-125 or I-131, or functions such as chelators,
chelates with metal ions, drugs, toxin_s , chromophores,
chromogens, fluorescent markers, and the like, ‘all of
which can contribute to the therapeutic effect thereof,
or permit monitoring of deposit and/or clearance of the
boron addend, or provide complementary therapeutic
activity. The substrate-agent conjugate may incbrporai:e
functions whose primary purpose is to improve the lipid
solubility and decrease the water solubility of the
résultant enzyme cleavage product containing the boron
addend.

It is useful to employ boron cage compounds to make
such conjugates, because of their relative ease of
handling and the fact that each such cage compound can
carry 5-12 boron atoms to the target site. The most
common and readily available kinds of boron cage compounds
are the carboranes. The skilled artisan will be aware of
general references in the field for most of the reactions
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39" i 6. The nethod of claim 5, wherein said agent is a
gamma-emtting radioisotope emtting in the 50-500 KeV energy range.

7. The met hod of claimb5, wherein said agent is a paranmagnetic ion for
magneti ¢ resonance i nmage enhancenent. 8. The nethod of claim1,
wherein said agent is a therapeutic agenf. €2 =

to be discussed hereinafter, the best .and most
comprehensive references being Muefterties et al.,
"Polyhedral Boranes", (Dekker, New York, 1968) ;
Muetterties, Ed., "Boron Hydride Chemistry", ' (Academic
Press, New York, 1975); and Grimes, "Carboranes",
(Academic Press, New York, 1970). These references
contain copious bibliographies on specific topics within
the broad subject range of synthesis of organic
derivatives containing a plurality of boron atoms.

Hawthorne, U.S. Patent Application Serial No. 742,436,
filed 6-7-85, is replete with such details, ‘and this
application is incorporated in its entirety herein by’
reference. _

‘An alternative to an alpha-glycoside such as dextran
or aminodextrah‘is a beta-glycoside such as carboxymethyl-
cellulose (CMC), which can be cleaved by a cellulase
enzyme. Attachment of diagnostic or therapeutic agents to
the CMC will be analogous to:the method used for dextran,
since both are sugar polymers, differing only in the
stereo- chemistry of ‘the glycosidic 1linkage.
Derivatizatioh of the CMC to append functional molecules
is perhéﬁs most conveniently accomplished by reacting it
with a carbodiimide type of condensing agent and using an
amine function on the diagnostic or therapeutic agent to
.form amide linkages. Alternatively, mild oxidation with
glycol <cleavage reagents, e.g., periodate, to form
aldehyde groups at ‘a plurality of points along the
polymer chain, followed by reaction with a diémine, will
form an aminoCMC suitable for reaction with a variety of
different functional groups. Condensation of the oxidized
CMC with amines and borohydride stabilization is also
practicable. Other means of attachment of agents to the
CMC will be readily apparent to the ordinary skilled
artisan.

Yet another variant on the polymer substrate is a
polymer that is not cléaved_by the enzyme, but which bears
short linker segments of an oligomer that is a substrate
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9.- The nethod of claim1, wherein said agent is a beta- or
al pha-emtting radioisotope, a drug, a toxin, a boron addend, a
vasodi | ator, a cytokine, a photosensitizer or a radiosensitizer.

10. The nethod of claim1, wherein said parenteral injection is effected
by an intracavitary, intravenous, intraarigr+al, intrapleural,

I ntrathecal, intralynphatic, intramuscular, intralesional, subcutaneous or
cat het er perfu5|on rout e. 11. The nethod of claim1, wherein said

substrate is a | ow nol ecul ar wei ght conpound.
for the enzyme, and which bears drugs, chelators, boron

addends and like diagnostic or therapeutic agents. As one
illustration, a polyvinyl alcohol could be used as a
carrier for a plurality of short oligosaccharides, e.g.,
short dextran or cellulose oligomers of, e.g., 5=50,

preferably 5-20, glycoside subunits. The polyvinyl
alcohol could be aminated _by, e.g., cyanogen bromide
followed by diamine condensation. The oligosaccharide

. could be mildly oxidized with, e.g., periodate, and
condensed with the aminated polymer  +to form Schiff base
linkages, which are preferably further stabilized by
borohydride reduction. The resultant oligomer-charged
polymer can then be lightly aminated as described earlier
for dextran or cellulose polymers, or otherwise
conventionally functionalized, ¢to put at 1least 2,
preferably about 2-5 amine groups on each of the ocligomer
linkers. _An average of about 1-3 drug molecules,
chelators, boron addends or other agents is then
conjugated to each of the oligomers.

It will be reaidly apparent that many other variants
can- be envisioned. The condensation of the 1lightly
oxidizedﬂdextran oligomer linkers to the aminated polymer
and the drug or other agent can be effected simultaneously
or sequentially and stabilized later. Oother functional
groups on the agents can be used to bind to the oligomer,
and other functional groups can be used to bind the
ollgomer to the polymer carrier.

An acrylate polymer can be used, with amlnodextran
oligomers bound to it by amide 1linkages formed by
carbodiimide activation of the acrylate carboxyls. A
"polypeptide can be used, with the oligomer 1linkers
attached to carboxyl or amine residues on the carrier. A
short polyester or oligopeptide linker can be used instead
of an oligosaccharide linker, with an esterase or
peptidase enzyme that cléaves the linker. The ordinary

skilled artisan will be able to envision other variants
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12.* The method of claim 11, wherein said substrate is a glucuronide

conjugate of said agent. 13. The nmethod of claim1l, wherein said
substrate is a pol yner. 14. The nethod of claim 13, wherein said
substrate is a dextran, an am nodextran, a carboxynethyl cellul ose or a

pol ypepti de. 15. The met hod of -cRai m 13, wherein said enzyne is a

dextranase or a cellulase, and wherein said substrate-agent conjugate
conprises a non-substrate am nodextran or a polylysine carrier, to which
s conjugated said at | east one nol ecul e '

that fall within the broad scope of the invention and can

be prepared by conventional synthetic methods.
still another approach is to use a carrier polymer
that bears the drugs, chelators, boron addends. or other
agents and that has a high attraction for the target, in
unmodified form, but which is then modified by conjugation
to solubilizing substrate molecules which are then cleaved
by targeted enzyme. One illustration of this subgeneric
typé of substrate-agent conjugate is a polylysine to which
are bound a plurality of radiometal or paramagnetic metal
chelators, carboranes or MTX molecules. This carrier
conjdgate is then condensed with a plurality of short
dextran oligomers, e.g., by Schiff base formation with
1ightly oxidized dextran and borohydride stabilization, in
a’ ratio which increases the solubility (reduces the
"stlcklness") of the polylysine and makes it readily
transportable in serum and readily diffusable through
capillary walls (and then loaded with radioisotope or
paramagnetic ions, if chelators are attached to the
carrier). At a target site, e.g., a tumor, a localized
.antitumor antibody-~dextranase conjugate would strip off
the_- dextran coating from the polylysine to a sufficient
extent to make it "sticky" again, whereupon it would
adhere to the tumor cells and the bound polylysine,
bearing its loading of diagnostic or therapeutic agent
would then act upon the tumor cell to permit iméging or
cytotox1c therapy.
' A heavily aminated aminodextran can functlon as a
polylysine, and can be substituted with short oligomeric
substrate linkers as discussed above. It will be "“sticky"
towards cell membranes and other tissues in a similar.
fashion to polylysine. Other polypeptides or heavily
aminated polymers can function in analogous fashion as
carriers for substrate coating and solubilization. In
fact, amination is not egsential to the locaded carrier
function, since any functionality that causes favorable
partitioning out of a conjugate of a carrier and one or
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or.ion pof said agent, and which is further conjugate to at |east one

sol ubilizing dextran or carboxynethyl cellul ose oligoner which is a
substrate for said enzyne. 16. The net hod of claim 13, wherein
sai d substrate-agent conjugate conprises. @agnon-substrate polyner to which
Is attached at | east one substrate oligoner to which is conjugated at

| east one nolecule or ion of said agent. 17. The nmet hod of claim
1, wherein said antibody-enzyne conjugate is further conjugated to or
adapt ed f omoxenjdigegnastic andAdirothetrapeutiormywitis ¢asobennaskesgdy

solubilizing substrate oligomers or even small substrate
molecules, such that the resultant more soluble conjugate
circulates easily in serum or another fluid for
administration and becomes less soluble in the fluid
bathing the target site after the coating molecules are
cleaved by action of the 1localized enzyme of the
antibody-enzyme conjugate. .

- The proportions of 1loaded carrier polymer to
"coating" solubilizing substrate groups or oligomers will
depend on the nature of the target site and the
characteristics of the components. If a polylysine or
functional equivalent is used as the carrier, coating with
oligodextran will advantageously be effected in a
dextran:polylysine ratio of about 1:10 to about 100:1 by
weight, préferably about 1:1 to about 10:1, more
preferably about 3:1 to about 7:1. An example is a
polylysine of MW about 1,500 daltons, 'coated with about
3-7 dextran oligomers of MW about 15,000 daltons. each.

It will be appreciated that ‘clearance of the
antibody-enzyme conjugate and/or the substrate~enzyme
conjugate. can be acéelefated, after a sufficient time for
localization or deposit of the diagnostic or therapeutic-
agent, by qsing a second antibody to complex the
‘conjugate and enhance its rate of uptake by macrophage or
the reticuloendothelial system, as disclosed, e.g., in
Goldenberg, U.S. Patent No. 4,624,846. The optimal time
for such second antibody clearance can be determined with
the aid of a label on either conjugate, so that the
extent of localization of the antibody-enzyme conjugate at
the target site and/or the extent of deposit of the agent
at the target site, and the biodistribution of non-
targeted conjugates can be monitored.

The reagents are conveniently provided as dual
injectable prepara- tions for human therapeutic and
diagnostic use. The first.injectable preparation contains
an effective amount of an antibody or antibody fragment
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40 enhancing agent, to nonitor the clearance of antibody-enzyme conjugate
fromthe circulatory systemor its localization at the target site
18. The nethod of claim 1, wherein substrate- agent conjugate is further

conjugated to or adapted for conjugation §g a radioi sotope, nmagnetic
resonance i mage

conjugated to an enzyme, in a pharmaceutically acceptible
injection vehicle, preferably phosphate-buffered saline
(PBS) at physiological pH and concentration. The second
injectable ' preparation contains an effective amount of a
soluble substrate conjugated to at least one diagnostic or
therapeutic agent, in a pharmaceutically acceptible
injection vehicle, generally similar to that used for the
first preparation. The inj ectable preparations preferably
will be sterile, éspecially if they are intended for use
in humans. _ ' ,

The reagents also can be conveniently provided in a
therapeutic or diagnostic kit for antibédy targeting to a
target site, using two suitable containers. The first
‘conttainer has an effective amount of an ahtibody or
antibody fragment covalently bound to an enzyme. The
second container has an effective amo{mt of a soluble
substrate ' conjugated to at least oné- therapeutic or
diagnostic agent. The reagents can be lyophilized for
longer shelf stability or provided in the form of
solutions, optionally containing conventional
preservatives, stabilizers and the like. Other optional
components of such kits would normally be containers of
buffers, labeling reagents, radioisotopes, paramagnetic
compounds, second antibody for enhanced clearance, and -
conventional syringes, columns, vials and the like.

The method of the invention is normally practiced by
parenteral injection. The various types of parenteral
injections can be, but are not limited to intracavitary
(e..'g. , intraperitoneal), intravenous, intraarterial,
intrapleural, intrathecal, intramuscular, intralymphatic
and regional intraarterial, intralesional, subcutaneous,
catheter perfusion and the like.

- For cancer imaging and/or therapy, intravenous,
intraarterial or intrapleural administration is normally
used for 1lung, breast, and leukemic tumors.
Intraperitoneal administration is advantageous for ovarian
tumors. Intrathecal administration is advantageous for
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enkanci ng agent or other |abel, to nonitor the clearance of the
substrat e-agent conjugate fromthe circulatory systemor its accretion at

the target site. 19. The nethod of claim1, wherein said mamal
I's a human. 20. A dual sterile in%gctable preparati on when used
according to the nethod of any one of cTaffrs”1 to 19, for targeting a

therapeutic or diagnostic agent to a target site, conprising; (a)
a first sterile injectable solution containing an effective anmount for

o T hogpPhif bRk Udd ANGERPY. O BEnRREUIRAY 'dddinflePRtloR' §8 O
advantageous for Hodgkin’s disease, lymphoma and breast
carcinoma. Catheter perfusion is useful for metastatic

- lung, breast or germ cell carcinomas of the 1liver.
Intralesional administration is useful for lung and breast

lesions.

‘The above illustrates the general methods of
- administration of antibody-enzyme conjugates and
substrate-therapeutic 'or diagnostic agent conjugates
according to the present invention. It will be
appreciated that the modes of administration of the two
different conjugates may not be the same, since the
clearance pathways and biodistributions of the conjugates
will generally differ. For example, intraperitoneal
administration of an antibody-enzyme conjuéate may be
advantageous for targeting an ovarian tumor, whereas
intravenous administration of a radioisotope-substrate
conjugate for imaging may be desirable because of better
control of the rate of deposit and ease of monitoring of
the clearance rate.

_ The."éntibodyrenzyme conjugate will generally be
administered as-an aqueous solution in PBS, preferably a
sterile solution, especially if it is for use in humans.
Advantageously, dosage units of about 50 micrograms to
about 5 mg of the antibody-enzyme conjugate- will be
administered, either in a single dose or in divided doses,
although smaller or larger doses may be indicated in
particular cases. It may be necessary to reduce the
‘dosage and/or use antibodies from other species and/or .
hypoallergenic antibodies, e.g., fragments or hybrid human.
or primate antibodies, to reduce patient sensitivity,
especially for therapy and esﬁecially if repeated .
administrations are indicated for a therapy course or for
additional diagnostic progedures. An indication of the
need for such cautionary -procedures is an increase in
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enzynme aeonjugate, said anti body being reactive with at | east one antigen
present at the target site, in a pharmaceutically acceptable sterile

i njection vehicle; and (b) a second sterile injectable solution
.containing an effective amount for deposition at said site of a soluble
substrate-agent rate which is capable of tr2dhsformation by said enzyne to
forma product conprising at | east one diagnostic or therapeutic agent,
sai d substrate-agent conjugate conprising a substrate for said enzyne

COm UGt o G h AL ASRRL DR LAY BT OSBRI e I
sai d substraeteagdmied argirgatan i Emmunoassay.

It usually takes from about 2 to 14 .days and
preferably 5 to 14 days for IgG antibody to localize at
the target site and substantially clear from the
circulatory system of the mammal prior to administration
of the substrate—-agent conjugate. ‘The corresponding
localization and clearance time for F(ab); and F(ab’),
antibody fragménts is from about 2 to 7 days and
preferably 4 to 7 days, and from about 1 to 3 days and
preferably 3 days for Fab and Fab’ antibody fragments.
Other antibodies may require different time frames to
localize at the target site, and the above time frames may
‘be affected by the presence of the conjugated enzyme.
Again, it 1is .noted that labeling the antibody-enzyme
cdhjugate permits monitqring of iocalization and

clearance. @ !
IgG is normally metabollzed in the llver and, to a
lesser extent, in the digestive systen. F(ab), and

F(ab’), are normally metabolized primarily in the Xidney,
but can also be metabolized in the liver and the digestive
system.: Fab and Fab’ are normally metabolized primarily
in the kidney, but can also be metabolized in the liver
and the digestive system.

Normally, it will be necessary for at least about
0.0001% of the ihjected dose of antibody=-enzyme conjugate
to localize at the target site prior to administration of
the substrate-agent conjugate. To the extént that a
higher targeting efficiency for this conjugate is
achieved, this percentage can be greater, and a reduced
dosage can be administered.

It follows that an effective amount of an-
antibody-enzyme conjugate is that amount sufficient to
target the conjugate to the antigen at the target site and
thereby bind an amount of the enzyme sufficient to
transform enough of the séluble substrate-agent conjugate

to product to result in accretion of an effective
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endogeneus to the mammal at non-target site along the route of
adm nistration or biodistribution of the substrate-agent conjugate in an
anount. which interferes with targeting and accretion of said agent, said
substrat e-agent conjugate being dissolved 4 a pharnmaceutically acceptable
sterile injection vehicle. 21. A kit when used according to the
net hod of any one of clains 1 to 19 for targeting a therapeutic or
di agnostic agent to a target site, conprising;

diagnostic or therapeutic amount  of the agent at the

target site.

The substrate-therapeutic or diagnostic agent
conjugate will be generally administered as an aqueous
solution in PBS. Again, this will be a sterile solution
if intended for human use. The substrate-agent conjugate
will be administered after a sufficient time has passed
for the antibody-enzyme conjugate to localized at the
target site and substantially clear from the circulatory

" system of the mammal. _

Conjugates of boron addend-loaded carrier for thermal
neutron activation therapy will normally be effected in
similar ways, and it will be advantageous to wait until
non-targeted substrate-agent conjugate clears before
neutron irradiation is performed. Such clearance can be
accelerated by use of second antibody, as is known from,
e.g., U.S. Patent 4,624,846. .

An effective amount of a substrate-agent cpnjugate is
that amount sufficient to deliver an effective amount of
the agent to the target site and that amount of a
substrate which will be capable'of transformation by the
enzyme to a form of the product that tends'to accumulate
at the target site. An effective amount of a therapeutic
or diagnostic agent is that amount sufficient to treat or
diagnose the target site. ' N

If scintigraphic imaging is to be effected, the
substrate agent conjugate will include a radiolabeled
species bound to a substrate. This can be a chelate of a
radiometal or a directly iodinated or metallated compound.
Suitable gamma-emitting isotopes include I-131, 1I-123,
Tc~99m, In-111 and Ga-67. The antibody will be one that
binds to an antigen at the target site, and the enzymé
will be one that converts the substrate-agent conjugate to
a product that accretes at the target site in an amount
sufficient to permit imaging. Once enough isotope has
deposited at the target'site, scanning is effected with
either a conventional planar and/or SPECT gamma camera, oOr
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41 ¢ . (a) a first sterile container containing an effective anmount
for localizing at @ target site and providing enzyne activity at said site
of an anti-body-enzyne conjugate, said antibody being reactive with at

| east one antigen present at the target site; and (b) a second
sterile container containing an effective atbunt for deposition at said
site of a soluble substrate-agent conjugate which is capabl e of
transformation by said enzyne to forma product conprising at |east one

diagnostic %&t$§£aeﬁytgcl%%%?théfgcbamma probe used externally or

' internally to localize the tumor, microbiological site of

infection, myocardial infarct, atherosclerotic plaque or

other target site. The scintigram is normally taken by a

gamma imaging camera having one or more windows for

detection of energies in the 50-500 keV range. Use of

radioisotopes with high energy beta or positron emissions

would entail use of imaging cameras with the appropriate
detectors, all of which are conventional in the art.

As an exanmple, a polylysine oligome:' can be
conjugated to a plurality of aminomethyl-DTPA chelators,
using a succinimidyl p-isothiocyanatobenzoate linker (U.S.
Patent 4,680,338), the resultant compound can then be
‘'reacted with a plurality of mildly oxidized dextran
oligomers, which are then stabilized with borohydride. : A
patient, e.qg., a cancer patient is injécted with a
conjugate of an antitumof antibody and a dextranase enzyme
and 7 days are taken for localization of the conjugate and
clearance of non-targeted conjugate. The substtate—
chelator conjugate 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
clearance of background label is 'sub'stantiall-y complete
after about 12-24 hours, at which time imaging is
effected. '

Magnetic resonance imaging (MRI) is effected in an
analogous method to scintigraphic imaging except that the
inaging agents will contain MRI enhancing species rather
than radioisotopes. It will be appreciated that the
magnetic resonance phenomenon operates on a different
principle from scintigraphy. Normally the signal
generated isléorrelated with the relaxation times of the
maghetic moments of protons in the nuclei of the hydrogen
atoms of water molecules in the region to be imaged. The
magnetic resonance imgge enhancing agent acts by
increasing the rate of relaxation, thereby increasing the
contrast between water molecules in the region where the
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substrat e-agent conjugate conprising a substrate for said enzyne,
conjugated to said at |east one diagnostic or therapeutic agent, wherein
nei ther said enzynme nor enzynme having simlar activity with respect to

sai d substrate-agent conjugate is endogenqus to the manmmal at a non-target
site along the route of adm nistration or “biodistribution of the

substrat e-agent conjugate in an anount which interferes with targeting and
accretion of said agent. 22. The kit of claim 21, wherein said

therapeut'c%gg égagéﬁtc RAULdS 3hd Gafter 0BB1MRAARAIERINES. 1HOXI N,

rad|0|soto magnet1 ¢ resonance | nage
the body. However, the effect of the agent is to increase

both T3, and Tz, the former result:.ng in greater contrast,
while the latter results in lesser contrast. Accordingly,
the phenomenon is concentration-dependent, and there is
normally an optimum concentration of a paramagnetic
species for maximum efficacy. This optimum concentration
will vary with the particular agent used, the locus of
ima‘éing, the mode of  imaging, 4i.e., spin-echo,
saturation-recovery, inversion-recovery and for various
other strongly T3 dependent or T3 dependent imaging
techniques, and the composition of the medium in which
the agent is dissolved or suspended. These factors, and
their relative importance are known in the art. See,
e.g., Pykett, Scientific American, 246:78 (1982); Runge et
al., Am. J. Radiol., 141:1209 (1987).

Examples’ of compounds useful _for MRI image
enhancement include paramagnetic GA(III), Eu(Iii),
Dy (III), Pr(III), Pa(IV), Mn(II), Cr(III), Co(III),
Fe(III), <Cu(II), Ni(II), Ti(IIX) and V(IV) ions, or
radicals, e.g., nitroxides, and these would be conjugated
to a substrate bearing paramagnetic ion chelators for the
jons or 1linkers. for the radical addends. The mr image
enhancing agent must be present in sufficient amounts to
enable detection by an external camera, using magnetic
field strengths which are reasonably attainable and
compatible with patient sa'fety and instrumental design.
The requirements for such agents are well known in the art
fof those agents which have their effect upon water
molecules in the medium, and are disclosed, inter alia, in
Pykett, op. cit., and Runge et al., _og' ._cit.

For magnetic resonance imaging (MRI), a similar
procedure is used to that used for scintigraphy. In the -
previous example, because it is desirable to carry a large
number of paramagnetic ions to a target site for high
contrast MRI enhancement, the polylysine will be 1loaded
with a higher amount of chelators and more of the
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enhanci,ng agent, vasodilator, cytokine, radiosensitizer or photosensitizer.

23. The kit of claim 21, wherein said antibody-enzyne conjugate is
further conjugated to, or adapted for conjugation to a radioisotope or
magneti c resonance i mage enhancing agent. 24. The kit of claim

21, wherein said substrate-agent conjugatée is further conjugated to, or
adapted for conjugation to a radioi sotope, magnetic resonance imge
enhanci ng agent or other | abel. 25. A nmet hod according to any one

of clains %nEQS%hym@%@§ﬂbSaE@dﬁﬁéQQQY'and the substrate-chelate

conjugate. will be administered in order to deposit a high
concentration of paramagnetic ions at the target. site.

The therapeutic method of the invention can be
accomplished by conjugating an effective therapeutic
amount of a radioisotope such as Y-90 or I-131 (which may
be used for both localization and therapy depending on the
amount injected) or a drug such as adriamycin for cancer
or gentamycin for infection, an immunomodulatory substance
such as poly-IC, or a biological toxin such as pokewéed'
mitogen to the substrate, and depositing a thérapeutically
effective amoﬁnt of the agent at the target site. The
therapeutic method of the invention can also be
accomplished by conjugating one or -more boron-10 addends
to the substrate and, once the boron-10 is deposited at
the target site, , e.g., a tumor, éffectiﬁg external
thermal neutron irradiation to the tumor to destroy the
neoplastic cells. The boron-10 conjugate may be labeled
with a radioisotope chelate to make certain that
sufficient boron addends have localized at the target site
and that substantially all of the non-targeted boron-10
has 1left the circulatory system prior fo neutron
irrédiation. .
- Dosage units of substrate-agent conjugate will depend
upon many factors, each of which can be determined in a
relatively straightforward manner, so that optimal
dosimetry can be effected. It will be helpful, in the
initial dosimetric evaluation, to use a radiolabeled
substrate- agent conjugate (if the agent is not itself a
radicactive isotope) to determine the degree and rate of
deposit of the agent at the target site, and the rate of
clearance and biodistribution of non-targeted conjugate.'
Use of a labeled antibody-enzyme conjugate to estimate the
amount of enzyme localized at the target site will also
aid in dosimetric analysis;

It may be necessary tq perform trials for dosimetry,
generally using an animal model first, if availéble, then
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enzyme conjugate provided in step (a) conprises a bispecific antibody or
anti body fragnent having a first binding site specific to said antigen
present at a target site and a second binding site specific to an epitope
on said enzyne which does not interfere wth _enzyne activity, said

bi specific anti body anti body fragnent being non-covalently bound to said
enzyne at said second binding site to formsaid anti body-enzyne conj ugate.

in a series of patient studies, to optimize the dose of
substrate-agent conjugate, as a function of accessibility
of the site, mode of administration, turnover number of
the enzyme, desired dose of the agent to the site, and
rate of clearance of non-targeted conjugate. This will be
expected and the techniques for optimization will be
within the ordinary skill of the clinician.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following preferred specific. embodiments are, therefore,
to be construed as merely illustrative, and not limitative
of the remainder of the disclosure in any way whatsoever.
"In the following examples, all temperatures are set forth
uncorrected in degrees Celsius; unless otherwise
indicated, all parts and percentages are by weight.

EXAMPLE 1 ,
Preparation of Methotrexate/aminodextran cOnjugate
(a) Activation of Methotrexate
In a dried Reacti~-vial, 45.4 mg of methotrexate (0.1

mmole, Sigma) in 1 ml anhydrous DMF is introduced by
syringe. A solution of N~hydroxy- succinimide (23 mg, 0.2
mmole, Sigma) in 7590 ul of anh. DMf and a solution of
1,3~-dicyclohexylcarbodiimide (41.5 mg, 0.2 mmole, Sigma)
in 750 ul of anh. DMF are followed. The reaction mixture
is stirred in the dark at room temperature for 16 hours
under anhydrous conditions. The white precipitate is
céhtrifuged and the clear solution is stored in a sealed
bottle at ~20°cC. '

(b) Reaction with Aminodextran

Aminodextran (10 mg, 2. 5x104 mole) is dissolved in 2

‘ml of PBS, pH 7.2. Activated MTX (125X10% mmole) is added
gradually. The solution is stirred at room temperature
for 5 hours and purified by Sephadex G-25 column. The
void volume is collected and further dialyzed ' against
reaction buffer. After lyophilization, 2.1 mg of product
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42 -

25, dissol ved

and

26. A sterile injectable preparati on when used according to
the nmethod of any one of clains 1 to 19 and 25, for targeting a

t herapeutic or diagnostic agent to a target site conprising;

a first sterile injectable solution containing an effective anmount, for
targeting and enzynme activity, of the aatgRody-enzyme conjugate of clai

is obtained (21% yield). The methotrexate incorporation-
is determined by the absorptlon at 370 nm to be 38
Methotrexate/dextran.

EXAMPIE 2

Preparation of Chelator-polylysine/dextran Conjugate

Polylysine (MW 15,000) is reacted with an amount of
the .succinimidyl p-isothiocyanatobenzoate derivative of
aminomethyl-DTPA (a succinimidyl benzoate with a thiourea
linkage to the DTPA) sufficient to attach an average of 5
DTPA’s to the polylysine. The resultént product is
reacted with dextran oligomer (MW 1,500) which has been
lightly oxidized with periodate to an extent sufficient to
produce ‘about 2 aldehyde groups per dextran, in an amount
sufficient to 1load about 3-5 dextran units on the
polyly51ne-DTPA, then stabilized w1th borohydride to
reduce the Schiff base 1linkages and residual aldehyde
groups. | _ '

EXAMPLE 3
Preparation of Epirubicin-glucuronide Conjugate.

Epirubicin is  injected intravenously into a horse
over a period of several weeks. Urine is collected, and
epirubicin glucuronide is isolated by ion-exchange
chromatography of the urine, and purifled by further
column chromatography and/or HPLC.

EXAMPLE 4

Preparation of Antibody-enzyme Conjugate _

(A) A substantially monoconjugated enzyme-antibody
preparation 1is prepared by mildly oxidizing the-
carbohydrate portion of an anti-CEA IgG with periodate,
then contacting the oxidized IgG with a dilute solution
of dextranase (from Penicillium sp., Worthington
Biochemical Corp., Freehold, NJ) to produce an
antibody-enzyme conjugate, which is then stabilized by

(a)

m

I n a pharmaceutically acceptable sterile injection vehicle;
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(b) a second sterile injectable solution containing an effective anount,
for deposition at said site, of a soluble substrate-agent conjugate which
is capable of transformation by said enzyne to forma product conpri sing

at | east one diagnostic or therapeutic-agent,
conprising a substrate for said enzyne,

di agnostic or therapeutic agent,

sai d agent conjugate
conjugated to said at |east

( ic wherein neither said enzyne nor an enzyne
having simlar activity with respect to said substrate-agent conjugate is
endogenoupor@hydititgs, aiina tiom- tsngdt manmenl ondgfhdeconjugadfe can be

adm ni stralqn 06 pOC,SLET PULLON B UakvuHN AP pEGALaGRALYat e I n an

(B) In a similar fashion to the above Part A, an
anti-leukemia IgG is conjugated to glucuronidase (from
bovine liver, Worthingon).

EXAMPLE 5

Therapy of Lung Cancer

A human patient having small-cell carcinoma of the
right: lung is infused intravenously with a sterile,
pyrogen-free solution containing 5 mg of the anti-CEA
IgG/d_extfanase ~conjugate in PBS, prépared a'écording to
Example 4(A) hereof, and labeled with I-131. After 5
days, the conjugate is ‘well localized in the lung and has
substantially cleared from the circulation of the patient,
as seen by scintigraphic scanning at daily intervals.

A sterile, pyrogen-free PBS solution of the
MTX/aminodextran conjugéte, prepared according to Example:
1, and containing 50 mg of the conjugate, is infused
intravenously on each of the next 4 _' days. = Subsequent
radioimmunodetection, with I-123-anti-CEA Fab shows
significant tumor reduction.

. Exa e 6
Therapy of Lymphoma

A human patient suffering from lymphoma is infused
intravenously with a sterile, pyrogen-free PBS solution
containing 5 mg of the anti- lymphoma IgG-glucuronidase
conjugate prepared according to Example 4(b) hereof,
labeled with I-131. After 6 days, the conjugate is well
localized at the target site and substantially cleared.
from the circulatory system, as determined by gamma
scanning.

The patient is then infused intravenously with a
sterile, pyrogen- free PBS solution containing 10 mg of
epirubicin glucuronide, prepared according to Example 3
hereof, on each of the next 4 days. Subsequent
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targeting and accretion of said agent, said substrate-agent conjugate being
dissolved in a pharnmaceutically acceptable sterile injection vehicle.

27. A kit when used according to the nmethod of any one of clains 1 to 19
for targeting a therapeutic or diagnostic agent to a target site,

conpri si ng; (a) a first steril®e tontainer contai ning an effective
anmount, for targeting and enzyne activity, of the anti body-enzyne
conjugate of Caim25; and (b) A second sterile container

i ni .eff ' f i ti.Qn At ' it f. | ubl
ubst  at o SORAP BB P e Rt Befuigony 1n” ERe ©
lymphoma. :

XAMP 7

Tumor Radioimmunodetection

A human patient with colon cancer is infused
intravenously with a sterile, pyrogen-free PBS solution
containing 5 mg of the'anti-CEA-IgG/ dextranase conjugate
prepéred according to Example 4(A) hereof. After 7 days,
the patient is infused intravenously with a sterile,
pyrogen-free PBS solution containing 5 mCi of the
In-1lll-labeled polylysine-DTPA/ dextran conjugate prepared
according to Example 2 hereof and loaded with In-111.
After 24 hours, sufficient accretion of the radioisotope
at the tumor site occurs for scintigraphic imaging.

EXAMPLE 8 Lo f
MRI Imagihg of Cancer '

A human patient having tumor of the ascending colon
is infused intravenously with a sterile, pyrogen-free PBS
solution containing 5 mg of the anti-'-CEA-IgG/dextranase
conjugate: prepared according to Example 4(A) hereof.
After 7 days, ‘the patient is infused intravenously with a
‘sterile, pyrogen-free PBS solution containing 500 mg of

- the GA(III) 1loaded polylysine-DTPA/dextran conjugate

'prepared according to Example 2 hereof. After another 2
days, MRI imaging is effected, revealing an image of the
tumor which is adequately distinguished from éurrounding
tissues. '

The preceding examples can be repeated with similar
success by substituting the generically or specifically:
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

From the foregoing description, one skilled in the
art can easily ascertain fhe essential characteristics of
this invention and, without departing from the spirit and
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said enzynme to forma product conprising at |east one diagnostic or

t herapeutic agent, said substrate-agent conjugate conprising a substrate
for said enzynme, conjugated to said at |east one diagnostic or therapeutic
agent, wherein neither said enzyne nor an enzyne having simlar activity
Wi th respect to said substrate-agent conpugate is endogenous to a human at
a non-target site along the route of adm nistration or biodistribution of

t he '

scope thereof, can make various changes and modifications

of the invention to adapt it to various usages and

conditions.
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43: -substrate-agent conjugate in an anmount which interferes with targeting
and accretion of said agent. 28. The kit of C aim.27,-wherein
sai d therapeutic omhdskr@nusBiaRagand i s at | east one boron adden(i, ﬁug,
t,

L.

toxin, radioi sotopej etic resonance ina Mr“
vasodi | ator, cytoki ﬁulmm'mg i zer or photosensi ?ﬁ“mn lmms
a di agno

met hod for targeting or therapeutic agent*to‘a'Tafget site,
conprising the steps of: ' :
WHAT IS CLAIMED IS:

1. A method for targeting a diagﬁostic or
therapeutic agent to a target site, which comprises the
steps of: '

(a) injecting a mammal parenterally with an effective
amount for targeting and enzyme activity of an
antibody-enzyme conjugate, said antibody being reactive
with at least one antigen present at the target site; and

" (b) after a sufficient period of time for said
antibody-enzyme conjugate to localize at the target site
and substantially clear from the circulatory system of the
mammal, injecting said mammal parenterally with an
effective amount for deposition at said site of a soluble
substrate-agent conjugate which is capable of
transformation by said enzyme to form a_product,camprising
at least _one diagnostic or therapeutic agent, which
accumulates at said target site for effective treatment or
diagnosis, said substrate-agent conjugate comprising ‘a
substrate for said enzyme, conjugated to said at least one

" diagnostic or therapeutic agent, :
wherein neither 'said enzyme nor an enzyme having
similar activity with respect to said substrate-agent
conﬂugate is endogenous to said mammal at a non-target
site along the route of administration or biodistribution
of said substrate~agent conjugate in an amdunt which
interferes with tafgeﬁing and accretion of said agent.

2. The method of claim 1, wherein the antibody in
said antibody-enzyme conjugate specifically binds to an
antigen produced by or associated with a tumor, an
infectious or parasitic 1lesion, a fibrin clot, a
myocardial infarction, an atherosclerotic plaque, a
non-cancerous cell or a damaged normal cell.

3. The method of claim 1, wherein the enzyme in said
antibody-enzyme conjugate is a protease, a glycosidase, a

glucuronidase or an esterase. L
This is the replacement sheet
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(a) -+ providing a bispecific antibody or antibody fragnent having a first

bi nding site speC|f|c for an e inj écting a mammal
parenterally with anThﬁS for targetlng o] or
anti body fragnent; ter a saf Ficient Hmmmﬂmmﬂmﬂm
said antibody or antib | ocalize at the*tasget té and
substantially clear fron1the C|rculatory system of the mammal, injecting

said mammal parenterally with an effective amount for enzyne

4. The method of claim 3, wherein said enzyme is a

dextranase, a cellulase or a glucuronidase.

"5, The method of claim 1, wherein said agent is a
diagnostic agent.

6. The method of claim 5, wherein said agent is a
gamma-emitting radioisotope emitting in the 50-500 KeV
energy range.

7. The method of claim 5, wherein said agent is a
_paramagnetic ion for magnetic resonance image enhancément.

8. The method of claim 1, wherein said agené is a
therapeutic agent. i

9. The method of claim 8, wherein said agent is a
beta- or alpha4emitting radioisotope, a drug, a toxin, a
boron addend, a vasodilator, a cytokine, a photo-
sensitizer or a radiosensitizer.

10. The method- of claim 1, wherein said parenteral
dinjection 1is effected by an intracavitary, intravenous,
intraarterial, intrapleural, intrathecal, intralymphatic,
intramuscular, intralesional, subcutaneous or catheter
perfusion route.

11. The method of claim 1, wherein said substrate is
a low molecular weight compound.

12. The method of claim 11, wherein said substrate is
a glucuronide conjugate of said agent.

13. The method of claim 1 wherein said substrate is
a polymer. ' This is the raplacement sheet
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activity of said enZyrre such that said |ocalized antibody binds said

enzyne to formsaid “antibody-enzyne conjugate in situ;-and " (d)
further injecting SaiGhbRHee paerally with an effe for
deposition at said s | e substrate- agém““\mw hi.s
capabl e of transfor‘vﬂmﬁllﬂﬂgﬁ enzysmd o- form cofrpri si ng at
| east one di agnostic 1 ¢ agent, which atcunul ates at said

target site for effective treatnent or diagnosis, said substrate-agent
conjugate conprising a substrate for said enzyne, conjugated to said at
| east one di agmest Theometiitsdpefit ctaagehd;, wherein said substrate is

a dextran, an aminodextran, a carboxymethylcellulose or a

polypeptide.

15. The method of claim 13, wherein said enzyme is a
dextranase or a cellulase, and wherein said
substrate-agent conjugate comprises a non-substrate
aminodextran or a polylysihe carrier, to 'which is
conj'ugated said at least one molecule or ion of said
agent, and which is further conjugate to at least one
solubilizing dextran or carboxymethylcellulose oligomer
which is a substrate for said enzyme.

16. The method of <claim 13, wherein said
‘substrate-agent conjugate comprises ' a non-substrate
polymer to which is attached at least one substrate
oligomer éo which is conjugated at least. one molecule of

- ion of said agent.

17. The method of claim 1, wherein said antibody-
enzyme conjugate is _furthef conjugated to or adapted for
conjugation to a i‘adioisotope'or magnetic resonance image
e'nhéncing agent,. to monitor the clearance of antibody-
enzyme conjugate from the circulatory system or its
localization at the target site.

18. The method of claim 1, wherein said substrate-
agent conjugate is further conjugated to or adépted for
conjugation to a radioisotope, magnetic resonance image
enhancing agent .or other label, to monitor the clearance
of the substrate-agent conjugate from the circulatory -
system or its accretion at the target site.

19. The method of claim 1, wherein said mammal is a

r

human.
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whereirn.neither said enzynme_nor..an._enzyne having simlar activity with
respect to said substrate-agent conjugate is endogénous to said manmal at

a non-target site alrhingheettHaeBeen Béptacalf adn1n|strat ution of
sai d substrat e- agent ﬁi‘“‘“ﬂgﬁ”"ﬁt ampup} whi c ﬂllmﬂ“ W"

targeting and accreti

20. A dual sterile injectable preparation for human
use, for targeting a therapeutic or diagnostic agent to a
target site, comprising; .
(a) a first sterile 1n3ectable solution containing an
effective amount for targeting and enzyme act1v1ty of an
antibody“-enzjrme conjugate, said antibody being reactive
with at least one antigen present at the target site, in a
pharmaceutically acceptible sterile injection vehicle; and
" (b) a second sterile injectable solution containing
an effective amount for deposition at said sii:e_ of a
soluble substrate—-agent conjugate which is capable of.
transformation by said enzyme to form a pi:oduct comprising
at least one diagnostic or therapeutic agent, said
substrate~agent conjugate comprising a substrate for said
enzyme, conjugated to said at least one dlagnostlc or
therapeutic agent, wherein neither said enzyme nor an
enzyme having similar activity with respect to said
subétrate-agent conjugate is endogenous to the mammal at
a non-target site along the route of administration or
biodistribution of the substrate-agent conjugate in an
amount which interferes with targeting and accretion of
said agent, said substrate-agent conj'ugate being dissolved
in a pharmaceutically acceptible sterile injection
vehicle.

21. A kit for human diagnostic or therapeutic use,
for targeting a therapeutic or diagnostic agent to a
target site, comprising, in suitable containers:;

' (a) a first sterile container containing an effective
amount for targeting and enzyme activity of an
antibody-enzyme conjugate, said antibody being reactive
with at least one antigen present at the target site; and

(b) a second sterile container containing an
effective amount for deposition at said site of a soluble
substrate-agent conjugate which is capable of
transformation by said eniyme to form a product comprising
at least one diagnostic or therapeutic agent, said
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30.- * vThe method of O aim 29, wherein said antibody or antibody fragnment in
sai d antibody-enzynme conjugate specifically binds to an anti gen produced by

or associ ated wi-t-h— a tunor, an infectious or para ' i brin
clot, a nyocardi al pgﬁgtq;agg@n ced her oscl erotic ﬂmutm ,mllmlmﬂy‘cerous
cell or a danage-re damaggd normal teld. t

nmet hod of C aim 29, Mﬂ ““1 mzyme I n said anti body-enzyne conjugate
is a protease, a gly a glucuroni dase or an esterase. 32
The net hod of claim 29, mhereln sai d therapeutic or diagnostic agent is at

| east oneéuﬁsmmaﬁdeaqenﬁrmpnjugate candppisbhgpa, subdteratengoet isaid

resonance i ma enhanc.i I e vasodi lLat o t oki ne,,.radi os nS|t|zer or
phot osens|FgYne, conjucgg_tgg ﬂéc saa::.cfj at iea§\¥ one dlagnosi?

therapeutic agent,' wherein neither said enzyme nor an

" enzyme having similar activity with respect to said
substrate-agent conjugate is endogenous to the mammal at a
non-target site along the route of administration or
biodistribution of the substrate-agent conjugate in an
amount which interferes with targeting and accretion of
said agent.

22. The kit of claim 21, wherein said therapeutic or
diagnostic agent is at least one boron addend, drug,
toxin, radioisotope, nuclear magnetic resonance image
enhancing agent, vasodilator,-cytokiﬁe, radiosensitizer or

' photosensitizer. ‘

23. The kit of claim 21, wherein said antibody—ehzyme
conjugate is further conjugated to, or adapted for
conjugation to a radiocisotope or magnetic resonance image
enhancing agent.

24. The kit of claim 21, wherein said substrate-agent
conjugate is further conjugated to, or .adapted for
conjugation to a radioisotope, magnetic resonance image
enhancing agent or other label.

25. A method according to Claim 1, wherein said
antibody-enzyme conjugate provided in step (a) cohprises a
bispecific antibody or antibody fragment having a first
binding site specific to said antigen present at a target
site and a second binding site specific to an epitope on -
said enzyme which does not interfere with enzyme activity,
said bispecific antibody or antibody fragment being non-
covalently bound to said enzyme at said second binding
site to form said antibody-enzyme conjugate.
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33.- " »The nethod of claim?29, wherein said enzyne is a dextranase or -
cel l ul ose, and mherefﬂ-said substrate-agent conjugate conpri ses

conjugated to at |east

ol i goner
cl aim 29,
i nj ectab
clains 1
agent to

ng dek¥ran or carbox?néthylcellulose
which is a su d enzyne. 34. The met hod of
wherein said nmanmal is a human 35. A sterile

|l e preparatlon mhen sed, acc to .the nethod of any one of.
foT16r 28 dhatRenad e AT Ettabld pRRbAEatiar it | R RReGnost i
fokrar gatrgetiiag canptherapeutic or diagnostic agent to a

_target site, comprising: : -

(a) a first sterile injectable solution
containing an effective amount, for targeting and
enzyme activity, of the antibody-enzyme conjugate of
Claim 25, dissolved in a pharmaceutically acceptable

~sterile injection vehicle; and .

(b)' a second sterile injectable sclution

containing an effective amounf, for deposition at

non- substrate am nod n or a pol ylysine carrier, tm‘mu““\ﬂ“u numat ed
said at | east one nole ”ﬁﬁ@kﬁsal d agent, and

said site, of a soluble substrate-agent conjugate
which is capable of transformation by said enzyme to
form a product comprising at least one diagnostic or
therapeutic agent, said substrate-agent conjugate
comprising a substrate for said enzyme, conjugated to
said at least one diagnostic or therapeutic agent,
Wwherein neither said enzyme nor an enzyme having
similar activity with respect to said substrate-agent
conjugate is endogenous to a human at a nén-—target
site along the route of administration or
biodistribution of the substrate-agent conjugate in
an -amount which interferes with targeting and
accretion .of said agent, said substrate-agent

. conjugate being dissolved in a pharmaceutically
acceptable sterile injection vehicle.

27. A kit for human diagnostic or therapeutic use,
for targeting a therapeutic or diagnostic agent to a
target site, comprising#

(a) a first sterile container containing an
effective amount, for targeting and enzyme activity,.
of the antibody-enzyme conjugate of Claim 25; and

(b) a second sterile container containing an
effective .amount, for deposition at said site, of a

' soluble substrate-agent conjugate which is capable of
transformation by said enzyme to form a product
coﬁprising at least one diagnostic or therapeutic
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(a)«,a first steril-ednjectable solution containing an _effective anount

for targeting of a bispecjfi L hedy or antibody fragment havyi a first
bi ndi ng site specif S% Rerl Kb lh%gn present at. a m‘““ a second
bi ndi ng site specifi lm Mm l“e sai d anti bodu‘m gnent
bei ng dissolved in a |y ébéépféble sferflé’injection

vehicl e; - (b) a second sterile .injectable solution containing an

effective amount for enzyne activity at said target site of said enzyne,

S et on ™ opr afEnt, >o8a YA dibEerRRALABERL! | E8n)UgaLECREGHbF1S1AY! |4
substrate for said enzyme, conjugated to said at
least one diagnostic or therapeutic agent, -wherein
neither said enzyme nor an enzyme having similar
activity with respect to said substrate-agent
conjugate is endogenous to a human at a non-target
site along the route of administration or
biodistribution of the substrate-dagent conjugate in
‘an amount which interferes with targeting and

accretion of said agent.

28. The kit of Claim 27, wherein said therapeutic or
diagnostic agent is at least one boron addend, drug,
toxin, radioisotope, nuclear magnetic resonance image
enhancing agent; vasodilator, cytokine, radiosensitizer or
photosénsitizer. ‘

' 29, A method for targeting a diagnostic or
therapeutic agent to a target site, comprising the steps
of:

(a) providing a bispecific antibody or antibody
fragment having a first binding site specific for an
antigeh present at a target site and a second binding
site specific for an enzyme;

(b) injecting a mammal parenterally with an
effective amount for targeting of said antibody or
antibody fragment; '

(c) after a sufficient period of time ‘for said
'antibody or antibody fragment to localize at the
target site and substantially clear from the
circulatory system of the mammal, injecting said
mammal parenterally with an effective amount for
enzyme activity of said enzyme, such that said
localized antibody binds said enzyme to form said
antibody-enzyme conjugate in situ; and

(d) further injecting said mammal parenterally

with an effective amount for deposition at said site
This is the replacement sheet
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455 « , (¢) @ thitd sterile-injectable solution containing an effective

anmount, for deposifipn at said site, of a soluble s ul
conj ugate which i ?hls Bean Replaced, st or mat i on by sai mﬂmmmmﬂl A ‘a
product conpri sing i agnosti gsor. therapeutfc ageht ,° sai d
substrate agent conj Ing a substrate for said enzyne,
conjugated to said at | east one diagnostic or therapeutic agent, said

substrate enzyne
of a soluble substrate agent conjugate which is

capable of transformation by said enzyme to form a
product comprising at 1least one diagnostic or
therapeutic agent, which accumulates at said target
site for effective treatment or diagnosis, said
substrate-agent conjugate comprising a substrate for
said enzyme, conjugated to said at least one
diagnostic or therapeutic agent:
wherein neither said enzyme nor an enzyme having similar
activity with respect to said substrate-agent conjugate is
endogenous to said mammal at a non-target site along the
route of administration or biodistribution of said
substrate-agent conjugate in an amount which interferes
with targeting and accretion of said agent.

32. The method of Claim 31, wherein said antibody or
antibody fragment in said antibody-enzyme conjugate
specifically binds to an'antigen”produced by or associated
with a tumor, an infectious or parasitic lesion, a fibrin
clot, a myocardial infarction, an atherosclerotic plaqué,
a non-cancerous cell or a damaged normal cell.

33. The method of Claim 31, wherein the enzyme in
said antibody=-enzyme conjugate is a ~protease, a
glycosidase, a glucuronidase or an esterase.

'34. The method of Claim 31, wherein said therapeutic
or .diagnostic agent is at least one boron addénd,'drug,
tokin, radioisotope, nuclear magnetic resonance image
enhancing agent, vasodilator, cytokine, radiosensitizer or
photosensitizer.

35. The method of claim 31, wherein said enzyme is a
dextranase or a cellulose, and wherein said substrate-
agent conjugate comprises a non-substrate aminodextran or
a polylysine carrier, to which is conjugated said at least

one molecule or ion of said agent, and which is further
' This is the replacement sheet
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conjpugate bei ng dissolved in a pharmaceutical |y acceptable sterile
|nJect|on vehi cl e; TmsmwaHthaf nmnelther sai d enzyime nor an enzyne havin

et NS e e

endogenous to a huna
adm ni stration or b|o of the ¥bstrate- agert éon}ug%te in an
anount - whi ch interferes Mﬁth targetlng and accretion of said agent, said
substr at e- agent conjugate being di ssolved in a pharnmaceutically acceptable

sterile i ”b?@h At et h'§$ 1eas€’6 one A KbluPi€R 28 ndCCH ittt 0 &he

net hod of or argeting a therapeutic or
d|agnostlGaageﬁwmﬁ$h¥¥Q§¥k%1%$?e Laaﬂmqenvﬁ ch 1s" a substrate for

said enzyme. A

36. The method of Claim 31, wherein said mammal is a
human.

37. A sterile injectable preparation for human use,

for 'fargeting a therapeutic or diagnostic agent to a

target site, comprising; '

(a) a first sterile injectable solution
containing 'an effective amount for targeting of a
bispecific antibody or antibody fragment having a
first binding site specific for an antigen present at
a target site and a second binding site specific for
an enzyme, said antibody or antibo&y fragment being
dissolved in -a pharmaceutically acceptable sterile
injection vehicle;

(b) a second sterile injectable solution
containing an effective amount for enzyme activity at
said target site of said enzyme, said enzyme being
dissolved in a pharmaceutically acceptable sterile
injection vehicle; and '

. (c) a third sterile injectable solution
containing an effective amount, for deposition at
said site, of a soluble substrate-agent conjugate
which is capable of transformation by said enzyme to
form a product comprising at least one diagnostic or

| therapeutic agent, said substrate-agent conjugate
comprising a substrate for said enzyme, conjugated to
said at least one diagnostic or therapeutic agent,
said substrate-enzyme conjugate being dissolved in a
pharmaceutically acceptable sterile injection
vehicle;

wherein neither said enzyme nor an enzyme having similar

activity with respect to séid substrate—-agent conjugate is

endogenous to a human at a non-target site along the route
fhis is the replacement sheet
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(ay @asfirst steritte eontainer-containing an effective amount for targeting

specificlint'body or antibody fragnment having a first-btnading-site
for an cedt a target site and alell site
for an en ; (b) a secg_gd steril ecﬁmmmﬁrm&m,jugg
e amount f vity at” %4id target site of Salm ;

-(c) athird sterile container containing an effective anpunt
sition at said site of soluble substrate-agent conjugate which is

OLgt ré‘&ﬁ&?x&@@a 4 ¥ dbi%ﬁﬁfé‘iib%éigﬁl“ BsP" eflUC! sGBERLLENY at
e ag sai

of a bi
specific
specific
effectiv
and

for depo
capabl e

| east on

i agnoSti'C or therapéutic agent,
agent conjugate in  an amount which interferes with

targeting and accretion of said agent, said substrate-
agent conjugate being dissolved in a pharmaceutically
acceptable sterile injection vehicle.

38. A kit for human diagnostic or therapeutic use,
for targeting a therapeutic or diagnostic agent to a
targét site, comprisinq:

(a) .a first sterile container containing an
effective amount for targeting of a bispecific
antibody or antibody fragment having a first binding
site specific for an antigen present at a target site
and a second binding site specific for an enzyme;

(b) a second sterile container containing an
effective amount for enzyme acﬁivity at said target
site of said enzyme; and

! (c) a third sterile container containing an
effective amount for deposition at said site of a
soluble substrate-agent conjugate which is capable of
transformatidn by said enzyme to form a product
compfising at least one diagnostic or therapeutic
agent, said substrate-agent conjugate comprising a
substrate for said eﬁzyme, conjugated to said at
 least one diagnostic Or'therapéutic agent;
wherein neithér said enzyme nor an ehzyme ha?ing similar
activity with respect to said substrate-agent conjugate is
endogenous to a human at a non-target site along the route

of administration or biodistributidn  of the substrate--:

agent conjugate in an amount which interferes with
targeting and accretion of said agent.

39. The kit of Claim 38, wherein said therapeutic or
diagnostic agent is at least one boron addend, drug,
toxin, radioisotope, nuclear magnetic resonance image

enhancing agent, vasodilator, cytokine, radiosensitizer or -

photosensitizer.

_ q7
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EEFLACEMENT SHEEE& "'G
substraiedatgent conj ugate conprising a s;JbstrattethDDs,.&@i off Y, fjfgg ..... aged =
conj ugated to sai agnos ic or therepemidc a g
nei t her said enzyf“m“ mmm uﬂmﬂ aving simlar l—éldqgg) ¥"L égp ~§ """
said substrate-ageht ‘cohjufiat® is endogeggus td %1 %b

tri

site along the route of admnistration or biodi on 633"“ e 'S

agent conjugate inm an anmount which interferes With targeting andfac t
0]9 sai d ajgea‘he claims defining the invention are as follows: tD:*\TE OgF RB IB?EBBQQ‘

1. - A method for targeting a diagnostic or therapeutic agent to a target site
which comprises the steps of: |

(a) injecting a mammal parenterally with an effective amount for localizing at
a target site and providing enzyme activity at said site of an antibody enzyme conjugate,

- said antibody being reactive with at least one antigen present at the target site; and

(b) after a sufficient period of time for said antibody-enzyme conjugate to
localize at the target site and substantially clear from the circulatory system of the
mammal, injecting said mammal parenterally with an effective amount for deposition al
said site of a soluble substrate-agent conjugate which is capable of transformation by said
enzyme to form a product comprising at least one diagnostic or therapeutic agent, which
accumulates at said target site for effective treatment or diagnosis, said substrate-agent
conjugate comprising a substrate for said enz'yme, conjugated to said at least one
diagnostic or therapeutic agent,

wherein neitber said enzyme nor an enzyme having similar activity with respect
to said substrate-agent conjugate is endogenous to said mammal at a non-target site aiong
the route of administration or biodistribution of said substrate-agent conjugate in an
amount which interferes with targeting and accretion of said agent.

2. The method of claim 1, wherein the antibody in said antibody-enzyme
conjugate specifically binds to an antigen produced by or associated with a tumor, an
infectious or parasitic lesion, a fibrin clot, a myocardial infarction, an atherosclerotic
plaque, a damage related site of a non-cancerous cell or a damage-related site of a
damaged normal cell.

3. The method of claim 1, wherein said enzyme in said antibody-enzyme
conjugate is a protease, a glycosidase, a glucuronidase or an esterase.

4, The method of claim 3, wherein said énzyme is a dextranase, a cellulase
or a glucuronidase. |

5. The method of claim 1, wherein said agent is a diagnostic agent.
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46 ¢ _' 37.  The k| \%&‘ﬂg 6 wherein said therapeutic or
di agnostic agent i s Bﬁ“ ron addend, drug, toxin, radioisotope,
nucl ear magnetic re enhanci ng agent, vasodil ator, cytokine,
radlosen3|t|zer or photosen3|t|zer

6. The method of claim 5, wherein said agent is a gamma-emitting
radioisotope emitting in the 50-500 KeV energy range.

7. The method of claim 5, wherein said agent is a paramagnetic ion for
magnetic resonance image enhancement.

8. The method of claim 1, wherein said agent is a therapeutic agent.

- 9. The method of claim 1, wherein said agent is a beta- or alpha-emitting
radioisotope, a drug, a toxin, a boron addend, a -vasodilator, a cytokine, a
photosensitizer or a radiosensitizer.

10.  The method of claim 1, wherein said parenteral injection is effected by an
intracavitary, intravenous, intraarterial, intrapleural, intrathecal, intralymphatic,
intramuscular, intralesional, subcutaneous or catheter perfusion route.

11. The method of claim 1, wherein said substrate is a low molecular weight
compound.

12.  The method of claim 11, wherein said substrate is a glucuronide conjugate
of said agent.

13.  The method of claim 1, wherein said substrate is a polymer.'

14. The method of claim 13, wherein said substrate is a dextran, an
aminodextran, a carboxymethylcellulose or a polypeptide.

15. The method of claim 13, wherein said enzyme is a dextranase or a
cellulase, and wherein said substrate-agent conjugate comprises a non-substrate
aminodextran or a polylysine carrier, to which is conjugated said at least one molecule
or ion of said agent, and which is further conjugate to at least one solubilizing dextran or
carboxymethylcellulbse oligomer which is a substrate for said enzyme.

16.  The method of claim 13, wherein said substrate-agent conjugate comprises
a non-substrate polymer to which is attached at least one substrate oligomer to which is
conjugated at least one molecule or ion of said agent.

17.  The method of claim 1, wherein s;qlid antibody:enzyme conjugate is further

conjugated to or adapted for conjugat'ion" to a radioisotope or magnetic resonance image
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-47 -* of adninistration or Biodi'stribution of the substrate- agent
conjugate in an anount ,mum ] f with targeting and accretion of
sai d agent, said substr m! " m’ ba_t e being dissolved in a

pharnmaceutical ly acceptdbl & sterfilesimnectipgn vehicle. 38. AKkit for
human di agnostic or therapeutic use, for targeting a therapeutic or
di agnostic agent to a target site, conprising; (a) afirst sterile

cont ai ner cornbanving) agent, to monitor the clearance of antibody-enzyme conjugate from the

circulatory system or its localization at the target site

18.  The method of claim i, wherein substrate- agent conjugate is further
conjugated to or adapted for conjugation to a radioisotope, magnetic resonance image
enhancing agent or other label, to monitor the clearance of the substrate-agent conjugate
from the circulafory. system or its accretion at the target site.

19.  The method of claim 1, wherein said mammal is a human.

20. A dual sterile injectable preparation when used according to the method of
any one of claims 1 to 19, for targeting a therapeutic or diagnostic agent to a target site,
comprising; |

(@ a first sterile injectable solution containing an effective ambunt for
localizing at a target site and providing enzyme activity at said site of an antibody-
enzyme conjugate, said antibody being reactive with at least one antigen present at the
target site, in a pharmaceutically acceptable sterile injection vehicle; and

(b) a second sterile injectable solution containing an effective amount for
deposition at said site of a soluble substrate-agent rate which is capable of transformation
by said enzyme to form a product comprising at least one diagnostic or therapeutic
agent, said substrate-agent \conjugate comprising a substrate for said enzyme, conjugated
to said at least one diagnostic or therapeutic agent, wherein neither said enzyme nor an
enzyme having si_milar activity with respect to said substrate-agent conjugate is
endogenous to the mammal at non-target site along the route of administration or
biodistribution of the substrate-agent conjugate in an amount which interferes with
targeting and éccrction of said agent, said substrate-agent conjugate being dissolved in a
pharmaceutically acceptable sterile injection vehicle.

21. A kit when used according to the method of any one of claims 1 to 19 for

targeting a therapeutic or diagnostic agent to a target site, comprising;
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ef fettive anount -for-t argeting of a bispecific anti body or anti body

fragment having g g Tl mL site specific for an antigen present at
a target site E“ g‘ﬂ\m\ ““ ding site specific for an enzyne;
(b) a second ster'i «cont arnef cont ai ni ng 4qn ef fective amount for
enzynme activity at said target site of said enzyne; and (c) a
third sterile container containing an ef fective anount for deposition
at said site of da)  &firvisterils ghstainat eontgiaing aweffentive anvduine flor Realiging lag aof
transformati on by said enzyne to forma product conprising at |east one
di agnost i ¢ &rgehdiicmprd praviding cagane activly o saithsite af an agtibedycenzymgatonjugate,
conprising a ., ,%uq%zbr,ate for said enzgme, conjugated to said at | east
one di agnostftid 3HbPRY Peige yeactive gath; at Icasbons Jntigen prrsental the @Fge) sikesrand an

enzyme having si rﬂd " a second sterile container containing an effective amount for deposition at
said site of a soluble substrate-agent conjugate which is capable of transformation by said
- enzyme to form a product comprising at least one diagnostic or therapeutic agent, said
substrate—ageht conjugate comprising a substrate for said enzyme, conjugated to said at
least one diagnostic or therapeutic agent, wherein neither said enzyme nor enzyme
having similar activity with respect to said substrate-agent conjugate is endogenous to the
mammal at a non-target site along the route of administration or biodistribution of the
substrate-agent conjugate in an amount which interferes with targeting and accretion of
said agent.

22.  The kit of claim 21, wherein said therapeutic or diagnostic agent is at least
one boron addend, drug, toxin, radioisotope, nuclear magnetic resonance image
enhancing agent, vasodilator, cytokine, radiosensitizer or photosensitizer.

23.  The kit of claim 21, wherein said antibody-enzyme conjugate is further
conjugated to, or adapted for conjugation to a radioisotope or magnetic resonance image
enhancing agent. |

24.  The kit of claim 21, wherein said substrate-agent conjugate is further
conjugated to, or adapted for conjugation to a radioisotope, magnetic resonance image
enhancing agent or other label.

25. A method according to any one of claims 1 to 19, wherein said antibody-
enzyme conjugate provided in step (a) comprises a bispecific antibody or antibody
fragment having a first binding site specific to said antigen present at a target site and a
second binding site specific to an epitope on said enzyme which does not interfere with
enzyme activity, said bispecific antibody antibody fragment being non-covalently bound

to said enzyme at said second binding site to form said antibody-enzyme conjugate.
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actiVity Wi th respect to_said substrate-agent conjugate is endogenous to a
human at a non-target site al ong the route of adm nistration or

bi odi stribution of M” t“llmmﬂ gent conjugate in an anount which
interferes with t tion ofysaid agent. 39. The kit of
Cl ai m-38, wherein said eré’tpeut I c or diagnostic agent is at |east one

boron addend, drug, tOXIn radi oi sot ope, nucl ear magnetic resonance i nage
enhanci ng agent, 26as oA Isezrite injecybik preparationl wher mséd according tathet 0668 iofiang! -

one of claims 1 to 19 and 25, for targeting a therapeutic or diagnostic agent to a target
site, comprising; |

(@) a first sterile injectable solution containing an effective amount, for
targeting and enzyme activity, of the antibody-enzyme conjugate of claim 25, dissolved

- in a pharmaceutically acceptable sterile injection vehicle; and

() a 'second sterile injectable solution containing an effective amount, for
deposition at said site, of a soluble substrate-agent conjugate which is capable of
transformation by said enzyme to form a product comprising at least one diagnostic or
therapeutic agent, said agent conjugate comprising a substrate for said enzyme,
conjugated to said at least diagnostic or therapeutic agent, wherein neither said enzyme
nor an enzyme having similar activity with respect to said substrate-agent conjugate is
endogenous to a human at a non-target sitc along the route of administration or
biodistribution of the substrate-agent coﬁjﬁgate in an amount which interferes with
targeting and accretion of said agent, said substrate-agent conjugate being dissolved in a
pharmaceutically acceptable sterile injection vehicle.

27. A kit when used according to the method of any one of claims 1 to 19 for
targeting a therapeutic or diagnostic agent to a target site, comprising;

(a) a first sterile container containing an effective amount, for targeting and
enzyme activity, of the antibody-enzyme conjugate of Claim 25; and

(b) A second ‘sterile container containing an effective amount, for deposition at
said site, of a soluble substrate-agent conjugate which is capable of transformation by
said enzyme to form a product comprising at least one diagnostic or therapeutic agent,
said substrate-agent conjugate comprising a substrate for said enzyme, conjugated to said
at least one diagnostic or therapeutic agent, wherein neither said enzyme nor an enzyme
having similar activity with respect to said substrate-agent conjugate is endogenous to a

human at a non-target site along the route of administration or biodistribution of the
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substrate-agent conjugate in an amount which interferes with targeting and accretion of
said agent.

28.  The kit of Claim 27, Wherein said therapeutic or diagnostic agent is at
least one boron addend, drug, toxin, radioisotope, nuclear magnetic resonance image
enhancing agent, vasodilator, cytokine, radiosensitizer or photosensitizer.

29. A method for targeting a diagnostic or therapeutic agent to a target site,
comprising the steps of:

(@) providing a bispecific antibody or antibody fragment having a first
binding site specific for an antigen present at a target site and a second binding site
specific for an enzyme;

(b)  injecting a mammal parenterally with an effective amount for targeting of
said antibody or antibody fragment;

(©) after a sufficient period of time for said antibody or antibody fragment to
localize at the target site and substantially clear from the circulatory system of the
mammal, injecting said mammal parenterally with an effective amount for enzyme
activity of said enzyme, such that said localized antibody binds said enzyme to form. said
antibody-enzyme conjugate in situ; and

(d) further injecting said mammal parenterally with an effective amount for
deposition at said site of a soluble substrate-agent conjugate which is capable of
transformation by said enzyme to form a product comprising at least one diagnostic or
therapeutic agent, which accumulates at said target site for effective treatment or
diagnosis, said substrate-agent conjugate comprising a substrate for s;id enzyme,
conjugated to said at least one diagnostic or therapeutic agent;

wherein neither said enzyme nor an enzyme having similar activity with respect
to said substrate-agent conjugate is endogenous to said mammal at a non-target site along
the route of administration or biodistribution .of said substrate-agent conjugate in an

amount which interferes with targeting and accretion of said agent.
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30. The method of Claim 29, wherein said antibody or antibody fragment in
said antibody—enzyme. conjugate specifically binds to an antigen produced by or
associated with a tumor, an infectioué or parasitic lesion, a fibrin clot, a myocardial
infarction, an atherosclerotic plaque, a non-cancerous cell or a damage-related site of a
damaged normal cell. |

31.  The method of Claim 29, wherein the enzyme in said antibody-enzyme
conjugate is a'protease, a glycosidase, a glucuronidase or an esterase.

32. The methbd of claim 29, wherein said therapeutic or diagnostic agent is at
least one boron addehd, drug, toxin, radioisotope, nuclear magnetic resonance image
enhancing agent, vasodilator, cytokine, radiosensitizer or photosensiter.

33. The method of claim 29, wherein said enzyme is a dextranase or a
cellulose, and wherein said substrate-agent conjugate comprises a non-substrate
aminodextran or a polylysine carrier, to which is conjugated said at least one molecule
or ion of said agent, and which is further conjugated to at least one solubilizing dextran
or carboxymethylcellulose oligomer which is a substrate for said enzyme.

34, The method of claim 29, wherein said mammal is a human.

35. A sterile injectable preparation when used according to the method of any
one of claims 1 to 19, 25, and 29 to 33, for targeting a therapeutic or diagnostic agent to
a target site, comprising;

(a) a first sterile injectable solution containing an effective amount for
targeting of a bispecific antibody or antibody fragment having a first binding site specific
for an antigen present at a target site and a second binding site specific for an enzyme,
said antibody or antibody fragment being dissolved in a pharmaceutically acceptable
sterile injection vehicle; |

(b) a second sterile injectable solution containing an effective amount for enzyme

activity at said target site of said enzyme, said enzyme being dissoived in a

pharmaceutically acceptable sterile injection vehicle; and
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(c) a. third sterile injectable solution containing an effective amount, for
deposition at said site, of a soluble substrate-agent corjugate which is capable of
transformation by said énzyme to forni a product comprising at least one diagnostic or
therapeutic agent, said substrate agent conjugate comprising a substrate for said enzyme,
conjugated to said at least one diagnostic or therapeutic agent, said substrate enzyme
conjugate being dissolved in a pharmaceutically acceptable sterile injection vehicle;

wherein neither said enzyme nor an enzyme having similar activity with respect
to said substrate-agent conjugate is endogenous to 2 human at a non-target site along the
route of administration or biodistribution of the substrate-agent conjugate in an amount
which interferes with targeting ahd accretion of said agent, said substrate-agent conjugate
being dissolved in a pharmaceutically acceptable sterile injection vehicle.

36. A kit when a according to the method of any one of claims 1 to 19 for
targeﬁng a therapeutic or diagnostic agent to a target site, comprising; |

(a) a first sterile container containing an effective amount for targeting of a
bispecific antibody or antibody fragment having a first binding site specific for an
antigen present at a target site and a second binding site specific for an enzyme;

(b) a second sterile container containing effective amount for enzyme activity at
said target site of said enzyme; and

(c) a third ster_ile container containing an effective amount for deposition at said
site of soluble substrate-agent conjugate which is capable of transformation by said
enzyme to form a product comprising at least one diagnostic or therapeutic agent, said
substrate-agent conjugate comprising a substrate for Said enzyme, conjugated to said at
least one diagnostic or therapeutic agent;
wherein neither said enzyme nor an enzyme having similar activity with respect to said
substrate-agent conjugate is endogenous to a human at a non-target site along the route of
administration or biodistribution of the substrate agent conjugate in an amount which
interferes with targeting and accretion of said agent.
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37. The kit of Claim 36, wherein said therépeutic or diagnostic agent is at
least one boron addend, drug, toxin, radioisotope, nuclear magnetic resonance image

enhancing agent, vasodilator, cytokine, radiosensitizer or photosensitizer.
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METHOD FOR ANTIBODY TARGETING OF DIAGNOSTIC OR THERAPEUTIC
 AGENTS

ABSTRACT

The targeting capability of an antibody is enhanced using an antibody-enzyme
conjugate and a separate soluble substrate-agent conjugate, wherein the targeted enzyme
catalyzes the conversion of a soluble substrate, bearing at least one therapeutic or
diagnostic agent, to a product comprising the agent, which accumulates at the target site
for effective treatment or diagnosis. This method is useful for targeting any type of
agent to a site to whicl:1 an antibody can selectively bind, including use for imagining,
eg., tumors, infectious lesions, fibrin clots, myocardial infarctions, non-cancerous cells,
damaged normal cells',i atherosclerotic plaque, lymphocyte autoreactive clones, and for

therapy, eg. with drugs, toxins, immune modulators, radioisotopes or antibiotics.
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