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METHOD FOR ANTIBODY TARGETING OF DIAGNOSTIC
OR. mzaiumxc AGENTS

. ‘Background Of The Invention
The present invention - relates to a method for
5 enhancing the targeting capah:.l:.ty of an antibody using an
L '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
10 compnsing the agent which accumlates at the target site "
. for ettactiva traam@nt .or diagnosis. . The foregoing
.- methad is useful for. i;axg@ting any type of agent to a site
- to vhich an antibody can selectzvely bind, including use
. for imaging tumors, - _:i.n__fectious lesions, £fibrin clets,
15 myocardial infarc,tinrig, ' non-cancerous cells, danmaged
- normal cells, atherosclerctic plague, lymphocyte
- autcreact:.ve clones, and for therapy..
- It is well Xxnown that antibodies or antibody
fragments can be conjugated to rad:.oisotopes, drugs or
20 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 :urther complication is that -
25 'overloadmg the antiﬁo&y"- 'witb a. therapautic or diagnostic
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- agent may' cause thef.bgdy to reject and debtrdy the
-~ antibody con;ugata.l“it:ﬁ . :
S : Conjugation of éytotox;c ‘drugs to . antibodies to
. f_§chieve_a targqtsd_therapeutic result is well known. For
5 example, it is known that methotrexate (MTX) can -be
oo fconjugated to: antabod;as and scme selective cytotoxicity
has been ohsazved.' It is ddsirable to enhance the
cytotcxicity of such conjuqates by increasing the 1loading
of the cytotoxic drug. However, multiple con]ugatzon of
10 individual drug molecules to an antibedy ' eventually
raduces its inmunoréactivity, the effect being observed
when more than abott tén'drug molecules are loaded.
It has also been proposed that the drug be conjugated
to a polymeric carriat, 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 form 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, dxsclosas an antibody
- conjugate wherein a blural;ty of malecules of a cytotoxic
.'agent are covalenﬁlyi bound to .a polymer carrier of
‘molecular weight S, 000-500,000, and the 1oaded carrier is
cuvalehtly bound tg;aﬁiantibody_by random attachment to
30 - pendant .amine ‘or carboxyl groups. Ghose et al., J. Natl. !
Cancer Inst., 61:657-676, 1978, discloses other
_ antihcdy—linked cytotoxic agents useful for cancer
‘- therapy. Shih et a1., _u -S. Patent 4, 699,784 discloses
. site specizic attachnent of a nethotrexate-loaded
 35f-fan1nodextran to. an antibody. B
BRI t Targeted neutron-activated radlotherapy is desc:;bed.
e.g., in Goldenhemg et al., Prcc. Natl. Acad. Sci. USa,
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' 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 3544, 4 468,457, 4,444,744, 4,460,459, 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

o 'unacceptaﬁly' 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 effectxve therapy.

20 . A.need therefore continues to exist for a msthod of
antibody targeting where it is possible to deposit a
sufficient amount of a therapeutic or diagnostic agent at
a target site, uitbout overlcading the targeting antibody

_ with the agent and thereby losing 1nmunoreact1vity and/ar
25 inducing an immunaganzc rasponse. |

ghiects of the In e

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

antibodies by amplifying the tar_geting event.
30 _Another object of the present invention is to provide
T agents 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‘ae ot depos:.t of tharapautic or
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diagnostic agents at a -target site without a need for high

-loadlng of the antibady.

Yet another obj ect of the present invention is to
provide a method of targeting a sufticiently large number
of boron atomz to a target =ite to function as an

 efficient therapeutic agent for thermal neutron activated
' radiotherapy of tumors and pathological lesions, without

having to load the boron atoms onto an antibady.
Other objects of the present invention will become
more 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

~ therapeutic agent to a target s:.te, vhich comprises the
' steps of: : -

(a) :.njecting a naml parentez-auy with an effective

---'amount for targeting and enzyme - act:.vi.ty of an
antibody-enzyme conjuga.te, the antibody being reactive

with at least one entigen present at the target site; and
: {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

. effactive amount for deposition at the target site of a
" soluble substrate-agent conjugate which is capable of

transfomation 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 compn.sinq a substrate for the enzyme,
conjugated to at least one - diagnostic ar therapeutic
agent,

wherein neither: the enzyne nor an enzyme having
similar aotiv:.ty with respect to the substrate-agent
conjugate is endogenous to the mamal at a non-ta:get site
alonq the route of adninistration or hxodistnbutxon of
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" the . substrate-agent conjuqata in an -amount which
~ interferes with targeting and accretion of said agent.
The. j._nva_ntio_n also pro_vxdes ' reagents, sterile
_ injectible prapa_rations and kits for use in practicing the
5. foregoing mathod. : | |

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
- inelude cross—linkinq, .loss of immuncreactivity,
:mmunogena.city, 1nsuf£iciant 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 target the. site without having to load the
k diagnostic or therapeutic agent onto the antibody.
. The metnod for _targeting a diagnostic or therapeutic
20 .agent to a target site, according to the present
I invention, can be accomplishad by first injecting a mammal
'parenterally with an ;effective amount for targeting and .
enzyme activity of ‘an "' antihody-enzyme conjugate and
. 'wait:ing a suftic:.ent anount. of time for the canjugate to -
25 localize at the tarqat site and substantially clear from
. " the circulatory. systen of the mammal. The next step of
the method is inj ect:l.ng the mammal parenterally with an
effective amount for daposition at the target site of a
© soluble suhstrate_-_agent .co,n)ugate capable of
30 . tra,nsfdnation by ':he"ehzyne' ,tP 'a product comprising the
' agent, which 'aécunulates' at "th?c‘ target site for effective
treatment and dxagnosis. ‘l‘he substrate-agont conjugate is
.a suhstrate for the enzyne R con]ugated to at lcast one
S _diagnostic or therapautic agent. _ ,
38 The antibody componant of the antihody—enzyne
S ccnjugate ia the targatmg portion. and sarves to b:lnd the
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- conjugato select:l.vely to at least one antigen present at
the ta.rget site. - The enzyme component of the conjugate is

eraby localized at: - the target site. Once the

__non-targetad cnnjngata 'substantially clears from the
) bloodstrean, the - substrate-agent conjugate is in:‘iected'.
S 4 - should not encounter more than a negligible amount of
. the ant:.bady-enzyne conjugate or similarly acting

endogenous anzyme enroute to the target site. -

However, when the substrate-agent conjugate reaches
the target site, :l.t will be transformed by the enzyme into
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 .
due to favorable partition petweern the fluid bathing the
target site and the tissue. O other antigen~containing
medium at the site. :.tsalf. ‘Thus, the enzyme amplifies the

-targeting capabilitv ‘ot éhs antibody without the need to
"conjugate the agent to the targeting antibody, and the

agent accumulates at tne target site and can etf.ect its
diagnost.ic or therapeutic action there.
Unless otherwise noted, use of the term "a.ntibody

_herein will be undarstood to include antibody fragments

and thus to be equivslent to the term santibody/ fragment®
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 artigsn or spitope spsc:.fic:.t:.es, or
fragments, &-g.. P(ab'.)z, F(ab)g, Fa.b' Feb and the like,

- :.nclud.mg hybr:.d fragmen':s '

Antibodies include antiserum preparations, preferably

aftinity- puritied, having a high imunoreact:wity, 8.G.,

a binding cnnstant ‘of ‘at  least about 107 1/mole,
preferably at’ least. about 10° 1l/mole,  a high

-imunospeciticity, e.g. , at least about 40%, prefaerably at
‘least -about 60%, mem& p:eferably ‘about 70-95%, and a low
o .cx'oss-react:wity with other gy

-"sszha antiqens. e.g..' not
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‘more than about 30%, 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, a.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
i high _spe;iticities.. They are readily 'pz"epared by what are
now considered camrentional procedures of immunization of
15 namals with an ismunogenic antigen preparation, fusion of
immune lymph or spleen cells with an immortal myeloma cell

‘line, and isolation of specific. hybridoma clones. More
uncqnventional mathods .....ot'f.:Qpreparihgzz monoclonal antibodies
are not excluded, such as interspecies fusions and genetic

- 20 'engmeermg nanipulatians of hypervariable regions, since
| it is primarily the antigen specificity of the antibodies
that atfects their utility in the present method.

L Antihody fragments ‘can be made by pepsin or papain

_ ) digest:.on - of whole munoglabulms by conventional

725" methods such as those disclosed, inter alja, in U.s.
Patent 4 331,647, ' - o S

'_ The - target sites .can: be. 'but are not limited to,.

'cancers, infectious ‘and parasxtm les:.ons, £ibrin clots,

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

3@ . normal cells,_ n?rp"cancerous cells .and 1ymphocyte

I 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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Goldenberg U.S. PatehTs 4, 531 647, 4348,376, 4,361,544,

4,468,457, 4, 444 744* 4,460,459 and 4,460 551. and in

o

related pending applications U.S. Ser. Nos. 609,607 and
633,999, the disclosures of all of which are incorporated

: .'_.in ‘their ent;ret:.es here;.n by refersnce.

Ant;-tibnn antibodies are well known in the art.-

- _Antibodies t.hat tax:get. nyocardial infarctions are
- disclosed 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. 4,738,210,

"~ the disclosure of which is incorporated in its entirety
% herein by reference. .- Anti-fibrin -antibodies are well

20

- 25 .'_'

15

known in the art, ‘as are antibodies that bind to
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
vhich is found in su:riciem: concentration at a site in
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.

It should also be noted that ‘a bispecific antibody/
fragment can be used in/ the pruent 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:.ne to the enzyme

component of the antihody-enzyme conjugate. such an

. 30 |

- 385

antibody can bind the enzyme prior to injection, thereby _
obviating the nead to covalantly conjugate the enzyme to
the antibedy, 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
mammal, enzyme can be :.n)ected in an amount and by a route

_which enables a suft:.c:.ent ‘amount of ‘the enzyme to- reach
_the localizead . antibody and ‘bind to it to form the

' i antihody—enme conjugata in s_;s,u




10

15

20

" esterases and the like ars all general types of enzymes

30

35

2-20-26 '7 33PM .FOLEY & LARDNH! DC A 612 2615486:#12/90

- Thi?ﬁ?iﬁliiilfeenlﬁﬁll o

- BiSpeci-tic‘ 'ant-ibo:i"ies"' can be imade by a variety of

canventional ~methods, ‘e.g., 'disulfide cleavage and
- reformation of m.xturah of whole IgG or, preferably,

F(ab’), f:agnents, tus:.ons of more than one clene to form

_polyomas that produce ;.mnoqlobunns havmg more than one

specificity, and by genetic engineering. The bispecific
antibedies can bind tq one or more epitopes on the enzyme
but should not bind to 'a site that interferes with enzyme
activity. - |

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/pr" thera_pe'ut:ic agent, which accumulates 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 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 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

above-mentioned caviats. Proteases, 'glycoéidases,

that can be used :Ln the invention under the proper
czrc_unstanc_es._ More specific examples of suitable enzynes

. include, but are ,_not: limited to, glucuronidase, beta-
‘glucosidase, basta-lactamiase,  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

dextranase as the et,xzyme.. ,s:l.milarly, ‘cellulase would be
Sy :

substrate. ' A glucuronide as the

used with a cellulos__.
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'substrate-agent ' éonjugata would be 'coupled with
_glucu:om.dase as the enzyme, and the like.
Apart . from the 'dn sity method of tommg the

antibody-enzyue conjugata, it is . advantageous to

_covalently bind the enzyne to the antibody. directly or

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

: :unctiona;. groups on the antibody and/or tha enzyme, e.g.,
" amine, carbox- yl, phenyl, thiol or hydroxyl groups.

Various ”co'n_ventional linkers can be used,  e.g.,
disiocyanates, dilsothiocyanates, bis(hydroxysuccininide)
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.g., by  borchydride
reduction to secondary amines. This method is

__conventiuna_lly-_used. to prepare, e.g., peroxidase-antibody

conjugates for immunohistochemical uses or for

. immunoassays. A diisothiocyanate or a carbodiimide can be

e used in place of glutaraldehyde.

25

30

35

Hore selactive linkage can -be. achieved by using a

haterobx:unctional linker such as a mnaleimide-

: hydroxysucc;nimide 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 sulfhydryl groups
appended thereto by, e.g., Traut’s Reagent).

It is advantageous to link the enzyme to a site on

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

'least one free am."'
"Schirt base (i.ui.ne) lz.nkaqe, ‘which is preferably

can be acéomplished by, . ®.9., linkage to cleaved
interchain sulfhydryl groups, as . ‘noted above. Another
wmethod involves reaﬂtmg an antibody whose carbohydrate
portion has baen _ézsidized, ‘with an enzyme which has at
; --i;mstg.gn. '.l‘his results in an initial
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“ stabilized by reduction to a secondary anine. 8.g., by
borohydride reductzon, to form the final conjugate.

Becauaa of ‘the: size ot the conjugate, it will

T _nomally be p:eferahly to link one antibody to one. enzyne

10

A5

20
~ radioisotope or nagnet:id resonance image enhancing agent,

25

' molecule. However, it may . 'be advantageous to bind a

plurality of antibody tragne_z":ts, e.g., Fab or F(ab’),

fragments, to ‘a single enzyme to increase its binding

atfinity or efficiency to the ‘antigen target.
Alternatively, if the enzyme is not too bulky, it may be
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 s:Lte.'
Canugates of wmore than one enzyme and antibody can also
be used, provided they can reach the target site and they

do not clear toco fast. Mixtures of different sized
‘conjugates, or conjugates that contain aggregates can be

used, again with the same caveats just -noted. |
The antibody—enzyme conjugate can ba further labeled
with, o: conjugated or adapted for conjugation to, a

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 tha substrate-agent conjugate.  Altermatively, the

'canjugéte é__an be ‘tagged with a label, e.g., a radiolabel,

a fluorescent l_.aflel or the like, that permits its

~ detection and qﬁantitatibn in body fluids, e.g., blocd and
. ' urine, so that targeting and/or clearance can be measured
s 30

and/or ‘inferred. ' :
N Any convent;onal method ot radiolabelmg ‘which is

B _ suitable for labeling proteins for in vivo use will be

35

- generally su:.tahle for labeling ‘antibody-enzyme
'-¢an3ugates, and. often also for labeling ‘substrate-agent
_conjugates, as will he 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 lika, by conventional




SENT BY:

wO 9!/_08770 This Sheet Has Been R

10

20

25

30

15

~ conjugate to such s&

2-20-96 ; 7:36PM ;FOLEY & LARDNER DC A~ 612 2615486:#15/90

PCT/USB9/05441

Hllllll lIIIll llll ﬁll -

| , techniques, or by attachmg a chalator for a radiometal or
- paramagnetic ien. Sncb chela ts and their modes of

attachment to anti.bodies are well known to the ordinary
skilled art:.san and ara disclased inter alla in, e.q.,
the aforenentioned Goldenbe:g patents and in Childs et

'al., J. Nuc. llad., '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
agent will be a diagnostic or therapeutic agent whose

_targeting at a specific site will be advantageous for its

efficacy. Such tneraneutic and diagnostic agents include,
e.g., toxins, antibiotic or chemotherapeutic drugs,

_"radio:.sotopes, naramagnatic ions, boron addends,

cytok;nas.. phatcs@ns* tizers. radiosensitizers,
vasodilators .and.thae Ltikao

The substrata«amm&: ‘conjugate smustbe- soluble, for

-pui:poses of. admmistx:ation -and--transport. to the target
"~ site. It must also be capable of reaching the target and

being transformed to: a prodnct which has a substantially

- more favorable 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.stered and hy wnich it is transportad to the target

-gite, to a‘“ suffic‘ ent ext.em: to ‘permit transport of a

d;.agnnsf.zcally or. t?@;gz&autigally effect:.ve amount of the
FORN uornaily, administration will be
into the bloodstreui‘,;': by : inqrmrenous or intraarterial
:mfus;on, -and " the ?pbnj gai:e uil;l. need to be soluble in
serunm and preferai)lyi sufficxently hyarophilic to be
carried .larqely by +the . aqueous "phase of serum and diffuse
relatively easily through tho wans of thae blcood vaessels
into . interstit:.al :1uid, for cases where such is

' necessary.

0f coursae, in t{u case of ba:d:.ac imaging or imaging

':or therapy of athaxsclerotic plaque, or the like, where
o the ta:gat sita is n_ th&h éa.:culatczy synt:cn, hydraphilic/

— . . I.I —" . T . - i
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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 product
which partitiuns ncre favorably to the target. It :.s 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

o - extent 'cnan the substrate-agent conjugate would accrete in

| 10 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

varicus spec:,es. : :

15 The general nat;x;cd of . prepanng 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 raamh the interstitial fluid bathing the
tumor. In  fact, cc}x\_rsm).cn of . certain toxic substances
such as. a:cnatj.c VeE ’a].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 . urme. '

The drug is 'attached to glucurcm.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 of the drug which forms an acetal, thiocacetal or

" _'aninoacetal with the aldehyde carhnn of the glucuronic
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~acid. 'rhe con:ugata can bf cleaved at the target site by
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
' conjugate. _ : : . '
, 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., 4515995, 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 wvould alsb be candidates for such conjugate
35  formation. i
Another type of substrate—agent conjugate is a
polymer with a plurality of agents linked - therstoc at
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intervals along the polyner’ backbone. _The polymer can be
one that is a substrate for the enzyme component of the
antihody-enzyne conjugate or it can have segments or
'branches that are substrates for such enzyme. The agent
.57 'molecules are bound to .the polymer in such a way that
' ' -"_eleavage by the enzyne will liberate the agent, free of
‘polymer units or bound to a small encugh number of units
~ to havae the roquis.'l.te lower solubility, or more favarable
partition coefficient to cells, tissues, lesion components
-°10  or the like loci at tho target site, ralative to the fluid
" .| bathing such loci. .
Examples ' of polymers for such use - include, e.qg.,
polyals, polysacchatides, polypeptides and the like. One
© 'type of polysaccharide is dextran, an alpha-glycoside,
is I, 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.9., anhydrz.des, ieocyanates or. isothiocyanates and the
like. Alternatively, dextran can be derivatized in a
20 number of ways, e.g., by conversion to an aminodextran.
' 'l'he_' process for preparing a substrate-agent conjugat_e
with an aminodextran (AD) carrier normally starts with a
dextran polyner, advantageously 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 thon reacted with an oxidizing agent: to
-effect a controlled oxidation of a portion of its
.¢carbohydrate ri.ngs to generate aldehyde groups. The
. oxidation is- conveniently effected with glycolytic
30 chemical- reagents, e.g. p NaIO4, according to oonventional
'procedures. L : i
- It is convenient to ad;mst '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 propor;;on of aldehyde groups for other MW
. dextrans. A largor xmmbor of aldehyde groups, and
' ,subsequent amine gz'oups, is less advantagecus because tha

-15- -
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) polymer -then behaves more like poylysme and may alsc 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:.ally 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 i: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 wzth a dxamme. .

L The AD should: ke’ macted w:.th a den.vative of the

p_articula_r _ d_ru_q,i .t._:_.sg;ix;, c_helhtnr or boron addend, in an
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activatad £orn.' preterably a carboxyl-activated
der:.vative, prepared by lc::mmm;:lm-xa.:l. means, @.g.., using
'dicyclohexylcarbodiinide (DCC) or a water soluble variant
thereof.

5 - ‘Methotrexate (MTX) is a typzcal drug for use in
'preparing conjugates - §c¢:ordi.nq to the invention and will
be used to :.nustrate one of the procedures. Analogous
‘steps will be used for other drugs, toxins, chelators and
" poron addends, mod:.ﬂ.ed in appropriate ways which will be

10 readily apparent to  the ordinary skilled artisan.

' Activation of MIX is= conveniently effected with any of the
convent:.onal carboxyl- activating reagents, .G, _ncc.
opt;onally _fol;c_n-:ed by reaction with Ne-hydroxXy-

B succinimide (HOSu)., %9 form the active ester. The

15 reaction is normally effected in a polar , aprotic
‘golvent, €.G.., dimethyltomamide (DMF) dimethylsulfoxide
- (DMSO) oF the 1ike,. Other activated esters, €.9..
' p-nitrobenzoate and. the like, can also be used, as can
©  mixed anhydrides. The DCC/HOSW activation is mild and the
20 actwa.ted MTX can be reacted in aqueous med:.um w:.th_ the
' AD, so it is- preferred. :
The proportinns ot act:watad m:x to AD are. preferably
such that about. hal,t of the amino groups ‘available on the
" AD react to form ami.de ‘bonds . with the carboxyl of the
25 'act.wated mx 'rl'ms, AL - about 100 ani.ne groups are
' available on an AD wit;h a starting MW of about 40,000, up
to about 50 of thase should be reacted with activated
MTX. Usi.ng a pro-,j portion of about S50:1 MNTX:AD, about
 25=-50 < MTX molecnl.es -are’ nomlly introduced. . It is .
30 -d.tfficult to achieve lu.gher loading because of incipient
. prec:.p:.tatmn of ;the ad.duct due to the increasing
insolubility thereof. -
" as an i1lustration of the adaptations to be used for
S other .drugs, loa.dix}g w:i.th 5'£lourourac:.l (5-FU) can be
35 . -"ettected by oxidxz 1“g Sbtlourou;‘idine at the carhohydra.te
~ portion, e.g-. us:l.n "'leno&ata, 'peacting this intermediate -
' 5 and reductively stabilizing the

[ -1-
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, 'schiff hasa adduct. cycldhaxanide can be loaded by direct

B reaction of its cyclohexanone carbonyl with aminodextran

fanina groups, followed by reductive stabilizatzon. or by

. 'reacting its side chain hydroxyl 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 prote:.n {PAP) or the

'PCT/US89/05441

ricin _A-cham, andt the 1ike, can be coupled to .
. aminodextrans by glutaraldehyde condensation or by h
- 25 reaction of activated- carboxyl groups on the pzotem with

: ammes on the aninodextran.

!iany 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: mgzae dsscrj.hen ‘above. The ability to

35 < -partially or complgtely detgxify a drug 'as a conjugate
according to tne invantion, vhile it is in c:.rculatxon.
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‘can :educe systenic s:.dq effects of the drug and permit
~ its use when gystemic adnxnxstration of the unconjugated
| darug would be . unaccept,able. For exanple, . MTX and
cyclohexmide often .are too " toxic when adm.n:.stexed
5 .systenically. " Adninisf.ration ‘of more molecules of the
‘  drug canjugatad to a subst,:ate carrier. accarding to the
present ;nvant:.pn, pamits therapy while mitigating

. systemic _toxic_:xty_.
Loading of drugs on the substrate carrier will depend
10 upon the _solubility (partition coefficient between the
' fluid bathing a targat. site and the ta:get cells, tissues
or other structures, €.G., atherosclarctic plaque, fibrin
clot, virus particle, parasite and the like), and upon the
efficiency of enzyme .cleavage of gubstrate molecules Or
15 subunits to liberate a product comprising the drug which
has a suffic:.ently tavorable partition coefticient to the
target to effect the . deax:ad tharapautic act.:.on. In
general, it will. ka: de*-«.u:abls to leoad a drug onto a
dextran in a ratio at moncsaccharide subunits to drug of
20 from about 3 to about 25. although these are preferred and
' not limiting anounts. ‘'Yary heavy loading of drug
molecules can inhibxt enzyme activity due primarily to
y steric hindrance to binding of the. substrate conjugate to
. the act‘.ive aite of t‘.he ‘enzyne. Too light loading can .
25 result in insufficum: reduction in fluid solubility for i

the drug as a result of enzyme cleavage since a smaller
portion of the polysacchande—drug con)uqate might d:.ffuse
away from the hound enzyme before anough sugar subunits -f .

. are cleaved o:f to. re.duga solubxlity enough for the d4rug i F

30 - (with perhaps 2 few glyces:.de subunits still bound to it)

"~ to be favarably partitiongd ou'l.-. of the surrounding fluid
‘to accrete at the target site. e.g., on a tumor cell
nembrane, .on a bacte::.al cell wall, on an atherosclerotic

- _plaque or a tibrin clot and the like. Toxins may be less
35 heavily 1oaded than drngs, since they are otten larger -
- 'proteins. o :
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Chelators for radiumetals or magnetic resonance
enhancers are also. wall known in the art. Typical are
. derivatives o: ethyl. dianinetetraacetic acxd (EDTA) and.
diethy1enetriamino¥an€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 bs ast:wated by themal neutron irradiation
"'©  and converted to radiocactive atoms which decay by alpha
emission to produce h-ighly 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 ’darbo J. groups and condensation
with amines on ’an car;:iets enébles preparation of useful
3o snhstrate—agent can'jugates. !
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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. tumor sité or the 's"'ite . of a pathologxcal 'lesion a
" gugficient number of boron atoms to provide a therapeutic
dosage of alpha partic#es to tne targeted tissue upon
thermal neutron imdiat:mn, even when the percentage of
§ an injected - "dose of - antibody~enzyme conjugate which
. ‘localizes in the tarqet tissue is relatively low, e.g.,
1-10%. such localizat:.on percentages are not uncommon. for
antihody—targated spec:.es.
_ The - boron-loaded substrate conjugates according to

- .10  the present i.nventi.on have a number of boron atoms per

” substrate nolecula ‘mormally ranging from at least about
50 up to about 10, ooo, preferably from about 200 to about
2,000.  To reiterata, these are preferably ‘about 96%
Boron—-10 - enriched, although it may be more cost effective

15 to use a. conjugate ‘having a larger number of boron atoms

" with the 20% ma natural abundance of Boron-10 isotope.

The. suhst.rate-agent .conjugate . can contain moieties

.~ which do not contain -boron, . or . which..contain boron and

i - other useful functions; e.g., & radionuclide, especially

.. 20 1-123, ‘I-125 or I-l:s;, . 'or functions . such as chelators,

chelates uith net.a.l ions, drugs, toxins, chromophores,
chromogens, tlucrescnm:. maz'kers, : and. the like, all of
which can contrzbut.n to the t.herapeutic effect thereof,
or permit moni.tcring of depos:.t and/or clearance of the
25 boron addend, or. prov;de complementary therapeutic
-activ:.ty. 'rhe subst rate-agent conjugate may :anorporate_
functions whose prmry purpose is to improve the 1ipid
golubility and decrease the ater solubility of the
'resultant enzyme clleavage product_ containi.ng the boron
30 - addend. : .

' 1t is useful tn empioy boron cage conpounds to make
such con:ugates. | ..-bacause of ' their relative ease of
handling and t&ia‘ fact t'.hat each such cage conpound can

 carry 5-12 poron ntams te tha target site. The most

35 common and re:d.tly availabla kinds of boron cage compounds

" arxe the carhoranes. 'l.'*l.e skilled artisan will be aware of
- general re:erences in the field. for most of the reactions

i
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~ to be ';discus's_ed hereinafter, the best and nost
comprehensive references being  Muettsrties et al.,

"Polyhedral Boranes", (Dekker, New York, 1968):
Muetterties, Ed., "Boron Hydride cChemistry”, (Academic
Press, New York, 1975); and Grimes, “Carboranes,
(Academic - Press, New York, 1570). These references

. contain _copiou_s 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 'in_corporatad in its entirety herein by
reference. ' '

An alternative to an alpha-glycoside such as dextran
or aminodextran is a beta-glycoside such as carboxymethyl-
cellulose (CMC), which can ha 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

stereo~ chemistry of the glycosidic linkage.
- ~Derivatization of the oNe to append functional molecules
_ is perhaps most convenuntly accomplished hy reacting it
with a carb_od_:.x_mde t_ype of condensing agent and using an

amine function on the diagnostic or therapeutic agent to
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 reactioﬁ with a diamine, will
‘form an  aminoCMC snita.ble for reaction with a variety of

d;tferent 2unctiona1 grmxgs.. C.ondensation of the oxidized
CMC with ama.nes ami bnrehydnde stabilization is also

. g pract:.cable. other: neama of attachment of agents to the

cMC will be read:.ly apbarent to the ordinary skilled
‘artisan. : _

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

R SRS
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- for the enzyme, " and th.lh 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 plurality of short oligcaacchar:.des, e.qg.,
§ short dextran or qgllulgse_ oligomers of, e.g., S5-50,
- preferably & 5-20, 'glivc.’::'a'side 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- am*muys *‘*“oﬁ"’each of . the cligomer
~linkers. An av&raga‘" oftiahogt.s 1-3 ‘drug ‘molecules,
chelators, boron:< &dmdﬁ&ﬁ’ ‘opsTother .- 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 'olj.goner 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. cdrrzer._; I

' aAn acrylate pnlym’ﬂer ir:an be u.sed. ﬁith aminodextran
oligomers - bound . to:-‘ "-1t lby am.de linkages formed by
30 carbod:.imlde activatlon o the acrylate carboxyls. A
© ' polypeptide can be 4, with ,the oligomer linkers
attached to carboxyl: or am.ne residues on the carrier. A
" short polyester or oligopeptlde linker can be used instead
S _ef an oligosaccnaride linker, ~ with an esterase or
'35 peptidase enzyme that 'cleaves ‘the linker. The ordinary
-__.skllled artisan will *—bef"-fable to envisicn other variants
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o tnat fall witnin the bread scope ‘of the invention and can

10

15

25

. 30

a5

be prepared by cenventional synthetic methods.
still another app:eacn is to use a carrier polymer

' tnet bears the drugs, cne].aters, boron addends or other
‘agents and that has a hign attraction for the target, in
' unmodified fum, but which .i.s then modified by conjugation

to solubilizing _substr_:ate molecules which are then cleaved
by targeted aenzyme. ' One illustration of this subgeneric
type of substrate-agent 'cenjugate is a polylysine to which
are bound a plurality of radiometal 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 ._de:n_:ren and borohydride stabilization, in
- a ratio which incraases 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 radiocisctope or

. paramagnetic ions, if chelators are attached to the
20

carrier). At a target site, e.g., 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 cells ‘and@ the bound polylysine,
bearing its loading ot diaqnostic or therapeutic agent
would then act upon tna tumoi' ce.‘!.l to permit imaging or
cytotoxic therapy. ‘: . :

A heavily " am.net.esl t im«iextran can function as a
polylysine, and can' he stibstituted uith short oligomeric

substrate linkers as. discussed above. It will be "sticky"
. towards cell membranes and other tissues in ‘a similar
' fashion ¢to poly].ysine - othar polypept:.des 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 tuncticnal:l.ty ‘that causes favorable

paztitioning out of a cenjugate of a carrier and one or
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. more diagnest:.c and/or therapeutic agem:s can be masked by

sclubilizing =ubstrate oligomers or even small substrate
molecules, such that th_a resultant more soluble conjugate
circulates - easily ir’i' serum or another fluid for
adm.nistrat:.on and becemes less soluble in the fluid
bathing the target site after tne coating moclecules are
cleaved by action ef the localized enzyme of the
antihody-enzyne conjugate.

The proportions of loaded 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 eqﬁivalent is used as thae carrier, coating with
oligodextran . will ‘advantageously be effected in a
dextran.polylysine mt.é.o of about 1: 10 to about 100:1 by
weight, preferably ~about--131 -tdo about 10:1, more
preferahly ‘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 Dbe appreciated that clearance of the -

antibody-enzyme_ conjugate and/or the substrate-enzyme
conjugate can be accelerated, after a sufficient time for
1oea1ization' or deposit of the diagnostic or therapeutic
agent, by using a second antibody to complex the
conjugate and enhancs Lts rat.e of uptake by macrophage or

the reticuloendotheliel . gystew, as disclosed, e.g., in

Goldenherg', u.s.. Pat;ent Na. 4 624,846.' 'The optimal time

- . for such second ant:.body clearance can be determined with
. the a.-l.d of a 1abe1 on either conjugate, so that the
. extent of localizat:len ot the antibody-enzyme conjugate at

"~ the target site and/or the extent of deposit of the agent
at  the - t;arget site, . and the .biodistribution of non-
targeted conjugates can be monitored. _

The reegents _ are cenvenxently provided as dual
injectahle prepara- titms for hmn therapeutic and
diegnestic use. 'l'he t:lrst. mjectable preparaticn contains
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conjugated to an enzynel :. in a phamacentically acceptible
injection vehicle, preferably phosphate-buffered saline
(PBS) at physioiogi.cél'pu and concentration. The second
- . injectable preparation contains an effective amount of a
'S soluble substrate conjugat.ed to at least one d:.agnostic or
' therap.utic aqent,_ "in a pharmaceutically acceptible
injection vehic.‘!.e, qsn@*auy similar to that used for the
girst 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
therapeut:._c 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 agant. 'I'r-a reagents can be lyophilized for
longer shelf stability -or provided in the form of
- 20 s‘cluti'on's,: ';optio_njil_'ly containing conventional
B preservatives, stabiliiers and the like. Other optiocnal
- ‘components - of - such - kxt:s would normally he containers of
buffers, labeling reagents, radzo;satopes, paramagnetic

-compounds, second ant:.body for enhanced clearance, and

25 canventmnal syringes. .colunns. vials and the-like.

' The method of the invention is normally practiced by
parenteral injection. - The various types of parenteral
inj ections can be, but are not l:l.mited to intracavitary
(e€.9., intraper:.tnneal) . intravenons ¢« 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 admnistrat:.on is advantagecus for

WO 91/08770 PCT/USE9/05441
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~ brain tumors and leulcamia. ‘Subcutaneous administration is

~ advantageous for Hodgk:.n's disease, lymphoma and breast

‘carcinoma. Catheter perkusion is useful for metastatic

_lung, breast or germ Iceu carcinomas of the liver.

5 Intrales:.onal administration is usetul for lung and breast
-1esions. ‘ o ' '

_—27-

The . .above illustrates the general methods of
administ‘ra_tion' of :antib'gdy—gnzyne conjugates and
substrate-therapeutic ‘or diagnostic agent conjugates

10 according to the present invention. It will be
’ apprec:.ated 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
: _cont.rnl of ‘the rate et depes;.t and ease of mcm.toring 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, especxally xf it is for use in humans.

| 'Advantageously, dosage units of about 50 micrograms to
25 ' about 5 ng 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
partlcular cases. It may ba necessary to reduce the
dosage and/or use antibo&ie; from ‘other species and/or =
30 . hypoallergenic. anti.badias, fg. , fragments or hybrid human ”
: or prinate antibodies, ¥ ha reduee patient sensitivity,
'especially for - therapy ‘and espec:.ally if repeated
adnim.strations are rnd:l.catad for a therapy course or for
~ ~ additional diagnost:l.c- proceduras. ' an indication of the
35 need for such cautionary procaduras is an increase in
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hunan antz-mnusa antibcdy (HAMA) production, which can be
,determinad using an 1maunnassay.
" It usually taxgs ::aa about 2 to 14 days and
‘preferably S to 14_days for IgG antibody to localize at
5 - the . target site and substantially clear from the
czrculatory system of the mammal prior to administration
‘of the 'substxatefagent conjugate. The corresponding
localization and clearance time for F(ab)p and F(ab’),
antibody fragments is ' from about 2 to 7 days and
10 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 sxte, and the above time frames may
be affected by the pzasenee of. the cnnjugated enzyme.
15, Again, it is noted. ‘¢hat ' labeling the antibody-enzyme'
' conjugate permits - monitcr;ng "of: localization and
.Clearancs. - i
IgG is nnrnally nstabolxzed in the liver and, to a
. ‘lesser extqnt,_ ;h._the; digestive system. F(ab), and
20  F(ab’); are normally metabolized primarily in the kidney,
' but can also be ﬁetahéliiad 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 dlgestive systam... : :
25. Normally, it wzll be necessary for at least about
| 0.0001% of the 1n)ected ose of antibody-enzyme conjugate
. to localize at the' taxgs site prior to administration of
. the substrate-agent coujugate.-: To the extent that a !

_ higher targeting etticmncy for th:.s conjugate is
30 achieved, this. percentage can be greater, and a reduced
 dosage can be a.d.nmistered | .

_ It tollows 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

35 thereby bind an ammmt of - the enzyme sufficient to
transform enough of tna sslubla substrate-agent conjugate -

to product to reault in accretion of an effective

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

target site. ' f_. coo _
The substrate-therapeutic or diagnostic agent
 conjugate will - be generally administered as an aquecus
5 solutiocn in PBS. Again, this will be a sterile solution
if intended for hunan 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 irradiation is parformed. sﬁch 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 e -

| . If scint:.gxaphic. mégmg ls te he effected, the
substrate -agent cnnjug__aga wa.ll include 'a radiolabeled

| | tq!?ate. This can be a chelate of ‘a
" rad:.onetal or a d:.ra_, _ly.m."od:'l.nated 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 Y '"«_sit.e,"' scanning is effected with
either a conventibnal lana nd/or SPBC'.I.‘ gamma camera. or
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by use of a hand held gama probe used externally or
internally to localize. the tumor, m.crob:.oloq:.cal site of
;nfe_cticn, myocardial intarct, atherosclerctic plaque or

~ other target site. The scintigram is normally taken by a

gamma inaging canera ‘having one or more windows for

.det.acuon of energies in the ' 50~500 keV range. Use of

rad:.oxsotopes with high aenergy beta or positron emissions

would entail use gf-, i_naging cameras with the appropriate
‘detectors, ‘all of which are conventicnal in the art.

As an example, 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 mnildly oxidized dextran

) olzgome: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 ars taken: foer:localization:of the-conjugate and
clearance .of non~targested conjugate. The substrate-

‘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
effected. e

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:.sotopgs. ? { Tt will be appreciated that the
magnetic resonance limmgmenm opei:ates on a different.
principle from scint;azaphy. .~ 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 region to be imaged. The
magnetic ' resonance image . en! anc:mq agent acts by
incmsing the rate of relaxation, thereby increasing the

-contrast_ hetwqen vater molecules in the region where the
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'mag:.ng agent accretes And water molecules elsewhere in

the body. However. the effeet. of the agent is to increase

~both '1'1, and 'rz. thej for r resulting in greater contrast,
‘while the 1atter resulte in lesser contrast. Accordingly,

the phenanenon is consentration—dependent and there is

" normally -an opt:umm emcem:ratien of a paramagnetic
- species for maximm sax:icaey. " This optmum concentration
will vary w:.th the pazticulax agent used, the locus of

imaging, the meda of imaging, 4i.e., spin-echo,
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,
e.g., Pykett, Scientific American, 246:78 (1982); Runge et
al.. Am. J. Radiol,, L&J..1209 (1.987). SR

Examples of cempoundsa- useful. for MRI ° image

. enhancement incluéen pﬁ,,zamagnet.fe Gd(III), Eu(II1),

Dy(III), Pr(IIX), Dag;v}. Wn(II), CH(II), Co(IID),

- Fe(I1I), _Cu(II), NL(II): Ti(III) and V(IV) ions, or

radicals. e.g., _ nitroxides. and these would be conjugated

. to a substrate hearing 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

enable deteetion hy an_ external canera, using magnetic
field sf.rengths whichi 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

S molecules in the nédium. 'and are d:.sclosed, ,m__; alia, in

.....

" Pykett, gg_,_gig,_ and Runge et al., w.

For magnet:.c menance i.magmg (MRI), a similar
procedure is used to that used for sc:l.ntigraphy. In the
prevj.ous emple, because it is desirable to carry a large
number of paramagnetic ions to a target site for high

- contrast MRI enhaneenent, the polylysine will be loaded
F with a higher anount ‘of ehelntors and ‘more of the
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~ ant:.body-enzyne conjugate and 'the substrate-chelate
con)ugate will be adninistered in order to depesit a high
concenttation of paranagnatic ions at the target site.
o The therapeutic mthod of the invention can be
5 "accomplishad by conjugating an effective therapeutic
-amount of a ra.dio:.sctnpe such as Y-90 or I-131 (which may
‘be used for both l.ocal'!,zati.on 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 the:apeuticélly
effective amount of the agent at the target site. The
therapeutic | methcd of the invention can alsc be
) : accomplished by canjugatmg one or more boron-l0 addends
"- 15 to ‘the substrate and, once the boron-10 is deposited at
o the t_arget,site, . 6.9,, a tumor, effecting external
- thermal neutron:irxzdiation..to the tumor-'to destroy the
"—_neop].'astic cells. = The' bi'mn«-m- conjugate may be labeled
. with a radio;.eetspa 'shelate to mske certain that
20 fsutt:.ci.ent boron aﬁé@nds have 1or;alizad at the target site
-and that suhstantially all of the non-targeted boron-10
has left the cxrculatory system prior to neutron
:.rrad:.atz.on.
Dosage units of substrate-—agent conjugate will depend
25 upon many factorﬁ, each of. which can be determined in a
relati\rely straight:orward ‘manner, so that optimal
dosimetry can be ef.‘tected. © It will be helpful, in the
initial dos;metric s*mluat:.an, o use a radiolabeled
_ substrate- agent cmﬁuga;h (if thé agent is not itself a
.. 30 . radicactive isotope) 'ts. éi-.emine the degree and rate of
' deposit of thé agent;aﬁl' '_'I'a ta:get s:l.t,e, and the rate of
clearance and biodistr:.butio of non-targeted conjugate.
‘Use of a- labeled aptihody—enzyme conjugata to estimate the
C anount of enzyme loealued at the target site will also
35. aid in dosimetric analysis. o
It may be necossaty to perfom tz'ials for dosimetry,
gene:any us.mg an aninal model first, if available, then
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) in a serxes of pat.tent studiea , to optimize the dose of
substrate-agent conjugate, ‘ag ‘a function of accessibility
- of the s:.te. mode of adninistration, turnover number of
. the enzyma, das:.red dose of the agent to the site, and
'5 rate of clearance of ‘non-targeted conjugate. This will be
_ "expected and 6 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 préceding 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 remaind_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-dicyclohexyléarbodiimide (41.5 mg, 0.2 mmole, Sigma)
. 25 in 750 ul of anh. DMF are followed. The reaction mixture
is stirred in the da:g: at room temperature for 16 hours
under anhydrous 'c'onditions. The white precipitate is
cent:rituged and tne clear solution is storad in a sealed
' .bottle at -20°C. AR | :
30 (B). Reaction with Am:.mdextran
- aninodextran (10 mg, 2.5x104 mole) is dissolved in 2
" ml of PBS, PH 7.2. Activated MTX (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 vdlume is collected ahd further dialyzed against
©  reaction ):uffer._ Atter lyo;:hilization, 2.1 mg of product
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is obtained (21% y:.eld)' The methotrexate mcorporation
' is determined by trqe absorption at 370 nm to be 218
uethotrexate/dextran. S '

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 'periodata 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) K A substantially monoconjugated enzyme-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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' " borohydride, in tha Juqu ' nanndr. The conjugate can be
. radiolabeled with 1-13;. y éonventxonal procedures.

--(B), In a s.i.milar fasnion to the above Part A, an

";antz-leukemia IgG :Ls cahjugated to glucuronxdase ( fron
5 bov:me l:.ver, Wcrt,m.ngan) . . !

laced
- 3’,

I‘.

EXAMPLE S
Therapy of Lung Cancer :
A human patiant hav:.ng small~cell carcinoma of the
right lung is infused intravenously with a sterile,
10 pyrogen-free 'solutinn ‘containing 5 mg of the anti-CEA
IgG/dextranase conjugate in. PBS, prepared according to
Example 4(A) hereot, and labeled with I=-131. After S
‘days, the conjugate is well localized in the lung and has
substantially cleared £rom the circulation of the patient,
15 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
o .intravenously ‘on each of the next 4 days. Subsequent
‘20 ' radxoxmunodetection, with I-;zz-anti—cn_ Fab shows
significant tumor reduction. ' '

. Therapy of Lymphora . RO
_ ' A human patiem; ,;t:suffermg fmm 1ymphgma is infused
- 25 intra\renously wmh 2 'atgri,l.s, pyrngan-trea PBS solution
contammg 5 ng off '_antii- 1ymphm Igé-glucuronidase
'con;uqata prepared a’cscﬁiing to Empla 4(b) hareet,
labeled with I-131. Aq%er € days, ‘the conjugate is well
o localized at the. t;azqﬁt:‘ site and substantially cleared
30 from the cxrculatex'y systam, -as detem_ined by gamma
' -scanning. B R '
| The . patient is tnen infused ‘intravenously with a
) sterile, pyrcgen— :ree pas solution containing 10 ng of
. epirubicin glucuxsnme. prepamd acccrding ‘to Example 3
35 he_reot, Son: each ‘of 'ghe"- next 4 days. Suhsequent >
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radicimuhodetection shows significant reduction in the

~ lymphoma.

Tumor Radioimmunodetection

A  human patient with colon cancer is infused

‘ intravenously witn a sterile, pyrogen-free PBS solution

conta:.m.ng 5 mg of the anti-CEA-IgG/ dextranase conjugate
prepared accordmg to Exanple 4(A) hexreof. After 7 days,
the patient is infused intravenously with a sterile,
pyrogen-free PBS solution containing .5 mCi of the
In-lll-labeled polylysine-DTPA/ dextran conjugate prepared
according to Example 2 hereof and loaded with TIn-1lil.
After 24 hours, suffiéient accretion of the radioisotope

" .at the tumor site occurs . for scintigraphic imaging.

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
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

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

tumor t_mich_ is ade_q_uately distinguished from surroun_ding

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 thosa used in tha precedmg examples.
l-‘rom the foregca l,ng desexiption, cne skilled in the
art can easily asé&;“ﬁﬁin ‘the essentiel characteristics of

" this mvention asv;l, rsisgzmt departi,ng from the spirit and

- JreT—



SENT BY: 9-20-96 ; 7:56PM ;FOLEY & LARDNER DC A~ 612 2615486;:#40/30

)

WOOVOBTI0 np.poer Hos Boen Reﬁaced PCT/US89/05441

S HIlIIlIIIll \IIIII |

scope tnereot, can nake 'various changes and modifications
of the inventxon to adapt- 1t to various usages and

conditions.
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WHAT IS CI.AIMED IS' S
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~agent conjugate comprising a

- substrate for said enzyme, conjugated 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.

' _ ' . This Sheet Has Been Rzﬂlaced

i




SmT Br: 2-20-96 ; 7:56PM ;FOLEY & LARDNER DC A~ 612 2615486:#42/90

T

'4.- The method of claim 3, wherein said enzyme is a
'dextranase. a cellulase or a glucurcnxdase. '

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

. 5 . 6. The method es claim 5, vherein said agent is a
qama-em:.tting radigisotcpe emitt:mg 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: radigsansitize:. : : S -

10. The method of clam 1, wherein said ‘parenteral
' :.njectzon - is effected by an intracavitary, intravenous,
| intraarterial, intrapleural. J.ntrathecal, intralymphatié,'
mtranuscnlar, intrale_gi_.onal subcutaneous or catheter
20 ° perfusion route. -

11. The mathod of clam 1, wherein said substrate is
a low molecular we:.qht compound. '
: -,- .}';n s .
12. The nethnd oﬁ claim 11, where:.n said substrate is
a glucuronide conjngata of. said agent.

' 1
. |

25 - 13. The mathod of ‘-ﬂam 1. wherem said substrate is
©.. . a polymer. . B .
) ThlS Sheet Has Bee
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14. The method of c)%am 13. wherein said substrate is
a dextran, an amin ; | :_j 24 an, a carboxymethylcellulose or a

 polypeptide. . '_ i ---?,_"'-

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

conjugéted said at 1least one molecule or ion of said

agent, and which is further conjugate to at least one

io solubilizing dextran or carboxymethylcellulose oligomer
vhich is a substrate for said enzyme.

16. The mnethod of claim 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-d'igént' 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. '

ThlS Sheet Has Been R
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‘ ©20. A ‘dual sts:r'a.let mjectahle preparation for human
. use, for - targeti.ngn a therapeutic or diagnostic agent to a

_ tarqet s:.te. canpns:l.ng. _
o (a) a first sterilé injectable solution ‘containing an
5 :. effect.we -amount for tgggat;.ng and enzyme activity of an
' an\::.body—enzyme ccn)ugat.a, ‘gaid antibody being reactive
with at least one antigen prasem: 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
_ substrate-agenL conjugatevis endogenous- 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 phamacenticauy acceptibla sterile ir_nject.ion

‘ vehicle. _ -

25 21. A kit for numan diagnostic or 'charapeutic use,
for ta:geting a. tn@raéeutic or diagnostic agent to a
target site, cempx: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

3s --transtomauon by said ‘enzyme to form a product comprising

- at l.east one d;agnostic or therapeut:.c agent, sa:.d
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 substrate-agent conju_gate comprising a substrate for said
oﬁzyne, conjugated to said. at : least one diagnostic or
therapeutic agent, wherein neither said enzyme nor an
enzyme having similar activity with rTespect to said
'8 subst:ate-agent con'jugata is endogenocus to the mammal at a
" non-cgrget 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

' photosansitizer.

.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 lmtibedy or antibody fragment being non- -
30 covalently bound *tw:3 ‘said enzym® at said second binding
site to f.om said annbody-enzyne conjugate.

——— . ____4_.._.___...
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26. A' sterile injéctable preparation for human use,
for . target:.ng a- therapentzc or diagnastzc agent to a
target site, comprising
_ _ (a)  a first st‘srile injectable solution
5 containing an  effective amwount, for targeting and
_,enzyme activity, of the antihodybenzyms conjugate of
 Clainm 25, dissolved in a phamceuticany acceptable
-sterile :.njection vehicle; and
(b) -a scccnd sterile injectable seoclution
.10 conta;n:.ng 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 agent, sajd substrate-agent conjugate
15 ‘ compr;s;ng a substrate for said enzyme, conjugated to
. ‘said at least one di.agnostic or therapeutic agent,
wherein neither said enzyme nor an enzyme having
-similar activ;ty wlth respect to said substrate-agent
conjugate is endegenous to a human at a non-target
20 - slte. along . the routa of administration or
' hiodistributi.on ‘of the substrate-agent conjugate in
an’ amount wh;ch :Lnterferes - with targeting and
accretion Bf said agent, " said substrate-agent
_ conjugate bexng disso].ved in a phamaceut:.cally
25 acceptabla ste:ile injection vehicle.

- 27. A kit 'tof’ hunan dia’gn‘ostic or therapeutic use,
for targeting a t:hcrapeutic or diagnost;c agent to a
- target site, cprising: '
' _ (a) a first sterile container containing an
30 eftective anount, for ‘targeting and enzyme activity,
of the antibady-enzyne con:ugata of Claim 25; and
(b) a secend sterile container containing an
effective amount, :or deposition at .said site, of a
_  soluble substrate-aqant ‘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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_ 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
- of: - '

(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 actzv;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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of a soluble substrat:e agent conjugate which is

capable of transtomtion by =aid enzyme to form a

product comprising at least one diagnost:.c or

' therapeutzc agent. which accumulates at said target

5 - ‘ site for etfective ‘treatment or diagnosis, said

i} 'substrate-aqent conjugate comprising a substrate for

~ said’ enzyme," conjugated to said at least one

diagnostic ox. therapeutzc agent;

| wherein neither said enzyma nor an enzyme having similar

10  activity with respeot to said substrate-agent conjugate is

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

route of adn:.nistrat:.on .0r biocdistribution of said

su_bstz_-ate-agent. _conjugate ‘in an amount which interferes
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. .nfaroticn, an . athemsolerotxc plaque ’

20 a non-cancerous csll or ‘a danaged normal cell.
"-33._ : 'rhe netnod ot CJ.aiu 31, vherein ‘the enzyme in
saiad antibody-enzyme conjuqata is  a protease, a
qucos:.dase. a glucuronidase or an esterase.

| " "34.  The methed of Clain 31, wheram said therapeutic
25 or diagnostic agent is:at least one boron addend, drug,

' toxin, rad:loisotopa, mtc:lsnr mgnetic - resonance image

enhancing agent, vaooéilator '3 oytnkine, rad:.osensituer or

pnotosensitizer.- S ‘l(g_; gt ‘ '

1s. 'rhe method gﬁ zL:A.ax.’i:m 31, whexein sa:.d enzyme is a

30 dextz-anase or a callulosa, 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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conjuga’ced' to at least one solubilizing dextran or
carboxymethyleellulose ol.xgmr which is a substrate for
said enzyme

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

‘human.

37. A sterala mjoctable preparation for human use,

,tor targsting a therapeutic or diagnostic agent to a

target site, comprising;

.(a) ‘a first sterile jinjectable 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 antibedy or antiboedy fragment being
dissolved in a pharmaceutically acceptable sterile
inj ection vehicle:. -

~ (b) a sacond sterile injectable solution
_ ,contaming an effective amount for enzyme activity at
‘said target site 6f said enzyme, said enzyme being
‘dissolved - in. a bhamaceutically acceptahle 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
- which is capable of transfomation by said enzyme to
. 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,
- said substrate—enzyme con:uqate being dissolved in a
phamaceutzcally agce_ptahla sterile injection

' '.vehicle. B . -
wherein ne:.h\ar saxd enzyme nor an enzyme having similar
activity w:r.th respect to said substrate-agent conjugate is
endngenous to a hmn at: a non-tarqet site along the route
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' -. of adninistration or biadxstribut;on of the substrate-
' agent conjugate in ‘an amount which interferes with

targeting and acc:et.:.on of said agent, said substrate~-

~ agent ‘conjugate being dissolved in a phamceutically
: acceptahle sterile 1njection veh.xc].e.

8. A kit for hmn Idiagnosti.c aor 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
effa_ctive amount for taxgeting 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 .enzymeé activity at said target
site of said enzyme:;.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
transfomtion hg said ‘enzyme to form a product
comprising at laast ‘one. - dz.agnostic or therapeutic
agent, said substrate-—aqent conjugate comprising a
substrate for said enzyme, conjugated to said at
least ona di.agnostic or tharapeut:.c agent- |

wherein neither said enzyme nor an enzyme hav;nq similar
act:.vity with respect to 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
target:mg and accretipn of sai.d agent. -'

39. The kit af' c1ain 38, where:.n said therapeutic or
diagnostic agent . is" ‘at least ;one boron addend, drug,
toxin, - radioisoto?e- y " ‘nuclear. nagnetic resonance image

enhancing agent, vasodilator, cytokine radiosensitize: or
_photnsensitizer. R




