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&nd met hods for “igeect i ng and I magi ng cardi ovascul ar | esi on
-at herospl erotic pl aques vascul ar clots. i'ndlading thronbi and enb

nhyoca nfarcts. XOnospecific
g&F{ - speccH‘T JYaselar \Lesiens cukocyt e as

ant i body I magi n t conj u
well as \mmﬂm m mc anti body-i magi ng agent COI’IJ ugat es specific for at
| east one kocyte agth d1fr i ,- . olol dwith fibrin, '
-nmyosin or platelet cells are used- ' on. Also used I n
the present: invention-area nuitispecifi c antl body-i magi ng agent

conj ugates specific a nt _anti ens sel ected fromthe
group consi sting of 'ftPIsrlinmbé‘ﬁé{oﬂ‘,"Pef&{% F at @l 5?‘5 58i andd methidshsforien
.there is an ms%ﬁ% (’fi\f'gscﬂ‘ dr I¢M102¢$culur| Nediledid. g@eh! as
‘particul arly | cekbeyessleraticnplaies SvaigchOas %iortﬁ éﬁ&fﬂ%%ﬁrﬂat & | n
the |argest ntanier gmpd P_ m)‘gﬂ a ﬁ? hoc tes a acc
lesser. degree. ﬁ'gl’ ese ceF é f% EW%@ Pscpng Gfd!ﬁlhelqmno ~
congregate int %HW iman Lbodyoipagingugénte con juddpa
. extravascul ar. sppeeifoc Utdxo admait ¢ e gdeys, ]b%%m dp t?{éﬁ} t::
nononucl ear cel S, eco om
popul at i.on. J;E%ggg Qgrxgggsg’gg%%# RISk sonjuaates gpeciifiic
&y

early ![ncreafse v Lo ﬁ’f‘-s‘be%btweyoanm?mpte paghorgﬁ:i sggq%qghase
consi sting of iasseatated eity r es, nain
o, m3ondn"0F Bifteldt ok

?Lfgﬂgﬁczagsxe%}%‘;@g% ;Q‘f%%\:ﬁ mmﬁf;ﬁ%@&&!ﬂ@ﬁl ;réﬁhz upedsahta
eukocyt e . pha 8¥Rag iragen ©
vessel, fibrin coppigites speciffc f&‘: L“@dlﬂag tvosiﬁferoi ingzﬂf
S selected from the group consisting of fibrin, myosin, or
platolot associ.atad antigens.

When there is an insuit to vascular endothelium,
circulating blood ealls partimlarly leukocytes,
accunulate. Granulocytoa tand to concontrat:e in the

- 1argest; m_m.bora, but nonocyt,es and lymphocytes also
_ accumulate to a lesaar . deg’roe 'rhoae cells wander
- -through the : vascull.ar endotlmlium to’ rongreqate in the
,:areas of inju.ry _ The granulocytes survive in the
e . extravascular space for qp to about three days, after
1. o - whieh tne mononuelaar cells, nonocytes a_nd 1ynphocytes,
- hecone the dominant population.

Two phases are aasociated with a vascular insult, a
‘brief early zncroase in vascular pemeability and a more
prolonged so_cond phase consisting of increased
p.ermeabzllj_.ty, attachment of leukocytes, mainly
granulocytes,  to the vessel wall, diapedesis of

: p’redominately leukocytes . through the vessel wvall,
accumulation of leulkocytos in the injured area, 1oukocyte
. phagocytosis, leakage of fibrinogen and platelets fron
| the vessel, fibrin deposition in- the injured area,
‘intravascular clotting w;th _' vessel destruction,
macrophage engultnent of necrotlc debrls. migration of

es



I ntravascul ar clotting .with vessel destruction, macrophage engul f ment of
necrotic debris, mgration of 2 the vessel.,.. fibrin -deposition in the
injured area, intravascular clotting. with vessel destruction, rmacrophage
engul fment of necrotic debris, mgration of fibroblasts and formation of
connective tissue, and the neovascul ari lagti Lon by ingrowth of capillaries.
~Thus, the infiltration by | eukocytes partl cularly granul ocytes, is a

vary early and significant avant. The wel | - devel oped at heroscl erotic pl aque
- is aresult of -the interplay of |nflammtory and repair events, resulting
in a |lesion cokBestyenpex, atibadal Idéposm:lcnurmn Sahles, injakeat egp&a

crystals, gl ycgﬁeﬂmgéugﬁas ne onent S.
Endot hel i al per aal lity of. ar{:gtflg'}& s I's Wﬁﬁ rf’c %@es of
- atherosct er osi® ¢ gengRlEment  ofy nef::eun.m dngrimcmmnﬂdxe&‘oﬁnd :
bl ood.. cells, pbbrohllheté yand Lkexnsticon - (émtédﬁwa eAvE YYD t,?}econdary
In

it Z?yd'e[%%ﬁ%“ﬁﬁﬁ*ﬁ%?f%%'# p: ”ﬁ%n%&i?%ﬁw the
degenerat i ve, cirati %&Yr%mmuuhnywulmﬁr qiat ous
| esions.. Harea wagqr rqazﬁry (5| jim&ﬁ%t Vankhe concentration and

extravasation of . 1 ured area "Wth regard to clots,
%%‘:)i %‘J‘B'ngé 5& i5 pisgueoisa resuit

when vessels are inju

fibrin, the &fyrEhat errlay ;o€ etxmlunmym anul aepfr beviantsDuri ng
these event S, I:mdmm $hi g kel o dons 13‘&11 | at el et
aggregati on, lﬁrss &5?08@% evergggf ore&?1 ri ntﬁli(ri q't ﬁgi clun
extravasation_Q éukocil €S %es m@w. (Bo@) and
‘pul nonary enb&li%qﬂ areslimr y%mwilmt hca;pmuitqnopul aghadtnaliggt i ng

30%to 604 o | geah-risk.
S O Rty e et O i B ke
pati ent's ar e a @Méﬂ%lm( of he:ltx:ﬁlatlnge it
has been —est PASFeBolRculessandl blocdccekls, Opart16aLir)y 1l ekkbEités

o (and uinly granulocytu) . SQeondaty changes: uy involve

,. roduction in pomabiuty of the arterial th and the
_J.ator ~ deposition of platelsts and/or = fibrin,

- pronr.arativc, dogcncrativo, nocz-otic, and repair
Processes that rcsult: in atheromatous lesions. - Here
agun, an early eonponant is the concentration and

S extravaaation of 1eukocyt¢- in th. injured area.

With regard to elotl, .whan vcuoll are :I.njured

: plugging. may occur by tbe tomt:l.on o: £ibrin, the
N aggrcgnt:lon of - platchts, and eonbinatiom of both.
. During thesc avents, 1eukocyto lticking and agqregation.

' '. -:I.ndependont of platelct aqgregation, occurs. Very early, :

. _even-'before tibrzn fornat;on, extravaaation of leukocytes

) takes place. : S

Deep vein- thronbosu (DVT) and pulnonary enbolisn are

~very common in the general population, aftecting 30% to

] 60% of otherwise healthy men and women, and up to 80% in
high-riak patients. It hu been estimated that as much

as 208 of all hospital patients are affected with
thromboenbol;c events. In the U.S. alone, it has been
estimated that 2. 5 million cases occur each year (Sherry,

Semin Nucl. Med. 7: 205-—211, 1977).



Senfn.. Nucl: Had. 7:205-211, 1977). 3 The. mgjority. of commonly used
nucfear nmedicine tests for deep vein thronbosis (DVT) involve nonspecific
radi ophar maceuti cal s enpl oyed for radionuclide venography. Thus, there is
@ great need for a thronbosis-specificr 9|opharnaceut|cal for specific,
"sensitive, and-rapid disclosure of thronDi by non- i nvasive external

sci ntigraphy. Cbntrast venogr aphy, a common radi ol ogi cal - met hod, has been
the "gold standard" - for ‘DVT, but it has a high incidence of side effects

.which limit. its Thpeniydrllﬁ? afRadBnisen /) %dﬂ@hh&leﬁ&cﬂedxﬁ'ihg tests

' 104: 134- 144, 1942) on . B-node d SO of use
di agnosi ng t he presenc of %ﬁ‘r ﬁgr“ﬁ'ﬂ” ?égg? bﬁ'(“’?‘ﬁ?’g i RopgReeALiEni t ed -
and, again, notra W#i@l&enswqphyed NeoXNngi . rddidhdelide

| 320: 342- 345 198&,) , radmg@ar%% Non &8 gh 6 a
i agnosi o of b&%ﬂxyw‘?%i P f s Finmnazmal ?"wﬁ%ﬁ%iéfg.iﬁéii, oV,

they 'may. fail.sersitivel oand puhpﬂdar(}im“re V\/rufchtha-bﬁlﬂil f gyt hhgpLeni ng

lesions. Di fferﬁ-m dive r nts enous

t hr onbi” consi st 3% ITB.I’:?:: a1 yrrers ﬂm& eé%%é%%‘éﬁiph%el?s

-alternating wit e mh%eheasbemeM| "gold cstandaxrd® wade
up primarily ofmggwum bdtpliai chad Sa Wigh |ﬂ$§i¢iéﬂ&é Not FlsligdNe f&'cts

- Col eman at al. Throrrb - Basic Pri _CI es and
dinical Pr act | ce § r%{? W r%‘lcscﬁt noy; And; Pay Archyy s,
“there exists aS4¥ded 1t°d' H-&#Elahaépaphar rﬁmrcmiontmmmnrﬁ&mdmt h

arterial and vemmadiepasuha £62 alignsash &

appear to be et i éﬁe;? glggl‘l n- %Pra%gtpﬁig&%ﬁ% térﬂll’*%?r ect ed

phar maceut i caks, as I’ ni agging) nat

1990) . Fi bri n-.%%‘ﬂm ReD8ingcaet i atl udeN. ralhgl abaryed,Med.

fibrinogen,, salobia2=3asi,n, 1”§)t| br ganea) t'Mi.@ﬁh?ﬁga ggfé are
rrn

fragments, fra E 0 f mant
cont rolled pl agrﬁm 4“"%1& € é‘ city, rapidity, and
, Bpecificity for txno detection and diagnosis of DVT.

where tne a:orenentioned agenta may ba useful for
Dv'r, they may. fail to disc:!.ose pulmonary enho].:., which
~are life-threatening lesions. Ditterent thronb:L may
require : difterent aqents.- Venous thrombi . consist
prinarily ot polyzners o: £ibrin. with- entrapped -cells,
alternating uith Jlayars ot platelats, vhereas arterial
- thrombi are nada up priuruy of aggregated platelets
__with less t.thri.n (Freiman, m- COlmn ‘et al., eds,
' __'Henostasis and Thrombosis - - Basic Principles and Clinical
Practice. New !ork, NY, Lippincott, 56: 766-780 (1982)).
E Thus, there exists a need to have a radiophamaceutzcal
_that can bina to both arterial and venons deposits.
| For the most part, the agents availeble ‘appear to be
: restricted to either fibrm-diracted or plate.let-dlrected
'__phamceutxcals, as revieved by Knight (Semin. Nucl.
Med., 20:52-67, 1990). B
S ribrin-speciriq radiopharmaceuticals "~ include
racuolabeled tihrinogen, soluble tibr.m, antifibrin
antibodies and antibody fragments, fragment E; (a 60 kDa
fragnent of human f:.brin mde by controlled Plasmin
' dlgestlon of crosslinked fibrzn) . plasnu.n (an enzyme in



di gestion of crosslinked fibrin), plasmn (an enzyne in 4 the bl ood
responsi ble for dissolution of fresh thronbi), plasmnogen activators
(e.g., urokinase, streptokinase and tissue . plasm nogen activator),
heparin, and fibronectin (an adhesive plasma gl ycoprotein of 450kDa).

Pl atel et-di rected pharnaceuticals include radiolabaled platelets,
antiplatel et antibodies and antibody=f#agnents, anti-activated-platelets,
and anti--activated-platelet factors, which have been revi ewed by Kni ght

(cited above) as vveII as by Koblik at al. , Senen. 19: 221- 227 1989),
all of whichegg Lidf%&? feer Plaelet | magi ng i s nost’
usef ul dur| . acu ase o?/%%?éﬁﬂggpgi°ﬂh8% ﬁﬁ??bethﬂ’%%) et

aggr egat i-on Bﬁ%ﬁ?gn%%“t AStivators)|(a-g-et Maamgmmm&lave _
difficulty iandi sctiiﬂn\mg cbmannhﬁnar Qdﬂ l,?an 2fha éﬁr?ﬁurs ter. at
' dss not hér. contern is

al., Proc. 65- 3468

that platel et manl ng..ma ] % gﬁ ﬁ!ﬁ??ﬁﬂ?giﬂe?%rﬁﬁp kDa) .

admi ni stration i RIpk@ketrdizacted hed&&ﬂt@nﬂtic{@abol dinclalde J.

Pucl .. Med. rmdmwapmatsﬁsmmﬁﬂﬂﬂw rﬁﬁw eqyee the
I es

total n nber f ant.l - ant| Al.avi— at al.
J. Puc2u ﬁ?@W‘&fﬁé{&%"ﬁ t8-Hb3nd antidoodi es,
fragment - F ted-platelat Mam baven Siged eV idvadcdy i er o
(Kogl i k at dnj.ghtpl(bq,d;eabam. Hoxg Rzl B t s fficult to .
)fy ndi-n 11 'ngoﬁagFf?s ﬁ‘i't' gﬁﬁi@dt ( Kni, ght

|sol ate and ar JalS
ﬁc@p ’r‘f’sa g%g ]?9@@)3 'A‘l’r&eeft wWadeho arec dmcluded t o exi st
for a pr‘epab&rﬂgﬂl hbwwcma.commaan iﬁagtﬁ@ oAg nﬁégtohgbgge cI ot

i in of. S '
anwgflﬁrﬁgaﬁnﬁiﬁgr 3nt;§e’déepagrrent %1( EP“&nd gﬁi ve o
anti -l e koc? atg & o gg@nt&m:&ataht-paahal et. or . -
o oy z?“‘?**”a"?;;g;;mmmwm%z% B0t BRAL L0
ol at ol e%/ anﬁgggﬁ ajg‘ér gLgorents ?Ifff:a Bé SE? e/t Rey Natls

’ » 1985). Another concern is - .
‘that platelet imaging may be inhibited by conzurrent - |
_ heparin adniniatration 4n the traataant of thase patients
L (s.abo:l.d et al., J. )mcl. Ned. 29: 1169-1180, 1988) .
Hoparinization .can alao reduca the total nunmber. of
lesions found with anti-tibrin antibodios (Alavi et al.,
J. Nuecl. Med., 29:825, 1988). - In comparison to .
.antitibrin antibodies. fragment B, that is radiolabaled
~ appears to denonotrate clots earlier (Koblikx et al. ’
- cited above). Hovavar, tha tragnant B, is difficult to
. isolate and proparo, ‘and . 'its binding to blood clots is
_. transient (xnight et al, Radiology, 156 509-514, 1985).
‘A need therefore continnes to exist for a preparation
containing a eombination of two or more of these clot
.imaging agonts, each ot‘ ‘which complaments the other(s);
._ e.g., an anti-fibrin antibody or antibody fragment or
. fragment E, and an anti-leukocyte antibody or antibody
fragment and/er an. anti—platelat or anti-activated-
| pPlatelet antibody or: antibody fragment, or an anti-fibrin
- antibody or antibedy tragnent and- an anti-platelet or
anti-activated platelet antibody or fragment; all.
appropriately labolladl.. :



| nadequat e bl ood and oxygen supply to the nyocardium inducing synptons of
myocardi al ischeaia or ischemc heart disease, are the usual events
resulting from stenotic coronary atherosclerosis. Acute and total
coronary artery occlusion results in.severe ischema and, consequently,
myocardi al .infarction. Chronologically,” i*"h~ the first hour subcel | ul ar
changes of ischem e heart nuscle nmanifest as nrtochondrra) gr anul es,
reduction of glycogen and respiratory enZynes Thereafter, fromabout 1

tnScIGegr)u;?rd gargr Imma t ):gdcﬂtwhﬂa t?;tron wr'BrP %)éal 2 tes
are observed. 3ilwr?l"‘tcﬁ'gﬁ] %ﬁghﬁg Lyf’% GIPGhPE%WS it%qhmicy ,

i schem ¢ - necP&&F i digease, Afaxe Xhehousualscweantdi ﬁﬁmp@é ﬁt@pgés

are easily seenenbtd@ Ngotenareal atiulyddiadedls. di fierent sige and dilated
_capillaries by @ﬁ%4 Thegg IIlablet':{g'sts or di g ‘; trﬂiﬂ ting,
and deterai n| Rg. %F&P&Ptﬁniﬂr&‘?@m (mghqnla;mﬂ’d as ERG

creati ni ne. ki ﬁageegmmy.mmaabmwu&mt |¢gﬁmﬁg

th acme |inthat isddee Rbg:ea r)'ﬁate or
'\chaI lium (TII ) bete develg 5 ﬂj_ﬁ agnoggagﬁ r}guﬁ%&ﬁxﬁl qasr’r‘gt he
| ast years, an't'?ﬁgﬁr gﬁa §nPPbBa %%smgauhes.ayadnntlimoﬂ)een
" used experi medl¥eogen amdl resplimetidny hazﬁﬂﬁDSt‘mﬂ&dﬁ@' @A(PR% tt I
aw at al .,

myocardi al cgl I i rg ey schem c i nsul {

J. Micl. Had._28; 167%1%1678 198‘%?@5?”%%% Z‘p‘% rl %ol Pucadgay; g .

13: 27-35, 196 FoRRkin, 1ogs pf quclean pasdyypsilmameurcutecspwfrc for
cell death (F?@sin-‘lmfblt#&tion witl granulodptes, Hre Bhsedved 983 Dy 52 and it
was found i mdske cal d cit ve) tha | east hour s

are needed before ?ﬁrr%g?ng ﬁgéﬂrggé“f %Eg%& &55' é&gic i‘ﬁbP@ieays :

vere requi red©CF%A6 { 28 8LERNc AL teT) 24| tbom.ornvmto hjrotomoglt&an,ng

woul d wor k. sudmsgaésrlixye mmpegsgﬁjlﬁmnéeu or?y éy ?t ensue

to result tes avar I abI e or
anti body bi ngl % ﬁe‘?’gg %Sia 5@%&1’ dl&Y%o?rb‘l nation of
| agents tkat wil I '@@.‘CHWJ-Q maorhéia@osing, pinpointing, and

dotornining the. extent of myocardial Ainfarction (MI),
such as EKG, croatin:!.ne kinase (CR-MB) cu.rves, ejection
» fraction, are all burdene:l with eome limitations.

. Nuclear inaging methods usi.ng _”“z.'c pyrophosphate otl
”‘thallilm ('m:) have . been davelopen to diagnose and
quantify MI.  In the last. years, antikodies and ant:lhody
fragnents against syosin have been. uaod axporimentally_
and clinically to denonst:at.o localization in myocardial
cells 1rzevorsib1y dmged hy an ischenic :l.nsnlt (Khaw et
al., J. Nucl. Med. 28: 1671-1678 1987); Johnaon et al. J.

.Am. Coll: Cardiol. 13: 27-35, 1989) Uptake of myosin

| antibody J.s clained to be: Bpeoit:.c tor cell death (Framie

et al., J. Clin. Invest. 72:535-544, 1983), and it was:

. found in the clinical: studies (cited above) that at least
'24 hours ‘are needed lbofore inaging was revealing. Thus,

- at loast 2 or ‘more days were roquired atter the lschom.c
insult before anti-myoam inaging wou.ld work successfully
because sutricxent cell death nust f_:p:st ensue to result
in sufficient antxgen sites avaxlable for tho ant:.-myoszn
antibody binding. 'J.'hus, thore is a need ‘for an agent or
comb:.nat.1on of agem:s tqm: w:.ll be. d.i.ggnost:.c before the



- 6 occurrence of extensive cell death and nmyocardi al damage and can al so
conbine the attributes of an anti-myosin antibody with- a

| eukocyt e-i magi ng agent. Therefore, for early infarction or even

:at her osat ous pl agques, an anti- | eukocyte anti body suffices for inmaging,
such as within the first few hours after the ischamc insult. bjects-of
"a Invention One object of the present &nwention is to provide an

anti body, An fragnment, or Ab subfragnent-imagi ng agent conjugate which

bi nds to one type of |eukocyte for targeting and early imaging of

car di ovascul er.ascler - vascul ar clots including

t hr onbi . andar:cl&?hae rryoc‘g’S%‘f‘%1 ‘F‘ﬁfaard@P&%a Ahd BYerardiah damagects. |
Anot her obje ‘t"ne‘}ﬁ%smi-n@eﬁhhontt:ibntpcomdan aanti+hgesthf i c

ant.i body, Anaﬁt&godytyioh A NS SR T R grrnggh e- | gi,g?o gﬁn{, conj ugate
VWi ch sel ect at_|I| east ‘] elkocyt e ahd
“sel ectively %‘ﬁgg %?géftﬁ'g%s o ggﬁn?ﬁb%?f"g@g%‘& %‘B‘MH Hanjamth- nyosin,
or pt at el et s1PEKOEYES ANt ibodyl m!tmmmgu.ﬂgim,r (ﬁdﬁlﬁwlﬁtﬁgﬁl ons

Wi th an enhatitedeipstetey hokrs Kaf €&k Gy t'&qﬂ] bj ect of. the
present invention is to provide a ITU|tI€p€CI I'C aq?uél& Ab fragment, or

Lb subl ragment conposite-inmagi ng agent conjugate which sel ecti vel y bi nds
to at least two different amum:‘mﬂﬂéx?e group consisting of
fibrin-, nmyosin- or platelet- associated antigens Tor targeting and early
i magi ng of Card%ﬁ?vaq%ﬂq% | esions with an enhanced target-to- background
rati o. Another o Fhe; Pressnt inventian tis m\nmida met hod for-
targetl ng. n}me;lmm Mrg;mmpecoﬂn iﬁbtbﬂdiuﬁﬂeﬂiaﬁ d | tf . |
car di ovasculgyn A Swili and,a ance arget to
backgr ound ? S anot er Obj e’g+ % g1" FY4e £8Tr ovi de
r eagent s ana"‘%d Jﬂ’? gpg 9t ceardiovascular lesion,
~ such as athero-clcruil. vascular clots including thrombi
and emboli, and l_lyocardia_l mtucts and other organ
intareta '
| Ancther objact o: the present mvontion is to providn
a multispecific antibody, Ab tngunt, or Ab subfragment
compoaitc-inaging agent conjugate vhich selectively binds
to at least. one. typ- of leukocyte and selectivaely binds
B to at least one antigen associated with fibrin, myosin,
or platelets for targeting and early imaging of
- .cardiovascular ].nions with an  enhanced taxq.t-to- -
‘ hacquound ratio. . :
Another object of tho premt invontion is to proviade
a nulti-pccit:lc antibody, Ab fragment, or Ab subfragment
o conposito-inag:.ng agent conjugate wvhich salectively binds
. to at least two dittorent antigcns selectaed from the
group consisting of f£ibrin-, myosin- or platelet-
associated antigens for targeting and early imaging of
cardiovascular lesions with ‘an  enhanced target-to~
bac)cground ratio. |
Anothar object of the present invention is to provide
'a methed for targeting monospecific or multispecific
-antibody-agent conjugates to cardiovascular lesions with
higher efficiency and an enhanced target to background
ratijo.



cardi ovascul ar |l esions. Yet another. object of the invention is to provide

reagents and nethods for earlier detection of cardiovascular |esions.

O her objects of the present invention will beconme nore, apparent to those
:of ordinary skill in the art in |ight of the follow ng discussion. Summary
_of the invention These and ot her objecfs of the .present i nvention are '

achi eved by providing a nonospecific antibody-inmaging agent conjugate for’
targeting. and inmaging cardiovascular |esions. conprising a sionospecific

anti body or antibgeyiif aneER at,ed o) ent, .
V\,helrel nysalrd anlt | %g'é'no? nt %o&%yfdr‘% Er?e?ntthgpggr%ﬂEi P Egb:t%g’m& ne type
of | eukocyt e. FRASER ¥ c’f'.“.tBP&B p‘!‘%%n?ffl’rﬁgﬁﬂtorﬂﬁ‘%e%%h‘i’%vaf by

~providing a m:lardtp‘eaisculaanﬁbbd\dysagent conjugate for targeting and
i magi ng car di ovasqultar"l&gﬂ%nso% | §ENghed pl WEFHQ rEaGd [ ¥8 EQ,I peC| fic
a

conposite of at.least two ffereng substantl monospect f | ant ebOdI es
or anti body FPaZRE Fatheds, aforcagaphier npd@ getectiqmt , ofher ei n.

at | east one oardsavdsaulabomcsions. anti body fragments specifical l'y: binds

to one type of | gekasy b ieitalod AN gﬁﬁt Sfrt\geﬁ@ié}?ogXlQr pRAROYY

fragnents binds to an antigen associ at myosin or

Anot her obj ecPOE®. PRRATERES TR these, Qo prdinasy b’,nptbel Grﬁg

mul tispecificliglitbogythgesblievingadtséassionl geting and i maging

cardi ovascul ar. | esions. conprising an imunoreactive nultispecific

- conposite of at least two different substantlally nDnospeC|f|c anti bodies
or antibody fragnents, conj GIRREIY ©L pdpventdonagi ng agent, wherein

~at least two of said antibodies or antlbody fragnents specifically bind to

o ot tyosin, or piaEBRcAnd 50 BYSERE o ' Hazeked. Lakpaziont "Tho
- present i nvemt%rﬂqlnmd Weﬂrbyiﬂi.ngldmaamﬂtlepmtlbodgnuhqdyxgagent
conjugate f(”agent conjugate for targeting and imaging cardiovascular
o lesions conprising a. monospecitie antibody or antibody
- fragment’ conjugated to at least one iwaging agent,
wherein saia antibody or antlhody fragment specitxcally
binds to one type of leukocyte. o
~ Another object of the present invnntion is nchxeved'
by providing a nultispecific antibody-agent conjugate for
tarqeting and imaging cardiovascular 1¢sions conprising'
an mnunoreact;ve nulta.speciﬂc eonpos;te of at least two '-
different aubstantially nonospecitic antihodies or
antibody tragnents, conjugatad to at least ona 1naging
-agent, wherein at least one ‘of .saiad antibodies or
' antibody fragnenta speeifxcally binds to one type of
leukocyte and at’ least one of said antzbody or antibody
“tragnents binds to an antigen associatad with £ibrin,
myosin or platelets. _ '
Anothar ‘object of the preasent 1nvention is achievead
" by prov:.ding a multispecific antibody-agent conjugnte for
targeting and imaging_cardiovascularﬂlesions_comprising
‘an- immunoreactive mu_ltispecific éoﬁ\p_oé_i_t_a of at least two
different suhstantig;ly nonospeé1zlc antibodies or
' antibody fragments, conjugated to at least one imaging
- agent, wherein at least two of sgaid antibodies or
antibody fragments specifically bipd to at least two




targeting and i magi ng various cardiovascul ar | esions conprising an

I amunor eactivo nultispecifio conposite of at- least two. different
substantially nonospeci fi¢ antibodies or antibody fragnents, conjugated to
at |east one imging. agent, wherein at. 1east one of said antibodies or
anti body fragnents speC|f|caIIy bi nd to8ome type. of |eukocyte and. at

| east one of said antibody.. anti body fragments binds to an antigen
associated with. fibrin, nyosin or platelets. Another object of the

present. iny, S d| ng a nultispacjfic
ant i body- ageﬁ?ig%J u% ?“?%&nst%ﬁgé‘fﬁfg FrgupPaFeREistingi ofascul ar.
| esi ons n%%?%iﬂgca!Y¢ﬁhnﬂDreaaplltolntial:nniitsu aieRféng, of at |east
{f agent ire“t S”““"”‘*?%*’%?“”?Fpﬁﬁ broadit HVGIS fﬁ“@&“ dved | st
two of said Wﬂ#‘% Y‘lfw ly-3genti conjugate bt 0 t Wo
di f f erent ‘arft8xgeting| Mdmgmgham ms&vﬂac@iuflltuﬂm, myosi n-
or plat el et cragacistmf &t idRivoradis iﬁvay ﬁ9{% Iagieorow es a met hod for .
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i magi ng vargjeous, ¢ oyvascutar | esi ons S8 PL a mammal
parent er al| yltwrt °%1 ef PRt i 93 IArent f&ﬂ'?&h&é? ¥ amonompgicifief the

f or egoi ng: nansdbedian: oz angdbpdyetragaents) lmih/j\iﬁﬁma AW iatdglease The
i nventi on fuhbhemglwgdeig%,@t h%.rf Q€ 5:' Pg gnosi s of car ovascul ar
TR par enté‘ P?y PPé@t o

e IVE

| esions;: I n ectln . a
amount f or n%ﬁ‘bgﬁ" BF % ¥ FF W%Gpeel-ﬂeablymdnd seeonki C
anti body agt¥pecof] dakecyten st dt cleast con cof "daldVantiBBa r8¥—' des -

For egoi 'n"igfmg 3 Qrabaieio Bl & ‘g (fietoin daBodlaten Vien"" e
present. \r/rg R pRYOPARS OB PLASSAOEReNt Over the pr| or art i'maging,
met hods | for car Anothsrulobjectsiofnthe prabei€ %@%E? ;gtkggﬁgﬁéem . .

vascul ar cl cardi a arc
o | o LT latgt pulthpect e I it sndonce o
! g and imaging various ea:diova-cqlar luions
: : conpriaing an ilnunoroaotivo -ultiapooitic compogite of
- at’ least twvo - dii'torant aubstantially monospecific
- antibodies or antibody trag-anta, oonjugatod to at least
. one i-aging agent, wherein at loaat two of said
o antibodiao or antibody traglanta cpocifically bind to twe
- different antigens -alocud from the group consisting of
| ribrin-, nyosin- or platelet-associated antigens.
The invention also - provides a method for imaging
various cardiovascular laaiona which comprises injecting
__a mammal parenterally with an effective amount for
- targeting and imaging of the foregoing monospecific or
polyspecific antibody-agent conjugates.
; The invention further prov:.des a4 method -for early
~ diagnosis of cardiovascular 1eaions oonprioing injecting
A mammal parenterally w_ith an effective amount for
‘targeting of the foregoing monospecific or multispecific
antibody agent conjugates. :
In addition, the pr‘aoent invention provides sterile
mjectable proparations and kits for use in practicing
the foregoing method. '




di agnostic agent to the pathol ogical site very early. after the injury
occurs, thus permtting better diagnosis and earlier inplenentation of
therapy. A preferred inprovenent is the Use of nuftis peei=ic antibody
.conposites. The. multispecific targetlng antibody conposite conprises at
| east two different substantially nDnospeC|f|c anti bodi es or anti body
fragments, wherein at |east one of the antibodies or ‘antibody fragnents.
specifically binds to one type of Ieukocyte and. at | east” one of the

ant i bodi es or anti bodyRetakls Yorg antigun
associated with fi br| n, ny05| n or pI atel ets Thus east one antigen

binding site on t,@g 03| te will bind to a first |eukocyte cell type
chile at least a %oﬁ ﬁﬁFFgéﬁ‘mBFA&Pnyrmesnnm Hanprovedert) dves

conposi te wi Iﬂhﬂapwdoroartrnng MY o

ol gPeI ets. EM xge&g& Hﬁfﬁ#m uggggfgi*%%tt esﬁ%noc{ﬁ'é%

_ B-| ynphocyt e;ht y s aes . YBPFUdar clotn imletdipwent of

~ cardi ovascuj P@Qio #%uﬁﬁm&alpintatetoi drie Gt g

“nmonospeci fic ubﬂsalﬁqcmci@ [ ke th nt| bod
corrpogltes ognfgﬁ Ri§ae ﬁgeat r‘ﬁl..%g‘?]u E géuséega%ﬁeﬁ r8f &h -

binding to the car di OvVAaSt spﬁwm a8l Gite nmtp umﬂgrget .

r=tes. A meGF?o@ﬁrﬂtﬂMmﬁn thip pensieeisy bettarsul é@. Zgars, with

di fferent spandf earlieg. ihplﬂnenthEEKRCXEef_ﬁg@ﬂg¥a”t'ge” s asSoclated with

€ p

- fibrin, nyosin tg _can | nprove tent age of injected dose

- reeaching the tar egr&t?%g éﬂoFbPoHOQf Otsputtlspaellcic IS

. used: The in%@$ encovpnpcmcnt. of THe aBhlbDépecield C g*# ﬂ :
thereby | ocahneisoay da h er effi cy a d an'

enhanced. kground rat# ag \é\%é e% t &¥Pnf #FF&FPBE is a

very early . e%%%ﬁ t%ﬁ])'ovqu itdconsantibedient het al hmbbdyy earl y-
recogni ti on ¥¥agmentecuwherednofatt 26MBLODHEGF! the abt) aﬁﬁ _

d| sease, C| Qirtobsdy emﬁ"nbna'i‘é%n m:l&&fy "G4k e{_’ocg;!reer]tne of
_ leukocyte and at least one of the antlbodhu or antibody
.fragnents specizlcally bindg to an ant:igon aassociated
with zibrln, nyosin or Platslaets. Thus, at least one R
antigen binding site on the conposlt.e vill bind to a.
| tirst leukocyta csll type while at least a sacond antigen
binding 8ite on the same targeting cemposite will bind to
an antigen aesocinted with £ibrin, nyos:ln or platelets.
| ___The types of leukocytes 1nc1ude qranulocytes, monocytes,
B-lynphocytes ana 'l‘-lynphocytes, which 8re involvead :I.n'
the davelopment of esrdiovascular lesions.
. The imunological profile of the substantially
' monospecific, preterably monoclonal, antibodies used to
make the antlbody composites of the present invention can
be - adjusted to ensure optimal binding to the
_.cardzovascular lesions and mninal binding to nontarget
sites. A mixture of antibodies, antibody fragments, or
subfragnments, _ with - dltferont specificitiaa, i.e.,
'lenkocytes, and antlgens associated with fibrin, myosin
: and platelets can imprOVe the percentage of injected dose
reaching the t.arget site if the ‘right proportion of
- spaciticities' is used. The inaqing agent component of
the antibody-agent conjugate is thercby localized at the




anti body radi oconjugates or diagnostic agents. The immunoraactive
conj ugates according to the invention can Conprise nonospecific,

‘bi specific, io trispecilic or, nDrn.zgeneralry,_nthispaC|f|c
.anti body/fragnent/ sub ragoent, Fv or-single chain binding proteins,

- conjugate .to an imaging radioisot ope, , fluorescent agent,

conput ed

tdm)graphy contrast agent, or Paranagﬁz?tle speci es (Magnetic resonance
contrast agent) 15 The anti body conponent of the conjugate can. be nade

‘with whole antibodies, aflti.bogy fragments, subfragments (Pv or smaller

bi ndi ng ..unitaggewf: wite nglleamamjmhmn TPHEIeH ﬂ.ﬂﬁ é& anha
nfed
e o | SRS el R mmm.%‘imm AR

" Antibodi es 8 HeVORY| eardy esantyuin nolrdtovﬁassar elasichdd ehal | gA

19D. "ZgE, cmamad:aancbpbveﬁymtp@ E'io& g{. @{ | tl% e ant i gen or
t o i ® %BS“' 5., |
e ohe speg&egggcq O%&ndrﬁ %Fagm ‘digeane | Blatby nndl udes any

and the |iKke, 1nc

- i mmunogl obuﬂ‘ﬁ”&l’-'arﬁ"ﬂht gPaner Sharicesingr oguaet 'tﬁﬂ'édhtff'
" protein, e. mibmgbaaiebangugatbbo@y egggg% :#
) antlbody by bi n%,&g Mﬁmflc ant i. en ? gen
"~ antibodies are Sui tﬁ@n poRtes: eecording, tod thee
preferred bhP¥8BEien t Heam - dopprimei f-onbmciﬂgey argy
by whie ar&ﬁmgmg&al | orconsi geggd. cgrwt.ll proce
enl ca

Fgen

of-

i sol ati on o‘?i%%lwfmtptdm.l Mudmeo'\'ﬁﬂ Pﬁy
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An
Iex 30 Monocl onal

d‘ﬁé'gi#¥°pr epared

tiepasifien, fusion

i mruni zat i pal $w an | nmuno
i mune- ?{‘}' Wg %PI Sypfrageent v alomyei:trIw.celd:hh,ne and

ﬁt hods of

L, s b ol Ve s o, ot

usi ons
- hypervari aww e ‘H(Wimm m%e‘)l city of

made with

the. It i beeantiiliody component of the conjugate can be
L whole antibodiu, antilbody trlgl.nt., subfragments (Fv or

 smaller b:l.nd.taq units), of a single sammalian species or

20

-of a geneticany-ng:l.nur.d combination of species (such
as a combination of hulan and rodent, in so~called

hunanized or. chiurized antibodin).. Antibodies can be

: whole imnpqlobulin of any Class, e.g., IgG, IgM, 1gaA,
- IgD, IgE, chinoric or hyhrid antibodiu vith dual or

' :,2'5 . )

multiple nntigen or epil.tope apccit:l.cit:l.cl, or fragmentsg,

. e.g., P(ab'),, F(ab),, Pah, Pab',: Fv, anda the like

including hybrid f.ragnqntu, additionauy includes any
imunoglobul:ln or any mtural, synthetic or gomtieany

-enqmu.red protein, . ®:d., a -1ngle chain antibody'

fragment - that acta like an antibody by - binding to a

specific antigen to torn a conplox. o

30

Honoclonal am:ibodicc are -uitabla for use in the
present invention,' and -are preferred because of their

- high speciticit:.es. . They are :eadily prcpared by what

3s

are now generally considored conwmtional Procedures for
nnnun.xzation of uamls wit.h an umunOgenic antigen

_ preparation, fusion of immune lymph or spleen cells with

an 1morta1 myeloma cell line, and isolation of specific
hybridoma cloncs. . More unconventional methods of
preparing nonoclonal antibodios ares not excluded such as




affects their utility in the present invention. use of 5 purely human
nonocl onal anti bodies is also preferred, since this would decrease

i mmunogenicity of the reagent to the patient. The present invention also
.envi sions the use of antigen-specific #ragnents to create the

mul tispecific - 10 anti body-agent conjugate. Antibody fragnents can be nade
by pepsin-or papain. digestion of whole isntunoglobuliris by conventional
met hods. it isg an fra nts nmay be produced by enzymati-c :
- cl eavage of an%hggg?g%g%%ﬁhupeﬁggggPﬁ.prdVFHe agsGetigynenengtneeedngl5 F

.(ab'z 3. ghi stEP&gRBAPtéansbeqfummmﬂf mehugggg?ﬁsyé m%é-eétﬁ;i ng-
Tesulting fromsrepyth *3";: U8 Wiae e irl’ of theoantibodsesrtbat
. _._,rj'o'no_yal ent ; n%r ag%%tg?‘e_ t‘éFi!tilFYeH? mmqmt Cinvestias. Ushig o£0
__.ﬁ;_ﬁ_p_s__; N prdduceRUXelY nbuBan ednodrindl AgHEbSA £l gg ESed r%ggen-t dérect ly.
- These nethods ﬁ;ﬁ;aegg¢b@&d1&_n?§&eﬂe,_.b ol deraf{;g, In U B P8Rnt  BOB.
re g9rni

4,036, 945 and 4,%&'1, 6#.’ an ‘erences F 96 theivéagenents
“are incorpor ated Jmé? ¥t heir entireties by reference, 25 and in o
- Nisonoff et al, Arthre Presesmt Bnoveftién 2 38nw - ). Porter, Bi ochem
7., 73,119 (Wfgermibdedd s g%.a&k i%l\?zet-ﬁ%‘c’i‘s-&?ﬁg%nmmﬂﬁﬁ M |

~ I nmunochei st rysg, Vol - 14. 45%%’5\0 ts egg,'.‘.’{gﬁﬁ?,-taﬁd mltispacifional in

the art 30 OF MYHM CONJugake . a AN tiliidys fragRnts caRNsg qund@ of

heavy chains by pepsinvon\pdpain ldiGstian b ﬁf@iﬂ If-;gﬁms ts further =

cl eavage of feaa¥eRtionkt of enzymati_c, chem cal or. Y1ing dan| gues
&5 -"as&i‘ﬁgafragmeﬁ@s +8¢ Fnpupecdibati antibodye 35

| ‘may al so.be -ysed, so long ] _
' antigen agai nSTARPERS RAY P cProduced obiye serfdylatis Cg)y aegé'bbod_i 25 to
Jeukooyte antkabibedtsbesnpeplein R HBARY § B85 kebbhane-angoned 1> *oe

I €S

~ the patjent vps. Fpr.inglancy: ant
de’ by 1 mung SLAg R cotbHS o RBPRRAN N, bes fusther \dldaveanael AykaCY ! o5,

- .madeé by imuni zin _ .
- Anti-human | €HRbRyt seducingmageant, and optionally a blocking group

for the sulfhydryl groups resulting from cleavage of
disulfide linkages, to produce 3.Ss 'rab' monovalent .
N fra_gmgp‘l_:-_a. Alternatively an enzymatic "c'leavag‘é' using, |
20 - pepsin produces two monovalent Fab fragments and an Fc
t_ragmgnt directly. These methods are dagcribed, ‘inter
alia, by Goldenberg, in U.5. Patent Nos. 4,036,945 and
.4,'3_3.1,6_4.7 and references contained therein, which patents
.. are xngorporated herein in tha;l.r en't'iret':_ies'.by_ retetgncé, |
. and in Nisonoff et al, Arch. Biochem. Biophys., 89, 230
(1960); Porter, Biochem. J., 73, 119 (1959); and Edelmap
et a;,- in "Methods in Imnmunology ‘and -Imunoehenistry" |
Vol. 1, 422 (Acad. Press, 1967), and are conventional ir"a
. the art. ' : ' | -
-39 ' .ot_he:; methods of cleaving ar_itibodies, such as
: sep_a.\r_a_t_ion of heavy cx_aai_ns to fb_rh_n monovalent 1ight-heavy
Chain fragments, further cleavage of fragments, or other
enz_ymati;,' chemical or genetic. te‘chh_:_Lqués néxy alsb'be
. used, so long as the fragments i-etnin sgécificity to the
35 anf:igen against which their parént'antibodies are raised.
Antibodia_s to let':.kocyte antigens may be maée by
inoculating a host with. 1eukocytes from the patient
species. For instanc.e‘,_f _antibe’diés-tor'\i,se in humans may



collected fromthe host and affinity purified to provide polyclonal

antsi body for nmaking the conposite. .5 Alternatively, aplanocytes say be-
taken fromthe: imunized host. and fused with a. suitable tunor cell line
.using somatic call hybridization. techniques to produce hybridomasthat -
produce."ti -l eukocyte hybridomas may Jbg4 sol ated, subclonad and cul tivated
to 10. produce nonocl onal antibodi es. Mnoclonal antibodies or fragments
that'recognize and . bind to a | eukocyte antigen are.. avail able
commercially or. nay be made from somatic cell hybrldlzatlon t echni ques
descri bed. oPfgRede Pl ixmmmizing nice nrlm wAXmalE dvt bpec{dS75)

256: 495- 497 whtn ﬂlﬁaﬁmmyt@ﬁ]t h - Kennett
S T.J., ‘at al ’cgff. E% % g :gg%rm al 'y ava“@qéo# Qg%ﬁo
“anti bodi es t 318 §y¢lre°‘é & bpst, mlmf’amtoﬂmll
nonocl onal ,Peky¢honaks (We ftmm Onidicing 20 ﬁ@r Corrpany)

whi ch 1§ nd- tmmmi.]’éi rrph%% cI ti bog es pro duced by
e A SSI on , H878

- the hybrld Vi =aCC
“and H32; @Mq‘% Coics éﬁd'%yét(lseam@mm)cqmm4 (New
‘Engl and Nucllmu)g sqmu:mx Sypridizatilen - Hﬁmf otech -
(I\/arselllefy Eﬂnt Wsrl ution inclu nggt reeze,
Brown Deer, g ﬁgﬁ Ilst\;pi- o) &WRM%P hﬁﬂﬁﬁ?ongﬂmse o
©anti-| eukoc§'ty ridomasmay dpaated,c subcd onailt ahde chativatedeRy i ng
- conpoditt es wﬁw&mﬂmﬂ&Miu to the present i nvention.  These
Bleells, a”héﬁ;du’ﬁ}s“a%ﬂn 2 RRELboaTbe'of tidahenta Eiat miatnias ander cof
‘ Certain of d; 1P & Apukomrte antigen mammcmiﬁmbaarone type
of | eukocyt mayebe. madedn@rvnc scmaticlcall! ag»ﬂ-gaizgrﬁ_g h' te gﬂﬂéﬁ_ggnul ocyt es,
e

T-cells and a T C Yres and
granu#gCYt e‘sﬁg&gk?g -I;T‘Cf& anaf{iﬂeg& %kﬁ Sq‘h ﬁﬂiﬂ@l}x oflced and
di st r tBut edNB “Fﬂ]mﬁb?%%h 256:495-497 and r-vicwcd at length in '
xonoclonal Antibodies, xmett, T.J., et al, eds, Plenum
(1980). Commercially avu.labh monoclonal antibodies to
‘leukocyte antigans are ropruonm by: OKT anti-T cell
monoclonal antibodiu (available from ortho.
20 Pharmaceutical = Company) which bind to normal
' T-lynphocytu, the nonoclonal antibodies produced by the
hybridomas having the .\'rcc aoou-icn numbers HB44, HBSS,
HBl12, HB78 and HB2; G7E11, m!‘l, NKP1S ana 6022 (Becton
_ Dickinson) ; NENS. 4 (Ncw nngland Rucl.u‘), and FMC11 (Sera
25  Labs). . |
- The catalogue ot Inunoteeh (l(arsaille, France, with
worldwide distribution: including Pol Freeze, Brown Deer,
WI, USA) lists . comerciauy available monoclonal
o ant:.-leukocyto antibodics, nany of wbich are suitable for
30 prepar:.ng conpooites or tbcrapy reagents according to the
present invention. . '.I.‘heae ‘include antibodies that -
specifically b:l.nd to ‘I'-cells, actiVated T-cells, B-cells,
-monocytes and granulocytes, a.ncluding su.bpopulatlons
o thereof. Certaxn of’ the antibodies bind to antigens
- 35 common to nore than one type of leukocyte, e. g.,
monocytes and granulocytcs, B-cells and grnnulocytes,
-T-cells and B-cells, 'x‘-cells and granulocytes, T-cells
and monocytes and. granulocytes and B-cells, and the like.




simlar to other antibodies fromclones- avail able elsewhere. Suitable
anti-T-cell antibodies include antibodies which bind to the CD1, CD2, CM,
CD6, CD7 or CD8 antigens. Preferred anti-T-call antibodies are those that
.bind to the CD3 antigen and the CD5 anLigﬁn;'A .preferred anti body that
binds to both nonocyte and granul ocyte tigens is a nonoclonal which
binds in particular to the CDWM4 antigen. Preferred antibodies. that bind.
"to B-cells include antibodies that bind to the CD19 or CD21. antigens

Anti bodi es t hZheriantibodies pnbddcaa -asd Iﬁdt&qm@mgoﬂﬁgﬂ %bl nd to
-the CD25 or C%gqulgﬁps Ms arﬁleuk te deternn
" that define. t| bodi e haV| ng particorar | "’sﬂ?em#‘fﬂl#bb& A

pairof anti b z?c bind to the saneepi t ope on the saae CD antlgen
wi Il cross=bl ock" mmtmtm-smuaﬁeipédiggkg ;ﬁg r;{tl es' that-
anti ge iaﬁnmn to

bi nd speci fi cghl{¥nt 0 | @ ( hi s onpat,i bi | |ty
monocytes, B- Iahr%ﬁocﬁ'gg a‘?lod %\E@%’éd #8-1?3/ yt EQ6ar CBY asoX f iGPB as .
anti-R -DR C 38%igens, ¢ |B§Gf%§redn@h&|ie-%bepar tarmﬂtasdwd | ak¥ fedogeer tain
?IOIOL| cations. that e E AN éb@' hﬁbhﬁoﬁoﬂﬂﬁl Q?& C'i%'}' bOdhgéfg A '
eukocyt e ant picélly are
- 19gGs- or 19gXs, bgﬁ?ﬁrﬁ' ﬁ s%ﬁ?#gw sf 0F°us\%9'¢h1 ponacytey amd ugat es
"~ according to QPQE“IQMM Gm%tgem:)t 1Bntendaﬁhomomll |m,j_gﬂ 3¢ ‘ﬁgaéﬂs , :
. species or |gpsreséu e I al be rarsed to m)st .
' antlgens usfgp h$ 1&%‘ tgoﬁer.a |gﬂ'§ maiaf querg'ﬁgmé‘ill‘ﬁﬁém digst he o
Cart.. Any antl%ﬁé 41%”? &’%%] %éqﬂm%mwmmbm tougHei n suf
f |C|est “corfeR}? rex |Cm2.‘lamiguw.ovmﬂ>ﬁxéﬁw mamel

e e o M
havi'ng a reI%ﬂ‘FWNgMoF@ﬁ Gmtﬂ'ﬁl hﬂkmﬂ@mmﬁﬁ t.of at
.- least about Mt/ ndefingr At bOAI6s Havif@stpaROitul i {8k Seyeld MO
_l mTUﬂOSpeC'f'achc’ifici@ies._- A pair of- antibodios that bind to the
c | same - epitope on the same CD antigen will cro-s-block
binding to the same type of leukocyte . Antibodies that
bind specifically to the Ia (HLA-DR) histoconpatibility.'
antigen common to aonocytes, B—lymphocytes -and activated
'r-lynphocytes are clauitiod ‘as anti-HLA~DR Class Ir-
~antibodies, and are of particular utilicy fcr certain
applications. : -
" The comnercially' a'vailable monoclonal antibodies to
leukocyte antigens are typicany of murine or rat origin
- .and typically ere IgGs or IgMs, although sguitable
antibodies for use in’ praparing conjugates according to’
the invention are not intended to be limited as regards
species or Ig class. J:n general antibodies can usually
be raised to most antigens, using the many convantional
techniques now well known in the art. Any antibody that
binds to a leukocyte ant;gon which is found in sufficient
concentration at a cardiovascular lesion in the body of
a mammal can be used to make ths targeting multigpecific
antibody compos:.te foxr uvse in the present invention.
It is generally desirable to use antibodies having
a relatively high imnoreactivity, i.e., a binding
constant of at lezst abgut 10 l/mole, preferably at

-



at | east about 40% preferably at |east. about 60% nore preferably at

| east about .70-95%for |eukocyte antigens. It may be preferable for
certain. appl ications to use- 5 antibodi es having a somewhat |ower binding

.constant in the present invention. '‘Antibodies. with high binding

constants. are likely to bind tightly not only to |eukocytes at the site

~of. injury but also.to |eukocytes 'present-in the circulatory systenthe

-marrow or nornmal 1o tissues. On the oTHér'hand anti bodies with a | ower

bi ndi ng constant will tend to accrete mainly at concentrated | eukocyte
foci at.the.site of a lesion, by -virtue of a type of main action effect.

- This. will reduge wwemiorrf £bfér%€£ﬂ§ﬂt%§és & fffé?{;hberf the 15

al ns 1% ¢ and

i magi ng |-abel desc on_of currant
~platelet ant?Eeﬁg E ‘%gﬂka‘m%d Praferably atdpast f- ﬁQatL MR 52- 67"

(1990) ;" whi chreferablyraorhsast uboritn 70695 cE6F cTeko me! i bodi es

r ef-er er§;e

- are described |nIgonIg% ‘gﬁﬁcﬁtﬁ e@? ﬁ ﬁQ 446 - 1976; Thaw
. | bri d HAPRHC L
fefer ™ rl)cmiona %n’b‘b‘?ﬁﬁ%ﬂﬂ%néw&n bénpﬂapammp nta drari gty of

convent i.onaltigs opedsent, tmmﬂ.r omnﬁimme Wit aﬁgbgeryg%]iﬂgkage to

At boc 5. GG | s, Pé%éﬁt? BB EREY ke Bl Buna 1o

“one anot her ;19H%Q%Yt48 At O%h’dtim Ntomg.dq MOerlmmes hrough .

one.or nore paséntdn Cﬂﬂ amw Iﬁﬁﬁ bedw mtor % m ne,

I de-h ma RHHY d th
g?xat hme :nt s es/f m& in tr?gél e.tstgghgl t&ﬁ&t&:ﬂ?’ghgsﬁ'@g’é ?’g for m t
anti body % |?# Jang. g MKa redys:e

~ St abi |i zed pgegat\up bclohydncde uniuctmtmwcaedQO!ion of the

- 18 inaginq label. :
' A daccription ot curxcnt ant:l.bodiu against fibrin
~ and platslet ‘antigens is contained in Knight, Senin.
- Nucl. Med., 20:52-67 (1990), vhich is incorporated herain
o by reference. Antidnyosin antibodies are described in
-20 . Khaw et al., J. Clin. Invest, 58:439-446, 1976; Khaw et - .
' al., Hybridoma, 3: 1.1.-23 (1984), ..vh:l.ch are herein
incorpcratad by retcrance. _ | |
mt:.body compesites for inaging can be prepared by
- a variety of ccmmm::l.onal pzoecdurss, ranging from
‘25 - simple '_glutgrg_ldehydo li.nkago to more elegant and
. specitie 11nkages botveen functional -groupa. The |
- antibodies and/or antibody fragments are preferably
_covalently bound to one another, du'octly or through a
-~ short or long 1linker moiety, throuqh one or more
© 30 functional groups on the antibody/rragnent, e.g., amine,
carboxyl, phenyl, thiol or hydro_xyl_ groups. Various
conventional linkers in additi_on"td glutaraldehyde can be
" used, e.g., ‘diisocyanates, = diisothiocyanates,
- bis(hydroxysuccinimide) esters, : carbodiimides,
35 naleinide-hydroxysuccinmide esters and the like.
A simple, method is to aix the antibodies/fragments
in the presence. of qlutaraldehyde to form the antibody
- composite. The nu.t:.al Schift base lln)cages can be

B

::z;rgg g onllfq ‘}.* Q'rg#ﬁ E’hg % ro ps lﬁl’l ﬁus i gentlona |nkerS:_'

_di'i sat h| ocy:!#d'{‘g’s“ lﬁ%‘tw‘%xy!&%bl ntm@e)toaseecxgtear padnly dat 35 '

he



am nes. This nethod is conventionally used to prepare other conjugates of
proteins, e.g., peroxidase-antibody conjugates. for. inmunohi stoehem eal
uses or for 5 i munoassays. A diisothiocyanate or a carbodiimde can be
~used in place of . glutaral dehyde as a _ngn-site-specific |inker.

Bi speci I i c anti bodies can be made by a varl éty of conventional nethods,
e.g. "di sulfide cl eavage and 10 reformation of m xtures of whol e IgG or,
Preferably, F (ab ): fragnents, fusions O nore than one cltone to form

ol yomac thatspibﬁllteed;mun Iob ne specificity,
and b gg %bspem i d antlgg‘a ‘zgﬂaﬁ°bPﬁg°f‘9‘rY d

" and by geneti cag eer
conbi nati ons of %?eukggg 16 conventianaldiy aised assoprepagewi t h

“car di-ovascul ar® ‘F’é%‘l'o?\%"l%htﬁs ¢fbprateinmwsie.g oy pﬁ'@if&@&%-? g?ﬁ,'\gt iC
r om group

-anti bodi-es carcan deal t G sel ect
s dg./vo ? EP%E . gg? ci ak888ant PFensfor0

L t f '
: célogf)lail :‘ :yg ?h lﬁ% s;brﬂy%od qua'b?% W%m q)l’mmj_dglélﬁ?l ve

erent

~ linkage of F( fr%ntsinr esqiltadig fredm r egigta¥g ge of
ant i bodi es. AnBorlgiia I,P‘q%pnt ain fragrrenli';s‘s gggl fi®to Bth of
' ' he orlglna 5 anti bodies were raised. This is

"the antigens to ﬂch '
~advant ageousl y ca Antikedies woani bec made Fb(}(ab vag Brt?grg?ts
- produced by - pepvantdngaat | methioda)0 @l Bferearisaﬂk P é :
O eavagee-to. i-efgha ?; ‘Q{_ ﬁg’g ragrrents t "‘(9)8 ddnd e
“reformation. ? # dISU| Emeis ﬁ%s P5 ¥rade, Kee arm pmtam:u;e,b 2
: _fr?g;rents i nc gmzdmaé A ﬁaagmlcoﬂtmnm%ﬂéldiﬁ h.
S5p(r)citic tap thhe Prica pre aring such.
R e g e T
York et al, ISYBeCifiaonen bodahs Acain BhDsdCto Bl mf,aatggn 4705 1961) ;
B s Patent

: 2ng3TaEr?f73rl i nl;plﬂtoé&ted md%ﬁ%dmﬁ%&orllb%ée]lg dsgociated with
. | c"&diovescular lesions such as fibrin, nyosin, - or
T o p].atelets. Blspacit:l.e antibodies can also bind to tﬁo'
different antigens selected from the . -group consisting of
| t‘.i.b;in— myosin-, or platelet- associated antigens
_20-.- : Bispecitic ('hybxid") antibody tragnents have boer.x
prepared by - oxidative linkage -of P(ab') ‘fragments
resulting tron - reductive - cloavage of ' different
antlbodies. A porti.on of these will contain fragments
) specific to both of ‘the antigens to which the original
25 antibodies were raised. This is advantageaunly carried
~out by mixing two ditterem: P(ab'), fragments produced by
peps:.n digestzon of two different antibodies, reductive
cleavage 'to form a nu.xture of Fadb' fragments, folll'owed by
K oxidative reformatz.on of the disulfige linkages -.to.
30  produce a nixture of Fab', tragments including hybrid
fragments containing a F(ab') portion spacific to each of
‘the original antigens. Methods of preparing such hybrid
-antzbody fragments are disclosed in Feteanu, “Labeled
~Antibodiez in Biolaogy and Maedicine® pages 321-323
35 (McGraw-Hill Int. Bk. Co.. New York et a), 1978);
Nisonoff et al, Arch Biocham. Biophys., 93, 470 (1961); :
‘and Hammerling et al, J‘. ExXp. Med., 128, 1461 (1968) ; am;
in U.s. patent 4,331,647.



More sel ective |inkage can be achieved by using a heterobifunctional

| i nker such as a nal si mde-hydroxyauccini side ester. Reaction of the
latter with an anti body/ fragnent will. derivatize amne 5 groups on the
~anti body/fragment, and the derivative can then be reacted with, e.g., an
anti body Fab' fragment wth free sulfhydryl groups (or a |arger fragnent
or intact imunoglobulin wth eulfhydryl groups appended thereto. by,
e.g., Trauts Reagent). Such. a linker is 10 loss likely to croeslintc
groups in the lanme antibody and inproves the -selectivity of the |inkage.
"It is advantageous to link the antibodies/fragnents at sites renote from

the .antigen bi ndi¥RFei #sedective linkage canobsl Iﬁiﬂh\kﬁd By Jusihgnigage to
cleaved 15 i neterdb SeLiHWE1d n@rOUPS 1 Cyrrg){. g Anoéher et hod
1__|nvolves rea ody whose- car.bol portion ha &heen:
oxi di sed wi t%a% %W')’ 5% M Q%ast RBeactiom af! n&hkunct i on.
" Thi's resul t sipktegn wimh tdmla&hbédylm;im ned1l | abpEoRci vl aRihs
preferably 2graupdi lonZzesh segond by
bor ohydri de. ggg;;gg obkn%:i ?AQQFPQ#&O% ﬁ’é d%ﬁ%ﬂ‘ty’?scépem fic
- _linkages are S H" nB-Fecul 88 WW@HeSrméﬂt solid
. phase pol ynevlmpm Bumj!ﬂﬁyngtonps4 (0t &5%arg rggddends
in US. 25 fhts 4 nbiith arloust es of
gt %&l Tes 34%@’ ng!gm o FEONPS, rapperded

bi specific Vﬁltl bgdy conpos
“fol | ow ng, Peb¥ar €-GslearTEAURS tﬁedmt)artasuchapplmqﬂdxonﬁs a

" conmposi@e oflmm:tkhhg;/ﬁd TH OB IO g CQ’,]@" 2 sinfor

- the det ectl %d‘ ‘ﬁﬁ{a cts r]ﬁ at erosc otlc m Thus,

* for general pose rgg? %d?‘ﬁ tlon of an antl-rry03| n

- antibody and an Tris. !@M@w&mtt@m thep mritdodi e g7 .?'.' gre Fab’

-or si'ngl e- cleeti mﬂﬂit bogamstel 2£6R: d for ver rapi d
tﬁﬂl esl gﬁ g*'é r&I"F -af s -

tar get| ng,

i nj ect.ion. 1s' rrpr o@emfwd Mehe®eGerni tuﬂﬁldt ditegnedmaved

met hodro. be haimawlthydry) groups hen fidted above. Another
: aethod involves reacting an am:i.body whoge carbohydrat:e

- portion has been exidisad vith another antibody which hag

- at least ons frees emine function. Thie renultu in an

: - initial s::hj.tt base (Lmina) linkagc, vhich is preferably

20 stabilized by roduction to a secondary uine, ‘@.g., by

borohydrl.dc reduction, to forn the final composite. Such

site-specitic linkages are disclosed, for small nolecules

or polyp.pudea or for solid phase polyne.r supports, in

_ ~U.S. Patent 4,671,958, and for larger addends in u.s.
.25 Patcnt 4, 699 784.

Included among the various types or bispecific
antibody composites of the Present invention are the
.following, which are particularly useful for certain

_ applicationas: a conpotite of antibodias/tragnents

30 | specific to leukocytos and myosin for the detection of
myocard:.al infarcts and atherosclerotic Plaques. Thus,

for general pPurpose MI- inag.mg, a conb:.nod preparation of

an anti-myosin’ antibody and an anti-leukocyte antibody is

Preferred. Pre.f.srred are Fab' or nngle-cham antibody

_ _35 forms, which would allow for very rapid targeting, by

' achieving - a vei:y high lesion-to-blood ra.tio,' ‘after

mjectxon. ' 'rhis' improv-ent would then permit this

- diagnostic method to. be used in the omergeswy room, when




a patient is admtted with chest pain and other signs and synptons of
an:, M. This early application is not currently possible with the use of
anti-nyosin antibodies alone (Johnson and.8eldin, Semn. Nuci. Red.

~19:238-246, 5 1989). Also included is a.. conposite of

anti bodi es/fragments specific to | eukocy’c?as and fibrin associated
antigens for the detection of thronbl a conposite or ...antibodies/
fragnents specific to | eukocytes and pI atelet 10 associ ated antigens for

the . detectioa. patightoiei addidttad G ti ies/ fragnents.
oCi ate%é*arﬁ) % tPEhemEt Edgnsn of

specific to fi at el et
tﬁronbl and e%bol | mtogk P?B ﬁf? spg'bliFl @%ﬂ-ﬁ' eppA icagrnm chwj Hedt e
15 and "nul t i SPAETERElY RRrrible with thd uge Td’teaﬁ’ti’- osi‘hs&tiﬁ%i@s

~ bispecific. antamdy EOStivis P Mty PSgi osites
respectiwely. ar reactions can l)ﬁp eg i’ '?1 aﬁﬁggrla?ﬁ%ﬁ'o?“:

anti'bodi es an or antlbody fragnents, e.g., Fab or 20 r(abs)2 fragrrents

" to one another to AbSeningluderkdid laccanpaestgegf gs‘(:%ﬂd osites can
N ’TOL{r% ENE ¢ her

Fgu:(logtteg tcgl %}%&ﬁﬁ?%@i&ﬁﬁ g soc&%g&%ﬁ‘%ﬁtﬁgﬂﬂ tedrantigens rtor
pl at el et's usi r%’ égﬁrobl‘?fjnctmmbiS malaei m denﬁadiegysu% ni si de-

td@qdm _
ot rvat L&Eer&m.w%&?hﬁ'ﬁ}ﬁ;ﬁgﬁﬁww Wbt T,

I ntroduced with ar ent su ﬂalh Ve andhleage

nodes . will be g& °F, ﬁﬁﬁ&P@ﬂﬂ-GPdﬂthmtlsrlpgeSﬁ.é Itﬁﬂgq_lﬂzlﬁ.glgngased on
the di scl osur pateleti-apeciciatedoanesyeRs ﬁboa? .JI hb'%u' re onI y

mnor. variathny apflegqaptation of such et
vari ous types. o trlspeC|f|c or 35 nmultispecific antlbody conposites of

- the present inveff¥oFamem W}bmiﬁc it ivsdy Sag iﬁ?ggﬁﬁgﬁ ﬁ?gg' fic
to | eukbByt esand o mult ﬁﬁﬁ‘éﬁ#é-ﬁa@{}, Qf‘n e grel 8" For the
- det ectlon of H;réfml 5'3 al antibody 28, also
| Yy agent conjugates and
) bispecitic conpositas, respectively. : -
Similar teactions can be used to bind a plurality of
o antibodios and/or antibody tragnents, e.g., Fab or
- 20 - F(ab'‘), tragunts to one another to forn multispecitic
composites. Bispacific conpocitos can be linked to an
antibody/fragnent apecitic to a third, fourth or further
“leukocyte cell type or antigen associatad with myosin,
_ fibrin, or platelcta using, 6.9., a heterobifunctional
25 nalemide-hydroxysuccininide ester linker to derivatigze
- an am;ne group, followed by reaction of the derivative
| with a fragment hav:l.nq @ free gulthydryl ‘group,
optiona;ly .introduccd with a reagent such as
—iminothiolane. Alternative 1linkage modes will be
30 read:l.ly apparent to the ordinary skilled artisan based on
the disclosures for bispecific composite f.omation, and
will require only mimor variation and adaptation of such
methods, :
Included among the various types of trispecific or
3s multispeciftic antibody composites of the present
- invention is a composite of antibodus/tragnants specific
to leukocytes and antigens asgsocjiated with fibrin and
Platelets for the detection of thrombi and pulmonary



enboli. O her such multispecific conposites will be readily apparent to
the skilled artisan. The nonospecific antibody or antibody conposite can
be. labeled with., or conjugated or adapted for 5 conjugation to, a
".radi oi sotope. for scintigraphic inmaging or a. nagnetic resonancei mage
enhanci ng agent, for use as a diagnostjc imaging agent. Any. Conventional
met hod of radiolabeling which. in suTtd®I® fore | abel ing proteins for in
vivo use will be generally suitable for |abeling the 10 conposite. This can
" be achieved by direct - labeling wth, e.g., a radioisotope of a. hal ogen. or

a metal “iom, eﬂb’i:ll&g Copeplr %tﬁﬁﬁﬁiﬂg&égf& E’EBB i% alt ff‘ie%e

met hodol ogi es attaching a _che
par amagnet i ¢ ¥ ,qg,@i]gy G%s%’kti%ﬂ‘ W%ﬁ%s of attachment to
anti-bodi-es are wete lmu’b igie WWOikhhttﬂoa t Eé@positedtln

dlsclosed ] ng.ar II|ac . 26: 293
(1985) andsign %&%e %B"s At e%{ﬁsj@'ﬁf] 6 FF ﬁé‘%‘%‘ 951, 544,
4,468, 4§7 4=mu§4$1°naﬁe.4neaﬂ iotops)ifex lellatzordphﬂ.@amgingf

- .et hyl enedi anbpeh aiqNeete Q-awnh(&DmgA) ancing agent, for use as .

ety ene b BERRARAAC hhGaRg HohRL: M\Eh%?'?méﬁme@ PR
Al ternativel yadiea;boimmmdo sudtablefor dabeling paotbdnactoxrat ed 25
~andthen couphe¢ive Boaﬁuhoﬂ& ﬁﬂﬂaﬁilif SuitvEble kfwﬂlaﬁ@?mg -

e fe ool SLRNGNIRR: hils SR B i o ALeaEE, Laoe} ”e g oroup,
,_'C?].I’ b(r)]xly:a . i whthi gleyﬂnato mdiblsoogompotancblul?amagplem‘uhnimsosf»?éon'
.gl rgct I yoo)r/ ;ﬂgj é&}%ﬁ%r w iﬁ Q blgnkg?i?mlioés Pp?%rou one or |
more functi ona 33 19dias 'thﬂranPVbogf cb -
phenyl , . t hi ot%iﬂqﬁ&bm m‘ﬂwionou%ch.lltath Jmakﬂiciﬁan be .
used, £50!, nddh&OSYaﬂééﬁémﬂhteﬁbhhﬂﬁlﬁ@ﬂﬁnff‘ :&}]&@? eS - Y
dr oxysu c i n. a e|n1de roxysu00|n|n1de
esters, gl ut%’r"g?' d&“ﬁﬂg&
. @ege, Childs et al., J. Nuc. u.d., 26:293 (1985), and 1n
Goldenberg U.S. Patents 4,331,647, 4,348,376, 4,361,544,
- 4,468,457, 4,644 744, and 4,624,846. Typical are
20  derivatives of ethylenediaminatetraacetic acid (EDTA)
' and diothylenatrianinopontnacat1c.aeid (DTPA) . These
typically have groups on the side chain by which the
~ chelator can be attachaed to an antibody. Alternatively,
carboxyl or amine groups on a chelator can be activated
25 . and then coupled to an antibody cauposite by well known -
"~~~ methods. For exanplo, deferoxamine, which is a chelator
. for Ga=67 has a free amine group that can be activated
- with a suitable linker to contain an activated carboxyl,
| isothiocyanate or 1ike group, and then coupled to anmines
- 30 on an antibody composite.
R ‘The chalatnr may ba bound to the antibedy compon;te,
directly or through a short or long chain linker moiety,
. through one or more :unctional groups on the antibody,
e.g., amine, carboxyl phenyl, thiol or hydroxyl groups.

'35 various conventiona; linkers _can be used, e.qg.,
' diisocyan_ates P di isothiocy_anates ' carbodiimides,
bis-hydroxysuccinimide esters,

~ maleimide-hydroxysuccinimide esters, glutaraldehyde and



. the like, preferably & selective sequential |inker such as the
anhydri de. i sot hi ocyanatie |inker disclosed in U B. Patent 4,680, 338.

" Labeling with either. lodine-131 (1-131) or lodine-123 5 (1-123) is
-readily affected using an oxidative procedure wherein.. a mxture of

radi oactive potassiumor sodium -iodide asd=-the. antibody is. treated with
chloranmine-T, e.g., as reported by Geenwod at al, Biochem J., 89, 114

(1963) and nDdlfled by McConahey. -at. al, Int. Arch. 10 Allergy App
direct. substitution of iodine

i-munol . 516269 hi s results i n
at ons for hydfégen("gtgdnérg% Srably. & 86J8Ftive. seauentiaduddmkeromsuan osi ne
residues, ' po®§ Bhe anhydvideripothiacyansite Einitsr R g 13F ¢y, [E£si dues,

dependlng on- pheeﬁtoapggboggaof reagents and 15 the reaction con 1"t 17ons.

Al.ternatively, rroxi dase jodination may be used, as.descri bed
by: Fet eanu suprai"%%;d' 3'6§ th gither dodines13it (ati-lnhemaltodzﬁmzrjwe

advancedS net hb&sl%ﬂImdel@inl?&ﬁm“%meQQiEQtiga i?g%&:?%u% £ 1. 88)

l .No K 0 4 2- 87
_ 'Sl'ﬁrel adl_scﬁosu‘e&ﬁéﬁn € ‘%&l"ﬁé) Pér e %?ﬁ V&t EoLags Hﬁpl‘?‘-'caspdnmare
i-ncor por at ed %‘é&’e‘?‘ﬁ Fﬂ t kber amthho@m é& li;reaﬁaztewm éhYogamingge  of

:BabFI i ng tgcfnumuesaarfepdrﬁeao M:Gr Ii\z;f)ﬁfqd Antl b%ggﬁsg;” NO-
Vork ot ar. o tHeH “ﬁmﬁ%ﬂ?iﬁ ( Hochan At Ao ot atens e

be' acddhpl | SHSAREE ARRIng mﬂ.,pmqedaseussg)'\agm t%ﬁ“%ﬁé 51J);luel
Med., 20,428 aﬁ%hﬁ%&%ﬁ&iﬁbﬁgﬂgi%ﬁ#ﬁg h sn ngta#;wm oy

and- Saha at J t
illustrative or tf8 Y 8ok G&?lec W&GMbEIom@pmmm&mﬁhéo the
art. Exa Iepmi(hiwpcnn:ub uae

or I? !B ! I} JT‘* ?v)

t Sl (LL] [
&?E?F?gnirkf'm““’;# fg* %)°§cﬁ'F'Ff =°§rf€¥§ nhf| PRAGANES,(&Ng | ons,
X

or radf@al s itigns. hefsktmutl\tniy,cwuw&mﬁe

subst rate bedenddgalldbarm@yew usdd, as describad by Feteanu, supra,
Page 303, and raferences cited therein. |

Some more advanced mathods of labeli.ng are disclosed

| - An pending applications U.8. sgerial Nos. 742,436

20 (6~7-85), 084,544 (3-12-37), and 176,421 (4-1-88). The

disclosures of all of the toregoing patents and

applications are mcorporated herein in their entireties

by reference. A w:lde range of labeling techniques are

. _disclosed in Feteanu, "Labeled Antibodies in Biology and

25 L _Hedicine“, Pages 214-309 (nccrav-aul Int. Book Co., New

o York et al, 1978). 'me introduction of various metal

radio- iaotopes may be’ aceomplished according to the

procedures of Wagner et al., J. Nucl. Med., 20 428

.'(1979), Sundberg et al, J Med. Chem., 17, 1304 (1974);

30 '.-and Saha et al. J. Nucl. Med., 6, 542 (1976) . The

- foregoing are merely illlustrative of the many methods. of

radiolabeling proteins known to the art.

| - Examples qf compou_hds ‘useful for MRI image

enhancement include paramagnetic ions, e.g9.,GA(III),

35 Eu(III), Dy(III), Pr(III), Pa(IVv), ¥n(II), cr(rrIi),

Co(III), Fe(III), Cu(IY), Ni(II), Ti(IXIT) and V(IV) ions,

or radicals, e.g., nitroxides, and these would be

conjugated to a substrate bearing paramagnetic ien



20 . chelators or exposed chel ating functional groups, e.g.,, SH NHs
CO0H, for the ions, or linkers for the radical ..addenda. The ML enhanci ng
agent nust be sufficient amounts to enable detection present in by an
.external 5 canmera, using magnetic field strengths which are reasonably
~attainable and conpatible with patient safety and instrunental design. The
requirenents for such agents are vell"®own in the art for those agents
whi ch “have .their effect upon water nolecules in the medium and 10 are

- di sclosed, sn"jaj, in,.e.qg.:sp Pykett, Scientific American, 24.:78 (1982);

end Runge at chelatérs - ,_Ra&i%ﬁg, A 1209 (1987).. It is. vol] understood-
that many of %e--@gne-og%mo S .%rcﬂuﬁ#%ﬁiéﬂ?ﬁzﬁﬂﬂ gralipsactdyg.gr I n the
15 chel at o4, < ARFi 5@ 1ansl, br dinkelree Fod tinel HadiE,0N Of U

f or.m of
. agents i.nt.o taddends bod i g NEoRRYCRIeR" 1ig ! OpqgqhOd 1TRYIN
agesht'.r-.'. f _QT'ddﬁﬂ@ﬂ&i@mﬁéﬂmﬁ'Sﬁ?ﬁ%iégggjﬁéa%%a% Rateen Iai-hgg g
nunber of paramadnetic j.ons of Fadi 't S PY napi mytefiagne
met hod for. %’5&101 r’fb‘.‘jd‘%l megnetie! simldi cetrengtes | OREcR C@LL 4 €
CTIYVEr vith ERakemeblmdtiathabe dfd!dmG iRl G ARLLCE, 'S”E&!ts’
pref erabl y saha- Sﬂﬁftﬁf%h #g site renote fromt B3 _&_RPl g8ALBENdi ng -
~ sites of the:_conposite. -Ihr's § ad FA dEeTeleenentgetoringach of 25.
- chel ?]E ors c_azgﬁgggt pren¥Welloknpwnadni thdyaret fﬁﬂeﬂiéﬁﬁeﬁ
“itself, no thavei ‘ugoh) akar ) o8 In Bhs
00 poi 'Y SR ket o Sk i LTSt B3 e me e st o
~include, ‘e.g. polyol,s, bM"%ﬂ"s"mm&&pmm£@e 0
ke, Sea UXMEi6%Meideeras 42982);Sknt e ¥t add A3 OHhaich 2
- (Rowt and) . Q41=130® (paFoi ygaccharide is dextrah. het Qﬁtﬂ c
- funr, itiona'r |&téoigqggfirhnéfgﬁgéggééﬁ;nmﬁ towards the dextran hydroxyls,
o i ] *00d that many of the same methodg '
L for introducing: matals, directly er in the form bf
: 15_ chelagee,' inteo antibodies will ba asuitsble for
' introduction of Mmr agente into tha'antihoﬁy édnpooiﬁes
::n:::s mv;::;gn to fore imaging egente for imfectious
~ lesions. - agants sdvantageously have & large number
20. ot.paramagnetic-;ons er rediczls for anhanced imaging.
| one,mgtbgd:;g:w;ntrqqqcingra plurality of euch jonsg is to
load.a carrier polymer with chelsates and 1link the carrier
to the antihody;campositm, pxaferably'sita-mpcciticall
.at a site remote from the antigen binding sites of th:
- . composita. This has tha advantage that larger nurbare of
25+ chelators can bo attached to ths antibosy at faver siteg
on the antibady itself, ap thae fmrunorsactivity is not
as seriously compromiserd. Zxenples of 5aiymer5';hat'aré.
useful'f@; loading the entibedy with chelates include
‘6 :;:;,- p::yols,. p@lysﬁmehagiﬁaa,' yﬁlyp@ptidea and th;

_ . ee U.5. Petante 4,639,784 [(8hih at al} and
4,_046_,722 (Rowland).  one type  ef polyszaccharide is
dextr?n. Theichelatm: can be functionalized to contain
reactive groups towards the dextr&n'hydxoxyls e

| anhydrides, isocyanates or isothiecyanatus ang tée 1;:"
35 Alternatively, dextran can be derivatized in a number :;
ways, e.gq., hy.conversibn €o an aninodextran. It will be
apprecigted. that similar methods will ba uzeful for
loading a p;ugality of drug rolecules on arn antibody or

gefiba Byl 0%,




anhydri des, isocyanates or isathic ,ranatas and the |ike. 35 Alternatively,
dextran can be derivatjzg:wd in a nunber of ways, e.g., by conversion to
an an{ nodeXtran. It will be appreciated that eixiiaur mat? 1s till be
.useful for loading a plurality of drug l.ecul es onar, antibody or - 21
anti body conposite, as will be discussed #dr& fully hereinafter. The
process for preparing an anti body conjugate with an am nodextran . (AD)
carrirer normally starts with a 5 dextran polyner, advantageously a dextran -

of . aver age nol e¥itihody| gompoidte;l 85041110, b0 000, preferably
about 10, 000- 4Gy ¥nadkkg0r € pref erably about - 1%%8;8’.“ e‘gﬁﬁt rEW1¥ then
reacted with an oxicﬂ_i'%i n age%r)tttqto. effect a controlled oxidation of a "
portion of its 10 mgrepargageantmﬁm]%q;b
"oxidation is cmmhbnb&u&iﬁCtm))-m&Qr%*cq@/ i '1 c _em'r%([;llg r-:eeaé;reiﬁ‘ﬁé,
u'&'é’é’_. Y ; skartg vekthna t o

Salust the ammogt R ORI AvaREhedta Ly ar asimcrin 166, ametgerbl Y
100 al dehyde BPABFularcelont 4260, of sboee daxidod P, offy Of-aRall 1,000
- with-about thsabege 'D.'qubt-'l_@r,‘o‘bfo alm%%mlf ot teP? G@}?_r ans.
fonn Sivant aocind' aBlERNSe L Sanch jisiaibpstniioruil
 Vess advant agenns ¢ ad8e FAATRad withh arhahesdte IRy Cagbfit K€o
Pol ylyaine. ~AB¥EG8F nusbarontolled i BxiARE1E8RS e (R REEELS, o dBe e
Gt Y hesarbanpdene, ris! 68" aHiethel k {40k7ga cuoupme. Tmed rore
~ prefer ablh'y'I a @ﬁ"oﬂ?’ol?ﬂ\% tlﬂ?ammc&dtahiﬁ aréI oi {gde, i
e.g., ethyl ensh ' o @yYi:N . Shii ol ynet. enedl am nes,
,: di,-gt_' hyl _engt ri %ﬂ%dﬁriwmgmgﬁé:aﬁgj ggg%ﬁ%neﬁm%%w or .
other |ike _hydrp)r%t'aisd di am nes or ‘pol yam nes, and the like. An 30
.excess-of the am r aFP!)!ﬁ!l&thetal adjnde ¢heUunmohdt of oxidizing
15 agar_zt 80 that about 50-1%50, ‘preferably 100 Aidehyde
~ groups. are generated, for a dextran of MW of about
- 40,000, with about the same p_roportion of aldehyde‘ ‘groups
for 91:;:::,. MW dextrans. A larger nunber of aldehyde
”0 :::t__xps,. and aubaequantmimgroups, is less advantagaocus
20 because t.hg polymer .then. bahaves .more -like polylysine
A -_1_owe; numbar resulta .in leqa--..dosirabl_e loading of the
f:hala_t;cr or boron addand, vhich. may be disadvantagsous
| ~ The oxidized dextran is then reacted with ;
- . Polyamine, praferably a .aian,iz}e,. and more prefera“bly a
| 25 mONno= or poly~hydroxy dianines. Suitable amines include,
. @.9., ethylenediamina, Propylenediamine or aimiiaz‘.-
Ppolymethylenediaminas, diethylenétriamine or 1like
po_lyanines_, -1,3-_diamino_- z-hydroxypropane or other like
‘hydroxylated aiamines or polyamines, ana the like. an
30 Gxceas of the amine relative to the aldehyde groups can
be used, to insure substantiaily complete donversion of
the aldehyde functions to Schiff base (imine) groups.
» ‘Reductive gtabilization of the resultant intermediate
is effected hy-reacting the Schiff-_--bise intermediate with
. 35 a reducing agent, e.g., NaBH,, NaBH,CN, or the like. An
€xcess of the reducing agent is uged to assure
- Substantially complete reduction 'o_i_' the': imine groups to
Secondary amine groups, and reduction of any unreacteq




be used, to insure substantially conplete conversion of
functions to Schiff base (imne) groups. Reductive stab
‘resul tant internediate . [
<intermediate with 35 a reducing agent, e.g.,
- An excess of the reducing. agent is ‘used,0 assure subs
reduction. of the:-iwine groups to secondary am ne group

~any unreacted 22 aldehyde groups to hydroxyl groups.. Th
convention

can be further rified passa e through a
ﬂﬁw 2?/ gYMtgrouﬁs. t Phe Pok

t he al dehyde
|ization of the

is effected by reacting the Schiff base
NaBA" NaBH3CN, or the I|ike.
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preferably a
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met heVf the inv SRLt8EnhEivRIGE! oG Mﬁmmcdiugunhn Byagi ng :

~human, = parentera
“t of. the radi o]%‘fﬁé‘%p!@ﬁ-hmorzonummiﬁg mhhowon.

CO.nj ugat“e. ' By ar abyenfddetfon with €yanogen bromide
- ruction with a diuu.na. “Thas AD should b;

tollowod by
mctod wvith

15 a dor:lvat:l.vo of the pnx'ttcular dmg or chelator, in an
aetivatotl. - Lfoxrm,«. - pzafezably X O ccgboxyl-activaéod

2q . o 'rhe scintigraphig .i.,maging nethod of the:

1nvontion 1_s

practiced by . injocting -a.mammal,. praferably a human

- parenterally with an effactive amount tor lcint.l.graphi::

| imaging or the radiolabclod nonospocitic or aultupocific

| antibody agent conjugatc. By pu-nntcrany is meant, e

28 intravenously, intrnrtoriany, intrath.calig.
intorstitiany or intracavitarily. For ima :I.Y’.
cardiovascular lesions, intraveneous or intraarte:inz

- administration is preferred It is contemplated thut;a

. subject will rocoiVe a dongo of from about 1 mci ta
_3___0 l-SOnc:. of radiolabe].cd conjugate, ‘the uount: bein .
.tunc:tion of the particular radioisotopc ‘and nodeg :'

adnim.stration. Por 1ntravenous or arterial injectio:

the amounts are nomally. about 2=10 =mci,
s ‘about 2-5 mC:L, of I~131, about 5-10 aci, pref
5 8 mCci, of I-123; about 10-40 mca, preterably

Preferably
erably about
about 20 mci

of. Tc-ssm, about 2-5 hCI prezerably about ¢ mCi of

In—lll or Ga-67. -,j P



25 intravenously, neant, e.g. Y, intrasrterially, intrathecally,
interstitially or * intracavitarily. For imaging cardiovascul ar |esions,

i ntraveneous or intraarterial admnistration is preferred. It is
scontenpl ated that a subject will receiy _dosage of from:about 1 nC to
30 50 G of radiolnbeled conjugate, the unt being a Emanation of the
pathcul radioisoto pe :and node of adm nistration. For.intravencus or

arterial injection, the anmounts are normally: about .2-10 nCi, preferably
bout 35 8 nCi, of 1-12

about 2-8 nCi, of Fhe3lraddolabeled Cmg g?epcr I
3, ' about ldhtibddy-a “@fw étboﬂtbr 0 rjr'gg'cyol?ozl'c-@é%i%ﬁﬁific
2-5..*C", . prefﬁ{ﬁ# | ahout 4 i ‘T’rf‘l@’b‘fe’@MQ@eré@déglggel ed
nmonospeci fic of '%%%%c???%“ﬁﬁ%@boﬂqraganhamﬂa},uw ip?:'eﬁ%}%’a r]l: ently
provided as a®tamjlect duijactars atprapare {HMTY A0 use “sterl é’ Yhj®ct abl e
~ Preferablsy a ﬁ&%ﬁ%&a{g onaf'orspg_“@? use, ,for 5 tég&%a%mti@aphi o

i magi ng agent--Fg?.d cardi quaschlar TaEPBRicP, cimaging comgensi ngio a fferile

“sol U .3&"8&&‘&?&1 A@adenef Prefierablyo campei gk : raa%t\%ﬁtig ed

e, -

i nj ectabl e so

compoitc |1 Soimetablmuotatunsaot S o 4L Lpsta S s

-preferably phpsaais CLRnogi0eS
- concentration,, 4 E mbagggvéﬁgmﬁilgepiﬂr hp@amgh):tdeaﬂnyahbéeﬁt‘ﬁsliiacl o
~may be utiliZ8HeE .
represellati v@adineareess) ot 1pngdibibs]sl, Patentera D
wWith this i n\@éﬁ&?%%¢+?1§0r ?ggfg%g%ﬁ%’r Ahupng 1cencadtratibnef erably
~about 0.5 to 2.0 ng, .0 F Rat A .mm_fi-&cejptahle vehicles |
a o may be utilized as required for the site of parente;
administration. E .' | ' e
.15:_ ) A _repreuexjtativq_ Preparation to be pardntarally
> administerga An accordance with this invention w1
| :o:na_ny contain “about 0.1 to 20 mg, Praferably about
_ .1 to 2.0 ng, of radiolabeled monospecific or
Polyspecitic antibedy-agant conjugate, in. a sterile
e ::ln_tion which admtggeously also contain's',\e;?;. » about
N mu:flof hqun gerum albumin (1% Usp: Parkeénavis) per
iter of 0.04x phogphate buffor (PH 7.4 Biowa

containing 0.9% sedium chlorida. o )

_ Once exjough isotope has depositad at the target site

s ll:;almnj.ng is ‘effacted with eit!xe_r_ a conventional plana;:
. r‘:,:'or SPECT gamma camera, or by use of a harid held gamma
Probe used externally or- internally to 1localize the

cardoivascular lesion. The scintigram ig normally taken

o ::tgctiqn of energiee in the sq-soo KeV range. The
*Y  target site can be any Cardiovascular legion Present i
a _relgt_:lvely concentrated focus. Detecti .
cardi:vascular . lesions will & cescur directly ;Zou;:
react_ vit;y cf the monospecific or. nmultis
s :::;:dz;z?ant conjuga‘ta with ¢the leukocytes and si::i:i:
igens localized at the lesion at the time of
Parenteral adminietration as well as through en
-_labeled leuvkocytes into the legioen. | et

Rctiection vehic ) istration.. A
il feln profefably 3|"P§}ggg1’. {"%Hregelégp dance
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sol uti on which

pol yspecilic anti body-agent conjugate, sterile

~advant ageously al so contains, 6.9-t about 20 10 ng of human serum al bum n

(1% USP: Parke-Davis nmilliliter of OQoax ) per Ph(r)$Phata buffer (pg 7.4

Bi owars) containing 0.s% sodi um chl oride. once enough isotope has

deposited at the target site, scanning is effected with either a

conventional planar 25 and/or SPxCT gazéth 'carrera or probe used

eacterx:all by Use .of a hand held gamma y "or internally to localize the

cardoi vascul a.r |l esion. The scinti gr amis normally taken by a gamm

| magi ng camera haMaghetiec Yaegdah or tect ion of energies in the
t SI te ca\#i&g is eaffected imsapn

~agents will
Wil be apprecra

{

50- 500 ReV r aQHS

present’

are

.| esi on- H|||t'ae dmagiingciagents retll i ¢ t he
" monoaspeci fi rrntum&mfd Moﬁ?fﬂ%gvg%co% 59, 4Recins
| eukocytges arig.‘ g? fIC. 35 targe |ge¥| I‘PQGPRROQMdmmt
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" time of paren

| eukocytes i il mleaﬂrmn 2dscivraiaphy’. €S ONRR E@Qé i gg
ganeritidd of ma
in an- analo enhanc?’ﬁsgg gg C |mag| ng gigm“ wﬂ:;@g g|I tng_

~principte:
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wat er ' tam |3§
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es il

10 nagnetlc re

inCr . e increuatragtibstveen v
PEir MS1RRY W1l 18 tha region ere Ehia

body. - Hovveveé?ﬂ? ?‘??2{; ﬁﬁ?&%ﬁ esﬁéj water Iolecu].u elscwhu-g in

However, affect of the '
‘agent ig to
incroasc both Ty, &nd '.r,. the former Tesulting in greater

where t he

15

contrast, wvhila the latter resulte in lesser contrast

Accordingly the . - phenonenon- is- concentration-dependerit,
e

20

2s

and there is noraally an optimum' concentration of a

30t
S85200805") 208 0. anireicmentn: snsing Kyt

at the
ed
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ged_ The

eg| on
t he

paramagnetic species for Baxisum efficacy. The optinun

::ncentration will vary ‘With the. particular aqent. useaq,
e locus of :Lnaging the mode of imaging, i.e
- o '

| spin-echo, uturation-recmxy :l.nwnrnion-reeovu-y d
an

:or various other strongly T, depandent or T, depeandent
maging techniques, and the composition of the medium in
Which the =agent is dimgolved or suspendad. These

' factora, and their ralative inportmca are known in the

30

art. See, ea.g Pykett,
: . ‘ 'y ep.cit., &nd Rung
iy | @ et a).
. The MRI method of the inventxon is practiceqd by
anje:t.mg 3 mammal, preferably a human, parenterally with

effective amount for: zagnetic resonance imaging of a
conjugate according to the present invention comprising

-3 monospecific or multispacific antibody composite and

35

::b;:; e::;:cing agent. It ig contenplated that a

. recaeive a dosage of labeled conjugat
sufficient to enhance the MRI eignal at the gite of .
lesion by at least about 20%, preferably 50~-500%, oth:




..increase both T and T2, the former resulting i. is to greater contrast,

whi-l'e the letter results' in |esser contrast. Accordingly the
phenoMarim-i g concgntration-dependant, and there is nor |ly an optima

~concentration of .a paramagnetic specieg 5 r_maxi efficacy. 20
concentration will vast rrith: the, The offi num Yticul ciar. agent used,

the | ocus of imaging, the o of inmagiing,, spin-echo, Saturati(r)rn-r i.e.,
.sYo.inversion-recovery and  for various other strongly Te dependent or T2
dependent i mafMtettingica, fundtion ofmehei tﬁawiefnlhgeﬁw%i n . 25
whi ch 't he agentspiesidiss wa’ &thed mdAeS RN Y 'in]ig%g%t factors, ants Therte

' art. ~Seeacgof-  pykett, JDALRAL.,

relative-isporta.n e 0 .n_the
and Runge et al ., %%1@'3( @evﬂm&&doF"FﬁMﬁmwmﬁﬁypwd‘ﬁt@qs

~injecting. a maffAVenjestiyalprowidud s i inPEEEREE HhlyoliLh; an
oot u9.8 e =P ey R T 3 mj)éé@%#féaab%éﬁ%ﬁgf‘gggcf&ﬁ di ng

effectivesanougami@n 1 aRBINEELC ance Jj nmagi ng

to the present_i nven'Ei';Tf){!ri1 cgﬁ_gfi sféggfﬁr speti f Begileul t Lagecthble

" anti body- conpBEFParakdon,fox huppanusey agtntar'gétlﬁgcawphggﬁg_ Q,%at a
icrent t

35 'subj ect w |a cedtiovasculnaqe 5 jugate, suffic
enhance the 11%&@;9{?‘{3 aéoz.é‘r}:e s'i‘?gﬂ.é?a gﬁkﬁgglﬁgﬂ qgaﬂp‘ﬁi_q agteriles,
Preferably 50- - er %nggammﬁemw almoumrblel eHbar

Par anagneti c
Rabl e

ti body@r = amtidxriie Qe | | : :
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- preparation for e 5) fﬁ# tBhYRiolegical plenando cancaitkrssy! ar

legion, prefeCther canventionax m&uﬁimﬂltﬁtﬂ%i‘owﬁft | ni ?gb?n._ |
ceutica %’2‘&% pt abl e

Ceffect | ve: i n har

R 2 , _ adminigtration. S
. j1.5" | A ‘representative fprepaxatlon to be barénterally
: administerad in accordance with this invention will
normally contain about 0.1 to 20 ng, preferablf about 5
pg, ot laheleq nultispeqitic ant':lbody-agent'conjuga't'a | in

| a sterile solution which advantageeusly also contaitns

: ;_o e.g.,. about 10 mg of human serum albumin (1% USP:
: Parke-Davis) per nilliliter of 0.04M phosphate buffer (pt't
7.4 Biowara) containing 0.9% sodium chloride. Once

-enough of the MRI aégent has deposited at the tai'get site

.. 6canning is effected wj ' ' : -
25 -,'inage-.the lesion. e 9°“v°nti°_n-a1 R camexa to
In a preferred embodiment of thig inveni:ion,' the
localization ratio of the prirary labaled antibody¥agént
conjugate is enhance_d through the use of a nonlabeled

 _30 :::c.md ;ntibody to scgvengg non-targeted circulating
Jugate and promote its clearance, as disclosed for

related imaging agents in Goldenberg, U.S. Patent No
__-*-L,624-,846, the discle: ure of which is incorporated her‘eir;

in its entirety by reference. The term "localization

ratio® is utilized in -1ts conventional sense, i.e. the

+ 35 . ratio of texget to nentarget antibady conjugata. In
gensral, the second antibody is used in an amount that

will ~enhance the localization ratio of the primary

%ﬂk&i 1 Fempopitedeinf ad@m@ﬁ%ﬁ; ?%%’#ﬁﬁiabel ed



saline (PBS). .
pharmaceutically acceptabl e vehicles.

uti'lized as required

at physiol ogi cal p8. and concentration.

for .the site of parenteral adm nistrat i on.

O her conventi onal

for arenteral p admnistration may be
15 A

.representative preparation to be parenterally adm nistered in accordance

wth this invention will normally c'ont €about 0.1 to 20 ag, prefe
about 5 ngy. of labeled aultiB p(r)0, Tf*?s a-ntibodyagent conjugat e,
20 e.g., about

sterile solution which advant ageously al so contains,
~ of human serum gl bumn (it USP: Parke-Davis) per m
phosphat e. buf ABFibpdy-ggensi conjegate By ati 1\ga m chl ori de.
enough of theeybfbadtpnpyh %? Qghie fﬁy:t the %rﬁﬂgl ePOTCoRt ARG v
RFa25 inmmge the legion. In
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p ore rapl éi%] ?’ﬁﬁ g‘?‘?

. circul ati on cescd Neonvaras: f
anti body cor&watg % | tsel 1‘1‘YI’-5 Q?é?; mcenﬁim&mbdywmié
ibody may ba a fragment if the compl
1% still retains cmlmz-zaxmg capability. . ::

preferred that st least ona of the: primary/ aecondary

Pair be. .whols.XgG or Igh. - one advsneaqo o2 using IgM is

20

that it forms a highar ‘Bolecular waight complex with
Primary antibody or with detached c.onjugatu, such as
chelating . agants ang the like.  This will increase the

~ rate and effectiveness of cleaxrance of non-target prinary

_'25

30

35

;::.mody and/or izaging componant especially from blood.
: second antibedy can be Prepared by metheds discloged

n the aforementioned. Gomenberg '846 batent. Monoclonal
anti-species XqG is alsn available and ig ady antageously

rably
in a
10 ny

mlliliter of 0.04H

Once

a

| gGor .
bi ndi ng
rom t he

be

used as second anti b@ﬁv An the prement’ procass. Non-

netallic conjugatez, ». *G., radioicdinated 1inking groups

O organic peramagnetic specias such. 25 nitroxides, can

also be happens to which: ‘the second antibedy is specific
as can happens designed for such purpasa. The Beconc,l

antibody is 1njected inte the subjset: atter & sufficient

time has elapsod tollouing Parenteral administration of
the primary antibody«agent conjugate to permit maxim

uptake thereof at the lesion, typically anywhere frum
about 15 minutes to about 24 hours tollcwing the .i.uj.t:im;1
adninxstration, preferably at about 24-48 hours :—
admx_m.stra_tion.. ~ If the prmary antibody 1sp°: t
administered intr_avenbusly, it may be advantageous :6



whole 1gG or 1ql. If. the. primary antibody is a fragnment 10. of 1gG or
XgX, it is. preferable that the second anti body be whole IgGor Iglu so
that the. prr'Y/secondary conplex retains the capability of activating the
~conpl enent cascade. Conversely, where the Primary antibody is whole _gG
the second antibody say be a fragment if" ®#fe~conplex .i5 still retains

conplenent-fig ing Qapability, It is preferred :that at |eeet one of the.
prissy/ secondary pair be. whole Xgt~ Z 11 . Case advantagb -of using Iql
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~the prinary art@ bakioutdi2ani héresd i ni’l?é‘\.’-ﬁﬂe!é' éf it wa eﬂjey‘a va‘r%?a@é&)s. to-
- 27 admi ni sipimaie) 6ASE ort!'bggbg"t e secord SHEPH d}“ﬁ-}bqﬂ!e_ same
pareriteral r_gute. t 15 agqvant ¥§e68s viid eakect t thencreardndecasiy '
- portion of thESPERShPRaN ithely bhungepguﬁéhigsagfeltﬁaaigicl garance of 5
nh Ch h&§ Pr SRCPRARkYOOfktibody pair.  Preliminary screening of
.l : P“:i—::t blood in vitro can be used to Provide an initial
estimate of the appropriate ratio. The screen will be
nged to datarmine the xatie'ef second antibody to prinar'y
_ éo -antibedy raguiresd tq*obtain‘ a precipitin bana iu,' 8.9
20 a gel diffuasion ‘tagt.  Thig indicates the géneral rnng;
of the molar ratis of ‘second antibedy to primary
:"‘tib"d}'. whic!;' SArvas as. a measure of the lower limit
-Or the ratijo, eince in vivo application may réquig-a a

 higher ratio of second antibody to primary antibody than

—

25 is indicated by such in vitre ‘tests.

. . In practice, the molar ratio of second antibody to
Primary antibody will generally be in the range of about
5-..-5?' although the range should not be considered
o 1:_.m1tat_ive. Molar ratios. of seco_nd antibody to pPrimary
40 antibody of 15-25, ang preferably 20-25, have bean found

to be advantggaous where both the primary and the se
antibody are whole IgG. - . : eond
. The use: of second antibody to clear circulating
- .r:::‘le 4 pr mm antiboay and e;nh&'.ns:e the localization

,. Q0 of the p;inary,gn_tiboc_ly can be further enhanced b

ut.:l,lization of image-enhancing subtraction techniques d
- disclosed in .ttx__e_foregd_j._hﬁ Gold'e_:;\ber'.-g' patents as well ::
the references cited therein. This is an art-recognized



diffused into the circulatory system Normally, both the imgi ng agent

conj ugate and the second antibody for clearance will be adm nistered
intr;aarterially or intravenously. The anobunt of. second anti body
-introduced will generally. be . that amount which can decrease the

circulating primary anti bodyby 10-8s4 amMalghian about 0.3 to about. 24.
" house. The. ratio of second antibody to primary antibody. which wll
affect the clearance will depend upon the binding properties of the 15
second prima pair. Prelimnary screening of

r nd, secondary anti bod

pati ent bl ooo'y?%mﬁ%"t'aﬂtﬁxnum ingttmm amntibodyl oredrdguighto! t he
appropri at e rkbeledhe witieem V\ghhib déa%a the: ati o'
second anti b%é‘%ﬂ yh&s#h ﬁucﬂfg ?it r%% @ teci pi t| n
‘band in, 3@!&’“ rF°§s§! ?snpmééﬁesmtgel@tal range
of themr;gl ar b Qti;: L | -a;t?hé:mwx s&%&ﬁ@lal‘l@' Q-.'BI ser;/es

a Sur sagtie t REnbELEE - dgm ig g% ?°%a(fl%[ %gﬁkw VI VO’ agg i ca |on |
nay require con an E®nt3%hodPet han
i s indicat edggy & af‘ﬁ% Fg the pe ‘Fequired dbxr :I.nagu.n f second_ '
anti body to Thei ntmj‘qhiohod;t Wiehdchgcant 8bbdi 86 |ﬂ,t?,g. ofﬁg out

Ve

EI’ r at .I (O]

> 52ec§'nfjh3ﬁ?f”6§“§“m“ %%"?3“53%’@ 48808 1 Sush 88 Tarsmeiopabed 20.25.
have bean foBREY® %iﬁégé’a ishare meeetbolu- rmium Foideskheosecond .

“anti bo¥9 ar cenhante Meﬁm:am@ q%y % ci réul ating
| abel ed prinphy agll ¥4 € phZd 1 the
iy, P e P GBI ot choma e e
i mage-enhanc? aetion, RGNt PITBALS GomPUterizeddcorteicht chorfsPi N |
Gol danbar g Rentaxges bﬁtgmdfhdﬁﬁﬂmﬁ%f%% lﬁ%&gﬁﬁs tlfs an -
art-recogni Zé?fhar&?c. (S WA Ha i Fr'da®ln ndirf a1 ator;in-ylten ragrent
_15 will be appreciated by thou of orclinary 8kill in the art
- that the primary monoclonal antibody and the indifferent
~antibody utilized as a subtraction agent are preferably
from the same species or nyolm/hybridm 80 that the-
second ' antibody will clear the primary monoclonal
20 antibody and. the indifferent antibody immunoglobulin from
untargeted areas at substantially the same rate. It is
| further preferred that the second antibody be specitic to
a8 constant region ot the prinary and - indifferent
_ imnunoglohulin species.
25 Targeting selectivity of these conjngates will have
- -application in approving the efficiency of drugs acting
on thrombi, emboli, atharosclerotic plaque, and other
~such cardiovascular lesions.

EXANPLE 1

30

A bispecific F(ab'), antibody fragment composite is

‘prepared from an Fab' fragment of a monoclonal ant.lbody
.h;ghly specific for ‘granulocyte celle and an Fab'
_tragment of a monoclonal antibedy specific for cardiac

35 myosin. The interchain disulfide bridges are reduced
: carefully with cyste:.na, taking care to avoia light~-heavy



| abel ed with a radi onuclide capabl e of independent detection is injected
for use to nornalize non-target background. levels. This: antibody has.
substantially the 5 sanme kinetics.-O. distribution and netabolismas the
-primary antibody! during th. period requiggd for imaging, The injection of
such antibodies is preferred over conventional subtraction.agents,-such as
TC-99m | abel ed serum al bum n, which are. nevertheless suitable for use to

10 enhance i %Eo% SSi g'%ﬁby conpensating for background. The use of the

" radi ol abel ed i ndi -(erb VARG holP aform Rak'-SHl | DRagRERts e Mighs, s
conput eri sed cCIFOCR(% mfothenenhargﬁ;j%k I radiati on from organs
which effect &teaggneg iRk l%%f tqhag%cr}%)cﬁcﬁ‘(yﬁ%s‘f%m ap 15

wi Il be apprecgiated b tpgse o Tar T 1 (3 thémetthylemads + Dpgpri mary

monocl onal - anttELeRR) 8naledmter chldr bhoh ichetki caltl £b7 ¢ Y ffvauxa

“ a.subtrad i onWigent Theespeaﬁarmhacléﬁmﬁq_@ .?peii es’or - oeee,

 ayel oma/ hybri ¢aipa.gip Laat %’E&ni secongpant | body “wi | 3LPRFORYRrted ko v
~nmonocl onal- 20 _ant,i body and € nGPAFES nt‘_"ﬁﬂi tkhe iactivegtedul g 1rd¢ om
unt.ar get ed- ar Antibody  fragnens e phtainne Bidpacitid S"°“If“&'§ preferred

n ol the

that the secocdmposiltedy dan Saei 4 a gopstant . regi mary
T i'ﬁa.&e.nd%ﬁ gefTiBiBethiolaney dio t hese

. and indi f-f-ereFFn': ngo | obul i n species
~ conj ugaigs' wilT have a%ﬁ? c 8T offOFR HRlEhrdryX hgreubeci £o8Y ife dlyds
- acting +8n. t hFeWBLingnitdie , campesdsel ekt aC ggﬁqyem‘e?ggg&z?r such :
car di ovascul ausingi oese ! lsan 3%i+y%% ificntl -1l Eaomentain
Con- | umat e A&é e 'f&c’géa )2 anti ! éﬂgnﬁﬁt%mtep'receﬂngpared, __
_ froman Fab' - ragﬁgﬁ? oMPAV¢oneE| Eax .Baﬂt'l.bod&rebt-_gﬁéga§pgej_%hcw§_gﬁ e
granul ocyt e @96 andierogmb’ zfdi_gﬁefuﬁgﬁ rrtugg onal gnéi ody spécific
for cardiac %ﬂmuw i &cﬁ' n_di sul fide bri'dges¥: 'recﬁ\g‘,@d)- o
- carefulgy vm'-_t,&)%stel ne, "ak?ir'é carird Aantibedy iofitthe conpssitdoban _
cl eavage, to ﬁa*b eapef H@@#ﬂ%;qﬁﬂﬁi@ U - o L:qutgwe- ne.
L st by e conl# 17" as2etahe el IRty e’ s o
- > <~ This composite, conjugated with Tc-99m or one
©f the other several radiomuclides ,useful for infqing
20 ser§:s those within a range of 100 to 500 kev), is usefu:
or imaging nyocardial-intarcta of early and late stages.

- EXAMPLE 2
The sBame antibodies uged in Example 1 can be
administered as mixtures of antibody tragnants. or
25 subfragments for the inpraveq imaging of early and late
myocardial infarcts. o

In this exawple, anti-myogin antibody (as described
by Khav et al., C.ircul_a_tion 'S$7:743-750, 1978; Khaw et
| al., J. Clin. Invesgt. 58:439=446, 1976; Khaw et al
30 ~ Hybridoma 3:11-23, 1982z), preferably the -nonocion;;.
antibody R11D10 Fab' of Khaw et al. (Hybridoma 3:11-23
1984), is mixed with an anti-gfanulocyte antibedy Pab:
and the fragwents are labeled with Tc-99%m for parenteral
administration. Tha mixture acnieves comparable results

35 to the composite of EZxample 1.



‘phenyl ene) bismal ei mde, Aldrich chemcal Co., MIlwaukee, 5 W). The second
. honocl onal . anti body is also converted to Fab'-sH and then reacted with the
activated first ~antibody fragment to obtain a bispecific conposite. The
~conmposite can be reacted wi th 2-ininothiolane to introduce. one or nore
:sulfhydryl groups for use:in .10 coupllﬂg the conposite. to a third
rantibodY/fra using the sane b|n mal ei m QActivation ent, described
_above or for use in direct.netallatprocedure wth, eg, Tc-99mfrom -
reduced (e.g* , with SnCll) pertechnetate. The third. antibody of the
_Conposite"can 15 have the sane antlggnlﬁggcbf|0|ty as one of the other
two,” or an.enght8 RN !‘le'C such as to nonocytea. This
coaposi t-e, conju : = =28Y -t he other ceverel radion

clides useful forif"m Mﬁi"%%usw;ytnomumm a i-agggag H10‘9 to 500 key);
| a T: PLR

IZSTESEf ul 20 mmumug ﬁﬁgsédyawggé a 8% egr p e W ets._
' e SaBe arhdfnei PATRA] fxromriactrjres
of anti body fra nts or %w Fdths fﬁ?lﬁﬁbivtpyovetbr magg early
and |l ate %@lelmlw ntlgﬂay (as o
described bww ati-cN ot Udi ;ug?g = 13 AAReLR
Cli n. Tzvvea %?1 976; Xhilw at Ggl-'zy dsAgments asa 1984)
a ir&!‘i“&b‘&y s p1as Ruucnﬁmam . sl patlypr i doma

preferablytg cl on
3:.11-23 ﬁi@ 300 B W 408 224 byt Ly ordezOC¥d € 5 3 bQ{i& Fab' and the
adm ni strat PoR°%%he nic

. fragrreﬂtos ard.nh&hnltadawbh TLad mé r. nt er al _
urea achi eveﬁemgﬁ @Ehg reﬁ‘HI ts g to %‘Frp%g?tef@!%quﬁgueed 30 -
sL!- 3 Car di ovascul a ant I"éu?é&ﬂ}?e%h&%ypmmbiy @eant i -
T izaging & numbar of cardievascular. lesions, sueh as
_ athorouclorotic plmeg, thrombi and M!! 14.

e  EEMPLE 4

15 ﬂcin:inm;;_m S
) A diegmostic. imaging- kit. caminv & firat sterile
vial fitted with a ru.bbe: eeptum, and eontaining the
thiol-activatad antibody(iel) of Exaxples 1, 2, or 3, and

_20 st:nnouu ions in the. form.of a 1yophilised preparation-

N and additional feptum-aealed sterile vials and sterile

syringes for labeling and injection of the - proparation.

EXAMPLE s

s - A 67 yaar-old nala with a history of recu.rrent angina
: is admitted to the cnergancy room complaining of sever
- Chest pain and in a digoriented gtate. 1The onset ofe
chest pain is stated to be about 40 minutes earlier. Th
patient is injected intrave.nausly with 0.25 mg (15 mej o:

. Tc-99m) . of the ' proparatj.on in Example 2, and . the
Patient's hear scanned by smgle-photon enission computed
tomography (SPECT) 30 minutes and 8gain 2 hours later.

Both scanning sessiorm roveal uptake of Tc-99m in th
apical region cof the left ventricle, with increas :

_ reading confidence fron ‘the 2<hour scan, although t:
35 - 1lesion is already detectable earlier. Subsequent EK:



‘granul ocyte antibody. i nging agent, is prepared.froma 5 nonocl onal
. antibody .Wth selectivi ﬁy for :human granul ocytes, such as an
"HCA-erossreactive anti body. The .antibody anti-CZ- is Converted to Feb
+..Sf fragments and conbined with stannaugg Qns, as described inV.s. Patent
Application 07/408, 241, in order to allow for alnost 10 instantaneous
ant i body

| abeling. with . Tc-99m from reduced: pertachetate. This .single.
a nunber of cardiovascul ar |esion,, such as

props t | 1s PS&Q?:.%QéA”H,g'Qg n _ . L &3] n e

at heroscl erotic_ pl ates, “i9¥eSEnanceaslyLintards, PaTERSNSS e | JP,1 59, ' Kit
mains; ..af i &RatuXes | do vt Fdrkind Wé&ﬁaé‘w 164) §RLUN., andgg%?ﬂ"égﬁi ng
" the thiol-actigtiicthe R} |tt}pq%l(ﬁl qz\%ﬁ;of. anpl €s % 2. gP%PS&ﬁd shatoeo us
~ions in the. foarta. of a!l¥op | ]l d’PSB&F £i 8ndefeatdindehé | suiad area
“septum, sal ad HeFPENGREESs ﬁmftmihqa:hesye&-pgggri9rd+@g Ling an |
_ injectiondof tkbhe Wm°$ﬁt“m§3 ear - ol d” mal e vm*?ﬁ aR¥y of
~recurrent angi ag'sozghgg %g?.tt ~to.the enﬁ&gﬁgﬁrﬂﬁéﬂﬂeomm BKXGOs

i neat % Ho¥e sbapmmeieaseg,ngfistgggsbi%i n. is

severe chest paln. an
stated to be abB8t iBAgANGUEinddagei.er. The patient is injecte

intravenously with 0.25 ng (15 nC of To-99n) of the preparation in
Exanple 3, and the 30 patient's hear scanned by singl e-photon em ssion
_conputed tonography (SPELT) 30 m nutMliI_aqai n 2 hours later. Both

scanni ng sessi«RAINQALEE qg laﬁi ﬁal region of the:
t he 2-hour scan,

Mfﬁf %&&%ﬁfﬁ%%aﬂﬁ@wmmuuﬁﬁgﬁ' - 31

adr v e

left vek@icle, WAH g
al t hough the | £sion a
. ¢ changes sugg_e:sit%a e’e'aﬁisﬂslﬁlf SRaL, eﬁﬂdl_oﬁgh_immﬁal Pi{,gﬁt es do not
ge?m{ a C?Rcﬁ!ﬂﬂl\a@ml agmofsc?npbﬁlgéi Mg?gsrgvg]tgfithhal i"um #ﬁﬁ_ J;oﬁré ?_ o
efect in theandiBoAye heart,, contir Anfd~grany. ection
“made by 5 thea nti - ra?lﬂﬂgdyt%?dmeﬁﬁ'mr%mgodm Fati'sl apdC S a0 Show
finitive walEaaBRRtE - | ®
defini tive way i {ach cabish Aame of 1012 mg ang labeled with
:o::l of 20 mci Tc=99m) are injectea intravencusly in the .
9ft arm. Planar inmagas taken 30 minutes later. clearly

., :: increase ot radicactivity is seen in other regions of
| e body. A contrast. venograrm the next day conf'irn.xs the

:::it::;.;r i:ib:al vein. Three days after the original

t ~imaging study, the same antibody mixtute ig

2 :::;:istered, land -ddentical imzging findingé are

: ained, indicating that both early ana late ‘thrombo

1maging are fazsible. -

_ The praceding eXanpler can ba repeated with similar

de:::::e :yr:::::i:uting the generically or specifically

- foserin nts a_nd/oz-: operating conditions of thig
| . on for those used in the preceding examples.

From the foregoing description, one skilied in the

:::::n easily ascerte-ain the espential characta_ristics of

= , nvention and, without departing from the spirit and

s mo;f:ica?ereot ¢+  Can make various  changes anq
_ iong of the invantien to adapt it to variou
usages and ceonditions. ' | °



- the imaging findings. EZLXPLZ 6 Di Mmostic h aajraa--of bee Vein Thro Big
10*An 82-year old voaan presents with edema and erythema in. her right.

~calf, and is immediately given heparin therapy. ‘A gconposite mixture of an

.anti-granul ocyte ‘antibody Fab', an anti-fibrin ant| ey siesr naeBEEk prin
Fragment. ; (each at a dose of 0.2 ng and,]abeled wifh a RikrLateb of nCi
TC-99m are injected intravenously in t hd® Teft arse Prar T magres taken -
30 minutes later clearly denonstrate accretion' of radioactivity in the
calf region "of- the right leg, in the region of the right tibia], vein. No
i ncrease: of r&@P&a&ﬂ-ﬁgGMn in other regions of 20 the bady. A

~ contrast ‘wen ogres the next day confirms the presence of a deep vein

~ thronbosis limted to ,pqosterjor tibial vein. the Three days after the
“original “anti bodgfl-'i_ madi ﬁb“ﬁ?{mc&m santibodysagenti Xondlgate for .
adm ni stered, t3Fgetingt | @al c’lmim.éétiﬂzngs'lag?ogS o%tgai nerig, it ng

~ that both earismanéréséeivd mﬁﬂggﬁw&ng are Teasi bFEWPE; e $Meceding -
exa ipl & Carki)@t&%?e ted with si tcERReosite ofit atutleast wo
generically or specitrcaflystantiallyd monospetstfad/ ghtq lg"9 npe

" condi ti-ons of@R M)eramtop.éaﬁjﬁw uégdn'#n t he_precedl ng 8531rrp| es.

- From the for egintg d%%'rﬁirifﬂt i,g?, fne skilled 1n hl!.‘“_ﬁFt ongn imaging

" ascertain th(é" ential charactert®@ftsobe ofi satd cnirtdbotihg Wghout
~ departing fr M% piﬂ'%gwssbdpdsti-W£im'lfm{§§ %@kl ous changes and.

35 nodi fi cat lenkoeitehcandVae! i flaat OoaddRle i L vari ous '.ug%%s-"gnd ,

3908 96 apid Antibodies binds

- cond. i gpicn ET HAS BEEN . .
( mul tispeci ffggégitggeﬁﬁgge% (,’dhj -Mﬂmorﬂo_lm | Ech Cehg O lar -

|.esi on, conp 9 efmntiguns iaseatilge o1 osite ?’?‘;‘3 | east
“two-  platelets. - M%.ELBQER, wyosin or |

2. The multispecific conjugate of claim 1, wherein

L said leukocyte is selected from the group consisting of
> | granulocytes, nonocytes_,“a-lmhomes and T-lﬁphocyt'es-

3. The nultispgcit_ic_-. conjugate of claim 1, wherein

each said antibedy or antibody:
_ : Dody fragment ig a
antibody or tragment . é monectonal

20 i ¢ The multlepacisic conjugate of claim 1, wherein
20.  sa d substantially monogpacific antibody fragments ar
: e

S. The multispacific conjugate of claim 4, wherein

.

o 6. The multispecific conjugate of claim 1 whérein
s ng

5a1d imaging agent ig 5 radioisotope emitting gamma
radiation in the range of 50-500 Kev.

o 7. The nultispecitj.c conjugate of claim. 6, wherein
E ~ said radjoisotope is Tc-99m, 1-123, Ga~-67 or In-113




‘5 different _s._ubs't"ant'i al I-y'_.:onbspac_i_i‘-.i' c .anti bodi es-dr ~anti body fragnents,

cohjugated to at |east dne imaging a -~ at. | east one of said
- anti bodi es or anti body fragnents binds _ﬁe%*:ﬁﬂrd'éﬂsl BERN Jone type of
« | eukocyte, and at | east one of said ' FRLAGEDhds 10 specifically to. an _

‘antigen sel-ected fromthe consisting of"_a?l?ibens assoclated with fibrin,
group nmyosin or r platelets. 2. The nultiapecific conjugate of claimi,
wherein -said 1sukocyto-is selected fromthe 15 group consisting of -
granul ocytes, nono8yt eTheBmulEiapey: - hogytes:.. 3. The

mul tiapecific gaggn] ﬂggérg gf clarm fﬁv\cﬁgrgg Hbéa h® aFgaéﬂt LhoWhezein
Cantibody .gr'ant  is a nondcl BHERT akfi bddymagnetignenescdandse image

mul tisptcific %@FH%&@Q @Fentlaim 1, wherein 20 said substantially
nonespeci fi.c anti body fragnents are each f (ab e) 2, Feb" Fab, r v or

single chain anti bedy T%a&ngnt. 5., The multisp(r)cific.conjugate of claim
4, wherein said antibo bieRecifie eonjugateehtcloin nDpoghergin 25

antibodi &. 63tTHeask t i opecorli saddnjanAkddilest g wﬁ[e' n _sail '
i tagi Nng agent Hinds SPHECILHRY, &8 tgg%ag&s d?a.zﬁrgﬁji on |_r#¥?1%"?‘é'ﬁ§e of-
50-500 KeV. 7. The nultispecifi'c conjug Ankigen. wherein 30 said
radi oi sotope is Tc-99m 1-123, Ga-67 or In-111. TH S SHEET HAS BEEN -
REPLACED 33 s. THE-nulTHes paxit ispexats itd Bch gt idp L1a4ie ', oS3 d
- imgi ng agent saida cBUAIIVLBIEEQNS [ mage ~. énhanci ng agent”. "8
Tl tispecifi Csﬁﬁ%ga&e of .clalm lfgs\/\iﬂé\qg?‘ﬁ & %X°‘F€ﬁg iabndngarsti dor
antibwies or a BaGLPFaSiEnPIaaends specifically to the la(DR) antigen.
- 10. The multispecific conjugate of claimi wherein said. cardiovascular.:
"l egion-i¢ a nmyocakdqi al mhAf <« OF . : ' ' ' o
9 s my a9, ‘I‘hgﬁ{lﬁzspecitjc conjugate of claim 10 wherein
:: :0&81: -one. of gaid _a__ntibodias or antibody fragments
nds. specifically to a leukocyte and at least one o e
9?@ qntibodies' or antibody fragments binds to nyéaiﬁ'-._

L _12. + The multispecific cbnjug‘ate of cla‘in. 11 whércin’
_ - Baid leukocyte is either a granulocyte or a monocyte .'

13. The multispecific conjuéate of claim 1 vhérein

. 14. The multispecific conjugate of claim 13 wherein
. .at ;east one of sqid antibodiez or antibody" fragmehté
- bindes specifically to @ leukocyte and at least one of
said antibodies or antibody £ '. ' ca
_ _ Y fragments bind i
i . 8 specifzcglly

. 1s. Thg_nultispecit‘-ic conjugate of claim 13 wheaerein -
at 1east_: one of said antibodies or antibody fragments
bir.ads specifically to a leukocyte and at least one of
said antibodies or antibody frdgments binds to platelets
Or activated platelets. | |

25

4 16. The multispecific conjugate of claim 13 wherein
3 ~ at least one of sni@' antibodies or antibody fragments



at heroscl erotic plaque. 10 11. The multispecific conjugate of claimlo.
| east one of said antibodies or antibody fragnents binds

whérein at
specifically to a | eukocyte and at .[l aagfg f—=sai¢l anti bodi es or
«anti body fragments binds to nyosinj 12. E?Q?@gtl?l?ﬁ’e i fic conjugate of
' ' nul ocyte or a nonocyte.

claim1l wherein .15 said | eukocyt :
13. The nultispecific conjugate of claim #4vherein said cardiovascul ar
l esion is a thronbosis or pulnmonary enbolism 14. The nultispecific
conjugate of claim 13 wherein .20 ..at |east one of said antibodies or

e and at |east one of

ant body 1 agreibes BPesipaaiy o hy’l';’akgég%ggikgﬁﬁf*yt PBef PEr sRidls

sai d anti bodi eantiboaibBody ! i nd
The ‘nul ti speci ngglgnj U % WW‘ AFRandis, bisietspecsti ewE of ¢5ai d
anti bodi es or antl uf’?&é@ﬁ&#@ #Btﬁbodymidﬂ%'ﬂ §+ ;ék?cy e.and at
| east one of B@}tiepecitic aomjugitd bagug o s gina g’p Bi&rids or
activated. platelets. 16. The nultispecific ggg?ﬂ%&? ¥ite|rlatabavdier ei n
- 30 at | eagt one Ofﬁiai d agtgiﬁgoegi ;efs ori’inti body fragnents THI S SHEET HAS
-~ BEEN REPi . ACED 1" bi ns f O imagdng ke ¢dage | eagt one of said
ant.i bodi es or %’bmpzrh;ermjd&ﬁﬂ@ ;p«??u_ia al | f?c?‘%;“.’#% ﬁ;‘%ﬂi‘va third
anti body or -ar&ﬂmvf‘ramuéti nts-ai d.” nult specHRranteraldy withian
specifically bgllll at el ets. 17598 ntargeting jamyi Raying 3f en
~ cardi ovascul al™™ é’FBH," féﬁnﬁﬂlﬁ@g&itnj- oft claimagal effective amount Tor
P~nteralty with an targeting and inmaging of the nultispecific conjugate
~of claimi. 18 . §hke od of. claim 17 10 agent is a radioi sogc wherein
Pe, Igﬁd% eﬂ“hé‘é%?d%ef-'ls&-f A7, heherein saiq imaging

. said ir’@gi ng égent J 1 ar 0>
o R gel & & radioisotope, ana vherein
| _ _ _ . said mathoq further
after a time sufficient £ ' - |

or said multispecify
to localize at the site of said lesion © conjugate

| 19. The method of ' '

15 ::a_n_t is a__nag_nctic ré-olg::: ::qom;mi:;;:g:::gm:
na:::::c :::: method ggrthgr comprises obtain:l;ngana
e 1 narce 1nag§_'_of. 8aid lesion after a time

] ent for gaia mu_!.tispec_itic conjugate to localize

‘at the sita of said lesion.

20 20. ' ;
e _sm The methed of claim 17, additionally donprising
~&tep of parenten-lly-administering to the -subject
s

con ici
_ o juq:te sufficient to Permit maxigum gelective uptak
ereof at the site of saiq } .
esion, a g
s o ’ econd, unlabel

g c:;.bo_r:ly Or antibody fragmant which bindg epecifica]l :d
1d multispeciftic conjugate or a compbnenﬁ thereoty .°

an ] ' ’
i amount sufficient to increase the localization rat:'m
said multispecific conjugate by at least about ;°
0

_ . Percent within a period fro:
of
. Of Irom about 0.3 to about 24



conpri ses obtaining a sci ntlgraphlg_l__uﬁge__g-t——s-a-rg sion to after a tine
sufficient for said nultispecific |coRiSIRFHEES HASR @e at the Site of said
hesion. is The Method of claim 17,| Wier &RL ding 15 agent is a
~magnetic res wherein said nmethod nce |g%ge snhaM ng agent and further
upri ses obtaining a nmagnetic resonance of said lesion after a tine

sufficient for said aultispecific conjugate to localize at the site of
said lesion. .20 .20. The nethod of claim17' Y additional) the step of

conpri si ng am@ti@mkﬂﬂqmugahebfragﬁ tshe 1 {UR) ##‘F%*% if
aliy
500 mum-sel ectiS RS eeerle i fecdion | ?éu&ﬁegéfgﬂ% lesion, a second,

unl abel ed said antibody or antibody fragnent whi ch bi nds speC|f|caIIy to

mul ti specific conjamat & kitasad¥a®)eNtot s ount. suf fi Ci ent to

i ncrease the- caglégs_, g_gratl o? sqai; ?:liré %g}t%tﬂé‘t

| east about 2 percenf1 e]r? ’bfc?FB:ﬁiﬁébﬂt drms ao mﬂm&bw 30

hours. 23. A Spataiaer; ecmﬂltaspneﬂtdet coﬂpbentbumricus%o gfr‘laf%a eting

an i magi ng agmah tOrvo e conpr | eCt1 ve

. anount for ng? n €I $HLS Sﬁ%l‘-ﬁ?&&ﬂﬁ % SS'tlmdtll@pemflc
conj ugate of al b?% FRAIPARLE: ivhanain satepletst oheride ieajiacti on

vehicle. 22. N’RibOQGmSablremm |ﬁrddﬁdtr§ mﬂnd@tﬂﬁééf chhQ to

al ner ,

car di ovascul a9né cEyEe

mul tispegi fi ﬁﬁ 05| te ¥\A€ c'?% odcl ?t‘k?%é\s‘f"ﬂ\ﬂf &PF‘PePEﬁt‘-bNhes
subst ant! al | ;b SPRef c%HYHERh% antigemseledted fromnthe gRoLpi n a
| east one of eemsisting of antigens associated with fibrin, nyocin, or |

Platelets; wharein said composite is nodif;ed or
' pretreated for labelling uith a radio:.sotope.

23. The kit claim 22 which further conpnsas
15 stannous ions.

24. The kit of claim 22 wherein said composite is
conjugated to a chelating agent.

25. The kit of clain 22 additionally comprising, in

& second container, a second, unlabaled antibody or

20 antibody fragment which binds specifically to‘ said
conpcsite or a ccnponent thereof.

26. A method for imaging a cardiovascular lesion,
consisting essentially of the step of injecting a mammal
parenterally vith an effective amount for targeting of a

25 monospecific conjugate, said conjugate comprising an
ant:.body or antibody fragment which binds specifically to
one type of leukocyte, gald antibody or antibody fragment
being conjugated to an imaging agent.

27. The method of claim 26, wherein said imaging
30 | agent is a radio;sotope. and wherein said method further
comprises obtaining a scintigraphic image of said lesion
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anti bodi es or antibody fragnents binds specifically to one type of

| emkocyte and at | east one of said_antibodies 10 bhinds specifically to an
antigen selected fromthe group ¢orsisSHERD HA'S BHEN ¢jens associ ated with
fibrin, nmyocin, or platelets; wherein BeRCEDTPOsite is nodified or
pretreated for labelling with a radioisbt¥per 23 The kit claim22 which
further conprises 15 stannous ions. 24. The kit of claim22 wherein said
.conposite is conjugated to a chelating agent. 25. The kit of claia 22

ant bogy o SETReESanSinehaud s 3040RY £801 Bh0S. noRopPRSEHTe, sonirgate

- conposite or aQEOSrﬁSﬂg%et ftr the. 'QGP'ﬂfn%!Mdlémionmagi ng a cardi ovascul ar
| esi 0{1, I(:?)nsi _st ihng esfsfent ially of thef st e{) of E[_nj ect}ng SSrrarmal _—
“parenterally wi ef [ u r.targeting of, a nmonospeci fic

~ conjugate, said. co%?jgat?%o%%?@ngkaﬁgaéﬁt ?godf eim isdld imagimgt

~ which binds spR¥ERFcAPI § Fadiehsotope emittinmoyimea AaditioROfy Qe

anti body 3 r agnesmige bef ngio<s09 ug@yed to an i nmagi ng agent. 27. The nethod of
claim26, wherein said-imging 30 agent is a radioi sotope, and wherein

- said method further conprises obtaining a scintigraphic i mage of said

| esion TH S SHEET #2S BEEMheREmaACEk) of . .claim. . 28, _-wﬁéegln af“taqrd atinme
~sufficient forsBicidbtesead Md-goni gcalize at the site of said
| esion. 28:. The method of - ¢l ai'm 26, 'J\/\hlig'ratezﬁd é& 89i REgtRglldgent is a

r-adi oi sotope emtting ganma radiation in the 5 range of 50-500 ReV. 29.
The method of clai302s, Vites seticd bf AFIYH 26!, 0RferaifCaR1Y -31%3’ Ga-67
“or In-111. 30 aghint T A0%adn {H Pe vvherging sald i nmaging a e

a. magnegj,c respnance imge“enhancing EE'&@&P ge epbfncingnagent mpdnod -
furt her “Conpr MSES 35t aﬂﬁgf?g pethod ~further comprises obtaining a
magnetic resonance image of saiq lesion after a time
sufficient for said monospecific conjugate to localize at

the gite of said lesion.

: - 31. The nethod of claim 26, iiharei.n said leukocyte
‘15 type ig selected from the group consisting of

granulocytes, monocytas, Bwlynphocytee and T-lymphocytes.

32. The methed of claim 26, wherain saia Anti'body-

or antibody fragment is a monoclenal antibody or
fragment. :

20 33. The methoé of elzim 26, vherein sgaid
substantially monospecific antibody fragment ig a
F(ab'),, Fab', Fab, Fv or single chain antibody fragment.

34. The method of claim 26, wherein said antibody

or antibody fragment bhinds specifically to the Ia(DR)
25 antigen. :

35, The rathed  of elaim 25 wherein said
cardiovascular les=ion ic gelected from the group
congisting of myocardial in:a;rcns, atherdsclerotic
Plaques, emboli, ana thrombi, end gaid imaging agent is

30 Tc=-99m.
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magneti c resonance image of said lesian after a time sufficient for said
nomoepeci fic conjugate to | ocalize afj THHEh8HEETI BADBEENRI|d | esi on. 31. The

qet hod of cl ai
group consi sti
T-1 ynphocyt es.

m 26, wherein said | eukocyt REPUACER pe i g sel ected fromthe

ng of granul ocytes, nonoc~t®s,-B | yaphocytee and
32. The nethod of claim 26, wherein said antibody Or

anti body fragnent is a nonoclonal antibody or fragnment. 20 33. The net hod

of C].ai~s 26,
isa F.(ab)

met hod of cl ai
specifically t

whergin said substantially nonoapecific antibody fragnent
s, Fabs?' Fg.-b,nwitﬂp%‘?#ﬂl"e aRbipodyrageny foorgyiyite 34orThe
ntargetAbgei @ sacardbbvascylae’ 2akibady fd hi nds

ST LR40S6 BRer ei n

| _ 5 i.aen. " Th Aod
catbar repreivé uilciBRde1 Flg FoREORItay of. o Leans Cho

Sroaard i n o PLFEeraRt . BubREAREIA11Y LperosPech Tl At fisonis
& 1 . » ophd

nyocardi.al inf

sai d i.magihg agentibedy30rdgmefits, Eon$ughEEd EASARBERNaLRERLACED

mul tispecific
| esion, conpri
two different

3 36. A
¢ q . te-for t % %E%EZQF
BGSROIY UYL 1 O Yk Sﬁuf@%@éﬂﬁg&gﬁﬁg&:'f&t&o@ast-

sjNg_an i munoreactive

SHE? a3 Pdeonppsd ficaldyt itmdacsddtLarant |
Plfonsepedeicaliyt itmde ot MLgen i

fragment's, conjagkected Erim 1986t qrEp | CBYH , rein
i POfe1 ¥2 ts, bi nds s e‘c;%jil%gﬁ%/ %&éﬁﬁﬂ%ﬂnmtigen_

anti bodi es or
selected from

t he grouep1 cons ?‘??gmfﬂ AT 9RN..my0sin-, - or platel et-

associ ated antigens.. 10 37. The nul tispecific conjugate of. claim 36,

wher ei n. 2®ach.
or:.fragnent .

. substantially

“Fab, ‘Fv or singn&ibedynomeraguent.f ragment .

1s

20

. sal Gbﬁﬁ@ﬂéoﬂﬁlﬂh?&hhﬁ@}’_ Jgﬁg#t i g a, mpnocl onal  anti body -
o7 K e-P%i Glaim 3§, wheredgnid
%%ﬁ%‘s’%ééﬁ-l P&""'é-ﬁ%%'a’olﬁ:r- %s fa'nqnehli' dach mohcdlYonal ;:ab' :

3s. - The x_nulti_ap_ecific conjixgate ot"claim 37, wherein

said substantially monospecitic antibody fragments are

each a F(ab'),, Fab', Fab, Pv or single chain antibod
fragment. | | Y

39. The multigpecific conjugate of claim 36, wherein

40. The multispecific conjugate of claim 36, wherain
said imaging agent is a radioisotope amitting gamma

~radiation in the range of 50-500 Kev.

25

30

41. The multispacific conjugate of claim 40, whéfein
said radioisotope is Tc-99m, I1-123, Ga=-67 or In-111

42. The multispecific conjugate of claim 36, wherein
said imaging agent is a magnetic resonance image
enhancing agent. ' '

‘ 43. Tha multispecific conjugate of claim 36 wherein
said cardiovas_;cular lesion is a myocardial infarct or
atherosclerotic plaque.




39. The nmultispecific conjugate of claim 36, wherein said antibody
fragments are each fragnents of nonoclonal antibodies. 20 40. The

il ti speci fic conjugate of.claim36, wherein said inaging agent is a

sradi oi sotope emtting gamma radiation in the range—e+—56-580—keV—41. The
mul ti speci fic conjugate of claim40, wkeseim said THE SHEET & %BFE‘I Tc- 99m
'1-123, Ga-67 or In-111. 25 42.. The nultispecific bonjufEPEACED ¢l ai m 36,
wherein said inmaging agent is a magnetic resonance image enhancing agent.
43. The nultispecific conjugate of claim36 wherein said cardiovascul ar

lesion is a nyocarffal Themultispecifin conjugnseoef copain s lﬂ&:ﬂ&:ﬂrﬁ SHEET

HAS BEEN REPIAID cird fdwaseilds Pasgidn ie0W Wsﬂ mﬁfx
sai d car di ovasac#oaf sion is a thronbosis or pul nonary Ism 5. The
mul ti specific conjugate. of claim44 wherein 5 at |east one of said

anti bodi es or anti body fragnents binds specifically to fibrin and at | east

one of said antl hosl) esm% ﬂﬂgﬁef t t -
acti vat e(g pl at &ta . ﬂgﬁ Iiat'?g.ggtsﬁfI tggést %ﬂuﬁ ﬁl‘%gefigr
i magi ng & car o %% ?n?eg ‘&ﬂrd?q‘l‘ség tikpdyt txgonentsial
~ parenteral | y. binds spocifically am)ﬁbbrinrahdr ott DenetndonEBgrNgadfa t he
mul ti speC| fi c,mﬂumm 0&rC|éi qraﬁépt B@_g gf féﬁgkg\g 6]1& erein

. said imagi ng eint e?%sa d| oi sot ope, _an ereln sai Mer 15
conpr.i'ses obt 5‘: adehfi OF FEBST Platelet antiganser a tine

sufficient for sald mul tispecific COI’]J ugate 'to localize at the site of

said. lesion. 48. gge. m@eﬁiﬁa ﬁ?’ %ﬂﬁ%% an agent is

. a magnetic re ce inage enhancin g% and 8 i'rBPhod '
further E'tt:’orrpr Y"gggp‘ S’ Fem&emtw&um withsann after
atime suffiefeactisve sandurml t:obectdmmﬁ UgNa® S9abdndl | 82 ehe! Ne

site of said hﬁi’tﬁﬂpeciﬁc conjugate of claim 36.

47. The methoed of claim 46, wherein said imaging
-agent is a radioiaotopo, and vherein said method further
15 comprises obt.aining a scintiqraphic image of said lesion
after a time sufficient for said multispecific conjugate
to localizs at the site of said: lesion.

48. The method of claim 46. vherein said imaging
agent is a magnetic resonance image enhancing agent and
. 20  wherein gaid wmethod further comprises obtaininq a
: ‘magnetic resonance imaga of said lesion after a time
sufficient for said multispacific conjugate to localize

at the site of said lesion.

49. The method of claim 46, additionally ‘comprising

25 the step of parenterally administering to the subject,
~'at a time after administration of said multigpecific
conjugate sufficient to permit maximum selective uptake
thereof at the site of said lesion, a second, unlabeled
antibody or antibody fragment which binds epecifically to

- 30 - 5aid multispecific conjugate or a component thereof, in
an amount gufficient to increase the localization ratio

of saia multispecitic conjugate by at least about 20



49. The nethod of claim46, additionally-conprising 25 the step of

pasenteral |y admnistering to the subject, at a tine after admnistration
Xxi mum sel ective

ot said nultispecific conjugate suffici ent to o]
.uptake thereof at the site of said |esj gg a se nti body
or antibody fragnment which binds speci fi &2l Y, SREBLAGHS | spe ific

conj ugate or a conponent thereof, in an am)unt suff|C| en ease the

| ocalization ratio of said multispecific conjugate by at |east about 20

THI S SHEET HAPBIFRT 39WithaPbAQEY foel aanteyén haBogte P§'. 504 of from about

0.3 to-about Xboudwurs. 50. A sterile injectable prepargtl 3Rput, 24n use,
for. targeting an ineging agent to a cardiovascular 5 |lesion, conprising -
an effective anount for inmaging of the multispecific conjugate of claim 36,

in a pharmaceuti RR4y Aasteptiakl dnghethbfe Hg&f,ﬁnh%?cl 3} 51. A Kkit

sui tabl e for 2o2 i Bakle ovascul ar I 'on wRan yse,
conpri si gg, i Ega ,Sui tgbltg;‘g 1%3cgifﬁ aﬂeﬁﬁl t¥@peaxi fd&dl@mdﬁz\ml ch

conpri ses at 1 88¢PNyGOWPFicingtan Lﬁﬂentt:hvd hhoffﬁ&ogggcmigl%%#
f

~anti bedy fraglmiatsapabelmen easdhflgar d gy i bodies or rrents
- bi nds .speci fi EQu@ g?é’ferent antlgen sel ECRaB fr Rt he imoupa
. consisting of s8h)¥ phiceptab peaeterileatnyection ophigeas;

‘wherein said corrp05|te is nodified or pretreated for | abel I'i ng wth'a

r adi oi sot ope. 52 s:.The:p.knitcg Yo Mich further conprises stannous -
uftd V\#erel n U8R 4n.theodn: wive detectiyehed to a

ions. 20 53. éﬁ%d aimbl
chel at |1°ng a( ent cﬂ&ﬂ#ﬂblmﬁﬂm | yigorprg i‘Eﬂ Ln
second'""cont @Ee(mrw.;ltlt&p&eiﬁib YT eTeTa f%’gl bod ragrrent vvh| ch

bi nds speci f Ilfisddtyt I f.i.C corrp03| skt
" ther eof e &ﬁff’u&'ig rguﬁdé’?ﬁﬁllly nopospec:l.f:.c antibodies

ant
. n :I.gen 8elected from the group ccnsisting of fibrin-,
| | nyos:l.n-, or platelet- associated antigens; wherein gaid

Composite is modified or pretreated '
for '
radioisotope. ' rebeliing vien s

52. The kit of clain 51
which
stannous ions. _ further comprises

20 K iz
. 53. The kit of claim 53 vherein said composite is
conjugated to a chelating’ agen

54. The kit of claia 53 additionally comprising, in

a Second container, a Bacond, unlabeled antibody or

e antibody fragment which binds specifically to gaid
: multispecitic composite or a. -‘component theraeof



