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1- Piald of the Invention 

s The present invention relates to iJllPX'oved aethocla for 

10 

15 

20 

25 

detecti119 and treating pathological conditions with a 
aulti-atep process using compoaitiona containing biotin 
and/or avidin c:onju9ataa. 
2- Description or the Prior Art 

Antibodies aqainst different determinants associated 
with pathological and normal calls, as well as associated 
with pathogenic microorganisaa, have bean used for the 
detection and treatment of a wide variety ot pathological 
conditions or lesions. The t:ar9etin11 ant~y is 
conjugated to an appropriate detecting or therapeutic 

agent as dascril:M!d, for example, in Hansen et al., u.s. 
Patent No. 3,927;193 and Goldenberg', u.s. Pat. Nos. 
4 I ]Jl, 647 f 4 I 348, 376, 4 I 361,544 I 4 ,468,457 I ",444 I 744 I 

4,460,459, 4,460,561, 4,634,846 and 4,818,709, the 

4i•clo•ur• or all of which are incorporated herein by 
reference. 

When detecti~ a lesion a high signal-to-background 
ratio needs to be achieved. 'J:herapy also requiraa a high 

absolute accretion ot the therapeutic agent in the 

lesion, as well aa a reasonably long duration of uptake 
and binding. High background levala of non-tar9etin9 
antibody have lonq been recoqnized as a major illpediment 
to high target:1'ackground. ratios bein9 achieved. To 
overcome this illpecUaent various aethocls have been 

30 developed, such a• those cleacribed in the above­
referenced Goldenberg.patents •. 

35 

Still other uthods have been developed to increase 
the brget:~cJcgrouncl ratios of the detection or 
therapeutic agents, such aa ..-r•-tarqating and 
biotin/aviciin approa~es, as desc:ri~, for example, in 
Goodwin et al., U.S. Patent Ro. 4,863,713; Goodwin et 
al., J. Nucl. Med. 29:226, 1988; Rnatowich et al., J. 
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Hucl. Med. 28~1294, 1987; Oahr et al., J. Ruel. Med. 
29:728, 1988; Klibanov et al., J. Hucl. Med. 29:1951, 
1988; Sinitsyn at al., J. Ruel. 118d. 30:66, 1989; 
Kalofonos et al., J. Ruel. Med. 31:1791, 1990; Scbaehtar 

5 et al., Int. J. Cancer 48:167, 1991; Paganelli et al., 
cancer Ras. 51:5960, 1991; Paganelli et al., Nucl. Med. 
comaun. 12:211, 1991; Stickney et al., Cancer Res. 

51:6650, 1991; and Yuan et al., cancer Ras. 51:3119, 

1991; all incorporated herein in their entirety by 

,10 reference. 
Avidin, found in 999 whites, has a very high binding 

af:finity for biotin, vhich is a B-cOlllplex vita.in 

(Wilehec:Jt et al., Anal. Biocma, 171:1, 1988J. 

St:reptavidin, derived from Straptomycas avidinii, is 
15 similar to avidin, but has lower non-specific tissue 

binding, and therefore often is used in place of avidin. 
Both avidin and streptavidin have a tetravalancy ·for 

biotin, thus permitting aw.plit'ication 11hen the fora.er 

bind to biotin. 
20 In a prior art 2-step procedure, a tarqeting antibody 

is conjugated with either avidin or biotin and then is 

injected into a patient, thus loc:alizing_t:he avidin or 
biotin at a tumor of interest. Thereafter, either biotin 
or avid.in (depending on which vaa coupled to the 

25 targeting antibody), bearing an iu.9ing isotope is 
injected and i• localized at the site of the prillary 

antibody ))y binding to avidin or biotin respectively. 

Timing of the ae~oncl injection attar the f irat one is 
very crit,ical.. lnjectlng th• rac:liolabelad avidin or 

so bi~in too early will increase the avidin/b~otin 

conjuqates in the bloodstreaa and nontargatad tissues, 

while injactin11 very late may decrease the amount 
targeted. to the tumor because of reclucad retention of the 

primary antibody at the t1D1or. 
JS Paganelli et al. (Int. J. cancer 2:121, 1988) and 

:Kalof'onos et al. (J. llUal." llad. 31:1711, 1990) 
demon•tratecl the feasibility of the above approach (the 
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former used biotinylated antibody; 'the latter used 
streptavidin•conjuqated antil>ody for tuaor localization) • 
In work reported by Kalofonoa et al. (ibid.), 3 of 10 
patients showed improved imaqinq. However, the patients 

5 also shoved that labeled biotin alone (without antibody 
pretargating) could detect t\Dlora in 8 of 10 patients. 

Pa~anelli et al. (J. Ruel. lled. 31:735, 1990 and 
cancer Res. 51:5960, 1991) disclose a 3-step approach 
wherein a biot1nylated antibody 1• amlinistered, followad 

.10 by cold, i.e •• non-labeled.and non-conjugated, avidin to 
clear nontarqeted anti:body, and then a radiolaoelad 
biotin i• given Vhieh bind• to the avidin retained in the 
.body, presumably "Where the avidin has complexed to the 
biotinylated antibody. By this aethod, Paganelli et al. 

15 

20 

were able to show, vitb the exception of the kidneys, 
high ~wnor: normal oqan ratios. Paganelli, et al. 

(cancer Res. 51:5960, 1991) used biotinylatacl DTPA 

(diethylena triamine pentacetic acid) obtained 
commercially, which is DTPA linked through two of its 

carboxylata functions to two biotin reaidues. The use of 
biotinylate4 D'rPA has two adverse effecta. First, the 

a~ility ot DTPA to •trongly bind therapeutic nuclides in 
. . 

.xi3m is considerably comprollised Vban two of its five 
carboxyl groups are substituted. seconcl, since avidin 

25 atereocheaistry aa t:au9ht by Green et. al. (Biochem. J. 

125: 781, 1971) has •bovn that four biotin binding sites 
are located, two eacb, on opposite faces of tbe 
macromolecule, the tvo aaae-face binding ai tea can be 

bridged by bis biotinylated compounds o~ •uitable chain 
30 

35 

length. Th• bis biotinylate4 01'PA used by Pa9~lli is 

lODCJ enouvh in chain length (22A) and.flexible enough to 
bridge the distance 1'etween the two binding sites (15A); 
thereby, one molecule of thia agent will bind to two 
binding sites on the avidin and reduce the mnount of 
localization possible. 

Therefore, a need exists for better -tbods and 
compositions whic:h v111·a11ov for tbe higher and 110re 
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•elective tartetinq ancl retaininq of detection and 
therapeutic agents to and at P•tbol09ical lesions. 

OBJEC'J'S or m JIDRTIOI 

The principal ol:aject of the present invention 
I is i:o provide a Mthod to .deliver higher absolute uounts 

and. higher tarqet:nontarCJet ratio• of detection or 
therapeutic: agents. 

Another object of the invention is to provide a 
aultiple-atep procedure which taqeta higher aaounts of 

10 a detection or therapeutic aqent to • lesion. 
Upon f\lrther study of the apecification and appended 

claim;, further o~jects and advantages of this invention 
will become apparent to those ·skilled in the art. 

$IJllMMY OF THI l'.lfDNTlOH 

15 This invention relates to i:11prove4 ••tboda of 

detecting and/or treat1n9 lesion• in a patient. The· 
•et.hods are an baprovament over known ••thodc comprising 
the steps of (a) paranterally injecting a aubject vith 
a tarffetin9 cmapoaition comprised or a J»iotin-protein 

2D conju9a'te or an avidin-protein conjugate, wherein the 
protein praterentially .binda to a marker aul>aunce 

produced or uaoc:iatad with the targeted. lesion, and 
allowing the protein conjugate to preferentially accrete 

at the targe-ted lesion; (b) then parent.rally injectinq 
25 a clearing composition compriaed ot (i) avi4in, vben the 

'tar9•ting coapoaition ia a biotin-protein conjugate, or 
(ii) ):)iotin, when the taqet~llg' c:oapoaition is a avid.in­
protein conjugate, and allowing the clearing cOJDpOai tion 
to suttatantially clear tbe targeting composition from 

30 non-targeted eites and to bind to the targeting 
composition accreted at the targeted lesion; and (c) 
parenterally injecting a detection or therapeutic 
coapoaition comprised of a conjugate of(i) avid.in and 

detection or therapeutic agent when the cleari119 
JS composition is biotin, or (11) biotin and detection or 

therapeutic agent when the clearing agent is avid.in, aDd 
allowin9 tbe composition to accrete at the targeted 
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lesion. The improveaent is haviDCJ at least one of the 
compositions of step (a) or (b) further comprise a 
polyaer to which multiple moieties of av1din or biotin 
can qonjuqate,, thereby providing an increased nmaber or 

5 binding sites to which a aubsequently adainistrated 
compo•ition can bind thereby alllplifying the amount of 
detection or therapeutic agent at: the tar41eted site. 

In one 81ll:lodiment, the method provides a method of 
detecti119 and/or treatin9 lesions in a patient. The 

10 method comprises the •taps of 
(a) injecting a st.mject with a first c:oaposition 

comprised of 
(1} multibiotin-polyaer-protein conju9ate, or 
(2) biotin-protein conjuqate, 

J.5 wherein the protein bind• to a :marker substance 
produced by or associated vith the target lesion, 
and allowing tba biotin-polymer-protein conju9ate to 
accuaulate at th• target lesion to provide biotin 
receptors; 

20 (b) injecting a clearing agent coapriee4 of 
(1) avidin, 

25 

t2) aultiavidin-polyaer conjugate, 
(3) aultiavidin-aultitberapeutic/deteetion 

agent-polymer conjugate, 
(4) avidin-tberapeutie/detaction 

conjugat., or 
(5) aultiavidin-therapeutic/detection agent­

polyaer conjlipt:e, 
and permitting tbe clearing agent to remove circulating 

30 biotin-polymer-protein conjugate; 
(c) injecting a localizinq agent comprised of 

(1) avidin,, 
(2) aultiavidin-polylier conjugate,, 
(3) aultiavidin-aultitherapeutic/deteetion 

ss agent-polymer conjugate, 
(4) avi4in-therapeutic/detection 

conjugate, or 
agent 
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(5) .ll\lltiavidin-therapeutic/detection agent­

polymer conjugate, 
wherein th• locali:aing agent may i:.e the aame •• or 
different frOJt tbe clearing agent and can be injected 

5 concurrently vith or subsequent to the clearin9 agent, 
and peraitting the localizing agent to localize at the 
tarqet leeion by binding to a ~1otin receptor; 

10 

15 

20 

(d) injecting a composition comprising 

(•) 

(1) biotin/cletecticn or therapeutic agent 
conjugate, 

(2) polyaer-multibiotin conju9ate or, 
(3) polymer-llllltil>iotin - aulti-t:herapeutic/ 

detection agent conjugate and permitting 
a .,iotin of the ce11position of (d) to bind 

to an avidin receptor of the localized 
a9ent of (c); 

if a conjugate containing polymer is uaed in 
(d), then injactint a coapo•ition coapriainr 
(1) avidin-tberapeutic/detection agent 

conjugate, 
(2) aultiavidin-polymer conjugate, 
(3) aviclin, or 
(4) aultiavidin-•ultitherapeutic/detection 

agent-polyaar conjugate, and penittin9 an 
25 avidin of the coapoaition of (e) to bind 

to a Jdot1n receptor of localized 
coaposition of (d); 

(f) 1f other then t.he avidln-therapeutic:/detection 
agent conjugate has been injected in step (e), 

30 injecting- a biotin-therapeutic/detection agent 
conjugate and permitting the biotin to bind. to an 
avidin receptor at tba target laaion; and 

(CJ) using tbe therapeutic/detection· agent to treat or 
detect the targeted. lesion; 

JS vherein a polymer conjugate is usecl in at least one 
step of the process and the polymer has a 
autf ic:iently rigid stereocb•ical structure so that 
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only one avidin or biotin of the conjupte will bind 
to a receptor already pr .. ent at the target leaion. 
Most favorably, in tha toreqoin9, the avidin bound 
therapeutic/detection agents. of tbe clearing ·and. 

5 localizinCJ compoaitions which do not bind to the 
tarqat lesion, will !Ml readily metabolized and 

excretecl, primarily by the liver and kidney. 
In another emboclillen:t, the aetl'lod provides a :method 

of detecting and/or treating laaiona in a patient. 
10 The method comprises the steps of 

(a) injecting a subject with a first composition 
comprised of a lRUltiavidin-polymer-protein c:onju9ate 
or avidin-protain conjugate, 
wherein the protein binds to a :marker aubatance i• produced by or aasociatedl with 'th• t:arget leaion, 
and allowing the conjugate to accrete at the target 
lesion; 

20 

25 

30 

(b) injecting a clearing agent coapriaed of 
(1) biotin, 
(2) multibiotin-polY11er conju9ate, 
(3) aultibiotin-multitharapeutic/detection 

agent-polymer conjugate, or 
(4) biotin-therapeutic/detection 

conjugate, 
and periaitting the clearing a9ent to remove 
circulatin9 aultiavi4in-polymer-prote1n 
conjugate of th• first composition; 

(c) injecting a localizing agent comprised of 
(l) aultibiotin-polymar conjug"ate, 
(2) aultibiotin~aultitberapeutic/detection 

a9ent-polyaer conjugate, or 
(3) biotin-therapeutic/detection 

conjupta. 
wherein the localising agent aay ba the saae as or 

JS different from the clearing agent and can be 

injected concurrently with or subsequent to the 
clearing agent and permittin9 the localizing agent 
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to localiz.e at the target lesion by bindin9 to an 

avicUn receptor; 
{d) injecting a coaposition comprised of 

(1) avidin-detaction/therapeutic 
conjugate. 

(2) polyaer-.ultiavidin conju9ate or, 

a9ent 

(3) polyaer-aultiavidin-aultitherapeutic/ 
detection agent conjugate, and permittinq 
avidin of the conjugate to bind to biotin 

10 receptors of the localiaing .. agant; 

15 

(a) if a conjugate containinq polymer is used in (d), 

then injectin9 a composition conaistinq essentially 
Of 

(1) biotin-therapeutic/detection agent 
conjugate, 

(2) aultibiotin-polymer conju9ate, 
(3) aultibiotin-multitherapeutic/detection 

agent-polyaer conjugate, 
and permitting the biotin of the conjugate to bind 

ZD to avidin receptors provi4a4 by composition (d); 

(f) ir other than a biotin-therapeutic/detection agent 
has Deen injecte4 in •tep (e), injecting an avidin­
therapautic/4etect.1on agent conjugate and permitting 
the aviclin of the conjupta to bind to a biotin 

as receptor at the "target lesion;. and 
(g) using the de~ction/therapeutic agent to detect or 

treat the tarCJeted lesion; 
wherein a poiyaer conjugate is uaed iil at least one atep 
of the method and the polymer has a sufticiently rigid 

30 stereochemical structure ao that only one ·l:Jiotin or 
avidin of each conjugate can bind to a rec:eptor already 
present at the target lesion. Moat ravorably, in the 
foregoing, the biotin bound therapeutic/detection agents 
ot the clearing and localizing compositions which do not 

3S bind to a receptor at tbe target laaion will be readily 
aetabolized and excreted, priaarily by the liver and/or 
liver. 
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In another embodiment, the invention provides a 
method of detecting- and/or treating- lesions in a patient. 
The aethod comprises 

. (a) injactinq a subject with a firat composition 
5 comprised of a mul tibiotin-polymer-protain conjugate, 

wherein the protein preferentially binds to a marker 
IRlbstance produced. or associated with the tarqet lesion, 
and allowinCJ the multibiotin-polymer-probin conjWJate to 
preferentially accrate at the tar9et.ed lesion and to 

10 provide multipl• biotin reeeptors at the targeted. lesion; 
(b) injecting at least one dose of a composition 

comprised of avidin and permitting it to clear the 
multibiotin-polymer-protein conjugate from non-targeted 
sites and to localize at the targeted lesion })y bindinq 

15 to the JDUltiple biotin receptors; 
(c) injecting a compo•ition comprising a biot.in­

detection agent conjugate or biotin-therapeutic agent 
conjugate and permitting the biotin to bind to the 
multiple avidin receptors at the targeted leaion; and 

20 (d) using the detection or therapeutic agent to 
detect or-treat the t.rge~ lesion. 

In another eahod.iment., the invention provides anot:her 
method of treating and/or detecting lesions in a patient. 
The ••thod coapriaea 

25 (a) injecting a subject with a first composition 
comprised of a biotin-protein ·conjWJate, wherein the 
protein preferentially bind.a to a aarker substance 
proclucad or associated with the target lesion, and 
allowing tbe biotin-pr~ein conjugate to accrete at the 

30 target lesion thereby providing biotin receptors at the 
target lesion; 

(b) injectin9 at least one dose of a clearing and 
localizincJ composition comprised ot a polyaer conjugated 
to more than one avidin aolecule and permitting the 

S5 conjugate to clear t.he biotin-protein conjugate from non­
tar9eted sites and to bind to 'the biotin-protein 
conjugate accreted at the target lesion, wherein only one 
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avidin of each.aultiavidin-polyaer conjugate binds to a 
biotin receptor at the tazvet lesion and 'thereby provides. 
increased numbers of avidin receptors at the target 
lesion; 

(c) injecting a biotin-therapeutic/detection agent 
conjugate and permitting the biotin of the conjugate to 
bind. to avidin receptor• at the target site and thereby 
increasing the amount of biotin-therapeutic/detection 
agent accreted at the target lesion; and 

10 (d.) using the therapeutic/detection aqent to treat or 
detect the lesion. 

In another ubodiaent, the invention provides another 
method of detecting and treating lesions in a patient. 
The method comprises the steps of 

15 (·a) injecting a subject with a first compo•ition 
comprised of a biotin-protein conjugate, wherein the 
protein praf erentially binda to a J1arkar substance 
produced by or associated with the target lesion, and 
allowing the biotin-protein conjugate to bind. to the 

ID target lesion thereby praducing biotin receptors at the 
target lesion; 

(b) injecting at least one doae of a clearing and 
localizing coaposition comprised of 1111ltiavidin-polyaer­
detectian/tberapeutic agent conjuqate and penitting the 

15 conjugate to clear biotin-protein frOll non-tU9•ted sites 
and to localise at the tarqet leeion, wherein only one 
avidin of each conjugate binds to a biotin receptor 
present at the target lesion, thereby providing the 
target lesion with debaction or therapeutic agent and an 

30 amplified mmber of avidin binding sites; wherein cleared 
biotin-protein and non-accretingaultiavidin/polymer/ 
detection or therapeutic agent conjuqata are metabolized 
and excreted fro• the body; 

(c) injecting a biotin-detection/therapeutic agent 
35 conjugate and peraittinv the conjugate to preferential1y 

bind in an amplified aanner to the aulti-avidin •it.es 
provided by the conjugate of atep (b) at the target 
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lesion; and· 
(d) usillCJ the cleteci:ion/therapeutic agent to detect 

or treat the target lesion. 
In another embodiaent, the invention provides another 

S method o~ treating and detecting leaions in a patient. 
The method coaprisu 

(a) injecting a subject with a first composition 

comprised of an avidin-protein c:onjuqate, wherein the 
_protein preferentially binds to a marker substance 

io produced or associated vith the tar9et lesion and 

allowincJ the avidin/protein conjuqate to accrete at the 

target lesion thereby providing avidin receptors at the 
tarqet lesion; 

(b) injecting at least one dose of a clearing and 
:a.s ·localisation agent coaprised of a multibiotin-polym.er 

conjugate and allowing the agent to clear the avidin­

protein ccnjuqate froa non-targeted sites and to localize 

at the target lesion, wherein only one biotin ot each 

aulti~iotin-polyaer conjuqate binds to an avidin receptor 

20 provided by each avidin/polyaar conjugate accreted at the 

target lesion, vher.my each aultibiotin-polyaer conjuqate 

provides aultiple biotin receptors at the tarqet lesion; 
(c) injecting- an avidin-therapeutic/detection agent 

conjugate and allowing the conjugate to bind to the 

as biotin receptor• at the taqat lesion, thereby amplifying 
the amount of therapeutic/detection agent available at 

t:he target lesion; and 

(d) using the a•plif ied aaount of 

therapeutic/detection aqent accreted at the target lesion 

30 to detect or treat the ta1"98t lesion. 
In another •mbodiaent, the invention provide• another 

aethOd of detecting and treating lesion• i~ a patient. 
The method coaprises the steps of 

(a) injecting a subject with a first composition 

35 comprised of an avidin•protain conjugater Wherein the 

pro'tein preferentially })inds to a urker auJ:astanc• 
produced by or aasociated with the tat'9et· lesion, and 
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allowinq the ayidin-protain conjuqate to preferentially 

binc:l to the targeted lesion and provide avidin receptors i 
(b) injecting at least one close of a clearinq and 

localizing coaposition comprised of 11Ultibiotin-polyaer-
5 detection/therapeutic agent conjugate and. parmitting' the 

conjuqate to clear avic:lin-protein conjugate from non­
target sites and to localize at the target lesion, 
Wherein only one biotin of each aultibiotin-polymer 

conjugate binds to an avidin receptor provided by each 

10 avidin/polyaer conjugate accreted at the taZ1Jet lesion, 
whereby each aulti~iotin-polymer-detection/therapeutic 
agent conjugate provides multiple biotin receptors and 

provides detection/therapeutic agent to the target 

lesion; wherein cleared 1'1otin-protain and non-accretin9 
15 multibiotin-polymar-deteetion/tharapeutic agent conjugate 

are metabolized and excreted frma the body; 
(c) injecting an avidin-ciet.ection/tberapeutic agent 

conjugate and permitting the conjugate to- ~ind in an 
aaplif ied aanner to the 11Ulti-biotin receptors at the 

20 target tissue; and 

25 

(d) using the aaplif iec:l amount of 

detection/therapeutic agent at the target leaion to 

detect or treat the lesion. 
DETIJLID DISc;psSIOI 

It ba• now bean found that the procedures of the 

present invention are aore advantageous tor selective 
detection and therapy ot lesion• thaii t:ha methods of the 

prior art because of the significant increase in the 

amount ot tbe detection or therapeutic agent which is 
30 available at the targeted aite due to the increa•• in the 

number of biotin and/or avidin binding sites available at 

tbe targeted aite. 
In a more preferred embodilllent of this invention 

involving a 3-step •pPl'oac:h, a :aultibiotin-polyaer-
35 tar;e;ing antibody or fragment is injected, followed by 

the application of avidin as a clearing and localizing 
agent. Then, aa a third step, a biotin-conjugated 
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isotope or dru9 is adminiatered. 
In another pref erred 3-step ae'thod of the present 

invention, the first step is the injection of a 
multibiotin-polymar-anti~y or fragaent and the second 

5 step is the injection of a multiavidin/polyaer clearinq 
and localizing a9ent or chase. The third step involves 
the injection of biotin conjugated vith a detection or 
therapeutic aqent. 

Bach of these approaches is an illproveaent, in terms 

10 of absolute amount ot detection or therapeutic: agent 

delivered and retained at the site of the lesion, as 

compared to the prior art procedures Which do not 
contemplate the use of a polymer to provide aultiple 
biotin or avidin aitea to which a later injected avidin 

15 or .biotin containh9 conjuqate could l:lind, thereby 

aaplifyinq the 001.mt of detection or i:berapeutic aqents 

available at the tarqeted site. 

zo 

Of course, if desired, the aequ.ence c:an .be repeated 
for additional accumulation of the agenta, if desired. 

Further, the l~sion-localizin9 protein can l:le a 
biapecif ic or hybrid . antibody, where))y at least 2 

antibody arms are directed against different epitopea of 
~e same antigen or against 4if f erent substances 
associated vith the leaion. 'l'hi• is preferred in order 

25 to achieve higher level.a of accretion and binding in the 
lesion. 

These aethods of the present invention provide the 
f ollowin9 bproved results over other sequences reported 
earlier by. others: 

so 1. increased absolute aaounta of detection and 

therapeutic agents targeted to th• leaion; 
2. higher leaion:noraal organ (incluclincJ kidney) 

ratios: and. there.by 
J. improved lesion detection or therapy. 

35 Th• detection/therapeutic agents Wied in the methods 
of the P,reaent inven'tion can be any or multiple• of the 
following: 
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A- diagn~stic or therapeutic radionuclides 
·(a.9. ,alpha-, beta-, 9amaa-, positron-, x-ray­

ancl fluorescence-.. ittera; electron- and 
neutron-capturing agents); 

B- photoactivated dyes for detection or therapy; 
c- cytotoxic agent• (e•CJ• I drugs, toxins, 

horaonaa, cytokines, hormone antagonists, 
receptor antaqonist•)r 

D- diff arentiation agents (e.9., vitamins, 
10 cytokines, autocrinea, certain honaones and 

drugs). 
The methods ot the present invention can be used to 

detect (either lJy internal procedures or by external 
ima9inq) and/or treat lesions, including cancer•, 

15 infectious diseases, cardiovascular diseases and other 
patholoqical conditions. 

Internal detection procedure• include 
intraoperative, intravaacular or endoscopic, including 
laparoscopic, techniques, both •urgically invasive and 

20 non-invasive. 
Tb.a polymers moat useful in the praaent invention are 

those which ·have a restricted staraoeh-istry. Such 
polymers allow for the adeqUte spacing of biotin (or 
avidin) moieties such that each biotin (or avidin) is 

25 capable of binding to an avidin (or biotin) aoiety when 
its compliaentary species is subsequently injected. 

. . . . . . 

Also, if the polyaer conjugate i• the subsequently 
injected composition and aultiple ·biotin or avidin 
aoieties are conjugated to the polymer, the position of 

30 the biotin or avidin residue and the relative rig-idity of 
the polymer due to th• restrict.ad atereocb-iatry will be 

sufficient such that .W.tantially only one of the 
muitiple residue sites or the conju9a1:a will be able to 
bind to a coaplillentary receptor aite already present at 

35 the.targeted lesion as a result of a previously injected 
composition. Por example, biotin units substituted onto 
the polymer bacld:Mme will be unable to bind two avidin 

. ; 
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receptors pr.esent at the target lesion because (1) each 

"biotin ot the polymer conjugate will J)e aore than 1sA 

from its nei9hbor and (2) th•. polymer will be 

sufficiently aterically rigid to not bend to enable two 
5 or more biotin units to l:»ind vi th the corresponclin9 

number of avidin receptor•. In this way, the fullest 

pos•ible t&r9•tin9 amplification i• achievable. 
such polymers can t>e selected by one skilled in the 

art from the well-known group ot coaaereially available 

10 agents such aa polyamino-acid•, proteins, 
oli9odeoxyri~nuclaotides, oligonucleotide•, polyiaines, 

polyaaccharides, polyuines, polycarl::loxylic acids or 
polyalcohols. Preferred are polymers having a molecular 
weight of 5 to 200 JcD, most prefeJ:"ably 20 to 60 kD. 

15 More pref erred polymer• are exemplified by a 
starburst dendriaer or a dextran, suitably modified for 

substitution, most preferably to carry a limited number 
of maino groups. 

Dextran i• structured in a r19id atraight c:hain. A 

20 starburst dandrimer is a sphere having amino units on its 

outer surface where substitutions can be made. 
conm.ercial biotins products are available in whieh 

the biotin has been modified by the.addition of alkyl 

groups. 'l'he biotins preferred for use in tha present 

25 invention are biotin itself or aodif ied biotins bavin9 

aborter alkyl (Cl-SJ cbaina. Th• uae of a 101i9er chain 

alkyl aodif iecl biotin would allow the biotin to bind an 

avidin Which already has one Of ita four receptors bound 

by a neighboring biotin. 
30 Other u•eful biotin derivatives include active 

esters, amines., hydrazides and thiol groups with the 

coaplimentary reactive groups on polyaer. bein9 uines, 
acyl and alkyl leaving groups, car.bonyl groupe and alkyl 

ha1·1c1ea or Jlicbael-type acceptor•. 
35 Avic!ina are a family of proteins factionally defined 

by their ability to bind biotin with high affinity and 

speci~icity. 
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Avidina are fairly small oli9oaeric proteins, made 
up of four identical subunits, each bearinq a sinqle 
binding aita for biotin. Avidins can therefore bind up 
to f~ar aolaa of biotin per aole of avid.in. 

5 Avidin• include proteins (a) produced by -phibians, 
reptiles and avians, which is present in their 999a and 
known as avic.tin, and (b) produced by a streptomyces, 
Streptomyc:es av1dlnJ.1, and known aa atreptavidin. As 

used herein •avidin" includes all of tha above proteins. 
10 Since eaeh avid.in moiety has four receptors for 

biotin, the conjugates containing avidin do not need to 
have multiple .aieties of avidin in order for the 
aaplif ication resulting- froa the aethocla of the preaent 
invention to occur. It is prefera))le, however that 

15 multiavidin conjugates be utilized in the methods of the 
invention. 

Protein• are known wbich preferentially bind :aarker 

substances that are producecl by or aaaOc:iated vi th 
lesions. For example, antil:fodiaa can be uaad against 

20 cancer-associated substaneaa, as well as a9ainst any 
pathological lesion that ahowa an increased or unique 
anti9enic marker, such as a9ainat substances associated 
with cardiovascular lesions, for exaaple, vascular clots 
including tbrOllbi and aboli, ~cardial infarctions and 

25 other organ infarcts, ancl atherosclerotic plaques; 
inflammatory lesions; and infectioua and parasitic 
agents. :SX..ple• of appropriate applications are 
provided in the aboVe-ref erenced and incorporated 
Goldanberq patents and applications. 

3 D The cancer states include carcinomas, melanoaas, 
sarcomas, neuroblastomas, leukelliaa, lyapboaas, gliomas, 
myelomas and neural tuaora •• 

The infectious diseases include those caused by 

invading •icrobes or parasites. As used herein, 
35 ••icrobe• denotes virus, bacteria, rickettsia, 

.ycoplanaa. ·protozoa, fungi and like aicroorqanisms, 
•par•site• denotes infectious, generally •icroscopic or 
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very aall · aulticellular invertebrates, or ova or 
juvenile fo%118 thereof, which are susceptible to 
antibody-induced clearance or lytic or phagocytic 
destruction. e.9., malarial parasites, apirochetee and 

5 the like, includin9 helaintha, while "infectious agent" 
or •pathogen• denotes J:H)th 11icrol:les and parasites. 

Tb• protein substances useful in the methods of the 
present invention include protein, peptide, Polypeptide, 
qlycoprotein, lipoprotein, or the like, e.g. hormones. 

10 lyaphokines, growth factors, albwlin, c:ytokines, enzYJllea, 
immune aodulators, receptor proteins, antibodies and 
antibody frag'Jlenta. 

The protein aul:latance of parti!='llar interest in the 
present invention are antibodies ancl antibody f'ragaents. 

15 By "antibodies and antibody frapents• ia meant generally 

iJ111un09lobulin• or fragaents tbereof that spacif ically 
bind to antigens to fora iaune complexes. 

The antibody aay be . whole iaunoglobulin of any 
class, e.9., IgG, IgK, tgA, I9D, t91, c:hiaaric or hybrid 

aa antibodies vith dual or aultiple antigen or epitope 
specificities. It can be a polyclonal antibody, 
praterably an aftinity-pur1fle4 antiboc!y from a human or 
an· appropriate aniaal, e.9., a priaate, goat, rabbit, 
IDO\lSe or the like. Monoclonal antibodies are also 

25 suitable for use in the present invention, and are 

30 

31 

preferred becauae of their high specificities. They are 
. readily prepared by what are now considered conventional 
procedure• of imauniaation of mammal• with ilmluno9enic 
antigen preparation, fusion ot ialiune lymph or spleen 
cells vi1:h an imaortal ayeloaa cell line, and isola~ion 

of specitic hybridoaa clones. llOre unconventional 
methods ot preparing monoclonal antibodies are not 
excluclecl, sucb as interspecies fu•iona and genetic 
engineering manipulation• of hypervariable region•, since 
it ia priaarily the antigen apecificity of the antibodies 
that. affects their utility in the present invention. It 
will be appreciated that newer tec:lmiques for-produc:tion 
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of monoclonal~ can also be used, e.g., human monoclonals, 

interspecies monoclonals, chimeric (e.9., hwa.n/mouse) 

monoclonals, genetically engineered antibodies and the 
like. 

5 Antibody fragments useful in tbe present invention 
include F(ab' )i, l'(ab)i, l'ab', J'ab1 PY and the like 
includift9 hyDz'ict fragments.. ·Preferred trapents are 
Fab', F(ab•h, :rab, and F{ab)J. Also useful are any 

s~fragments retaining the hypervariable, antigen-bincUnq 
10 reg'ion of an imaun09lobulin and having a aize similar to 

or smaller than a Fab' fragment. Thia will inclQde 

genetically engineered and/or recombinant proteins, 

whether sinqle-chain or multiple-chain, which incorporate 

an antiqen-bindincJ site and otherwise function in viyo as 

15 targeting vebicl•• in ·~•tantially the sue way as 
natural immunoglobulin fragmanta. SUch single-chain 
binding •oleculea are disclosed in u.s.Patent 4,946,778, 
which is hereby incorporated by reference. l'ab • antibody 
fragments uy be conveniently made by reductive cleava9e 

20 of Jl'(ab')J fra~enta, which themselves may be made by 

pepsin digestion of intact ilaaunoglobulin. Pab antibody 
frapant• aay be aade by papain digestion o:f intact 
immunoglobulin, under reducing conditions, or by cleavaqe 
of P(abh trapenta which result frOll caretul papain 

25 diqestion ot whole bmmoglobulin. Tha frapenta may 
also be produced by genetic ~ineeriJl9. 

%t 8hou1d tie noted that •ixtur• of antibodies and 

i-unoglobulin classes can 1:MI used, as can hybrid 

antibodies. Kultispecific, including biapecific and 

30 hybrid, antibodiea and antibody frapanta are especially 
pref erred in ~· aeth~ of the present invention for 
detecting and treating lesions and are comprised of at 
least two cliff erant substantially monoapec:i:tic antibodies 
or · anti1'ody fragments, wherein at least two of said 

35 antibodies or antibody fragments specifically bind to at 
least two different anti9ens producecl or associated with 
'the 'targ'etad lesion or at least tvo different epi topes or 
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molecules of .a Jtarker substance produced or associated 
with the targeted lesion. Hultispecific antibodies and 
antibody fragments with dual specif icitiea can be 

prepared anal09oualy to the anti-tumor aarltar hybrids 

5 disclosed in u.s. Pat. Bo. 4,l&l,544. other techniques 
for preparing hybrid antibodies are disclosed in, e.g., 
U.S. Pat. Bo. 4,474,893 and 4,479,895, and in Milstein et 

al., IJIUllUJ'lo~. 'I'oday, 5,299(1984). 

Pref erred are proteins having a apecif ic 
10 imnunoreactivity to a marker substance of at leaat 60\ 

~d a cross-reactivity to other antigens or non-targeted 
sl.lbstancea ot lesa than 35,. 

As disclosed above, antibodies aga1nat tWD.or antiqens 
and against pathogens are known. For example, antibodies 

15 and antibody fragments which specifically bind markers 
producecl by or assoc:iated vith tWRora or infectious 
lesions, inclucUng viral, bacterial, fungal and parasitic 

infections, and antigens and products· aasoc~atec:l with 

such microorganisms have bean disclosed, iptar alia, in 
zo Han.sen et al., u.s. Patent 3,9:17,193 and Goldenberg u.s. 

Patents 4,331,647, 4,348,376, 4,361,544, 4,468,457, 

4,444,744, 4,818,709 and 4,624,846. In particular, 
antibodies against an antigen, e. CJ. , a qutrointastinal, 
lung, breast, prostate, ovarian, testicular, brain or 

25 lymphatic tumor, a sarcoma or a melanoaa, are 
advantaqeoualy used. 

A wide variety of aonoclonal antibodies against 
infectious disease agents have been developed, and are 
sWDarized in a review 1'y Jlolin, in Eur. J. Clin. 

30 Mierobiol., J (5) :387-398, 1984, shovinCJ ready 

availability. These include monoclonal antibocl1es (MAbs) 

against path09ens and their antigens aucb aa the 
followinq: 
Anti-bacterial llaJim 

35 Streptococcus a9alactiae 
Legionella pneumophilia 
Streptococcus pyogenes 
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Haisseria 9onorrhosae 
Neisseria aenin9'itidia 
PneUJD.ococcus. 

s Hemophilis intluenzae B 
Treponema pallidua 
Lyme disease spirochetes 
Paaud.oaonas aaruginosa 
Kycobacteriua leprae 
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10 Brucella abortus 
Hycobacteri'WI tuberculoaia 
Tetanus toxin 
Anti-yiral llAba 
BIV-1, -2, -3 

15 Hepatitis A, B, C, D 
Rabies virus 
Influenza virua 
cytomegalovirus 
Herpes simplex I and II 

ao Human aerma parvo-lika virus 
Reapiratory. ayncytial yirua 
Varicella-zoster virus 
Hepatitis 8 virus 
Measles viru• 

25 Adenovirus 
Haan T-cell leuk811li& virusea 
Epstein-Barr virus 
Kurine leukemia virus• 
JIWDpa virus 

30 vesicular stomatitis virus 
Sindbia virus 
Lymphoc:ytic Choriomen1nglt1• virus 
Wart virua 
Blue tongue virus 

35 Sendai virus 
Feline leukemia virus• 
Reo virus 
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Mouse mammary tumor virus* 
Dengue virus 

5 R.Ubella virus 
•-aniaal virus 
Anti=prpt:o1pan MAbi 
Plasmoc:liwa talciparum 
Plasmodiwa vivax 

10 Toxoplasma 9ondii 
Trypanosoma ran9eli 
Trypanosmaa cruzi 
Trypanosoma rhodesiensei 
Trypanosoma brucei 

15 SChistosoma mansoni 
Schistosoaa japanicum 
Babesia bovis 
El.JDeria tenella 
Onchocerca volvulus 

20 Leiahllania tropica 
Trichinella spiral!• 
tbeileria parva 
Taenia .bydatigena 
Taenia ovis 

25 Taenia sa9inata 
Echinococcua granuloeus 
Jlesocestoides corti 
A1¢ivcoplagal llAb• 
Mycoplasma arthritidis 

30 M. hyorhinis 
II.· orale 

x. arg-inini 
Acholepl.... laidlawii 
K.. aalivariu.11 

31 II. PDIJ'WIODi• 
Additional examples ot JCA]:)a 9eneratec:! aqainst 

infectious organisms that have bean cleacribecl in the 
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literature are noted :below. 
KAba against the gp12D glycoprotein antigen of hwaan 

immunodeficiency virus 1 (RIV-1) are known, and. certain 
of such antibodies can have an inunoprotective role in 

s humans. see, e.g., Rossi et al., Proc. Hatl. Acad. ScL 
USA, 86:8055-8051, 1990. other MAbs against viral 

antigens and. viral induced. antigens are also known. Thia 
shows that proper selection of the epitope can 
distinguish between a therapeutic and non-therapeutic 

10 tarqet. 
HAbs against malaria parasites can be directed 

against the sporozoite, •erozoite, aehizont and 
qa11etocyte stages. llonoclonal antiboclies have been 
generated against aporozoitaa (circwasporoaoite antigen), 

15 and have been shown to neutralize sporozoites in vitro 
and in rodents (N. Yoshida at al., Science 207:71-73, 
1,80). 

Several groups have developed KAba to T. CJOndii, the 
protozoan parasite involved in toxoplaamoais (Kasper et 

20 al., J. Immunol.129:1694-1699, 1982;li.L, 130;2407-2412, 

1983). 

HAb• have been developed aqainst schiatoamaular 
surface antigens and have been found to act a9ainst 
schistosoaulae in vivo or in vitro (Simpson et al., 

25 Parasitology, 83:163•17'7, 1981;. S.it:h et al., 
Parasitology, 84: 83-91, 1982; Gryzch et al. , J. Imllmol. , 
129:2739-2743, 1982; Zodda et al., J. I:maunol. 129:2326• 
2328, 1982; Dissou• et al., J. Immunol., 129:2232-2234, 
1982). 

30 Trypanoa011a crusi ia the causative agent of Chag••' 
disease, and is tranamittecl !»y .blood-suc:Jtinv reduviid 
insects. A KAii has been 981lerated that •pecitically 
inhibits the differentiation of one fora of the parasite 
to another (apimastigote to trypou.atigote sta9e) in 

35 vitro, and vhich reacts vith a cell-surface glycoprot:ain; 
however, this antigen is abltent troa the aammalian 
(.bloodstreaa) forms of the para•ite (Sher et al., Nature, 
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300:639-640, 1?82). 

suitable MAbs have been developed against most of the 
microorqanisms (bacteria, viruses, protozoa, other 
parasites) responsible for the majority of infections in 

5 hwaans. and many have !Hien used previously for in vitro 
dia912ostic purposes. These antiboclies, and newer HAbs 
that c:an be generated by conventional aethods, are 
appropriate for use ih the present invention. 

Protein• useful for detectillCJ and treating 
10 cardiovascular lesions include fibrin-specific proteins, 

for example, f ibrin9en, soluble fibrin, antif ibrin 
antibodies and fragments, fragment 11 (a 60 kDa t:r:aqment 
of huaan fibrin made by controlled plasain diqestion of 
c:rosslinked fibrin), plasmin (an enzyme in the blood 

15 responsible for the diaaolution of fresh throabi), 
plasminogen activators (e.9., urokina•e, streptokinase 
and tissue plasminogen activator), heparin, and 
fibronectin (an adhesive plasma qlycoprotein of •SO kDa) 
and platelet-directed proteins, for example, platelets, 

a o antiplatelet antibodie• and antitioay .fraqaants, anti­
activated platelet an~ibodiea, and anti-activated.­
platelet factors, Which have··· been reviewed 1>y Kobli.k et 
al., Semin. Hucl. Me4., 19:221-237 19S9, all of which is 
included herein by reference. 

25 Among t:he radionuclidea useful° in the aethod.a of the 

30 

present invention, 9uuu.-.. ittex-s, positron-emitters, x­
ray amittar, paraaagnetic ions and rl'laoreacance-emitters 
are suitable for detection and/or~therapy, while beta• 
and alpha--itters and neutron-capturin9 a9ente, such as 
Boron and Uraniua,, also can be used for therapy. 

Suitable radioisotopes for the -thocla of the present 
invarition include: Actini1.111~225, Aatatille-211, Iodine~ 
123, Iod.ine-12s, Iod.ine-126, Ipcline-131, Iodine-133, 
a1 .. utti-212, Broaine-77, Indiua-111, lndium-llla, 

35 Gallium-67, Gallil.Dl-68, Rutheni1.111-95, RutheniU.-97, 
Jluthenima-103, Rutbeniua-105, llercury•107,, llarcury-201, 

Rheniwa-186,Jtheniwa-188,,Telluriu.-12i.,Telluriwa-122a, 
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Telluriwa-12sm, Thulium-165, Thulium-167, Thulium-168, 
Technetima-99m, Fluorine-18, Silver-111, Platin'UJl-197, 
Palladium-109, copper-67, Phosphorus-32, Phoaphorus-33, 
Yttrium-90, Scandium-47, samarium-153, Lutetium-177, 

5 Rhodiua-105,Praseodyaiua-142,Praaeoclyaiua-143,Terbium-
161, Holmium-166, Gold-199, cobalt-57, CObalt-sa, 
Chromium-51, Iron-59, Selanium-75, 'l'halliua-201, and 
Ytterbiua-169. Preferably the radioi•otope will emit a 
particle or ray in the 10 - 7, ooo .kev range, more 

10 preferably 50 - 1,soo kav. 

Isoto~s pref erred. tor external iaaqing 
include:Iocl.ina-123, Iod.ine-131, Indium-111, Gallium-67, 
Ruthenium-97, Technetima-99m, Cobalt-57, Cobalt-58, 
Chrcmiua-51,, Iron-59, Salenima-75, Thallium-201, and 

15 Ytterbima-169. 
Isotopes most pref erred for internal detection 

include: 
Iodine-125, Iodina•l23, Indium-111, 
Technetium-99m and GalliUJl-17. 

20 Iaotop•s preferred tor therapeutic use include: 
Actinium-225, Bismuth-212,Lead-212, BiSllUth-213, Iocl.ine-
125, Iodine-131, lhenium-186, Rhenium-111, Silver-111, 
Platinum-197, Palladiu.-109, Copper-67, Phosphorus-32, 
Phosphorus-33, Yttriu.-90, ScanctiUll-47, Saaariwa-153, 

15 Lutetium-177, Rhodiua-105, Praaeodyaium-142, 
PrueodyailDl-143, Terbbm-161, Boblium-166, and Gold-199. 

Among the therapeutic a9ents usetul in the currant 
invention are isotopes, dru9a, toxins, fluorescent dyea 
activated by nonionizing radiation, hormones, hormone 

30 antagonists, receptor antagonists, ensyaes or proenzymes 
activated by another a9ent, autocrine or cytokina. Many 
drugs and toxins are known which bave cytotoxic ettecta 
on calls. They are to ba found in compendia of dru9s and 
toxins, such as the Merck Index, Goodman and Gilman, and 

35 the like, and in the reference• cited a:bove. Any such 
drug can be conjugated to or loaded onto the protein, 
polymer or biotin/avidin by conventional means well know 
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in the art, and illustrated by analogy to those described 

above. 
'l'be present invention also contemplate& dyes used, 

for example, in photod~amic therapy, conjugated to 
5 proteins, biotin or avidin and used in conjunction with 

appropriate nonionizing radiation. 
The use of light and porphyrins in aetbods of the 

present invention is also contemplated and their use in 
cancer therapy has been reviewed by van den Bergh 

10 (Chemistry in Britain, May 1986, Vol. 22, pp. 430-437), 
which is lncorporated herein in ita entirety reference. 

Exuples of known cytotoxic agents useful in the 

present invention are listed in Goodman et al. , "The 
Pharmacological Basia of Therapeutics," Sixth Edition, 

15 A.G. Gilaan et al, eda. / Ka.C'Jlillan PWtlishin; Co. ·Nev 

York, 1980. These include taxol; nitrogen mustards, such 
as mec:hlorethamine, c:yclophoaphaaicle, aalphalan, uracil 
:mustard and chlorambu.cil1 ethylenilaine derivatives, such 
as ~iotepa; alkyl sultonates, such as busulfan; 

20 nitroaoureas, such as carmustine, loaustine. a .. usti.ne 
and atreptozocin; triasenes, such aa dacarbazine; folic 
acid analoqa, such as •thotrexate; pyri•idine analogs, 
such as tluorouracil, c:ytarabine and asarUtine; purine 
analOCJS, such aa urcaptopurine and thioguanine; vinca 

25 

30 

35 

alkaloids, suc:h as vinblastin• anct vincristine; 
antibiotics, such aa dactino.Ycin, daunorubicin, 
doxorubicin, bleoayc:in, aithru.ycin and aitoaycin; 
enzymes, such as L-asparaginaae; platimm coordination 
complexes, such as cisplatin; austituted urea, such as 
hydroxyurea; •thyl hydraaina derivatives, such as 
proc:arbazine; adrenocortical auppreasantc, such as 

mitotane; honone• and antagoni•ta, auch aa 
adrenocortisteroids (pre4nisone), progestins 
(hydroxypr09eaterone caproate, Mdroprogeaterona acetate 
and •egeetrol acetate) , estrogens (diethylstilbestrol and 
ethinyl estradiol), antiestroqans (taaoxifen), and 
androgens (testosterone propionate and fluoxymesterone). 
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Drugs tbat interfere with intracellular protein 
synthe•is can also be used in the aethocla of the present 
invention; such drugs are known to these skilled in the 
art and include puromycin, cyclohexi.aide, and 

s ribonucleaae. 
Toxins can also l:le used in the aetbods of the present 

invention. Toxins useful as therapeutic• are known to 
those skilled. in the art and inclwle plant and 0acterial 
toxins, such as, abrin, alpha toxin, diphtheria toxin, 

10 exoto:xin, qelonin, polceveed antiviral protein, ricin, and 
saporin. 

Toxin• in their native .fona require a JRinimmn of 
~ree different biocb .. ical functions to kill cells: a 
cell binding function, a cytotoxic function, and a 

11 function to translocat• the toxic activity into the 
cells. 

'rhe •od.if ied toxins useful in the present invention 

dif~er from native toxins in that the domain _providing 
the cell bind.int function of the native toxin is 

20 nonfunctioninq bec.:ause the domain is aissing partially or 
totally. 

Other therapeutic agents useful in the present 
invention include anti-DNA, anti-RNA, radiola.beled 
oligonucleotidea, such as anti-sense oliCJOCleoxy 

25 ribonucleotidas, anti-protein and. anti-c:bromatin 
cytotoxic or antimicrobial agents. 

The proteins useful in the aathoda of the pr,sent 
invention may be labeled or conju9ated by a variety cf 
methods known in the art. Hany of tbeae -thod.a are 

30 disclosed in the above-referenced u.s. Patents and Patent 
Applications. Sea also, Rayudu, &a. 1i1L.i and Childs et 
al., J, Hue. Kesl 1 , u. Z93 (1985).. Any conventional 
aethod of radiolabeling which is suitable for labelinq 
isotopes for in vivo use will.be generally suitable for 

35 labeling detection agents accordin9 to the present 
invention. 
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'l'he avidin. or biotin :may be conjugated to therilpeutic 

agents such as ~ugs; toxins; a9ents useful in neutron 
capture therapy, such as boron and uraniWll; isotopes; 
fluo~escent dyes activated by nonionizin9 radiation; 

5 homones; autocrinea; enzymes and proenzy.as activated by 

another agent; cytokines; cytoprotect:ive agent&; etc., by 

methods known to those skilled in the art. us Patent 
5,057,313, Shih et al, hereby incorporated by reference, 
teaches one such aethocl. 

10 Other exaaplas of methods of conjugating avidin to 
a detection or therapeutic agent include the following: 
Ca) the chloramine-T or Bolton-Bunter procedures tor 
co~jugating iodine, (b) the procaduru described :by 
Griffiths et al. (Cancer Rea. 51:4594, 1991) or Pritzberg 

15 et al·. (U.S. Pat. Ho. 5, 120,526) to conju9ate tec:hneti1111 

or rhenium (c) throu9h bifunotional chelatintJ a9ents as 

described by Meares et al. (Br. J. cancer 12:21, 1990) ta 
conju9ate 11etallic nuclides. Additionally, avidin or 
biotin can be boUnd to dendrillera by proceclures cleacr ibed 

20 for amino-containing protein• aa described. by Hnatowich 

et al. (J •. Jrucl. Had. 28:1294, 1987). 
Biotin can be readily conjug~ted to proteins 

(including antibodies and. their frapenta) via the 
proteins• lysine and cysteine residues, and, if 

25 available, their oxidized carbohydrate groups. These 
methods are exaaplified below. · 

Method.IS which can a. used to conjugate biotin or 
avidin to dextran include tho•e described in Shih et al. 
U.~ Patent 5,057,313, which ia hereby incorporated .by 

30 reference, for conjWJating haptens containing suitable 
derivatives groups to dextrans. 

35 

one method for the conju9ation or biotin to a 

atarburst dendriller i• to treat a 9enarat.ion 3 to 
generation 10 starburat dendrillar aolution (0.01 to 100 
aol) in tris, hepes, phoaphat:e, carbonate or borate 
buffer (1 to 2000 maol) with a aolution of x­
h yd r ox ya u cc in 1 •id obi o t 1 n or N-
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hydroxysulfosuccinillidobiotin (0.01 mol to 10 JIOl). A 

co-solvent such as DJllF or DHS) may be added in uounts up 
to 1oi to facilitate aolubility. The reaction is allowed 
to proceed for 0.25 to 24 hour• at 4-loo•c. The 

5 substituted polymer is purified. ))y dialysis and/or size­
exclusion or ion•exchan;e chromatography. The 
substitution ratio of biotin to polymer is determined 
with the BABA reagent and a standard photometric 
determination of free a•ino qroups, for example with 

10 flourescamine or ninhydrin. 
One aethod for conjugating avidin to a starburst 

dendriaer is to treat a generation 3 to veneration 10 

starbUrst danclrimer (0.01 to 100 mmol) with maleic 

anhydride (0.01 to 1000 -ol) in a suitable solvent such 

15 as DMP, toluene or DlfSO with the· optional addition of a 
base such as potassi'UJI carmnate ~ aodiwa hydride. The 

reaction is allowed to proceed for 1 to 96 hours at a 
temperature of 25 to 11o•c, optionally with a device for 

the reaoval of water foraed during" the reaction, to drive 
20 the reaction to completion. This and. aim.ilar reaction 

conditions ue well known and described. in tbe literature 
(Hargreaves et al. Cha. Rev • .za: 439•469, 1970),. The 

reaction mixture is purified by •ize•exclusion or ion­
excbancJe chroaatogZ"aphy and/or dialysis in a buff er ):)elow 

25 pH 7, to preserve .. 1ei•ide groups. The substitution 
ratio of aaleiaide onto the denclriaer is determined. 
spectrophotoaetrically t:l1roup the abaorbance of the 

conju9ated iaide and quantitation of aaino-groupa pre­

and. poet-reaction with rea9ent• such~· floureacaaina and 
30 niJ'lhydrin. Avidin i• either reduced vith a thiol a9ent 

such as 2-merc:aptoethanol, to cleave a lillited nUllber of 

ciisul~ida bOnda (Griffiths et al. cancer Rea. 21: 4594-
460:2, 1991) or nactect vith a rea9ent Which is known to 
insert free thiol groups into proteina. For example, in 

35 the latter method, a solution of avidin (0.001 to 1000 
mmolJ in tris, hepes, borate, carl:aonate or phosphate 
maffer, ph 6 to 10, is treated with a solution of 2-
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iminothiolana.(0.0001 to 1000 JllJllOl). The reaction is 
allowed to proceed for 0.25 to 24 hours at 4• to so•c. 
The substituted avidin is purified as above and the 

number of thiol groups determined by the Ellman reaction 
s (Ellman, Arch. B1och••· .Biophys.82:70-77, 1959). 

The maleimicle-dendriaer (0.001 to 100 amol) and the 

tbiol-avidin (0.001 to 100 1UllOl) are aixed. together in a 

suitable buff er at a pH of s-a for o. 25 to 24 hours at 4 • 

to so•c. The conjugates are purified by size-exclusion, 
10 ion-exchange, affinity, and/or hydrophobic interaction 

chromatography according to the exact nature and size of 

the polymeric reactants. conjugates are sized by 

native/SDS gels and analyzed for biotin-bindinq 

capability with the BABA reagent, as described above. 
15 Methods of preparinCJ conjugates ot aultiavidin/biotin 

with polymer and active agent are known to those 8killed 
in the art. one aethOd. 1• illustrated in the examples 
below. 

A phyaiolOCJic:&l aolution of the protein containinq 
20 conjuqate ia advantaqeoualy metered into sterile vials, 

e.g., at. a unit dosage of al:lout 1.0 - 500 1UJ protein 
conjugate/vial, and the vials are either stoppered, 
sealed and stored. at low temperature. or lyophilized, 
stoppered, sealed and stored. 

25 In an mUodiaent of i:ha detection or therapeutic 
protocol of the present invention, the ~iotin-polyaer­
protein conjugate can i:.a injected parentally, usually at 
a protein dose of o.s to 200 119. "lhis can be 

adllliniatered aa a single injection or in divided doses. 
30 After 1-S days, 110re preferably at less than 2 days and 

even at less than 1 day when the first agent involves a 
small and rapidly tar9eting aolecula, auch as an antibody 
fragment or subfrapent, a dose of unlabeled clearinq 
agent, such as 2.0 to 200.0.ag avidin i& adlainistered 

35 parenterally. ~· clearing a9ent ancl localizing agent 
can be given aa a ai119la inje=ion or in divided doses; 
adainistering the clearing agent and localizing agent in 
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two doses ia preferred in certain circuaatances. The 

third step involves injection of the biotin conju9atacl to 

a detection or therapeutic a9ent. Th• third step's 

rea'1ents can be administered paranterally within 24 brs 
s ~f t.he 2nd step, bUt also at up to 3 days later. In one 

detection UIOocU.ment, the third step involves 111-In 

conjugated to biotin attachecl to a lesion-targetinC)' 

antibOcty or antibody fragment. Within 24 hours of the 
last injection, more preferably vii:hin 4 hO\ll"a, planar 

10 and single-photon a11ission coaputect tomography scans are 
mad.a with a gamma caaera equipped with the appropriate 

collimator and aelectint th• appropriate enerqy windows 
for the detection isotope being used, such as 173 keV and. 
247 keV tor 111-In. 

15 In another ~iment or the detection or therapy 

protocol of the present invention, the l::tiotin-lesion­

tarqeting pr_otain conjugate can be injected parenterally, 

usually at a protein Close of 2 to aoo ag, more pref arably 
within a dose rang-e of 5 to so aq. Tbis can ):)e 

20 administered as a single or as divided injections. After 

1~5 days, more prefe:r:aJ?ly at less than 2 days and even at 

leas than 1 day When the first agent involves a mll and 

rapidly tarvetinq protein, aucb •• an antil::tody traC)iient 

or aufrapent, a dose of a multiavi41n-polyaer conjugate 
25 cleari119 agent is given parenterally. Tb• longer the 

delay after the first step, the lover the a110unt (and 
ratio) of clearing agent and localizincJ agent given. Th~ 

clearing a9ent and the localizing agent can .be qiven as 

a single injection or ·in divided doses, dividing the 

JO administration of the clearinq agent and localizing a9ent 

into at least 2 doses may be preferable, uwally within 

a short period, iluCh as within 2 hrs. In the third step 
of this mabodiment of the invention, a dose of 2 to 200 
lltJ ot biotin conjuqate4 with a detection or therapeutic 

35 aqent, as appropriate, is acllainistered parenterally 

either as a sin9le dose or in divided doses. 
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Variations and mo4if ications of these 
formulations will be readily apparei:tt to the ordinary 
skilled artisan, as a func'tion of tbe individual needs of 
the . patient or treatllant ragiaen, as well as of 

5 variations in the form in vhic:h the radioisotopes may be 
provided or may becOll8 available. 

10 

R.OQtes of administration for the compGsition include 
intravenous, 
intraperitoneal, 
perfusion. 

intraarterial, intrapleural, 
intrathecal, sUbcutaneous or by 

An application ~or the method of the present 
invention is for ma911atic resonance imaging (MRI). In 
this case, for example, a suitably radiolabelecl conjugate 
or a conjugate bearing a llr image enhancing agent is 

15 . administered with the intention of o»taining an image of 
the lesion. 

The method of the invention can be practiced either 
vi th acintigrapbic or aagnetic resonance illlaging agents. 
A combination of these J.aa9in9 agent• can alao be used, 

20 although this requires aore complex inatrwaentation and 
ctata processin9. 

Scin.tiqrapbic i•afing according to the •et.hod of the 
invention is effected by obtaininq a acintigram of .'the 
lesion of interest •. 

25 The scintigru i• normally taken by • gma imaging 
caaera havinq one or more windows for detection o~ 

energies in the so-sao JteV range. vae o! radioisotopes 
with higher energy, beta, or positron -iasion• would 
entail use of ima11in9 caaeru with the appropriate 

30 detectors, all o~ vhieh are conventional in the art. 

35 

The acintigrapbic data can be stored in a computer 
for l•ter processing. 

Methods useful for internal detection and/or 
treatment ot tumors and/or other lesions are disclosed in 
o.s. Patent 4, 782,840; u.s.Patent 4,932,412; and 
copend.ing u. s. Application 07 /879, 857, the diaclo•ures of 
vhieh are incori>orated herein l:ty reteranca. The methods 
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of the present invention can be used to enhance the 
methods disclosed in tbesa raferencea. 

Magnetic resonance iaaging (JIRI) is et~ected in an 

anal09ous 11i1Nler to scinti;r•pbic iuging except that the 
5 iuging agents will contain aagnetic resonance (:mr) 

enhancing apecies rather than radioisotopes. It will be 

appreciated that the magnetic resonance phenomenon 
operates on a different principle froa sc:intigraphy. 
Normally, the signal generated. i• correlated with the 

10 relaxation tiJaes of the magne~ic .oaenta of protons in 
the nuclei of the hydrog'8n atoms of vater •olecules in 
the r...,ion to be imaged. The magnetic resonance image 
enhancing agent acts by increaaing the rate of 
relaxation, thereby inc:reasinv the contrast between water 

15 aol~ules in the reqion where the imaging agent accretas 
an4 water molecules elsewhere in tile bocly. However, the 
effect of the agent is to decrease l:loth Ta and T2, the 
former resulting in greater contraat while the latter 
results in leaser contrast. Accorclingly, i:he phen011enon 

20 ia concentration-dependent, •4 there is nonally an 
optimm concentration of · a paraaagnetic species for 
aaximum efficacy. This optiaal concentration will vary 
with the particular agent uaed., the locws of iaa9ing, th• 

mode of imaging, i.e., spin-echo, saturation-recovery, 
as inversion-recovery and/or various other strongly '1'1-

dependent or T2•depenclent illaqing teehniques, and the 
compoaition of the aecliua in which the agent i• dissolved 

-or suspended. These factors~ and their relative 
importance are Jcnovn in the art. see,· e.g., Pylcett, 

30 Scientifie Aaeric:aa, 246, 78(1982); llunCJe et al., Am. J. 

Radial., 141, 1209(1983). 
The MR image ehancin9 a9ent llUSt be present in 

sufficient amount• to enable detection by an external 
cuaera·, usin9 magnetic tieid atrengths vhieh are 

35 reasonably attainable and compati~l• vith patient safety 
ancl instrumental design. The requiraenta for such 
a9ents are well Jcnown in the art for tbose a9ents which 
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.have their effect upon water molecules in the 1D9diWll, and 

are cliscloaed, inter AlJ.&, in Pykatt, .RR· Git· , and. Run!Je 

et al., 29. ,gU. 

MRI contrast aqents are well Jcnown in the art and 
5 include, for example, Gadoliniwa, Iron, Manganese, 

RheniUll, Europima, Lanthaniwa, Bollliwa, and Terbiua. 
The MR scans are stored. in a computer and the i11a9es 

proce&sed analogously to the scintiqraphic clata. 
Without. further elal:»oration, it i• believed that one 

10 skilled in the art can, using the prec:ecUn9 description, 

utilize th• present invention to its fullest extent. The 

following preferred specific nbodiaenta are, therefore, 

to be construed as Jllarely illustrative, and not 

limitative of the remainder of the d~sclosure in any way 
15 Whatsoever. In the following uuaples, all taperatures 

are sat forth uncorrected in degrees celsiua; unless 

otherwise indicated, ·all parts and percentaqea are by 

weight. 
Accordingly, these ambodiaants constitute ilaproved 

20 :methods and reagents for amplification of therapeutic or 
detection a99Jlt• at a ~esion targeted tor detectinq and 
therapy especially of cancer and other patholoqical 

conditions. 

25 Example 1 -
EQllPl.IS 

Con1ugatina an Antibody or Antibocb: 
fragment tp Bigj;in 

a) Via a lysine r••idue 
An antibody or antibocly fra911ent at a concentration 

ot 1-20 lll9/•l in a non-amine containing lJUffer 
.30 (e.9.,borate, phosphate, etc:.), at a suitable 

35 

concentration ( o. os-o. s JI) , at a •l.igbtly elevated pB 

(7.0-9.5), is mixed with· a 1•100 molar exc:ass of the 

activated estar (succinillide or su.ltosuccinimide are 

preferred) of D-biotin or D-biotin incorporatinq a spacer 

ara (such as auccinimid.o-,-.[biotinaaido]hexanoate). A 

co-solvent, such aa dimethylformallide (DllP) or 
diaethylsulfoxide (DllSO) , aay be added to provide a final 
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concentration of up to 20t to. facilitate reactant 
solllbility. The reaction solution is atirred for 1-24 
hours and Jcept at a temperature of 4•c to l7°C. At the 
end of the reaction period., the aodified protein is 

s separated from unbound. biotin ancl other lov molecular 
weight contaminants by aize-exclusion chromatOCJraphy 
and/or dialysis. 

b) Via a cyateine Reai.clue 
An antibody or antibody fragment at a concentration 

10 of s-20 m9/ml in 0.1-0.s M tris buffer, pH a.7, is nade 

o. s-s ag/ml in 2-mercaptoethanol. 'l'he reaction solution 
i• let stand for s-1ao minutes at a teaparature of 4•-
37•c. The reduced protein is separated froa unreacted 
tbiol by size-exclusion chromatography in 50 lllf acetate 

J.5 ~uffer. pH 4. 5. Protein concentration and the nwaber of 

thiol groups per antibody molecule JDaY J:le determined at 
this time. · The reduced antibody or anti1'ody fragment at 
a concentration of 1-20 -.g/al. in a non-aaine containing 
.buffer (a.9., phosphate) at a neutral pH (5.o-7.0) is 

20 mixed with a 1-100 molar excess of biotin•aaleimide (H­

biotinyl~H-[6-aaleimido hexanorl]hydrazide) (Sigma Chea. 
Co). A co-solvent, e.9., DD' or DMSO, aay be added to 
provide a final concentration of up to 2ot to facilitate 
reactant solubility. Tbe reaction solution is stirred 

25 for 1-24 hours at a temperature between 4•37•C. At ~e 
end of th• reaction period, the b1otinylate4 protein is 
separated froa unbound biotin and o:tner lov molecular 
weight contaminants by •ize-excluaion daromatography 
and/or dialysis. 

30 c) Via a Car1'obydrate Moiety 

35 

Antibody or antibody fra911ent at a concentration ot 
1-20 m9/al is treated with aocUa metapariodate to a 
rinal concentration of 0.1-10 afJ/ml in phosphate buffered 
saline at room temperature ·for 1-4 hours. Ethylene 
qlycol is added to decoapoae the remainin'J periodate. 
'l'ha oxidized IgG is purified from lov molecular vei9ht 
contaminants by size-exclusion chromat09raphy in 



SENT' BY.:FOLEY & LARDNER. WASH.; 2-20-S6 ; s:44PM ;FOLEY & LARDNER.DCB""' 
61 2 2615486;#38/02 

W0'41.U79 

- 35 -

phosphate ~fer. The oxidized an1!i])ody (1-20 mg/111) is 
. reacted with a 1-100 aolar excess of biotin-hydrazide 

(Pierce Chemical CO.) in a non-amine buffer (e.g., 

phosphate, carbonate, etc.) at neutral pH (S.0-8.0) for 
5 1-48 hours at 4-37°C. After the optiaum time for 

couplint;, the formed hydrasones are reduced. by the 

addition of aodilJll cyanoborohydride with pH adjustment to 

>7. The biotinylated antibody is purified. by size­
exclusion chromatography and/or dialysis. 

10 d) Via Addended Thiol Groups 
An antibody or antibody fra,..nt at a concentration 

of i-20 11Jq/al in a non-amine containing buffer (e.9., 

borate, carbonate, etc.) at a suitable concentration 
(0.05-0.5M) and pH (7-10) is mixed with a 1-100 aolar 

J.5 excess of 2-iainothiolane hydrochloride (Pierce Chemical 
Co.). The reaction mixture is ode 1-100 mK in EDTA to 

help prevent disulfide bond formation and held at 4-37• 

fe>r from 1-4 hours. The llOdifiad protein i• purified. by 

size-exclusion chromatography in a neutral to ali9htly 
20 acidic buffer (e.g., acetate, citrate, etc.) pH S.0-7.0. 

'l'h• purified aulfbydryl aUbatituted antibody (1-20 1119/ml) 
is •ixed with a 1-100 aolar excess of biotin malei.JU.de. 

A co-solvent, e.9., DllF or DJISO, :aay be added to a rinal 
concentration of up to 2ot to facilitate reactant 

25 solubility. The rea~ion aolution is •tirred for 1-24 
hour• at a temperature betvaen 4-37•c. .At the and of t.he 

reaction period, the biotinylate4 protein is separated 

from unl>ound· biotin and other low aolecular weight 
contninants by aize-excluaion chroaatograpby and./or 

30 dialysis. 
e) site-specific Conjqation of Biotin and Pa.b' 

Prqmanta 
An anti.body F(ab' )i fragment (obtained by pep11in 

digestion ot the intact ant:il»ocly) at a concentration of 
35 5-20 119/•l in phoephate b1Zffer at pR &-8 i• tr~ated with 

a freshly prepared solution of L-cysteine to give a final 

cysteine concentration of 1•50 llCJ/ml. The reaction is 
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allowed to proceed for 1-4 hours at 25-37•c.. At the end 
of this period, the Pab' frapant is purified from low 
molecular veiqht contaminants by size-exclusion 
chromatography in an acidic buffer (e.9., acetate, etc.) 
. . 

5 at pH 4'!'·0-1.0. The Fab' frapant is reacted with a 1-100 
molar excess of biotin-malei•ide at pH 5.0-7.0. A co­

aol vent, e.g. , DHP or DJISO, may be added to a final 
concentration of up to 204 to facilitate reactant 
solubility. The reaction is stirred for 1-24 hours at a 

10 teaperature between 4-37•c. At tha and of the reaction 
period, th• biotinylated. antibody rragment is separated 
frOJD unbound biotin and other low 11olecular weight 
contaminants i:,y size-exclusion chromatography and/or 
dialysis. 

15 f) Determination of Extent of Biotinylation of 
Proteins 

A saall aaount of biotinylated anti~ is heated to 
56° in O.lK phosphate buffer for 10 minutes and 
enzymatically digested with small volumes of 14 pronase 

20 (Sigma Cheaical co.). The di9estion is allowed to 
proceed overnight. "l'he digest is analyzed with a.lo we 
solution of avidin saturated with a 100 Ull solution of 2-
( 4 '-hydroxyazobenzena) -l:lenzoic acid (BABA) in o. lk 
phosphate buffer, pH 7.0. The avidin-BABA solution is 

25 titrated with incr•asin9 voluaes of di9ested biotinylated 
antibody as well as a standard .biotin solution containing 
1-10 1111 of biot:in. !'he change in at:aorJ:tance at soo nM 

for each is determined, and the concentration of biotin 
in the pronase digested biotinylated anti1'ody calculated 

30 froa reference to the standard curve ot t:he titration of 
biotin with avic:U.n-BABA. 
Example 2 - Pr•var•tipn of a MU1tibiotin-starbµrzi; 

d1nariatr-antibodv rab'. fragment; coniuqate 
o. 001 aol of a aultibiotinylatecl-atarburst dendrimer 

J5 in Tris.eel buffer (0.111, pH a.o. llll) prepared .as 

described v•n•rally in tile specification above, is 
reacted with a solution of broaoacetyl chloride (0.02 
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mmol) in dimethyl sulfoxide (DMSO, 0.2 •l) by t:he 

dropvise addition of the latter over l hOt.lr with 
stirring. The reaction is stirred at room temperature 
for a further l hour and the dendriJler purified on a G-10 

5 size exclu•ion colwnn. A Fab' fragment of a JaOnoclonal 
antiJ:»ociy which bind• to colon-specific antigen p is 

prepared by reduction of a 20 ag/al solution of the 

· F(ab' )z fraqaent with a so ag/111 solution of L-cysteine 

in phosphate buttered saline (PBS), 40 mM, pH 7.4, for l 

10 hour at 37*C, and subsequent purification of the !'ab' 

fra911ent on an acrylamide.column run in acetate: buffered 
saline (A8S) 0.1 M, pH 4.5. Th• Fab' fragment assays for 

2-3 free thiol qroups par rab' vhan analyzed with 
dinitrodithiobenzoic acid (DTNB) by the method of Ellman. 

15 The bromoacetyl mul tU,iotinylatad dendrillar ( o. ooos 
llllOl) is aixed with a solution of the reduced antibody 
Fab' fra~ent (O.OOOS -01) in Tria.HCl. buffer, 0.1 JI, pH 

7.5, and the solution stirred at room temperature for 3 
hours. The Pab•-(biotin).-dendriller conju9ate is 

ID purif i•d on a ~·~ of s-aepharoae equ.il~ated in so mM 
sodium acetate and. run in a gradient of o to 1 M sodium 

Chloride. 
Example 3 - preparation Qf aultibiotiQY'lated 40 
k'iJ.opalton d•xtnn 

25 A... one graa of dextran (40 kD MW) is partially oxidized 
with socUu periodate (0,33 9) by atirring them ·t09ether 
tor l hour in the dark at rooa t•perat\IZ'e. The 

polyaldehyde dextran so formed is purified by buffer 

exchange vith an Amicon tilter unit and lyophilizecl to 
30 9ive a white powder. 

35 

The polyalclehyde dextran (0.02 mol) is then reacted 

with biotin hydrazicle (1 aol) at. rooa temperature for 4 

hours in PBS buffer, 0.1 II, _pB 7.5, to form hydrazone 

derivativea.. Th• hyclrasones are reduc:ed by the addition 

of sodium borohyd.ride (3 -ol) ancl stirrinq for 2 hours 
at room·temperat11re. The biotinylatecl dextran ia then 
pw:1f ied on a G-25 9el-filtration colwln run in so 1111 ABS 
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to eli.Jainate low llW cont:aminanta. The biotin 
aubatitution level i• estimated by tbe BABA test 
procedure and confirmed. by titration against an 
accurately measured amount of avidin. 

5 B- In alternative procedure, the polyaldehycte dextra~ 
(0.02 maol) is reacted with l,3-diaaino-2-bydroxypropane 

(2 mmol) at room taperature for 2• hours and then 

treated with sodium borabydride (3 aol) for a further 2 
hours at room temperature. 'l'he amino-daxtran ·1s purified 

10 on a G-25 size-exclusion column run in so all ABS, pB 4.5, 
and the amino-substitution determined 
spectrophotometrically by reaction with 
trinitrobenaenesulfonic acid (TNBS). An amino 
substitution level of 50 to 100 per dextran is obtained 

15 when assayed against an amino reference compound. The 
aaino dextran (0.001 aaol) 1• then reacted with an N­
hydroxysuccini11ide ester of biot~ (0.05- aaol) at a pH of 

a for 24 h at 2s•c. The (bi~in) clextran ia then 
separated from the low MW cont.+inants on a G-25 size-

2 o exclusion column run in 50 Jiii ABS, pH 4.5. 'l'he biotin 
substitution ratio 1• daterlline4 with the KABA method, 
veri~ied by avidin tiuation, and ~er confined by 
TNBS determination of raaining unreacted uino groups. 
Example 4 - Pr§MWion ot wultibiptin-daxtran-wibed.v 

as cgniugates 
A- The biotinylated uino-dextran (0.001 aol) prepared 
in example 3b 1• treated with a solution of :bromoacetyl 
chloride (0.01 maol) at a pK of 7.5 ior 2 h at 25° c. 
The aodif ied biotinylatecl daXtran ia purified on ah 

30 acrylamida size-exclusion colUJ111 prior to reaction with 
an antibody containin9 free sulthydryl groups. 

The antibody •ulftlydryl groups are produced by an 
antibody reduction with a tbiol agent. The antibody at 
20 mq/llll in TRIS.Bel ~fer~ 0.1 M, pH 8.7, is treated 

35 with 2-mercaptoetbanol to a final concentration of 25 mK. 

Th• react:ion is stirred at 4 4egreea for 10 minutes and 
the reduced protein is puriried by size-exclusion 
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chromatography. The antibody concentration is determined 
and the ratio of aulfhyd.ryl groups per mole of antibody 
deterained by the Ellaan reaction, using 
dithioc!initrobenzoic acid (DTNB), by raterence to a 

5 standard curve. The reduced antibody containing 2-J 
free thiol groups is aixed with the broaoacetyl-biotin­
dextran derivative, prepared. aa above and. c:ontaininq a 
limited n\Ulber of bromoacetyl groups~ in a 1:2 ratio at 
a pH of 7.5 for J houz-s at 3?•c.. The conju9ate is 

10 purified by ion-exchange and/or size-exclusion and/or 
hydrophobic interaction chrmmtography (RIC) and analyzed. 

by HPLC, and for ttiotin content and antibody 

concentration in ai.:ailar procedures as deac:ri»ed aboVe. 
The conjuqate is assayed for iJmaunoreactivity retention 

15 with its pertinent antigen and for quantitative avidin 
binding ability. 
B- In an alternate •ethod, the required free thiol 

groups on the antibody or fragaant aa.y be obtained by 

aubstituting the protein with 2-Wnothiolane as 
20 described in the literature (Blattler et al. 

BioebemJ.stry, 14:1517-152,,1985), ancl proceeding as 

described al>Ove for the analysis of the thiol-antilx>dy, 

its conjugation to the biotin-dextran. and the subsequent 
purifications and analyses. 

25 Example s - Preparatipn or pultiaxidin-dextr1n 
eoni»91ta 

Polyaldehycla dextran (O.OO~:maol) and avidin (0.03 

mmol) are mixed together and stirred at 25° c tor 16 
hotira at. a pH of 7 in 40 llK PBS. Conjugation progress is 

30 followed by a suitable anal~ical proceaure such as size­
exclusion or me HPLC. Th• reaction •ixtura is treated 
with sodia bOrohydride (0.05 nol) for 2 hours at room 
tampaJ:'ature at a pH of 8 in 40 1111 PBS, to convert the 
iaine qroups to uino groupe and thu• Lix the avidin 

35 units to the clextran bac:Jcbone. 'the (avidin) 1-dextran 

conjWJataa containing 2 and 3 avidin units per dextran 
are separated from each other and the rest of the 



SENT'BY:FOL.EY & LARDNER. WASH.; 2-20-ss ; 8:48PM ;FOLEY & L.\RDNER,DC B~ 61 2 2615486;#43/02 

W0'4/2315' 

• CD • 

reaction mi~ure by ion-exchan9e chrmnatography on s­

sepharose equilibrated in 50 llK acetate l:luff er and run in 

a gradient of o to 2 ll sodiUJI chloride. The biotin 
binding capability of the purified avi41n conjugates is 

S determinecl using the BABA test and a quantifiable amount 
Of biotin conjugated to a fluorescent agent or 
radioisotope. The conjugatea are further analyzed by 

polyac°rylamide 9el electrophoresis to verify the presence 

of 2 and 3 avid.in units par dextran ror the isolated 
10 praduets. respectively. 

Example 6 - Prcpa;ation of an layi4inl,-dgtrp-Fab 1 

coniugate 
The (avidin) 2 dextran conju9ate prepared above 

co.ooosmmol) in 1 ml of 0.1 _K Tris.Bel buffer, pH s, is 

15 ~eated with 100 ul of a solution of broaoacetyl chloride 

(o.oos maol) in DllSO vith rapid atirrin9 at 4•c. The 

mi:Xture ia stirred for 30 •inutas and the aodifiad 

polymer is purified on an acrylaaide •ize-excluaion 
colwnn run in 40 *PBS, pB 7.5. The P(u')s trapent of 

20 an antibody which 1'inds to ~· carcinoembryonic anti9en, 
(desiqnatad ~4 in Hansen at al., Proc. Am. Allsoc. 

Caneer Res, 30:414, 1989) in 40 mK PBS, pH 7.4, is 

treated with L-cysteine, to a final cysteina 

concentration of 100 mol, for 1 hour at 37° c. The Fab' 
25 is purified on an acryladde c:solan run in 50 1IK ABS, pH 

4. 5, and assayed for thiol concentration per aole of Fab • 
by the Bl.blan reaction and abaorb&nce at 280 nm, 
respectively. The Pab' (0.0005 llllOl) and bromoacetyl­
(avidin)J-dextran (O. ooos aol) are aixed together in so 

30 1111 PBS buffer, pH 7.s. and. stirred at 25° e for 3 hours. 

35 

The product, Pab'-(avidin)i-dextran, i• puri:fied from 

uncoupled reactants by ion-exchange chromatography on s­
sepharose equilibrated in 50 llK acetate l>\lffer, pH 4.5, 
run in a gradient of O to 2 M sodium chloride. 
Exuple 7 - Pr1p1r1tion pf a JgU1tihiotin=c)exJ:ran-
doXQJ'Ubicin cqnjugate 
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Polyaldehyde dextran (0.02 IUIOl), prepared as 
·duc:ribed above. and contahtin9 10-200 aldehyde 
functionalities is treated with biotin-hydrazide (o.i 
mmol) at a pH of 6 for 2 hours at rooa temperature. 

5 Remaining free aldehyde· · group• are reacted vi th 

doxorubicin (1 uol) under sillilar conditions and the 

in.1.no groups converted. to amino CJrOUP• by reduction by 

the addition of sodium l::lorohydride (2 mmol) and reaction 

over a period of 4 hours at pH a. The conjuqate _product 

.10 is purified by size-exclusion chrC)llatograpby on a G-10 
colWlll, equilibrated in 50 mH ABS, pH4.5. 

Analyzing the c:onjuqate indicates approximately s 
biotin residues per dextran by the BABA ~est, and fer 

approxiaately 35 doxorubicin aoietie• vb.en tested 
15 spectropbotoaetric:a.lly at 496 na. 

Example 8 - Con;h1qatign of biQt;in to o bifunctional 

c;helating agent to fop a conjugate geful 

t;p deliver an •ctiv• mal agent 

tbenpeutic or d@taction agent. 

20 Biotinylpentylaaine ( o. 001 aol) and 

iaothiocyanatobenzyl-diethylenetriaaine-pantaac:eticacid 
(ITC-D'l'PA, o. 001 •ol) are mixed t09etber in borate 
buff er, o, 1 11, pH 8, and atirrecl tor 3 hours at rOori 

temperature. Tile biotin-DTP.A is purified on a c-1s 
as reverse-phase HPLC colWDn run in an acetonitrile/vater 

gradient. The acetonitrile i• reaoved under reduced 
pressure on a rotary evaporator and the water by 
lyopbilization to give a white povdery product.. The 
strueture, biotinylpentylaaino-thioureaylbenzyl•DTPA 

30 (biotin-DTPA) is confiraed by aass spectral and aicro 
analysis. 
Exuple 9 • Xtyiyp-90 radiol&beliM of th• biotin-QTPA 
coniuqata pf :gg.mple 8 

A 25 aC:i sample of yttrium-90 chloride in o.os H BCl 
35 is treated with an equal vollU&e of a.5 II aodia acetate 

buffer, pH 5, to convert the metal to its acetate salt. 
The mixture is allowed to stand tor 10 minutes at room 
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t .. perature~ A 250 ug sample of biotin-D'l'PA in sodium 
acetate butter, 50 Jiii, pB 6, is then added. The 
components are mixed ancl allowed to stand for 30 min., at 

.which time analysis by instant thin-layer chr011atography 

5 (ITLC) run in vat.er/ethanol/SM auoniua hydroxide (which 
will precipitate unchela1:ecl yttriua) indicates that 99 t 

of the yttriua-90 is bound to the biotin-DTPA. The '°!• 
DTPA-biotin is then ready to use. 
Example 10 - con1uqation of biotin and a bifµngt;ional 

10 sbel1tina agent to a polpv to Prcvide a 
lbiqt;in> 1 Cbifunctiona1 chelating agent;>.­
polJnler uaefµl for targeS;inq aatalic 
d@tectiop qr tb•raptptic •a•nt1 

Polyaldehyde dextran (0.02 •ol) prepared as in 
15 example 3a, ia treated with biotinylpentylamine (0.1 

maol) at a pH of 8 for 2 hours at room temperature. 2-

hydroxy-1, 3-diuinopropane (2 -ol) i• added and tbe 

solution stirred for a further 3 hours. Sodium. 
borohydride ( 4 ..al) is added and the react.ion is stirred 

20 ~or a further 3 h01.lr•· at room temperature. 'l'he product 
is purified on a G-10 aiae-excluaion col'UJln to 9ive a 
dextran sUbatituted vith approxi•ataly 5 biotin raaidues 
and 100 free amino groups, as analyzed by BABA testinq 
and TMBS assays. The (biotin)1•uinadextran (O.Ol 111101) 

25 is treated with a solution of ITC-D'l'PA ( o. 5 maol) in o .1 

M borate buffer, pH a, for 6 hours at room tamperature. 
The product i• puritied from unbound ~A derivatives l:»y 
G-10 size-exclusion ehrollatograpby and dialysis. The 
number o'f DTPA resielUes per dextran is ~cnmd t.o M 

30 approxi111a~aly 40 by apectrophotometrio deteraination at 
254 na, verified by col:Hllt-57 rad1olabelin9 of the 
conjugate using various excess amounts of c:Obalt-57. 

Bxeple 11 - Yttriua-10 radiolabelinq of 

Cbiotin)s(DTfAl.a=dextr1n 
35 Y~trima-90 chloride (25 aCi) is converted to its 

acetate fo%11l as described in example 9 and then treated 
with (biotin) 5(DTPA) .. -dextran (0.0001 '&Ol) under the 
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same conditj.ona uaecl in the aonoaer preparation in 

example 9. ITLC showed 99-t o~ the yttriua to be c::helated 
by the c:onju1Jate after a 30 minute :r:acUolabelin9. Tha 
'°r-(DTPA).(biotin) 5-dextran ia then ready for use. 

5 Example 12 - Caw;tr Iuginq yith 'J'hree-Syp Procedunt 
A patient cliagnoaed by sipoidoacopy to have a 

colonic neoplaSll ia 1njectad i. v. vi th composition 
comprised of conju9ate of aultibiot.in-starbur•t 
dendrimer-aonoclonal antibody I9G against 

10 carcinoembryonic antiqen (CEA). Two days later, 

unlabeled avidin (in two divided doses, 20 ain apart) is 

injected i.v. 'l'he next day, biotin labeled vith 111-In 
(4 mCi) is injected i.v. The patient is scanned with a 
g-a cuera 2 hours later, and· a foc:u of increased 

15 radioactivity is detected. in th• r99ion ot the sigmoid 
colon, in agreeaent with the aiCJllOidoscopy findings. 
Example 13 - Ath1ro1clerqtic IJ1agin9 yith ftrea-Step 
PrqCedgre 

A patient with suspected. atheroeclerotic plaques in 
20 various arteries is injected J..v. with a cmposition 

caaprisecl o~ a conjWJat• of JN.ltibiotin-dextran­
•onoclonal antibody P (ab•) 2 aqainst aacrophag'e. one day 

later, a aultiavidin-dextran conjugate (in two divided 

doaea, 15 •in apart) is injected i.v. one day later, 
25 biotin conjugated with S .Ci of 111-In i• injected i.v., 

and the patient scanned vith a 9amma eaaera 3 hours 
later.. Poci o~ abno.raal radioactivity is found. . -' 

Example 14 - cancer bcUpipunCJth•ruv vi$h I rour-stc12 
rrccedure 

30 A patient with several aall colonic carcinoma 
•etastases to the liver is injected i.v .. vith a first 
compoai tion comprised of a conjugate of aul tiavicUn­
dextra11-anti-CBA IVG aonoclonal antibody. Two days 
later, a clearing composition of biotin i• injected i.v., 

35 followed 30 minutes later by 'the i. v. injection of a 
localized co.position of aultibiotin-4extran. After 
another 2 days, a composition of aultiavidin-dextran 
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labeled vitb. I-131 i• injected i.v.. Two veeka later, a 
second therapy doae of a composition of biotin-DTPA-Y90 

1• 9iven i.v. 
IXuple 1s - S:•nctr Cbepoipµnothcrau yit;h a Four-step 

5 ProeaOure 
A patient vith a right lung ad.enocarcino:ma is 

injected. i.v .. vit:h a conjuvata of multibiotin,aextran and 
antilung-cancer IgG. Four days later, multiavidin­
dextran conjugate i• injected i.v. (in two divided dcsea, 

10 60 minu~s apart) • liter. another 2 days, a doae of 
multibiotin-clextran-cloxorubicin is administered i.v. 
Jl'ive days later, a dose of etreptavidin conjugated with 
doxorubicin is adlliniaterad 1.v. 

The preceding examplea can be repeated vit.h siailar 
15 success by 1Nl:>atitutin9 the generically or specifically 

described reactant• and/or operating conditions of this 
invention for tho•• v.aecl in the preceding uamples. 

From the foregoing descriptions, one skilled in the 
art can easily ascertain the essential characteristics of 

20 this invention_ and., without departing frcm the spirit ·and 
scope thereof, can make varioua changes and aodif !cations 
of' the invention t.o adapt it to variou wsages and 

concU tiona. 
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WHAT rs CJ:.AIMIP XSi 

1. An illproved uthod of detectin9 lesions in a 
patient1 th• aethod comprising the atepe of: 

(a) parentarally injecting a patient with a 
5 tar9etin9 composition coapriaed. of 

(i) a biotin-protein conjugate, or 
(ii) an avidin-protein conju9ate, 

wherein the protein preferentially binds to a :marker 
substance produced or aasoc:iated with 'the targeted 

10 lesion1 and allowing the protein conjugate to 
pref erent:ially accrete at the targeted lesion; 

(b) then,. parenterally injectinq a 
clearing/localizinq conpoaition comprised of 

(i) avidin, when the targating composition is 
15 a biotin-protein conjugate, or 

(ii) biotin, when the targeting composition is 
an avidin-protein conjugate, 

and allowing the clearin9/localizing composition to 
sul::tatantially clear the targ"eting ooapo•ition from 

zo non-targeted sites and to bind to the targeting 
composition accreted at tJ)e targeted lesion; 

( c) parenterally injectin9 a detection 
composition compriaed of a conjUCJate of 

( 1) avidin and detection agent when tbe 
25 claari119/ localizing coapoaition is biotin, or 

(ii) biotin and detection agent wben tile 
clearing/ localizing composition is avidin, 

and allowing the detection conposition to acerete at 
the tarqeted l••ion; ana 

30 (d) uaiftg the detection agent accreted at the 
lesion to dete~t the lesion; 
wherein the improvement ia characterised in t:hat at 

least one of the com.po•itions ot step (a) or (b) further 
comprises a polymer to which aultipl• aoietiea of avidin 

35 or biotin are conjupted, therUy providing an increased 
JlWlber of binding aitas to whicb a subsequently 
adainistered composition can bind, and thus aapli~inq 

111111111111111111111111111111 
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the asount of detection agent at the tarqetad lesion. 

2. The ••thod of claim 1, comprising the steps ot: 
(a) injecting the patient with a targeting 

composition comprised. of 
5 (1) multibiotin-pol~-protein ~onjuga.te, or 

(2) biotin-protein conju9a~e, 
wherein tile protein binds to a marker substance 

procluced by or aaaociated with the tarqet lesion, 
and allowing the targeting conjugate to accwaulate 

10 at the targ"et lesion to provide biotin receptors; 

15 

(b) injecting a clearing composition comprised 
of . 

(1) avidin, 
· ( 2) mul tiavidin-polyaer conjugate, 
_(3) multiavidin-11ulticletection agent-polymer 

conjugate, 
(4) 

(5) 

conjugate, 

avidJ.n-detec:tion agent conjugate, or 
aultiavid1n-4etect1on agant-polyaer 

20 and peraitt:.ing i:b• cl•arinq compo•ition to remove 

circulatift9 biotin conjugate; 

25 

(c) injecting a localizing composition comprised 

of 
(1) avidin,. 
(2) :multiavidin•polYJler conjugate, 
(3) aultiavi4in=-au1ttdetection a9ent-polyaer 

conjugate, 
(4) 

{S) 

avidin-cletection a9ent conjugate, or 
•ultiavidin-detection agent-polyaer 

so conjuga..:e, 
wherein tba loc:ali&in9 composition may "8 t.he smae 
as or diffarant froa the clearill9 coapoaition and 
can be injected conc:urrently vit:h or sW.equant to 
the clearinq coapositi~n, and permitting the 

31 localizing compo•ition to locali11e at the target 

lesion by bindiq to a biotin receptor; 
(d) injec:ti·ng a detection compomition comprising 
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(1) · biotin-detection agent conjugate, 
(2) polyaer-aultibiotin conjugate, or 
(3) polJaer-Rltibiotin - multi-detection agent 

conjuc;ate, 
5 and permitting a biotin of the coapoaition of (d) to 

bind to an avidin receptor of the localized agent of 
{C); 

10 

(e) if ·a conjugate containing polymer is used 
in (d), then 

(1) 

(2) 

(3) 

(4) 

injecting a composition coaprising 
avidin-detection agent conjugate, 
aultiavidin-polymer conjugate, 
avidin, or 
J1Ultiavidin-multidetection agant-polyaer 

conjugate, and perm.ittinq an avidin of the composition of 
1.5 Ce) to bind. to a biotin receptor of localized COJ1position 

Of (d); 

(f') if other than the avidin-dataction agent 
conjugate has been injected in step (a), 

injecting a biotin-detection a9ant conjugate and 

20 permitting the biotin to bind to an avidin receptor at 
the target lesion1 and 

(g) using the detection a9ent to detect the 
tar9eted lesion; 

wherein tile polymer in said polymer conjugate has 
as a aufficien~ly rig-id atereocbaical etructure so that 

only one avidin or biotin of eacb conjugate vill bind ta' 
a receptor already present at th• target lesion. 

3. 'the method of claim 1, coiaprising the steps of: 
(a) injact.inq the patient vith a t:&rcJeting 

30 co•po•ition coaprisecl of 
(1) a wltiav141n-polyaer-protein conju9ate, or 
(2) an avidin•protein conjugate, 

wherein the protein binu to a •arker sub&tance 
proc:tuced by or aa•ociated. vith the tarf)et lesion, 

35 and allowing the targeting conjugate to accrete at 
the tar9et lesion; 

(b) injecting a clearing coapoaition COJDprised 

111111111111111111111111111111 
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of 
(l) biotin, 
(2) aultibiotin-polYJ18r conju9ate, 
(3) aultibiotin-•ultide~action agent-polymer 

s conjugate, or 
(4) biotin-detection agent conjugate, 

and permitting the clearing composition to remove 
circulating avidin conjugate; 

.10 of 

(c) injecting a localizing composition comprised 

(1) aultibiotin-polymer conjuqate, · 
(2l aultibiotin-•ulticletection agant-polyaer 

conjugace, or 
(3) biotin-detection agent conjugate, 

15 wherein the localizing composition can be the same 
as or different from the clearing composition and 
can be injectecl concurrently vith or aub&equent to 
the clearing composition, and peraitting ~e 

localizing composition to localize at the target 
20 le•ion by binding to an avidin receptor; 

(d) injecting a coapoaition comprised of 
(1) avidin-cletection agent oonjugate, 
(2) polyaer-aultiaviclin conjugate, or 

(3) polymer-multiaviclin-aultidetection agent 
25 conju9ate, and paraittin9 avidin of th• conjugate to bind 

to bi~tin receptors of tbe localizi119 composition; 
(e) if • conjugate c:o~tain~ pol)'llel' ia used in 

Cd), then injecti119 a compOaiti-on -consi•tin9 
essentially of 

30 (1) biotin-detection agent c0njuqate, 
(2) multibiotin-polper conjugate, or 
(3) 1n1ltibiotin-:aultidetection a9ent-polyaer 

conjugate, and permitting t:he biotin of the conjugate to 
bind to avidin receptor• providing by coapoaition (d); 

35 (f) if other than a biotin-detection agent haa 
been injected in at.ep (e), injectir19 an avidin­
detection aCJ911t conjug•te and permitting the avidin 

- --- ---···--·--- - - --·------ -·-
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of the cc;tnjuqat• to bind to a b~otin receptor at the 
target lesion; and 

(CJ) using the detection agent to detect the 
targeted lesion; wherein the polymer used in said 

5 polymer conjugate bas a sufficiently rigid 

atereoehels.ical structure so that only one biotin or 
avidin of each conju9ate can .bind to a receptor 
already present at the target lesion. 

10 of: 
4. ~e aetbod of claim 2, coaprisinq the steps 

(a) injectil\9 the petient with a targeting 
compo&i tion coapriaad of a :mul ti.biotin-polyaer­
protein conjugate, wherein the protein 

preferentially binds to a marker substance produced 
15 by or aasocia1;:ect with the lesion, and allowing the 

•ultibiotin-poly•er-protein conjugate to 

preferentially accrete and provide aultiple biotin 
receptors at the targeted lesion; 

(b) injecting at least one dose of a claarinq/ 
ao localizing coaposition compri•in9 avidin and 

permit:ting it to clear the aultibiotin-polymer­
protein conju9ate ~roa non-ta%'9eted aitaa and to 
localize at the targa~ed lesion ·by binding to the 
aultiple biotin receptors at the targeted lesion; 

25 (c) injecting a detection composition 

or: 

comprising a biotin-detection agent conjugate and 
permitting the biotin to bind to the •ultipla avidin 

receptors at the targeted lesion; and 
( d) using the detection agent to detect "the 

targeted lesion. 
5. ft• .. thod. of claim 2, coapriainq the steps 

(a) injecting the patient with a targeting 

composition eo11priaed of a biotin-protein conjuCJate, 
35 wherein the protein preterentially· binds to a urker 

SUb8taftce produced or associated With the lesion, 
and. allovi!UJ the biotin-pr:otain conjugate to accrete 

iiiiiiiiHr 11111111111111 1111111111111111 
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at the . tar9et lesion, thereby provicUnq biotin 
receptors at the tar9et leaion1 

(b) injectinq at least one doaa of a clearing/ 
localizinq composition multiavidin-polymer 

5 conjugate, and penai't:'tift9 the conju9ate to clear the 

biot.in-protein conjugate frca non•targ-eted sites and 
to bind to the biotin•protain conjugate accreted at 
the target lesion, vb.erein only ona avidin of each 
m.ultiavidin-polyaer conju9ate binds to a biotin 

10 receptor at the ta~et lesion and thereby provides 
increased numbers of avicUn receptors at the target 
lesion; 

(c) injectinq a detection composition 
comprisin; a biotin-detection agent conjugate and 

15 parmittin9 the biotin of the conjugate to bind to avidin 
receptors at the taX'C)et site, and thare!)y increasin9 the 
a111.ount of biotin-detection agent ~cerated at the target 
lesion; and 

(d.) using the detection a9ant to detect the 
20 lesion. 

6. The •etbod of .ola.ia 2·, ccmpriaing the steps or: 
(a) injecting the patient with a targeting 

composition compriainq a biotin-protein conju9ate, 
wherein the protein preferentially binds to a .arker 

25 substance produced by or aa•ociated with the lesion, 
and allowing the biotin-protein conjugate to bind to 
the taqet lesion, thereDy producing biotin 
receptors at the target i .. ion; 

(b) injecting' at least. one dose of a 
JO clearift9/localiaing composition C011priaed. of 

multiavidin-polymer-detection agent conjugate, and. 
penai tt1n9 ·the· conju9ate to clear biotin•protein 
conjugate froa non-brgetecl si tea and to localize at 
the target lesion, wherein only one avidin of each 

35 conjugate binds to a biotin receptor present at the 
target lesion, thereby pro•iding the target lesion 
with detection agent and an uplitied number of 

--·---·--
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avidin bincUnq 'sites; wherein cleared biotin-protein 
and non-accretin9 aultiavidin-polymer-detection 
agent conjugate are metabolized and excreted from 

.the body; 
5 (c) injecting a biotin-detection agent 

10 

conjugate and. permitting the conjugate to 
preferentially bind. in an aaplif ied manner to the 
multi-avidin sites provided by the conjuqate of step 
(b) at the target lesion; and 

(cl) using the detection aqent to detect the 
lesion. 

7. The method of claim 3, comprising' the steps of: 
(a) injecting the patient with a tarqetinq 

C011lposition compriaad of an avidin-protein 
15 conjugate, wherein the protein preferentially binds 

to a marker substance produced or associated vith 
·the target lesion, and allovi~ the avidin-protein 
conjugate to accreta at the target lesion, thereby 
providing avidin receptors at the target lesion; 

20 (b) injectin9 at least one dose of a 
clearing/localizing composition comprised of a 
multibiotin-polymer conjugate, and allowing the 
composition to clear the avidin-protein conjugate 
from non-tarqeted. sites and to localize at the 

25 target lesion, wherein only one biotin of each 
multibiotin-polymer conjugate binds to a avid.in 
receptor accreted at the tar9et lesion, whereby each 
multibiotin-polymer conjWJate provides multiple 
biotin receptors at the target·leaion; 

30 (c) injectincJ an avid.in-detection a9ent 
conjugate and allowing the conjugate to bind to the 
biotin receptors at the taqet lesion, thereby 
amplifying the amount of detection agent available 
at the tarqet lesion; and 

35 (d) using the amplified amount of detection 
a9ent accreted at the target lesion to detect the 
target lesion. 
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B. · The method of claim 3, comprising the steps 

(a) injectinq the patient with a 
targeting composition coaprised ot an avidin-protein 

5 conjugate, wherein i:he protein prerarentially bincls 
to a 11arJcer aUbatance produced. by or aaaociated. with 
the target lesion, and allowing the avidin-protein 
conjugate to preferentially bind to t:he targeted 
lesion and provide avidin receptors; 

(b) injecting at least one dose ot a 

clearing/localizing composition comprised of 
•ultibiotin•polyaer-deteetion agent conjugate, and 
permitting the conju9ate to clear avidin-protein 
conjugate from non-target sites and to localize at 
the target lesion, wherein only one biotin of each 
multibiotin-polymer conju9ate binds to an avidin 
receptor provided by each avidin-polymar conjugate 
accreted at the tarqet lesion, whereby each 
11Ultibiotin-polyaer-detection agent conjugate 

20 provides multiple ~iotin receptor• and provides 
detection agent to the target le•ion; wherein 
cleared biotin-protein and non-accreting 
multibiotin-polyaer-d.etection agent c:onju9ate are 
mata.bolized and excreted from the body; 

25 (c:) injecting an avidin-detection agent 
conjugate and permitting the conjugate to bind in an 
ampli:fied manner to the multi-biotin receptors at. 
the tar9et tissue; an4 

(d) using the apli£iad aaount of 

30 detection agent at the target lesion to detect the 
lesion. 

9 o Th8 Jlletbocl Of . any Of C::laiU 1-8 I wherein the 

polyaer is selected frcm the group consisting of 
polyaaino•aeids, proteins, oli9ocleoxyrib0nucleotides, 

35 oli9onucleotidea, polyia1ne•, polysaccharides, 
poly1111inea, polycarboxylic acids and polyalcOhola. 

10. The methocl ot claim 9, wherein the polymer has 
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restrictacl staraochemistry. 
11. The method of c:lai.JI 9, wherein tbe polymer has 

a molecular weight of 5,000 to 200,000 kD. 

12. The aethod of claim 1 wherein the polyaer is 
s dextran or a •tarburat dendriller. 

13. The method of claim 12 wherein the polymer is 

a dextran carrying a li.Jaite4 nua))er of amino groups. 
14. The method ot claim 1, .wherein the lesion is 

cancerous, cardiovascular, infectious or inflammatory. 
to 15. The methed of claim 14, wherein the 

cardiovascular lesion is a thrombus, embolus, infarct or 
atherosclerotic plaque. 

16. The method of clai• 14, wherein the cancerous 
lesion is a carcinoma, nelanoaa, sarcoma, neuroblastoma, 

15 leukemia, lymphoma, glioma or myeloma. 
17. · The •ethod of claim 14, wherein the lesion is 

infectious or i~lamaatory. 
18 •. The -t.hcd of claill 1, wherein the protein is 

a peptide, polypeptide, homone, lymphokine, growth 
20 factor, albumin, cytokine, enzyme, immune aodulator, 

receptor protein, anti~y or antibody fra911ent. 
19. The 11&tho4 of clai.Jl 18, wherein the protein is 

a monoclonal antibody, or a apecitic binding fraC)llent 
tbereot. 

25 20. The aetbod cf claim. 19, wherein the fragment is 
a Fv, single chain anti:boc:ly, Fab, l'ab', F(aJ:a) 3 or f(ab'h· 

21. The method ot claim 20, wherein the fragment is 

Fab, Fab', l'(ab)J or F(ab' h· 
22. The aetbod of claia 19, wherein the antibody is 

JD •~ltispecific. 

23. The method of elaba 22, wherein the antibody is 
multi•pecific to differing epitope& or :aolecules ot a 
marker sub•tance. . . 

24. The aethod of claim 18, wherein the protein has 
35 a specific imaunoreactivity to a marker substance of at 

least &oi and a cross-reactivity to other antigens or 
non-t.rget substances of less than 3St. 

- -· -------
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25. The metbod of claia 1. whm:ein the detection 
a9ent is a rad1onucl14a, ari enhancing agent, 
photoactivated dye or differentiation agent • 

. 26. 'l'he method ot claia 1, wherein the aet:hod is fer 
s internal detection during an operative intravascular or 

•. 

endoscopic procedure. 
27. The method of claill 25, wherein the radionuclide 

is a gamma-, positron- or x-ray-emitter. 
28. The method of claim 25 wherein the radionuclide 

10 emission has an energy :between 10 and 7000 JteV. 
29. The method of claim 25, Wherein the radionuclide 

is used for external illaqinq, said radionuclide beinq 
Iodina-123, Iodine-131, IncUum-111, Gallium-67, 
Ruthenium-97, Technetium-9911, Cobalt-57, Cobalt-58, 

15 Chromiwn~s1, Iron-59, Saleniwa-75, ThalliUll-201 or 
Ytterbium-169. 

30. '!'ha method of claia 26, wherein the radionuclide 
used. for internal detection ia Iodine-125,· Iodine-131, 
Ind.iwa-111, Technetiu.11-99•, or Gallium-67. 

20 31. Th• aathod. of claia 25, Vharain the mri 
enhancing . agent comprises a paraagnetic 9a4oliniwn, 
iron, manganese, rhenium, europia, lanthanWD, holmium or 
terbium ion. 

32. Use of: 
as a taz'9eting composition COJ1prising a biotin-

protein conjugate or an aviclin-protein conjugate, 
wherein the protein preferentially blinds to a 
marker substance pi-educed or associated vi th the 
targeted lesion; 

ao a clearing/localizing c:ompo•ition coaprisinq 
(i) avidin, when the tart)eting composition is a 
biotin-protein . conjugate, or (11) t»iotin, when the 
tar9etin9 composition is an avidin-protein 
conju9ate; and 

35 a therapeutic composition ccmpriaecl of a 
conjugate of (i) avi4in Ud a therapeutic agent when 
the clearin9/localizin9 compoeition comprises 

-------·-
----------. 
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biotin, o~ (ii) biotin and a therapeutic agent when 
the clearin9/locali1ing composition comprises 
avid.in; 

wherein at least one of .the targeting or 
5 clearing/localizinq compositions further comprises 

a polymer to which multiple moieties of avidin or 
biotin are conjugated., 

in the preparation of a 11edicuent for use in an improved 
method of treating lesions in a patient, wherein in said 

10 treatment, aaid patient-is: 
(a) parenterally injected with ilaid targeting com.po­

sition, wherein the protein preferentially binds to a 
urlcer substance produced or associated wii:b the tar9eted 
lesion, and the protein conjugate is allowed to 

15 preferentially accrate at the targeted lesion; 
(b) then, parenterally injected with said clearing/ 

localizing com.position, and the clearing/localizing 
composition is allowed to substantially clear the 
tarqetinq composition froa non-targ-etecl aitea and to bind 

20 to the. targeting .composition accreted at the targeted 
lesion; and. 

(c) parenterally injected with . said therapeutic 
composition, and tha coaposition is allowed to acc:rete at 
the tarqeted lesion, the therapeutic aqent accreted at 

as the lesion being· used to treat the lesion, and the use of 
said polyaer in at least one · ot said targetini; or 
clearing compositions providing an increased number of 
binding - site~ to which a •ub9equently administered 
composition can bind, thereby amplifying the aaount of 

30 therapeutic agent at the targeted lesion. 
33. The use accordin9 to claia 32, Wherein 
said targeting coapoaition coaprises 

(l} a aUltibiotin-polymer-protein conjugate, or 
(2) a biotin-protein conjugate; 

35 ~aid claaring/localizinq compoaition comprises one 
or aore of 

(1) aviclin, 

----. - - -- - - ------
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(2) aultiavidin-polyaer conjugate, 
(3) multiavidin-multitherapeutic agent-polymer 

conjugate, 
(4) 

(5) 

avidin-therapeutic agent conjugate, or 
aultiavidin-therapeutic agent-polyaer 

conjugate; and 
said therapeutic composition comprises 

(1) biotin-therapeutic agent conjugate, 
(2) polymer-multibiotin conjugate, or 
(3) polymer-multibiotin - multi-therapeutic 

agent conjugate; 
and, if a tore9oin9 conjugate containing polymer is 
used, then said therapeutic composition further 
comprises 

(1) avidin-therapeutic agent conjugate, 
(2) multiavidin-polymer conjugate, 
(3) avidiri, or 
(4)11Ultiavid1n-11Ultitherapeutica9ant-polymer; 

and, if other then the foregoing avidin-1:herapeutic 
20 agent conjugate is uaed, then aaid therapeutic 

coaposition further comprises a biotin-therapeutic 
agent conjugate, 

wherein said polyaer bas a auff iciantly rigid 
stereochemical structure ao that only one avidin or 

25 biotin of each conjugate will bind to a receptor already 
present at the target lesion. 

34. The use· of cla1• 32, wherein 
said ta~etinq composition comprises 
(1) a aultiavidin-polymer-protein conjugate, or 

30 (2) an avi41n-protein conjugate; 
said clearing compo•ition coaprises 
(1) biotin, 
(2) aultibiotin-polyaer conju9ate, 
(3) aultibiotin-aultitherapeutic agent-polymer 

35 conjugate, or 
(') biotin-therapeutic agent conjugate; 
said localizing coaposition comprises 

11111111 llllll lllll lllll ll llll 
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(1) aultibiotin-polyaer conju9ate, 
(2) .ultibiotin-multitherapeutic a9ent-polymer 

conjugate, or 
(3) biotin-therapeutic agent conjugate, 

5 wherein the localizin9 a9ent can be the same as or 

10 

different tram the clearing agent; and 
said therapeutic composition comprises 

(1) avidin-therapautic a9ent conjugate, 
(2) polyaer-mllltiavidin conjugate, or 
(3) polymer-multiavidin-multi1:herapeutie 

conjugate; 
agent 

and, if the foregoi~g ~o~ju9ate containing polymer 
is used, than said therapeutic composition further 
comprises 

15 (1) biotin-therapeutic agmd: conjugate, 

(2) multibiotin-polymer conjugate, or 

(J) multibiotin-multitberapeutic agent-polymer 

conju9ate; 
and, if other than the f'oraqoinq biotin-therapeutic 

20 agent is used, then said therapeutic composition 

further comprises an avidin-therapeutic agent 
conjugate. 
35. The use of claia 33, wherein: 

said tarqatin9 compo•ition comprises said 

25 multibiotin-polymer-protain conjugate; 

said clearincJ/localizin9 composition comprises 

avidin; and 
said therapeutic compositi~n comprises said biotin­
therapeutic agent conju,ate. 

30 36. The use of claia 33_, wherein 
said. ta:r11etin9 composition . c:oapri•es &aid 

biotin-protein conjugate; 
said clearing/localizing.composition comprises said 
multiavidin-polymer conju9ate; and 

35 said therapeutic coaposition comprises said 

biotin-therapeutic agent conjugate. 
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37. The use of claim 33, wherein 

said tar9etin9 compoaition comprises said 
biotin-protein conju9ate; 
said clearing/localiziDCJ composition comprises said 
•ultiavidin-polymer-detection a9ent conju9ate; and 

said therapeutic coaposition comprises said biotin­
therapeutic agent conju9ate. 

38. The use of claia 34, wherein 
10 said targetift9 composition comprises said 

15 

IG 

avidin-protein conju9ate; 
said clearing/localizing composition comprises said 
multibiotin-polyaer conjugate; and 

said therapeutic composition comprises said 
avidin-therapeutic agent conjugate. 
39. The use of claia 34, wherein 

&aid targeting coapos1tion comprises said 
avidin-protain conjugate; 

said clearillCJ/localizin~ composition coaprises said 
aultibiotin~polymier-detection agent conjugate; and 

said therapeutic coaposition comprises •aid 
avidin-th~apautic agent conjugate. 
40. The use of any one of claiu 32-39, wherein the 

therapeutic agent is a therapeutic radioisotope, a drug, 
15 a toxin, a fluorescent dye acitivatac! by nonionizing 

radiation, a hormone, a hormone anta9onist, a receptor 
antagonist, an enzyme, a proenzyme activated by another 
a9ent, an autocrine or a cytokine. 

41. The use of any one ot claias 32-39, wherein the 
30 therapeutic agent is an electron- or neutron-capturin9 

agent which is thereby converted to a therapeutic 
radioisotope. 

42. The use of claia •o, wherein said therapeutic 
radioisotope is Iodine-125, · Iodine-131, ActiniUDl-225., 

35 Bismuth-212, Bisauth-213, Lead-212,Rhenium-186, Rheniua-
188, Silver-111, Platinua-197, Palladiwa-109, copper-67, 
Pho&phorus-32, Phosphorus-33, Yttriwa-90, scandiu,m-47, 

--- -----------
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suariwn-153; Lutetiwa-177, Rhodi~-ios, Praseodyaium-
142, Praseodyaium-143, Terbiua-161, Bolaium-166 or Gold.-
199. 

43. The use of claim 39, wherein the therapeutic: 
5 a9ent is an anti-Oil.A, an anti-RNA, a rad.iotherapeutic:: 

oligonucleotide, an anti-protein or an anti-chromatin 
cytoxic or antimicrobial agent. 

44.. The use o~ claim 40, wherein the drug is taxol, 
mechlorethamina, cyclophosphamide, .. lphalan, uracil 

10 11\l&tard, chlorambu.cil, thiotepa, b\iaulfan, ca%11Ustine, 
lomustine, seaustine, streptozocin, dacarbazine, 
methotrexate, fluorouracil, cytarabine, azari~ine, 

mercaptopurine, thioguanine, vinblastine, vincristine, 
·dac:tinomycin, daunorubicin, doxorubicin, bleomycin, 

15 mithra11Ycin, mitomycin, L-asparaginase, cisplatin, 

hydroxyurea, procarbazine, mitotane, pred.nisone, 
hydroxyprogestarone caproate, medroproge•terone acetate, 
diethylstilbestrol, e'thinyl es~adiol, tamoxifen, 
testosterone propionate or fluoxyaeatarone. 

ao 45. The use of claim 40, wherein the toxin ia abrin, 

alpha to~in, diphtheri• toxin, exotoxin, 9elonin, 
pokeweed antiviral protein, r~cin or •aporin. 

46. A detection kit for detecting lesions, 

coaprising: 
25 a tarfJeting composition comprising a biotin-

protein conjugate or an av14in-protein conjugate, 

wherein the protein preferentially bind• to a marker 
substance produced·or associated with the targeted 
lesion ; 

30 a clearing/localizing composition comprising 
(i) avidin; when the tarqeting composition is a 
biotin-protein conjugate, or (ii) biotin, when the 

targeting' composition is an avidin-protein 

35 

conjugate; and 
a detection composition comprised of a 

conjugate ot (1) avidin and a detection agent when 
the clearinq/localizinq composition is biotin, or 

--·-=--:-~--~--~--- -- . - ---·------· 
------- -- ·- ---- -- - --- -----

I 111111111111111111 11111111111 
* C L M s * 



·, 

I 

LEY & LARDNER, WASH.; 2-20-96 ; S:02PM ;fOLEY & LARDNER.DCB~ 61 2 2615486:#63/02 

WO .Ml237SJ PCTIU5'4/04295 

5 

10 

- •o -

(ii) biotin and a detection agent vhan the cleariZUJ 

aqent is avidin; 
wherein at least one of the tarcJetinq or 

clearinq/locali2in9 compositions further comprises 

a polymer to which multiple aoieties of avidin or 

biotin are conjugated. 
47. A medicament for treatin9 lesions, comprisinq: 

a targeting composition compriainq a biotin­

protein conjugate or an aviclin-protein conjugate, 

wherein the protein preferentially blinds to a 

marker substance produced or associated vith the 

tarqetecl lesion ; 
a clearing/localizing composition comprisinq 

(i) avidin, when the ·targeting coapoaition is a 

15 biotin-protein conjugate, or (ii) biotin, when the 

targeting composition i• an avidin-protein 

conjugate; and 
a therapeutic coaposition comprised of a 

conjugate of (1) avidin and therapeutic: agent when 

20 the claari119/locali1in9 composition is biotin, or 

(ii) biotin and. therapeutic agent when the clearinq 

ac;ent is aviclin; 
wherein at least one of the targeting or 

clearing/localizing co•positions further comprises 

25 a polymer to which aultiple moieties of avidin or 

biotin are conjugated. 
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