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of cancer, tunor cell markers can change as the di sease progresses,

possi bly reflecting the stage of the disease and thus the patient's
prognosis. The kind of receptor that a tunor cell expresses can be
characteristic of the tunor's etiology and can thus provide a relatively
specific marker for the tunor.g@sTEXAEPSKEERRULE @bpbel ed somat ostatin
anal ogs have been shown to bind specifically to neuroendocrine



tunors, nelanomas, |ung cancer, and certain breast cancers. One such
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aci d, asanlelsmpe hetle disease progresses. possibly reflecting the stage of the disease and thus the
patient’s prognosis. The kind of receptor that a tumor cell expresses can be characteristic of the
tumor’s etiology and can thus provide a relatively specific marker for the tumor. For example,
25  radiolabeled somatostatin analogs have been shown to bind specifically to neuroendocrine
tumors, melanomas, lung cancer, and certain breast cancers. One such analog, ""'In-
OCTREOSCAN, has received marketing approval for use in imaging neuroendocrine tumors.
A second radiolabeled somatostatin analog, " Tc-Depreotide, has completed Phase I clinical
trials for use in imaging lung cancers. '"I-vasoactive intestinal peptide has been shown to

30 target adenocarcinomas of the colon and stomach.



in U S. PAT. No. 4,086,221. CT analogs in which the am no termnal,
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the inv [ . be enpl oyed as. neti.c_resonance contrast agent When

| abel edet\y/}vlé ttﬁgﬁggéf] %t? ox1°¢” #%&eoarl”ﬁlgfr’r? f‘alt‘??g'(?’“eﬁgglﬁtpsepg € feﬁéesi’rﬁ\g}’eﬂ‘ﬂ%gﬂe may
be used Hoad).SiAmorfl specits MideadiididicnaRying The cArByeMdrRihad bifin® hR¥dedas the
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radi ol abel the reagent. This invéntion provides nethods for using the
radi ol abel ed CT receptor-binding reagents of the invention diagnostically
and therapeutically. In one enbodi nent, nethods are provided for using
reagents of the invention, in |abeled form for imaging sites within a
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25adm ni stering an effective diagnostic anount of |abel ed reagents of the

i nvention and detecting the | abel |ocalized at the site within the
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expressing tumor cells following surgery, radiation therapy or chemotherapy. The reagents of
25  the invention may also be used as targeting moieties for site-directed radiotherapy.

The invention provides CT receptor binding reagents comprising CT receptor binding
compounds, preferably CT peptides, CT derivatives, or CT analogues, which are covalently
linked to a radiometal chelator. The CT receptor binding compounds employed in the reagents
of the invention have a molecular weight of less than about 10,000 daltons. In some

30  embodiments, the reagents of the invention are characterized as peptides, by virtue of the

presence of a peptide linkage either in the CT receptor binding portion of the reagent or by
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Di ssoci ation constants or binding inhibition constants of the
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bi ndi ng é?gg%éégabel ed CT itself, nmay be determ ned using OO 3 % 0ds
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- NHR-  0fThe NoRnjiod REPT prdeMes PharaSdtiand ’ R or
- NW-(p ce ti cli]elg’ B |ﬂ; SHeSa?lsd nal sul o?é}nl?&mlonp CO%P ngl%é [H@%&d?’%ﬁ ENH
HOCC, quqemﬂr-@ﬁ@ﬁa@@)poumoef the ipyrapion dad- @Ogmam:(aqesucaBH aneptablé cafiepr 1;

4 NER 0 2 tid
it Shor £ e T el QRIS R Boled ksl oS denirion g )

wher e Xembodihﬁnts%reoAaneSilsld(m;xddd NCC, (peptide)-NHOC, or (peptide)-00C and
Bis SH (6) ere Zis nmethyl, Xis methyl, Ais HOOC, H, NOC,
(peptide)-N 1yyen %‘éﬁ‘t‘%odesowdfs ‘ﬁtﬁcf%nﬂresﬂrmg griokgbgled ©3 @cemmb(nvl)ngvmﬂe

Bis SHcor?(deﬁdilﬂbmﬁfé RASEN ST iRe Pﬂvéxﬁno%H’Th@ kh? orﬂrsr)u_‘{“é& C&ffl_ﬁls{é;g ? gefﬁl 4V hrent s

of this radi onetal chelator have the chem ca
aci d)' G%lh@gaic@rdﬁ}ete@Weﬁm (feamicagenaof d)e’ inagrioq aimid ptiarillg) 2sdfigie@ach

in_dg(?)engrg&g[{% [:%ugll:]é Eger toradlofabéll?i am no acid that does not conprise a

t hi group -contarni reﬂ%ﬁ éty that is cysteine, honocysteine.

i socyst ei ne. Thignineédtioanpraeide? mmmdﬁpfd?e&mg A IrfifolHeledr '@ﬁf ¢ARpBPRbARM2M Ne,
and R is lower (d-C4) alkyl, an amno acid or a peptide conprising ) to

10 ani nBA&G Y. th?/\l’ﬂé/f"'ﬂ‘‘Z’”i ‘é‘a%‘%‘t‘@ilhéf‘d Hmmymaév ndn one ewbedimeme methods are
peni ci | bagideg fot bﬁngqlék%& lotgL&Qque(?xftloﬁ d) Jpi gty %1%13@% q%gxgé?fltggtwhml nked

to a hydroxyl group; P, lerern e
i ndepenwemnayam b@dy | iywebtafrhe @4)vnai kiythgesan Tasden thefifoldsl @mpas®QRY isdBs of

conps I s) cﬂl%mstermv ane Qgtxrwllg d(;ia(c:rlrlgstnc a(r)nrount of labeled reagents of the invention and detecting
the label localized at the site within the mammalian body.

The invention also provides methods for alleviating diseases characterized by expression
or overexpression of CT receptors, comprising the step of administering a therapeutically
effective amount of a radiolabeled CT receptor-binding reagents of the invention to the animal.

30 Other aspects and advantages of the present invention are apparent in the following

more detailed description of preferred embodiments set forth below.
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Y-(am no acid)2-(amno acid)'-NHR2 wherein Y is a thiol-containing noiety
that is cysteine, honpcysteine. isocysteine, 15 penicillarnine

2-mer capt oacet at e or 3-nmercaptopropi onate, (amino acid)' and (am no aC| d):
are each YHI&B¥Atent iy any primary a- or 13-amino acid thatPTePssges
conprise a thiol group, and 122 is Hor lower (Cl-C4) alkyl, an am no acid
or a peptide ‘conprising 2 to 10 am no acids. Wien Y is cystei ne,

honocyst ei ne, isocysteine or peni CI I I ar n| ne, the am no group of said noiety
is covalently |inke®ETALIAD Db SARLY sl MENHEONonprising 2 to 10°
am no acids. 20In particul ar enbodl rrents of th| S aspect of the invention,
the formula of this radionetal chelator is selected fromthe group

consi st ng Offhe pre(sériﬂnﬂh&nﬁé‘d pl'bvrdéﬁﬂl‘ Iﬂ&ep@t Hl}larnéT%@ﬁ) u£e@lﬁlFﬂ\ B%)ﬁrgba}gnon of

A- CZ(B) - R R % }n- X Ham no aci d) amno acie, -(a primary a,c)- or

p, O - di& er‘PSP‘S’i: ‘8‘)““% Qﬁ?rﬁlﬁc%’é‘%l)agﬂ@’t%lrﬂ’aww@@}*}e"’aPX) Forxe ﬁh@OSCS of this

A- C£( B) } ( r i d)
her el o T L nding| GrollTE 1o froeie 26 sy L ndrdy

nat ur al deguroiog GiTy; fragmemoefi (1'1' edalogtu:bsf Cilusreldesivatates of €W that spacificAliphindao aci d

not co t hi ol gr.oup; HOOC, H am no aci.d. or

pept i dgg‘gmdﬁgep?“ s r(‘)assam"(l:l aovra“f)te Ot? Cg}é)tyﬁﬁéécolghg% bé(“i"c?e Muh?!%%g"bpe e v,
- N( R3) (C@ﬂpdmdﬁddstgned tP@fthicdiey re@éptﬁ%m&ng rdpetiles B‘ﬂC’TXlrh 2lsSthdided Whitds

- N(R3) - amnoamdor(gehde or le; R, R, 1:2.3 and R' are

i ndeperfféatiop apd encomppssg ‘hBF“VSP[&-H’ched chal n or cyclic lower alkyl: nis
an jont eger tRatyl I of. bout.
10 i no acids! eﬁgﬁ’sésﬁ{fﬂ\l’ﬁénrv%m%’nrs | %%) 1‘5@‘1 ?g%ﬁf;ﬂ?aféln&én&eﬁ &

pept i der)1¢an>bxmdang§hﬂ‘ﬁam3damczsm:ed by aBy n(eﬂjods\hm\en % these-dfilskil intthebart, cRRling, anm no

aC|dor ept,i d nis 1 or ere Bis Hor R4, Ais
e, rrReee Bshanifed yPeeBete RS oFE g AciEOBRIN SOrvEL B0C. X
is SH a;ﬂﬁllbnloh%o&tzﬁnt oflan IC4)vabere A is Hor 124, then where Bis SH, Xis

-NHR3 or -N(R3)-(anmno acid or peptide) and where X is SH' Bis -NHR) or
- N(12. 3) (amsoeERi Bavere péot resentonpiadingi affinitpef 2t leags Jongiientle the affinity of R4, A

IS OOC

nd 10 BlsSH ere I's net I'S ty. I'S , - 1-91,71\ 10C, .
. 'ako%'f&ed d? 1@%&1 R EQ%E%%)togﬂiQﬁmz(ﬁﬁé P?so}‘r‘a'ugn M%Pikﬁ%ﬁ
(am no thamageMns rpteﬁflss the) {enl\ﬂm lev(sa}mnrtbe ¢ ofiradioiqaitpitd €T -a0 dicacuned] iB a ST SH and
nis O; %ér) h not SH and where X is SH B is not SH
Speci flrgcc&mé F?[é’d"cﬁ%‘ﬂfcﬁoﬁ)@ﬁ‘t“évedf’ "E’r“oé‘ 2y etk hgirthe ppinhintanSopsiant (K ede
r adi omet@| ofahe teabdhi $s RA\HAIE tttanf @O méﬁth%f’bleﬁ‘ah%cﬁﬁa@é@ @'heas%%greﬁ(m%' étig of:
(5 becertise b o < o Ly Ore) and

n v - Cys- - Dap) - Lys- Cys-, an

(13 Dap) -4 t -Lys

repggesent S ayqe%??]eha&leng dgzsr?cﬁg\%n rgurlﬁaqghaéﬁ&a%e%ual l&? du %reatFr {"ﬁ%f‘a g‘rL‘uTtoﬁe

typi cal radioaniima@dgpeiss,of ICT fopvad €Tt deyeptdrnkethtdnded tmeeneahp@xyéaogmeu@w@g at he
adj acené amino acid tg forma peptide bond; 5-Orn Hr esents an omthine

r esi duediPRCRRTLEPIAY (K)Sapa 4o g Ewer than Mk of wibeled £ gryidigiodinatediGl agr oup,
s 20 mowakanhlyct lrs&es&!r bReds Windifld BOXthpdlfiEhn U biibh & g.lt Afighb 1Y M 2c! d

to forma peptide bond b represents a ric acird residue
i n whi ctarm N@beeamem!etgd @upnqcsngaw@ snagénys ha\nkgdn tmmlbxhen cammwl()@r diﬁ_p of

t he, adj ! d to b d d 13- t
15 SR S rina 4t 67 relieh o BN 3 MRS b T SSEBURI ant 1y

Ilnked dompetifvecianibmy lassgy. oup of the adj acent am no acid to forma peptide
bond.) 25In another enbodi ment, the radionetal chelator of the reagent of
the inventi of 4ceordanse suH He-iBventianothecisegeatsoof HavinvaptiohdaforanGT accepOR,

NHIT - A- %19& foi'nﬁ? of at least ten times greater than the affinity of radioiodinated native CT for said
receptor, when compared in a standardized assay as described below. In preferred

30  embodiments, the reagents of the invention have a CT receptor binding affinity equal to or



(CR), 30S-(pgp)sS-(pgp)s wherein each R can be independently H, CH, or

C H,; each (pgp)s can be independently a thiol protecting group or HH m n
and p are independently 2 or 3; Ais linear or cyclic |ower alkyl, aryl,

het er ocyY9P84¥8%bi nati ons or substituted derivatives ther EFT/USHIPSI64 s
peptide. Alternatively, the bisarnino bisthiol chelator in this enbodi nent
of the invention has the 5fornmula: NHrA-CH(V)NHR (YR ),,(CR ),

S-(pgp) sS-(pgp)s 10wherein each Ris independently H CH or CHs; m n and

p are i guatpethdenstive CT or raBivicdidased|spesar ofalatiy/CTif6r daiveEepadrkihen @nYpared
het er oc) clé%al . %og‘oi nations or substituted derivatives thereof; Vis H or
CO- pept inf8id sandprdized ggsayso ot i de: provided that when Vis H R is peptide

and when R DSssddiatén ic§ns%tsp&mixild§§% inEQﬁtiMoB&ﬁﬁ? ogﬂchc trm]g%rh'?.lgx\{ Qﬁtic(aﬂ’qf Ig%\QI'

chel ating noi eties having these structures wl ere to as

moi et i ediventon)in el g é1e/CT reveptonds vretaalcombatsat of thesihniiyrortavlityedgecit  of
ure o Gl TadAY 6 ScIBLIN R BElrRehe MOMibd U B MhSd: S0k &

di et hyl enet Pi am nepentaaceti ¢ aci Ay

( HOOCCHhp@&NeCIRONH( IGRRddeib AP 4ttt ve GispMNdchl, LKOCH)iuzki, The Behfn/Eafitifd S
I ndepengent | | C t . alkyl . or aryl and one R is covalently linked to
SSDETGST il ond el B b b LS T St B
G 10 G b A oo RS cRRD S0 P Ratie STaREPOERARRR ¥ ©
| i nker ; affingy of the rqagempefAhelmdentionet et r aaceti ¢ acid; 25(CR2)n (CR )" N (CR)n
10 In addition to the CT receptor binding compound, the reagents provided by this
invention comprise a radiometal chelator which is covalently linked to the compound in such a
way that the binding specificity of the compound for the CT receptor is not substantially altered.
Any radiometal chelator may be covalently linked to a CT receptor binding compound to
provide a reagent of the invention. For example, a CT receptor-binding compound, preferably a
15 peptide, may be covalently linked to a chelator having the formula:
C(pgp)*-(aa)-C(pgp)’
where (pgp)’ is hydrogen or a thiol protecting group and (aa) is any o- or B-amino acid not
comprising a thiol group. In a preferred embodiment, the amino acid is glycine.
- As another example, a radiometal chelator useful in the reagents of the invention
20 comprises a single thiol-containing group of formula:
A-CZ(B)-{C(R'R")} -X
wherein A is H, HOOC, H,NOC, (peptide)-NHOC, (peptide)-OOC, R°,NCO, or R, B is H, SH
or -NHR', -N(R")-(peptide) or R*; Z is H or R"; X is SH or -NHR', -N(R")-(peptide) or R’; R?,
R’ R"and R’ are independently H or straight or branched chain or cyclic lower alkyl; nis 0, 1 or
25 - 2;R"is C-C, alkyl, an amino acid or a peptide comprising 2 to about 10 amino acids; and: (1)
where B is -NHR" or -N(R")-(peptide), X is SH and n is | or 2; (2) where X is -NHR® or —
N(R")-(peptide), B is SH and n is 1 or 2; (3) where B is H or RY, A is HOOC, H.NOC, (peptide)-
NHOC, or (peptide)-O0C, X is _SH and n is O or 1; (4) where A is H or R®, then where B is SH,
X is -NHR® or -N(R")-(peptide) and where X is SH, B is ~NHR® or —N(R")-(peptide) and n is 1
30 or2;(5) where X is Hor R, A is HOOC, HNOC, (peptide)-NHOC, or (peptide)-OOC and B is
SH; (6) where Z is methyl, X is methyl, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-

7



where n is an integer that is 2 or 3 and where each Ris independently' H,
C, to C alkyl, or aryl and one Ris covalently linked to the CT receptor

bi ndi ng conpound, and desferri oxani ne. Most radi ometal s may be chel ated,
to reagenV®9%8M%%e i nvention conprising the above-nenti onedPGFEaI18EMal
chel at ors. The reagents of the invention may al so conprise a

radi onmetal chel ator selected fromthe group consisting of: (i) a group
having the formula: RR 10 I. (ii) a group having the fornula: RR 15 H.
wher ei n @0ChardrRlispSHned @ &0h and (Bgehiese BhaSHadeisinod8Heand evtieteyX Qs SH, Biis gach R
IS i ndepggdent ly H |ower alkyl, C2-C4 hydroxyal kyl, or C2-C4 al koxyal kyl ,
and each®R is independently Hor R', 20 where R' is substituted or

unsubst i t ut edpefyea embbdinets oP Y RakioRiRtal EXNIRb 1SvE thetthbRiQ] foghQyYP, and one R
or R is L, where L is a bivalent |inker noiety linking the netal chel ator

to the targeting noiety and RhEOs(aminhesid)otpmim agid)’Z NR , is an ani ne.
In preferred Qdi ts, L.is a.&-C6 |inear anched chain pr cycli.c
al ko S or B e TR0 R mupd pof e tigh e B S R BRI o PambaREr

t hi oet hethat @BesabNeomphisealh ke, gdip alZkyna, thdolkoRtainidg Inoiey thad-id ichkeide,
optional |y substituted, benzene ring, or an am no acid _or peptide of 2 to
about 10PAURPGYSICIRE; HECYSisInes RRBICHRMIR N - MRERRIGSthYIBMine, P BPeisep i eioRytaRBN !t S,

R is a Gaiis |dwapar'.cPRRPCRE IR0 a@ﬁﬁ%ria(beﬁllié%%onﬂfrigfﬁgﬁ t8 10 amino acids. When
Z is cysteine, homocysteine, isocysteine or penicillamine, the carbonyl group of said moiety is
10 covalently linked to a hydroxyl group, a NR’R’ group, wherein each” of R’ and R are
independently H or lower (C'-C") alkyl, an amino acid or a peptide comprising 2 to 10 amino
acids; or
Y-(amino acid)’~(amino acid)'-NHR’
wherein Y 1s a thiol-containing moiety that is cysteine, homocysteine. isocysteine,
15  penicillamine, 2-mercaptoacetate or 3-mercaptopropionate, (amino acid)' and (amino acid)” are
each independently any primary a- or B-amino acid that does not comprise a thiol group, and R’
is H or lower (C'-C") alkyl. an amino acid or a peptide comprising 2 to 10 amino acids. When Y
is cysteine, homocysteine, isocysteine or penicillamine, the amino group of said moiety is
covalently linked to —H, an amino acid or a peptide comprising 2 to 10 amino acids.
20 In particular embodiments of this aspect of the invention, the formula of this radiometal
chelator is selected from the group consisting of:
-(amino acid)'-(amino acid)*-A-CZ(B)-{C(R'R%)}.-X},
-A-CZ(B)-{C(R'R"} -X}-(amino acid)'-(amino acid)’,
-(a primary o,®- or $,w-diamino acid)-(amino acid)'-A-CZ(B)-{C(RiRl)}n-X},
25 and
-A-CZ(B)-{C(R'R")},-X}-(amino acid)'-(a primary o,B- or o.y-diamino acid)
wherein (amino acid)' and (amino acid)’ are each independently any naturally-occurring,
modified, substituted or altered o- or B-amino acid not containing a thiol group; A is H,
HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid or peptide)-OOC or R*; B is H,
30  SH or -NHR’, -N(R%-(amino acid or peptide) or R*; Z is H or R*; X is SH or —-NHR’, -N(R’)-



CqOCr-C,NHC, - or -C,SC - group. where g and r are int egersv each
i ndependently 1 to 5 wherein the sumof g + r is not greater than 6;

(C-C) al kyI X, where X is a hydroxyl group, a substituted_am neg
guani di neVORR 44 di ne. a substituted thiol group, or a car bB&YUSEL8E4y

ester, phosphate, or sulfate group; a phenyl group or a phenyl group
substituted with a hal ogen, 10 hydroxyl, substituted am ne, guanidi ne,
am di ne, substituted thiol, ether. phosphate, -or sulfate group: an indole

group;  garfino Gcidedrse ng&afeqldrqz‘gkbuﬁ ROBEARNaRTindegeRdehtlf H 'oP GRBghONYHBRLHed
sul fur atons or conbi nations t hereof. In accordance wth the

i nvent i ehain pheyolia dovarellel: reisemantsgerghattingitter Of é@éﬁt @epyehds hpentidageAto may
have th i nd
R ar o i Biidno acide o [ohye 1 Rigilec (R (TS fhid 5P pBRRRLL s bek

al koxyalaktyh;s Ror RQ) RzraXds ASHR! er | ndependent I y H. substl t ut ed or

unsubsti t | ower. al k e not ri a_thi nd Rx
are gacﬁl Zﬁgﬁaé‘ﬁ‘pl %megrvgf g‘%@?“'fsgvﬁgﬁ' %MII’EW Poﬂbﬁca

al koxyalgkymbi, kanluﬁo acil oy fépant)- mnmcetarﬁheuad%pgeﬁxdbﬁo@cck pele Mtﬂa isAdgitt i onal

preferred netal chel ators of the invention include chelators of fornula: NH
HN R3 NRY iRy AHSHRS R'\then whergifeissiHh 2Ris AWAR] @& AR )ampng asirbpraneatidn) (apd H,

R T e

i ndepende Ubstituted or ‘unsu not
conpri siong* aAtstil{oDCgmuoc amin@acad of pt@ide RNHO® (muriaeaclcsoerebadw\l(GﬂBQ)and

where L is bi val ent_ I i nker oup, i S. r I noi ety, .and n is an
i nt dfer & Fothia(6) g™ 7.6 BRI & & et@zl: ﬁh@ég?ﬁb@ﬁ% | (GO 4oidhgl PRGN
llower hygi@xYahyd acdd of &yﬁa@ad)@@smalé%l SH 30 XS 0:S2n8N7PRh&e BOGHP X & not

substituted amno group or -NR-Y, where Y is an amno acid, an am no acid
am de, (SH@%@M@EQS&HHEM@@@ from2 to 10 am no acids. Mre preferred

metal chelatqrs l the | MERLARRGG! HES SR8 BF U ALY " AR
chelators having a formula selected from the group consistig of: -Gly-Gly-Cys-, Cys-Gly-Gly-,
15 Gly-Gly-Cys-, -(e-Lys)-Gly-Cys-, (86-Orn)-Gly-Cys-, -(y-Dab)-Gly-Cys-, —(3-Dap)-Lys-Cys-,
and —(B-Dap)-Gly-Cys-. (In these formulae. it will be understood that £-Lys represents a lysine
residue in which the €-amino group, rather than the typical a-amino group, is covalently linked
to the carboxyl group of the adjacent amino acid to form a peptide bond; 8-Orn represents an
omithine residue in which the &-amino group, rather than the typical o-amino group, is
20  covalently linked to the carboxyl group of the adjacent amino acid to form a peptide bond: y-
Dab represents a 2.4-diaminobutyric acid residue in which. the y-amino group is covalently
linked to the carboxyl group of the adjacent amixto acid to form a peptide bond; and B-Dap
represents a 1,3-diaminopropionic acid residue in which the f-amino group is covalently linked
to the carboxy! group of the adjacent amino acid to form a peptide bond.) |
25 In another embodiment, the radiometal chelator of the reagent of the invention is a
bisamino-bisthiol chelator having the formula:
/ (CRJ\
l N-A-CO-peptide
(<|:Rz)m (|C&>p

30 S-(pgp)’ S-(pgp)’



R4A0 R3-44 0 NH HN Z-L, N\NH2 HS" \RI 10 V. wherein R and |le are each

I ndependently H, |ower alkyl, |ower hydroxyal kyl, or |ower al kenylal kyl; le
and R4 are |nde endently H substituted or unsubstituted |ower alkyl or
phenyl ndY {’) §sing a thiol group; nis an integer from PCTE/S88/048685 7

bi val ent I|nker group; and Z is a 15CT peptide noiety. Additional nore _
preferred chelating noieties include chelators of formula: 20Vl . wherein
L is a bivalent linker group and Z is a CT peptide noiety. Most

pr ef er r eghefiebah |R1¢91nrﬂélxﬁddp8§deﬁfl H)CH, by entyi: @AcH @gbﬂ@ﬁ, mﬁhéée%e%u?%\{meg the
foll owi ng fornul ae: &_?m no aci d) kam no aéi dY-cystei ne-,

aci d) ' - PEeaBE gEQu@) 2 -H ey andep ﬁéimd%mmimva:bbm A(xarhnm or CyChC 10W6r alkyl,

aci d) 2- W%&%h@&&ﬁ, 'combinations or substituted derivatives thereof; and X is peptide.

Alternatively, the bisamino bisthiol chelator in this embodiment of the invention has the

N

5 formula;

TH N-A-CH(V)NHR’
<<|:&>m (CI:R»,
S-(pgp)’ S-(pgp)’

10 wherein each R is independently H, CH, or C,H; m. n and p are independently 2 or 3; A is
linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or substituted derivatives thereof:
V is H or CO-peptide; R” is H or peptide; provided that when V is H, R is peptide and when R’
is H, V is CO-peptide. For purposes of this invention, chelating moieties having these
structures will be referred to as “BAT” moieties.
15 Alternatively, the radiometal chelator used in the reagent of the invention may have a
formula selected from the group consisting of:
diethylenetriaminepentaacetic acid (DTPA)
(HOOCCH,),N(CR.)(CR,)N(CH,COOH)(CR ,)(CR ,)N(CH.COOH),
where each R is independently H, C, 1o C, alkyl. or aryl and one R is covalently linked to a
20  bivalent linker:
ethylenediaminetetraacetic acid (EDTA): (HOOCCH,),N(CR.)(CR,)N(CH,COOH);
where each R is independently H, C, to C, alkyl. or ary! and one R is covalently linked to a
bivalent linker;
1,4,7,10-tetraazadodecanetetraacetic acid;
25

/ (CR), \

e r),
" /(Rz
/

“(CR,);

10



(amno acid)'-(am no acid)2-penicillamne-, (amno acid)'-(am no

aci d) 2- 2- ner capt oet hyl am ne-, 5(am no acid)'-(am no

aci d) 2- 2-per propyl am ne-, (am no acid)'-(am no

acid) 2- 2-"%?@2%%%- 2- met hyl propyl am ne-, (amno acid)'-(am nPé:T/US%ms“

aci d) 2- 3-mer capt opr opyl arni ne-, wherein (amno acid) ‘in a primary a- or
13-am no acid not conprising a thiol group and wherein the chelator is
attached to either a targeting noiety or a |linker group via a coval ent bond
Wi t h 10ihére @ak B9 kirdget tiatisius Jodndtwieere basheR orindepeadesilgél, €hai 6, akylooearpf t he
am no acid groups. . Most pr%ferred chel ators %Lso i ncl ude chel ators of
t he abo¥ns gngRnsicgvalgnslydinkeq tothe, 5T geqegser binding CORPPUL, 4 co- or 13, a) - ani no
aci d whel el iafine®” 13-amno group is a free anmne and the a.co- or
11(0-amno acid i1s covalently |inked via the co am no group. _

Ct her nikst pdiefmetatsedaycbeethalatedsoireagenis of thedreenten eamnpsibing Berrbdye-rpgnsigped
cons'stk&&ng: ﬁé-cysteine-(anino acid)-(a, 13- or 13,7-diam no acid);

-i sotyst }¥§ 'ﬂ8sacid)-(a,13- or 13,7-diam no acid);

- honocyst ei ngnhd RAEdS FahdihvémiohInaydiisolcompride amadiémeral dhplator selected from the
-penicillamne-(amno acid)-(a, 13- or 13,y-diam no acid); 2-nercaptoacetic
aci d- (agioyp carsis#ng Cf, 13- or 13,y-di amino acid); 202- or 3-mercaptopropionic
aci d- (am no id)s PRTa)s =di.am no acid);

2-nercapto-2§geth§%g? g?gﬁTg&zg%ﬂg%anino aci d)-(a43- or 13,y-diamno acid);

wherein (amno acid) in a primry r 13-amno acid not conprising a
thiol group and wherein the chefat i dached to either a targeting

moi ety or a |linker group via aRcaval edt” ond with the amno termnus of the
chelator or a side chain on ong ®H t he Hi gacid groups. 25Particularly
preferred metal chelators ayge._sil ected fr LRhe group consi sting of:
Ay-Ay-Cys-, Arg-dy-0Oys-, \ABleynR,@si a-sp-(S-om-Gy-q/s-, |

- (pDap) -Lys-Cys-. and -(13-Dap)gd y-Cys- | éln t hese fornul ae, the am no
aci d designations have the sane Mmeaning Bs is set forth above.)

An ?éfnple of a radionetal chelator having structure Il above is

@ y-dy-Cys-, 30wherein the chelating noiety has the structure: 5Chelating
| i gands having structure type VII fori oxotechneti um conpl exes having the

(i1) a group having the formula:

15 - R R

wherein n, m and p are each integers that are independently O or 1; each R” is independently H,
lower alkyl, C.-C, hydroxyalkyl, or CIZ-C4 alkoxyalkyl, and each R is independently H or R”,
20  where R” is substituted or unsubstituted lower alkyl or phenyl not comprising'a thiol group, and
one R or R’ is L, where L is a bivalent linker moiety linking the metal chelator to the targeting

moiety and wherein when one R” is L, NR’, is an amine.

11



structure: VI
structure type V as shown above is Lys-(a)-

An exanpl e of radionetal chelators having

10pepti de)-d y-Cys. am de which

forms a chel at or

of structure:

cal citonin receptor-bindi

H2 HS | X. WOS%t i ng 1i gands having struct
conpl exes having the structure: X

I nvention conprising a adi onetal chel at or
above is (targeting noiety)-Cys-Gly-a, 13-di

havi ng structure 11

Q%‘conpound-HNN_
ure type | X for ROXOYEORMAL i um
An exanpl e of a reagent of the
as shown
am-‘nopr opi onam de which forns a

chel at or of mprbfetred embodim¥hts, 1L GRa @, @liliagi0biahéhed @BAIh Sor REMINGkyA tehai@l Wr €

type X

10

15

20

f orm oxot echneti um conpl exes havin

the structure:

carboxylic ester, a carboxamide, a sulfonamide, an ether, a thioether, an amine. an alkene, an
alkyne, a 1,2-, 1,3- or 1,4-linked, optionally substituted, benzene ring. or an amino acid or
peptide of 2 to about 10 amino acids, or combinations thereof.

In preferred embodiments, R” is a C,-C, linear, branched or cyclic alkyl group; a
-C,0C,-, -CNHC- or -CSC- group, where q and r are integers each independently 1 to 5
wherein the sum of q + r is not greater than 6; (C,-C,) alkyl-X. where X is a hydroxyl group, a
substituted amine, a guanidine, an amidine. a substituted thiol group, or a carboxvlic acid. ester,
phosphate, or sulfate group; a phenyl group or a phenyl group substituted with a halogen,
hydroxyl, substituted amine, guanidine, amidine, substituted thiol, ether. phosphate, or sulfate
group: an indole group; a C,-C, heterocyclic group containing 1 to 3 nitrogen. oxvgen or sulfur
atoms or combinations thereof.

In accordance with the invention. the radiometal chelator of the CT receptor-binding

reagent may have the formula:

ML
wherein R and R’ are each independently H, lower alkyl, C.-C, hydroxyalkyl. or C.-C,
alkoxyalkyl: R'. R*. R* and R" are independently H. substituted or unsubstituted lower alkyl or
phenyl not comprising a thiol group; R” and R" are each independently H, lower alkyl, lower
hydroxyalkyl or lower alkoxyalkyl; L is a bivalent linker group and Z is a CT peptide.

Additional preferred metal chelators of the invention include chelators of formula:

HG

C
Rsﬁ 4 o)
Os_NH HN X

R“j:
r? NR'R? Y
HS™ Nce
Iv.



XI'l. 151 n the radionetal chelators and CT receptor binding reagents
provi ded by the invention that contain a thiol covalently |inked to a thiol
protecti ((pgp)s), the thiol-protecting groups nay or
differ enﬁlgagg@%r?gy be but are not limted to: -Cl-12-aryl (%éflsl}]géﬁbzosgﬁﬂﬁyl or
al kyl or al kyloxy substituted phenyl); WO 98/ 49196PCT/ US98/ 08864
CH (aryl)2, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
C-(aryl)3, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
%2-(21:&6&&(&1@@!@51&!1}2';)% et grﬂdepwdegtyﬂ)l—{.plhe/ﬂyla{kgl,l(52-C9hpdh?amydlli)4clilflon’ ey COOR (

, NH Ris unsubstituted or substituted a or ar , , - NH R
i s unskaxyaliyle& dr - Bupd ‘t{t Hfé’&dea?‘}&?f“%h SyRsfiyured Wﬂ%sigtﬁzcidsloﬁ?fs‘ﬁ]ﬁétqrt ut ed
or subsfihHtSHcFhAingdd thidi Youp, Addrdeelor R @ RGaM ZRI-ahecHod. WhE&E €GE Y
ar oupsﬁg{lﬂetnt Ce f%%gr?ugloa; - Cé KIHCO? vvhoer ei.nz Ris al oweﬂg\@al 7%/I havi ng
bet weerbivalem dinkergaoupo¥ inie tageting meisty. a0d npghamiptegsufsemilita el aidth aroeash

al kyl . .hydro . wer K arboxy..pr | ower .al c vl nost
pr ePer r’B%epﬁ?%‘%hE#'ﬁ&wﬁ? %llll%]?;iéslwgn yéi(rzoextyélrlﬁy domEt 1Yy Ialké) ?J(}g%}?{’ M% atnh%p‘ir%gagent
of the @bug, AQubstueed drfino ¢estprorSER'-¥, Ghere 6CRPL@MIMD del, Ag amipmeihdnidlich is a
peptide, the peptide preferably conprises the amno acid sequence:

CH, cO. SNEeBtse SmaprisaNey™ 21?)1%%1“@3&9‘15(' is selected fromthe group consisting

of a cystei ngofEsidHEl mBralPENS bEIhRShveRSd O udAEHL ] ford RARIONP Fortu. ne
residue. Alternatively, the peptide may conprise the am no acid 20sequence:

R" o
. Raﬁl_/{ o)
O _NH HN
/\/\i x
.L\
Z N NH2 R2
H HS R

10
V.

wherein R' and R’ are each independently H, lower alkyl, lower hydroxyalkyl, or lower

alkenylalkyl; R and R" are independently H, substituted 6r unsubstituted lower alkyl or phenyl

not comprising a thiol group; n is an integer from 1 to 6; L is a bivalent linker group; and Z is a
15  CT peptide moiety.

Additional more preferred chelating moieties include chelators of formula:

0

~4 o

Os_NH HN
/\/\i NH2
Z-L.
N NH,

H HS

20 VL
wherein L is a bivalent linker group and Z is a CT peptide moiety.
Most preferred chelating moieties of the invention include chelators having the
following formulae:

(amino acid)'-(amino acid)’-cysteine-,

13



SEQ ID NO.: 11 wherein Xl is selected fromthe group consisting of an

al ani ne residue, a glycine residue, and a serine residue; and X 1is
selected fromthe group consisting of a cysteine residue, a honocysteine
resi due, WRP34*WEmohonocyst ei ne residue. Such peptides |ncldaguﬁﬁéﬁFélly-
250ccurring human CT and CT peptide anal ogs such as those which are
specifically ‘enbodied in the am no acid sequences set forth bel ow

CHI CO. SNLST. Hhc. VLGKLSCELHKLQTYPRTNTGSGTP. am de( SEQ | D No. 5),

CHI CO. SNLST. Hemindlaslh Sahlaob @ YRRINEGSGTP. ami de(SEQ I D No. 6), ¢

H, CO. SNLST. Cys. VLGKLSCELHKLQTYPR NTGSGTP. ami de(SEQ | D No. 7), 30 and
SNLST. Asu. VL GrinBoRc HQFMPRﬂQfGS@$PYﬁﬁPﬁe(SEQ ID No. 8). Particularly
preferred e . t he invention include:

cvo. SNLST. Hﬁ%@@&@k‘&gﬂ %%“F%ﬁ%ﬁf? TGSGTP. ani de( SEQ D No. 4)

cvo. SNLST. thaMhﬁMQEinhﬂo@cﬁfmﬁ‘EbﬁﬁS&ﬁﬂaﬁuﬂé)GC am de,

cvo. SNLST. Hhe. VLGKLSG( CH, co. am de H YPRTNTGSGTP. am de,

cvo. SNLST. thammesw(ewwc RHES S HI CLQTYPRTNTGSGTP. ani de,

cHi co. SNLST. Higy &%M@(gn{g}% ;_ame W JPRTNTGSGTP. am de,
LH

cii,co. SNLST. Hcv VLG (LSC(cH, co. GECK. ami dbf? LQTYPRTNTGSGTP. ani de,
cvo. SNLST. Fby(aMLl@qES!@((@HH@@C(diﬁ MgfPRRCRIORMAIENE HKLQ TYPRTNTGSGTP. ani de,

Po SN bR R SR A B KL e rfen
CH, CO. SNh&Ih&Msr WLaeh e SE OitHer @Qm!gatargnap.)emﬁ Anhide s RubKkidE YRRENNGSGTFtani de.

CH, CO. SNLST. Oys. VLG CLSC( cH, ¢O. ( E- K ani de) ELHKLQTYPRTNTGSGTP. ani de.
SNLSP. Asthe sarbpaysesrainus of &shqbaﬁ') ‘P(élél%?rﬁ 8898 YR CEFPY PR de. and

SNLST. Asu. VL%Lts&éfEHe&QheﬁalérsM%&'ﬁd@%&ﬁb@%ﬁk@ﬁ?@f@meém finind |

natural l y-occurring am no aci ds are abbrevi ated using standard

abbr evi aidid)hs eftisri anto.&- ma[t\mbmuﬁ@umd wihare@ thZwhbay B-4Bnioc genp st # fred @uine @ad ) .
1988 (MacM |l en Publishin YV h( %ﬁ 31)6 For the purposes of this

i nvent i ofe O‘t%é’rr@aft*lﬁ?‘éfl"liﬁ?‘dd&&%‘i"‘ SnHy lig e LS QRAMEP " PRar act er i zed as

l'ipophilic (abap}RGst ;;réf&!m%%u%rs lln@lUGé Bse mt&uqme 5”“? R¥Asihiagbne,
tyrosine, proline, tryptophan and valine, as wel kyl at ed

derilmtives ofcyggise-éima) amch)y(mﬂ}phlﬁl%dlar@a@plaxdagl ne gI ut am ne, threonine,
serine). acidic (gl.ut c acid spartic ac basi ¢ (arginine,

hi stidine 10 é??&yﬁq%‘? E’é’)‘“oﬁ‘ (O‘gfﬁrﬁﬁs ’Bﬁ‘ﬁaﬁ‘r‘? 13 Dap have the neanings
set forth aboygmolfftlde-fafMERE(E,B- or?y-dlammo acid);

/ si, N9- bi s(2- ner capt o- 2- net hyl -propyl) - 6. 9-di azanonanoi ¢ aci d; K. (BAT) and

LKS ( BAT) rep?esnegllam;]dce(awmomldaﬁwﬂ by&wmmnnacyctlal;(ed a; t he E-am no group on
the am no acid sidechain to (BAT) BAT nd. BAJ) represent
SJ/V6 Y- bi s(2¢ r’i‘?ﬁ“@&kﬁ’??“ﬁﬁ%‘?ﬁw&ﬁ@% 8- éﬁng?%&%ﬂﬁﬁ% -y1) cystei ne; (BAM

1I\r-b 4/
L A R LAt 4y e et

but oxycar bony 1)meNeaptd) 2-briethly Borogddiy heid«4minpaeidy-(o., Becbrhm tixlanmpranpi)] ) -6, 9-di azan
onanam de;

( BAT- BS) MRS 2R/l fra RATREY 1R ﬁw@éﬂﬁgﬁaﬁph@@%wnﬁ ajgiol groupypnd whergip ¢ 40t o
.'2 met hYAeR:thIB%HSQ gﬁe(?i't@%ﬁﬂé? ﬂf’ggl) mo e%'NUPa ﬁké?' odﬁa\lu‘?'ar&) dahexanewith BSH

IS bis- succinim do exane; Mel el m donet yl'ether; (BSEE) 1 shi s-
20succi niterirdoetehyines bfehg cl(eBMEEJ) a|ssielohzsn waloe¢ of the ety aetdmcpqpsand (BSME) is
bi's- 25 Particularly preferred metal chelators are selected from the group consisting of:
Gly-Gly-Cys-, Arg-Gly-Cys-, -(e-Lys)-Gly-Cys-, -(8-Om)-Gly-Cys-, -(y-Dab)-Gly-Cys-, -(B-
Dap)-Lys-Cys-. and -(f-Dap)-Gly-Cys-. (In these formulae, the amino acid designations have
the same meaning as is set forth above.)
An example of a radiometal chelator having structure I above is Gly-Gly-Cys-,

30  wherein the chelating moiety has the structure:
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succi ni m donet hyl ether. As used herein, the follow ng am no acids and
am no, acid anal ogues are intended to be represented by the follow ng

abbrevi a - Acmis the sul fhydryl protecting group acet | ; Pen
IS penlcﬁ+§§%$H3? Aca is 6-am nocaproic acid; H"' is honnlsgﬂhﬂggﬁggxls

L- {S-(3-arni nopropyl )cysteine; FD phenyl al anine; Wis Dtryptophan; Yr, is
D- btyrosine; Cpa is L-(4-chlorophenyl)al anine; Thp is

4- am no-t et rahydr ot hi opyran-4-carboxylic acid;” D-Nal is

D- 2- napht hyl al anine; Dpg is dipropylglycine; Nle is norleucine; Hey is
honocyst ei ne; Hhc is honohonocysteine; Aib is am noisobutyric acid; Nal is
2- napht hyl al ani ne; D-Nal isgD-2-naphthylalanine; Ainis

2- am noi ndan- 2- car boxyl i ¢ d: hxa i s 4-am no-cycl ohexyl al anine; Anf is
4-aninonethyl-phenyIaI%N@neﬁ Aec s S-(2- 10 aninoethyl)cysteine Ape is

S (13- aninopropyl)cj%ﬁff ; ! gag&ﬂy

0- (3-arni nopropyl )sefine; Abulis Zigﬁ%n utyrlclg%ﬁgkbgsgpls norvallne and
Asu is 2-am no suberic gQ,dHgherein the amno termnal anino acids of

pepti des containing an Asu residue are cyclized via an am de bond between
the ami no term nal am no group and the side chain carboxylic acid noiety of
the Asu residue. 15In accor®dnhce with the invention, CT receptor binding
pepti des nay conprise.one or nore am no acid derivatives having a

radi ometal chelator linked to an am no acid sidechain. Preferably, the

radi gnet al C@Jeﬁm& lig#hds rﬂgﬂhg%@&@@ typt erteBen BRAEdA& R c&lhﬁ fe@rﬁaoraglme
termnus of the receptor i ndi ng peptide. Mre preferably, the

radi ometstrlrctaigel ator is incorporated into the synthetic. CT receptor binding
pepti de at the sidechain sulfur atomof a cysteine 20 corresponding to
position 14 of the native tide. Most preferably, the radionetal chel ator
is incorporated into a grd&chai n/of an amno acid of the CT receptor

bi ndi ng pepti de hayi ngnt e guengce

CH, co. SNLST. Hhc. VL HKL GTYPRTOAIGETIP regemitdebinginQ ¢ampeund)) .  Most
preferably, the radigmetal \che] ator is incorporated into the CT receptor

bi ndi ng peptide at 25INWg, si &&Chain sul fur atom of the cysteine at position
13 of the peptide of SEQ ID NG 9 (distinguished by the bold highlighting in
SEQ I D NO 9). Addi tional enbodi nents of the reagents of the invention
conprise at least two S¥IHAt hetic CT receptor binding conpounds each
conpound bei ng coval en r.adi onet a c at.or égnd a val ent

oo o 1eh SRS Mediomelt Sheit S PatipE SRR 65 YN neBnts BEBREBI00r o

l'i nkgge J;e Bri®A%y CORRRIRAVhigh ok 89814:8r Saedciakel ator, and a |inkage to one
conmpound and’ to t he chel ator of the other conpound. Addltlonal per mut ati ons

of this enbodi nent may al so occur. in accordance with the invention.

Pol yval ent |linkers suitable for use in this enbodi ment of the invention
conprise at |east two identical functional groups capable 06 covalently
bondi ng to CT anal ogues, CT receptor binding conpounds. pept | des or
radi onetal chelators. or capable of binding both to a r cept bi ndi ng
conmpound and to a radionetal chelator. 5 Preferredofunst opa ﬁs
include, without limtation, primry am nes, seconda y am nes,] hyd nyl

groups, carboxylic acid oups or thiol- ef erred
enbodi nent s, CQﬁ%@B%F?V%ﬁ%ﬁ@”pVWM§¥§p% Fﬁ e bIS SUCC|ﬁfh13#$nethylether
(BSMVE) , blssu00|nlnldylethylether (BSEE), 4-(2,2-dinmethylacetyl)benzoic
acid (DMB A, N {2-(Nwi s(2- SUCC|n|rnld@(ethynaninoethyl)}

- N6, NQ bi s(2- et hyl- 2- mer capt o- propyl ) 9- 10di azanonanam de ( BAT-BS),
tris(succinirnidylethyl)amne (TSEA), bis-succinim dohexane (BSH),

4-(0-CH, CO @ y-dy-Cys. ami de) - 2- net hyl pr opi ophenone (ETAC),

tri slSacet ami doeel dpg digiamds, haying- swetueeniyge At fhgh ogethdmetidoh sompbwrlmvdmemhyl
et her blsacetylly5|ne | ysi ne and 1. 8-bi s-acet am do- 3. 6- di oxa- oct ane,
or derlngl V& thereof . :
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CT receptor binding conpounds provided by the present invention can be

chem cally 15 synthesized in vitro using any suitable synthetic nethod.
Preferably, CT peptides may be synthesized in accordance with the invention
usi ng re®M49886t net hods. More preferably, CT peptides, GCHEAS{08%54
derivatives, and CT peptide anal ogues can general ly advant ageously be
prepared in accordance with the present invention using a peptide

synt hesi zer. The CT peptides of this invention are prefergply synthesized
by coval ently linking the radionetal chelator to the 2 ptid®during
chem cal synthesis in vitro, using techniques wel an t tn e wth

skill in the art such as solid phase peptide synt Jtn tner

radi onetal chelators may be incorporated into the pgpti n a

si t e- sel ect cyRitbrinheosptat-bidirigiedmpoany-HNSiI TY 0N pem de thereby
avoiding a decrease in the affinity and specificity of the peptide for the
CT receptor. In accordance with the invention, CT receptor binding peptides
are prepared having a 25 protected thiol-containing anmino acid, typically a
cysteine residue, incorporated into the peptide. Follow ng cl eavage of the
peptide fromthe synthetic resin and cyclization of the am no term nal

resi dues, the protected thiol group isyleprotected and el aborated with a
prosthetic group containing a radionmetal chelator and a thiol-reactive

gr oup. As set forth above, the CT receptor binding reagents of
the inventio p 3 n 0 r

radiodiagnosglc or % rﬁg$gb§§?$%ghgﬂ— &%ﬁ%hu%p%%g§n%gé 8m§§#82?

appl i caking@furtlgi Ag shmn ma@eotsa(mgadgrma@s/n@smﬂyu,tediawmptommm which
scintigraphic 20 inmaging, wherein the |ocation and extent of CT
receptoﬁﬂﬁééﬂhﬁgofﬁﬁﬁp§uﬁay be deternined. The term "scintigraphic i maging
agent" as used herein is neant to enconpass a radi ol abel ed reagent capabl e
of being detected with a radioactivity detecting nmeags (including but not
limted to a ganma-canmera or a scintillation detect prepe). In the

radi ot herapeutic enbodi nents of 5 the inver®jo CT\recepf or binding
reagents are | abeled with a cytotoxic radion NUesH #seful in the
treat ment ofcattitepms@septor-birting abmpenhd-HN—&ni mal s, prgf erabl% humans, such

di seases or ailnments being characterized by e gepgq or overexpression of
CT receptors. CT-rel ated di seases or ilnents include but are not linited
to breast cancer, ovarian cancer, Iung cancer, |ynphoma and ot her di seases

changcteri Ze@ta@%dﬁa@:ﬂ)s% %%ta mmmtmdﬂeny OX1 nﬂﬂlog&e&%umrcsmeemmaemef
bi ndi ng CT receptor binding conpounds é% or derivatives or anal ogues

t her eof thesruethes: expressi on of CT receptors on the cell surface of cells
conpri sing such tunors. Any radionetal nmay be conplexed with the
reagents of the invention to provide a radiodi agnostic or radi otherapeutic
agent. For exanple, the reagents of the invention be radi ol abeled with
technetium 99m i odi ne-125, or iodine-123 t@ pr oyt a sd®ntigraphic

i magi ng 15 agent. This invention al so provi Creﬁept - bi ndi ng reagents
capabl e of formng a conplex with a nagnetic/ pard i ¢, NEwper magneti c,
or super par aagoetn eceptoadbiradiogicompouod- ety cl e./ he receptor binding
reagents of the invention can al so advant ageouslgy bghradlolabeled with a
cytot oxi c radioi sotope selected fromthe group consisting of scandi um 47,
copper-67, gallium72, yttrium90, tin-117m i odine-125, i odine-131,
samari um 153, 20 gadol i ni um 159, dyspr&di.um 165, hol m um 166,

ytterbi um 175, lutetium 177, rhenium 186. rhenium 188, astatine-211,

bi smuth-2 12, and bisnmuth-213 to provide a radiotherapeutic agent

Whenst he rea Jeel
e, [T bk ARl BT Cor Sl Lo R AR g Inenge
salt of thachmein wdn@&m:ﬂ&tlpelmkedlumettthpromctmgtgmupMpgp)t}htdae ftloolrprmf:ctmg
perrhenate, is re ted mn&g@the rea ent in the te ence of a reducing

agent . @W@Fpéde AT R 5ﬁf§“HP b Bt Mo Bited Wnnous and ferrous ions;
the nost prefenrexc}n @d%n@m%%&%btsau%n@ewwm@t@tetenys Alternatively, the
conpl ex may be formed by reacting a reagént of this invention with a
pre-forned | abile conpl ex of technetlgggor rheni um and anot her conpound
known as a transfer ligand. This process is known as |igand 30 exchange and
is well known to those skilled in the art. The | abile conplex nay be forned
usi ng such transfer ligands as tartrate. citrate. gluconate or mannitol,
for exanple. Anbng the technetium99m pertechnetate and rheniumsalts
useful with the present invention are included the alkali netal salts such
as the sodiumsalt, or ammoniumsalts or |ower alkyl amonium salts. The
|nvent|on IS also enbodled ina kit for preparing radi onetal -1 abel ed

oy r




5 as radiophannaceuticals. The kit of the invention conprises a sealed
vial containing a predeterm ned quantity of the CT receptor binding

r eagent, vgggs/mt)gonal |y, when the radionetal is techneti UMM cos/08864

rheni um 186, or “rheni um 188, a reduci ng agent. For exanple, an appropriate
guantity of a reagent of the invention is introduced into a vial containing
a reduci ng agent, such as stannous chloride, .in an anount sufficient to

| abel the reagent with technetium 10 99m rhenium 186 or rhenium 188. An
appropri at e a@Huatyl)pfarpl is phenyt eralkyl gasldylexy sbsttuiedglieflich as tartrate,

citrate, glucanateg,  alucaheptianate or nnitol. for exanple) can also be
i ncluded in t'(ﬁ"ré)a%ﬁr .(&FH%&%“?}%@(YEPE%I(%H %%ﬁtltggﬂyé?ﬂy?)()nal phar maceuti cal
adj unct mat erCHl-6-@E®Bxyhenyfigr exanple, pharmaceutically acceptable salts
to adjust the osnotic pressure, buffers, preservatives and the like. The
conponent s of CHH&-pyridylfakenydiin 1iquid, frozen or dry form In a 15
preferred enbeéﬁpir’ﬁnt, kit conponents are provided in |yophilized form
Techneti um 99m r’Heni um 186 and rheni um 188 | abel ed radi ophar naceuti cal s
accordi ng to-?-pkenyifb®emyl;i nventi on may be prepared by the addition of an

appropriate a echnetium 99 rheniu 86 qr rhenium 188, or

radi onucl i de '%gg&(kt‘ﬁg?sé’g?“f{mf’%f’ggupﬁtgu\cifj gﬁgg'l(gr?@'q?eacti on under

condi tions desH!-NPRIDOR (R heudsygminli@sorkabsithe ATf10r ikyl); of the invention may
be enbodied in a formsuitable for diagnostic inmaging or as a therapeutic

agent usi ng aCPAdR(RsuspbsiptedogpustituiadalipdiongyDodi ne- 123 and i odi ne- 131,
and ,pr ef er abl y.y edimes- . I'n this enbodi nent, the kit conprises a seal ed
Vi allecont ai ni ‘?82 gc&pl?zgpé%@rm ned quantity of a CT receptor binding reagent
capabl e Pod¢fehel prgteray groagnaiave thel folmala -CHENHECOR othegeen R Gla t@ee pikyt hdiimgdi ng

reagents suitable for use in this enbodjnent include CT 25 itself, a CT
Gor Dyt el P & G oM T PPt PRy LHE e apith BT MRy Badrdhy v

speci fi Galdxy, RhbBExyt Oort REveETaikBGERLONY. VB RERt bR breRtddeupeli & CT
receptor binding reagents are enployed in this enbodi ment, a tyrosine

r esi due acetamigeomediggiotp-may be radi oi odi nated. Such a tyrosine residue may
occyr natural i ept.| . ! 1 LG, ; i resi due
oy 1B added e Ae e R ST BE iATRbACRNIRIC §.CEleckilly bYLRE PREBTH [

di srupt vhicdisrgpepfidd, lte: p2ptidape fralil p c&impiies el Mfifio akddSequedde: es and rout es of
adm ni stration, fornulations and adm nistered specific radioactivity using
the kit of this enbodi -t —escri bed her 8ER POt d@hnet i um and

rheni um r | DL L:QE i r ' : The
| magi ng ekt X SAARENLY I ar B G oy O O e rsitue,
part i culaadlayhofrohomomygicing rgpidugafyteamdvaipttbs peptile mag oghpddeitioe ghine scid
characterized by neoplastic cells 5 that express or overexpress CT

recept or'§S3*8Rd in particular such primary and especially netastatic breast,
lung and ovarian tunorgdeid xed saed’ls that have Beenpelionical Iy recal citrant
to detection using conventional nethodol ogi es. The inmagi ng reagents

pr ovi dedvlipyein Ke ispelssted froinhe group porsasting b6 on blenins exdiduora glya@uaiesidiengndz gans

such as the ki.dne : bone f di.agnosi ng di.sorders in these organs. 10For
di agnorstsfgnepi?_?'g%%é‘g‘?&aﬁ SQF?%%ETPWéEl%%r&&%SgFISB“% OUAT YE TH&Cdt agnosti ¢ or
radi odi agnasyitcin@geidte, Ohd MO moRY@BE ) sind &siadeNiSats b&iirids ineludk ahiakilly-
intravenously. | n radi odi %ost‘i c enbodi nents, |ocalization of the

r adi?| ateruring dumee Cdand<t haertigaveregsonsh antoroubich greepedlietlyambgdieta

Sl Nt 9T am b BATCARALQAEE fokf pilodgnost i ¢ embodi ments, localization of
sites of accunulation’of the paranmagnetic netal-1abel ed di agnostic agents
of the I qu/aNIISTdhciVE GRUSICELHHLQIYRRTNBQEGTP.anidesonance | magi NGEQ ID No. 5),

e e A e

met hodol ogi e I ith this invention, for scjntigraphic

i magi ng : ”&6ﬂ§3ﬁ¥£§ggﬁ§§P§%§g959£3ﬂvmihe i nvention dﬁnggr“P6%
admi ni St@,@@lSNUSﬂC%.WQﬁ}&S@ELMKL@TWWSGQﬁﬁmmEhe techneti um @@bakeled
reagents provide y the invention may be adm ni stered intravenously in any
con ti®Aal nmedium for intravenous injection such as an aqueous saline 20
medi um N7 g1 AhveekiRLCREARLBESPRINTESEES Ahiby. the unit dose to(gbemo. 8).
adm ni stered has a radioactivity of about 0.01 mGC to about 100 nC,
preferably 1 nCi to 20 nCi. The solutipn to be injected at unit dosage is
fromabout 0.01 nmL to about 10 ni. After intravenous adm nistration,
imaging in vivo can take place in a matter of a few m nutes. However,

i magi ng can take place, if desired, in hours or even |onger, after the
radi ol abel ed reagent is 25 injected into a patient. In nost instances, a
sufficient anmount of the adm nistered dose will accunulate in the area to
be i maged within about 0.1 of an hour to permt the taking of scintiphotos.
Any conventional nethod of scintigraphic imaging for diagnostic purposes



pur poses, they are radiol abeled with an effective anbunt of a cytotoxic
radi oi sotope. For this purpose, an ampunt of cytotoxic radioisotope from
about 10 out 200nCi may be admi nistered via any suj 'ﬁﬁ e E ni.cal
route, %8/42 % by intravenous injection. In accordance bé g%sm% 4

i nventi on effective radi odi agnosti c and radi ot herapeutic agents 5 may be
identifi ed as follows. Reagents of the invention conprising CT receptor

bi ndi ng conpounds, including ' fragnents, CT peptide anal ogues and CT

derivati ves, padicifl Hrétegd Zafbddshérds bihie fBagdhOst tad inlditioh incligei on and a

radi onetal chelator is covalently linked to the conpound. The reagents are
then conplexed with a radionetal or a non-radioactive isotope having

chel at | g3 cHlerVISIKISEBAMELEKLQIYPRENTESGTRanidadi onet al (SEQ¥ANGT.

recept oy & mg‘mncmkﬁastdmm&mm@ama KWGChAidonpet i tion binding

sy e s VISR S B R L R RT er So ffaTP! © of This
r ecept oeH 0. SMiSTHwSNIIGRISE(FHEo. %@%C@gm@%mwwma@mﬁwé@

Scit Rt L%ﬁé&lémsmwm;am»s@o @%dcselhmﬁmﬂmcﬁmxmmmcmbxﬁal& st T[wecI
met hods_f or ese Ltgld_sp y illustrate
in the S ﬁg’\éx%#g&&@\ﬁ queﬁﬁf% er al n as ecfs of the
above- dﬂsmjiﬂeﬁi_fm}\élrﬁW(@h@p @d@%@ﬁém@)WWPBMT%@T%m% by way of
i |1 ustr@f &ONIITHRON SRIFd@ E@- K BXAMR:de) BLIheR TN Tob GBAImidel at or s

20BAT c n - Gy St no Lysi ne derived
A oPLEBRSTC, EvPBKLLOM B Y ShELREUREDIYREneRh dng, Lysi e deri v
co- pendeQQlSLE_S&LVhGKI&@C(CBSP4ﬁDamK imidQF QR BPRINIGSCEPenée her ei n.
EXANPLEcg c83RpkirdyPhas g1 Re@hicae:- Bt hasid® ELHKLQT SR TNIrGltIPani®pt i de

synt hes] s P arri 0 al e using an
ol 1 ok sy NSl o F e Tyl b B T TSGR . R

f | uor en$NISH Ayl \HGHEAsehea- (B¢ iy K amidadr LKL QTYEBR TRV ened Piamile. coupl i ng with
30di cycl ohexyl car bodi i m de/ hydr oxybenzot ri azol eor2- (1H benzotriazol -1-yl1)-1

,1,3,3- tet th h fl ht/hd b tria .
ey AT SR e R PR URL DY SOOI By

resif ofanSesSfduid M O, Zilbllyormbd'ﬂehﬂtryr(@al .Y Q08 & avibeMylen PRBKdhidEY Neac elsk) Or
Ri nk am de resin for carboxyl-term nus am des VWher e appropri ate,

Fnoc- CyBEB- APy twrmécwﬁiewmw(nsm)tnfy%atwemerowﬁme%ﬁ%acxa%araég%,r'rathad. n
co- Ownegs 8ol ﬁ@i[ﬁqlngg 1%@01n§erlkl?émel\bme91§{n 4041%61)71211'215“39 r BQS%Q edleB

ref erence re appropriate or oacet brom)acetyl
and 2- brrgproplin phe ivaling; apiveh kb Sepllotiped derevatimdsr ddyeaeide)e h gmgphxm/(asparagnet. he

a rorlate2 alo . acid as the st resjdu ouleddurln SPPS, . ar.
T at | nB Ol E S T Qe AT e O O b OIS G P LiRRET h
ei ther Zad@ligeyasikdb-cthi RORS ARYp %mgde ihe meqﬁ/nbl; i}yﬁtrr%xév@coswm@ﬁésw or

2-hal o aci d 10anhydri de/ dii sopropyl et hyl am né/ VWher e

appr opr Y\/ét\febts(lﬁlﬁnﬁcw Lfmeeulzarcbwllb@%ydi‘ammampt udés K(BATY cluidz ddysHBAT)
stirrin an 0. 1-1. nﬁ/rrL sol nlnglohothate or blcarbontﬁcgluffer or
dilute g"'r?ff’ﬁ?ﬂ‘d‘i‘ﬁ AP SRSES PP aii AU HI5H 5 YREP 1 O BF ATHY G2 9e G EDTA,
or acet gwAty:i lcepAm) TH f@&s(éA‘i‘& bepfbdcove Wtbts@ﬁkﬂcxptbmnﬁmy@brépﬁ% pon with

acetic acid, lyophilization and HPLC un?fcatl on.
diazanonan-1- -yl)cysteine; (BAM) 1S (N',N -bis(2-mercapto-2-methylpropyl)-1,4,10-

15 triazadecane; (BAT-BM) is N-{2-(N’.N"-bis(2-maleimidoethyl)aminoethyl }-N"-(¢-

butoxycarbony!)-N,N-bis(2-methyl-2-triphenyl-methylthiopropyl)-6,9-diazanonanamide;
(BAT-BS) is N-{2-(N’,N“bis(2-succinimidoethyl)aminoethyl)-N*,N'-bis(2-mercapto-2-
methylpropyl)-6.9-diazanonanamide; (BMH) is bis-maleimidohexane; (BSH) is bis-
succinimidohexane; (BMME) is bis-maleimidomethylether; (BSEE) is bis-
20 succininﬁdoethylethér; (BMEE) isJ bis-maleimidoethylether; and (BSME) is bis-

18



15 Where appropriate, thiol-containing peptides are reacted with

chl oroacetyl -contai ning, thiol-protected Techneti um 99m conpl exi ng noi eties
at pH 10 r -4 hours at roomtenperature, followed by qgﬁt' i
acidifica ﬁéﬁgaﬁﬁ evaporation of the solution to give the co /gégﬁﬁ%%ng
peptide-sul fide adduct. Deprotection and purification are routinely
performed as described to yield the chel ator-peptide conjugate. 20Were

appropriate, BSME. BSEE and BSH adducts are prepared by reacting single

t hi ol - c ewdcaimidotepigizthetleds QSed lger&f), thgfotloviing vno lawids end aming. Jpid ahalsighis

N- net hyl nor phol i ne or N-et -mor bhal i neg, ar. 50m\l sodi um phosphat e buffer,
pH 7-8, iSRRI ?&f@msa*it# Rt n?@fﬂmxga%iﬂwtm oFmp Hepufpy RURTBRFHTS | e)

Wi th 0. 3rJipladkiaRiiieinéaly® Hed iOherRMmninb £6mis &L Mhid aBERY b4 )is hENEEsine;

(bi s-malei m doet hél ether) or BMH (bis-nal ei m dohexane), 25fespectively,

pre- di sépkcvied-i fr(heminopiopyi¢ysteine; oo R-phqretalaninee Wgs DapyntepbianaiYgl ip D~ 18
hours. The.solutio concent.r,at.ed -and. t he product s purified by. HPLC.
Uner s appruntichesR B GARRRILAZNEE T i TRl PRl o B oo

t hi ol - castpipINGY iPepPl-bahtyddlatenchpg riat diprpyRiyck: tNle 1R0néfMHuBine P&yl @e i n
DMVF buffered to pH 7 with N t hyl nor phol ine or N-ethyl norpholine, or 5 to
50 g/ nPOBEPISIHE- i n Bt JeFeaR _SﬁHEsp’ﬁ%}Pt e YRingisabutis iaﬁ’rﬁia! Ngl ddntai ni ng
0. 5SMM ERTéhilalblhe; 8-NAHE (905-n@gely24lhdind: | £k ivoldhifbiddinRlAboxsfIta¥ia! Rehe Of
TMEA (tris(2Z-mal ei m doethyl)atni'ne) pre-dissolved in acetonitrile or DV,
Wit h or isni #aguto-dychabesylalesjo¢.vafeit iof 4taniechethplphenylalaniae: r dem isenpPdRat ure

f ' Ly, 1-18h .S act | ! | 1 .
o oSkl B VS BB R p i LR P T A G Bt

appr opr icatEaminBprBM 1 iserine; Abu is 2-aminobutyric acid; Nva is norvaline: and Asu is 2-amino

(NI, 1V4- bi s( 2- nmer capt o- 2- net hyl propyl)-1,4,10-tri azadecane) 5 is_conjugated
to the pefsricdeidpyhsrrindhe RIDPIETHHY ANHI 35KI5t0f AePtidsr HRMAIMAE an vy Fesiugidg ur e
of diisapypry!sathodiiid Bhsteheld: Cebfinhi 0 T, adeNe M- NWP
or net hy?ene c‘ﬁ Sri g{é, ?o‘ﬁfo%é%sﬂﬁéﬁgﬁ %E‘H{“%pf“ﬁg“’p rgEEﬁlgéh%glde ¢

di i sopr oppbetilmyecameaety oAfltegksugenigplei ng, the conjugates are deprotected as
descri bed abogve, ere appropriate, (BAT o . ) :

(NBIRo-bi s 2 hareores RaRe B Rishy SF-istebuen indine Repises may <gptise pes or

i ncor poredmidy &iPefivates ReinRl PFRfInRc aRbRRr Aeksl Gedd Mathb\ieR) sigdéakinas
(Na(Frmoc) - NE(N-Boc)-S,S -bistrityl-BAT)lysine (prepared from

Na( Froc Frefgrablyeths feripgaetpl ehslajarss meomogsiask injor dap peptHe a8 theeanehoc pddrmiguERbnpl e

2 of cox - I . I j i , 4, 825,
ncor porth o4 aBr RABRIELAR, Mike (FREAN. ARRGEALGP RS ln: ipordll
(prepar eiet agnidasc rCbedcdpror Bxiadipp epdpiidofat cihe ositeeHaianchifuo pedrdi 68 aUcysSteier i al
No. §/414, 424, %Si ncor oralt%cyi by reference) during peptide synthesjis and

t hert0deSPBERLRURE 1 Rastiop) 18 é@%“%‘fve PRS0 P PEECTRII Pt e srdiqrigntaltRelaty it het i ¢
resin. incorporMé@io ARRILARI 81 & afRd-BR diNné ST RkdpddrRhdiftLpSHigeimalik dget hyl)
am noet hyl ))-/V6, N9- bi s(2-net hyl-2-ner capt opropyl) -6, 9-di azanonanam de)
adduct s sequengsr epared by reacting single thiol-containing peptide (at

trati f 5 i de 20.with
et ! or AT SRRy BT BT A BN Bbirerste b D ende (v
7- ?% 0o émm Pa:lféryblsz,_cmé %Hf@{nfé@ll th&BiiAE}?Is_ﬂ Eﬁﬂﬂ&r&frat%t@&eﬂ? febeér RACRALPeptid lae)
W . nol ar equl valents o -
(N-£5- (Npe si@i:@(aaﬁ prfusiatom b ehdgl yteine b @oBiya) HING- (e - peatidec pE SESORD 1NONG, NO-
b st o ot ] - . LT o
oo 4 a e fald bPAERAITELIERAN QRERPID Nofa- & 220 anar N 0 or oxi mat el y

1- 18h. The saldditional dntbodiieentesfaporeagents dfahmvetitvnesmpancht (RATwBSIynipent i de
conj ugat es deprotected by treatment with | OnL TFA and 0.2nL triethylsilane
for |b. GhéeceBrutishing sorBpny@eht sask samppyrd prigg revalepyubinkedppet irpdiome@l wit h
ether, aggdahed AYolyhi : i HORK bt '
precursors : ar'e cyg{oayfzvglggt(l%te }_\Agogﬁmlg haecoé’ %erﬁ[olfn\ﬁgg{j&éegggoxﬁ h?egr? ?ﬁlpg@g%gﬁg

r eaddi onfaflinkhge tsicdecdomipound. atledkhgdto diel elietdtorabnd & BekagetdeneadothpSuhe amd nal

free acid 30w th diphenyl phosphory] azi de,
to the cheIa[or of Fl)he ot¥e comp%und.yA(?ditional permutations of this embodiment may also
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SasrinTm resin-bound peptides are cleaved using a solution of 1% TFA in

di chl oronethane to yield the protected peptide. Where appropriate,
protected peptide precursors are cyclized between the am no- and .

car boxyl W@PHINP6 by reaction of sidechai nprotected, am no- PEFFSHRS864 ee

am ne and carboxyl-term nal free acid using 5di phenyl phosphoryl azi de.

HVP or Ri nk am de resin-bound products are routinely cleaved and protected
cyclized peptides deprotected using a solution conprised of trifluoroacetic

aci d (ngb%r. irP£ccgJ5€nc%%mE% W eRRSh. BlRhEARInKeRLRNA Fof uSO TPt sSHntBdMRIeT |

t hi oani $6 e, ethanedithiol. and triéthylsilane or triisopropylsilane in

ratios offthdd@entn compriseat feast tyvo identica fenctiogal igeanps canablesd wpYadanyy barding,

Wher e 10appropri at e, .product.s re re-S-trityl at. i i hapol /
TRA, antl 0 BRoB RS T e ot pde CalBrich PRP B drerdiohRa AR AR oP

Wier e agiphilp lof dirlingt batk lto faUDT trec@padkr ibiridixsy vérhund tdng tpeptadibenetdl chepor.donet i c
sequence desi %ned_ for further elaboration with a prosthetic grou wer e

pr otect Bgfegsd ignEiont otifepssiiEdg s ghaqut HURI{ALIOR ¢ BRTRIY AIRIBS i SRERPTRY gs:

di sul fi Qf&%y?%ro%pﬁ%ﬁb%w&ewagimtu s br S 1YkacBv O YRRp&T 8n tpaeﬁerre%r@mi;ﬁems.

treatne a solution of hi othreitol or nercaptoethanol, while
prret hoxibenzplyvgieoupsliskes r epavesiseusi rigsuseinisnidyImathylesherde EWEEat e bfsn

trifluoroaceti.c acjd i pr, nce of a free radical en ugh as
m cr es of".cc’ﬁi‘%‘gi'lﬁ@'?"eg‘ebgggggés4'@%21 érflﬁtﬁ-‘ﬁlécer“é{ °B7RT &t i(Ir)lglﬁfllA\é)' rrlg'ief\%’t(?é}g “are
pr epar eg;shYsuShRmi€NethPiganihbdinan - M Ares AR iadthyd-2hakeaselpydpydreep. The
prosthetic group are renmoved fromthe resin and any thiol groups

ar el®r otdieznenpnafide ERATHSD, trigoueginimidyleghyil)agnineg KES%%M-TH@SH%H%%@P%%M
sequencg,d:$ then cqup| b Hhe 4 bi > ont ail pi ng: Lde unde
essenti gﬁ@ t he sa?rg@cgﬁé?% ﬁ%sﬁ?}ggygé@cﬁefBgﬁd&ﬁ;g%r\gglopgérﬁtog?epari ngE’EI'?/%?'i o

t hi oet h@isgaceReitvedly ) @fiink € - Rdetgniporadtaglt iert@r.grbduastansddelton ebdri ewedisasi ng

t he net hods descri bed herein to yi elé the final product. Crude peptides are
puri f i edceBylyppepeaaingd hbigrepraidethdicrasanc A GBS ifFP(HPLC) 25
using a \ategg r%gm thidn SRLETroRadq BY Ak pRtertliWeh@h bl BOcHmIdly

trifluoroacetic acid (TFA) in water nodified with acetonitrile.
Acetl Hni syrithesized reviponsingdny rsoiatidh eymheiicetethod.c PiedamabIwhCE hpeidest ay, be

oo ot LIS PR R TR Mol T, .
(ESMB) . peplide & Ceph&tididegdiige @pl iCie eptide rahMagiey @an gosbranahdguegeonyintteesi zed
as provided herein, 30as well as the products of such synthesis identified
by ESNEPEPAFABMECOERRECSHIAAC Pi§sCRaBIVEntiondising,d. peptidsssyaihasizgrT (e CaieRH9RULE
26) R%Pth%oxgpén?uyﬁn 5re preferably synthesized by covalently linking the radiometal chelator to the
20  peptide during chemical synthesis in vitro. using techniques well known to those with skill in
the art such as solid phase peptide synthesis. In this manner, radiometal chelators may be
incorporated into the peptide in a site-selective fashion at virtually any position in the peptide
thereby avoiding a decrease in the affinity and specificity of the peptide for the CT receptor.
In accordance with the invention, CT receptor binding peptides are prepared having a
25  protected thiol-containing amino acid, typically a cysteine residue, incorporated into the peptide.
Following cleavage of the peptide from the synthetic resin and cyclization of the amino
terminal residues, the protected thiol group is deprotected and elaborated with a prosthetic group
containing a radiometal chelator and a thiol-reactive group.
As set forth above, the CT receptor binding reagents of the invention are capable of
30  being radiolabeled to provide radiodiagnostic or radiotherapeutic agents. ~ An exemplary

radiodiagnostic application using the radiolabeled reagents of the invention is scintigraphic

20



Q7017 1?1, Peptide | V8i, Peptide [17.

SNLST. Asu. VLGKI . SCELHKLOTYPRTDVGAGT1) . am de EXAMPLE 3 A Ceneral Method
for Radiql,ghgldsg Wi th Technetium 99m 50.1 ng of a peptide S in
Exampl e 2 é/ag“%ﬁ@ssol ved in 0.1 rnL or 0.2 rnL of water or 0&?&?@3 .9%"2‘_

Techneti um 99m gl uceptate was prepared by reconstituting a G ucoscan vi al
(E. 1. DuPont de Nenmours, Inc., WImngton, DE) with 0.25 nL of

Techneti um 99m sodi um pertechnetate containing up to 200 nCi and allowed to
st and f dmagibg,wirmntie sheatocatomnandesxtraut af Gilerecorgieantg Tandrh etay e &@ermined.

gl ucepta@g vvas“trl\_@n added to tahe pe tuis%gheand.the 1[0[ reaction a%.lloggd to
proceed & 'FObMCNEEIFRPS PR R S8 5 % § R 1P 19 FHCOPRAS 142418188 n,
and t henedgbhitcapit dftvefig@idteare withpiradibddti®ity detecting midags (T@cmlime%bmmb%m&cabel ed
peptide purity was determ ned by reverse-phase HPLC using_ the follow ng
condi t i d03 BaEMARABICER Picd sointiblgiorcdatectonsprobey. dntheradithierapsiiia Srabadimenty Pfim
was Lkoadged. v € ' | t i ; a

Sor vant T aren e de B B R e S R A e, s
per f or masefuls im cheatreptmenteoft disdas@0ob OticSallmens iB/aBohalenprefargdBo lhumas, Aucls 0. 1%

CF, COOH i n wat er. and‘gol ngkpt E js‘hg' 1% CF3COOH in 90/ 10 gl—ciﬁlgl\l/l-ll,o for 20
mn., fOHFERRET B TE08E RS FFToriIeG, Py, SXProssion GRINPEXRIFINRS A SnhBeRPs i e
det ect eqejbigh MSe@Rs b allhifs irRflidersat hfeCndl SBE@HAH brdabk&flcdrOotiah RhQEF ALY
recorder. Technetium 99m gl uceptate and Techneti um 99m sodi um pertechnet ate

20 el utcandset ephoma aad olhari Hrpess dhateterizadeBle theo BEIYN g shakigraniears DeHgn
Pece L D RHAALS) SEERCT e M PG RCT R TPl !
thereof via the expression of CT receptors on the cell surface of cells comprising such tumors.
Any radiometal may be complexed with the reagents of the invention to provide a
radiodiagnostic or radiotherapeutic agent. For example, the reagents of the invention may be
radiolabeled with technetium-99m, iodine-125, or iodine-123 to provide a scintigraphic imaging
15  agent. This invention also provides CT receptor-binding reagents capable of forming a complex
with a magnetic, paramagnetic, supermagnetic, or superparamagnetic metal atom, ion or
particle. The CT receptor binding reagents of the invention can also advantageously be
radiolabeled with a cytotoxic radioisotope selected from the group consisting of scandium-47,
copper-67, gallium-72, yttrium-90, tin-117m, iodine-125, iodine-131, samarium-153,
20  gadolinium-159, dysprosium-165, holmium- 166, ytterbium-175. lutetium-177, rhenium-186,
rhenium-188, astatine-211, bismuth-212, and bismuth-213 to provide a radiotherapeutic
agent.
When the reagents of the invention are used to form a complex of radioactive
technetium or rhenium, the technetium complex, preferably a salt of technetium-99m
25  pertechnetate, or rhenium in the form of perrhenate, is reacted with the reagent in the presence
of a reducing agent. Preferred reducing agents are dithionite, stannous and ferrous ions; the
most preferred reducing agent is stannous chloride. Alternatively, the complex may be formed
by reacting a reagent of this invention with a pre-formed labile complex of technetium or
rhenium and another compound known as a transfer ligand. This process is known as ligand
30 exchange and is well known to those skilled in the art. The labile complex may be formed

using such transfer ligands as tartrate. citrate. gluconate or mannitol, for example. Among the

21



Non-r adi oacti ve rheni um conpl exes were prepared by co-di ssol ving each of
the peptide reagents of the invention with about one nolar equival ent of

t et rabut yl ammoni um 25 oxot et rabronor henate (+5), prepared as descri bed by .
Cotton et Y4966, |1 norg. Chem 5: 9-16) in di methyl f or meFRT/HEo848864
acetonitrile/water and stirred for 0.5-5 days. The rheni um conpl exes were

| sol ated by reverse phase HPLC as descri bed above for Technetium 99m

| abel ed peptides and were characterized by FABVMS or ESMS. Non-radi oactive

pept i desedMRERUAOYBTeREchASalROAY k@ Turh ¥alts uskful ithRES bieSddd aiveniinl 4r€ ifdRidegt i on
at 220nm 30Radi oacti ve rheni um conpl exes, using for exanple Re-186 or

Re- 188, the alkphi anvaal salty yushas iee sqde sl AreanpeeHn@naite o5 iowes alkyl gamasiig ame
pr ot ocols for Technetium 99m | abeli.ng, or by adding a reducing agent to
a solution of the peptide and perrhenate, or optionally using a |igand
transf er agerifheinnehtiarsisaisbreatbediad th a kic fdypirépagng radioneead tlatetedatagants éomse at ur e

e e T T S T p——

2 Y YOS it Y Sl a0 AR i
is technetium-99m, rhenium-186, or rhenium-188, a reducing agent. For example, an
appropriate quantity of a reagent of the invention is introduced into a vial containing a reducing
agent, such as stannous chloride, in an amount sufficient to label the reagent with technetium-

10 99m, rhenium-186 or rhenium-188. An appropriate amount of a transfer ligand as described
(such as tartrate, citrate, gluconate, glucoheptanate or mannitol, for example) can also be
included in the kit. The kit may also contain conventional pharmaceutical adjunct materials
such as, for example, pharmaceutically acceptable salts to adjust the osmotic pressure, buffers,
preservatives and the like. The components of the kit may be in liquid, frozen or dry form. In a

15  preferred embodiment, kit components are provided in lyophilized form. Technetium-99m,
rhenium-186 and rhenium-188 labeled radiopharmaceuticals according to the present invention
may be prepared by the addition of an appropriate amount of technetium-99m, rhenium-186 or
rhenium-188, or radionuclide complexes thereof, into the vials and reaction under conditions
described in the Examples below.

20 The kit of the invention may be embodied in a form suitable for diagnostic imaging or
as a therapeutic agent using a radioisotope of iodine, including iodine-123 and iodine-131, and
preferably iodine-123. In this embodiment. the kit comprises a sealed vial containing a
predetermined quantity of a CT receptor binding reagent capable of being radiolabeled with an
iodine isotope. CT receptor binding reagents suitable for use in this embodiment include CT

25  1itself, a CT derivative, a CT analogue. CT mimetics and CT peptidomimetics that specifically
bind to the CT receptor. When peptide and peptidomimetic CT receptor binding reagents are
employcd in this embodiment, a tyrosine residue in the reagent may be radioiodinated. Such a
tyrosine residue may occur naturally in the peptide or peptidomimetic, or the tyrosine residue
may be added at a position in the peptide or peptidomimetic that does not disrupt binding of the

30 reagent to CT receptors. Dose, sites and routes of administration, formulations and administered
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specific radioactivity using the kit of this embodiment are as described herein for technetium
and rhenium-labeled reagents for scintigraphic and therapeutic uses.

The imaging agents provided by the invention have utility for tumor imaging,
particularly for imaging primary and metastatic neoplastic sites characterized by neoplastic cells

5 that express or overexpress CT receptors, and in particular such primary and especially
metastatic breast, lung and ovarian tumor-derived cells that have been clinically recalcitrant to
detection using conventional methodologies. The imaging reagents provided by the present
invention can also be used for visualizing organs such as the kidney or bone for diagnosing
disorders in these organs.

10 For diagnostic purposes, an effective diagnostic amount of the diagnostic or
radiodiagnostic agent of the invention is administered, preferably intravenously. In
radiodiagnostic embodiments, localization of the radiolabel is detected using conventional
methodologies such as gamma scintigraphy. In non-radioactive diagnostic embodiments,
localization of sites of accumulation of the paramagnetic metal-labeled diagnostic agents of the

15 invention is achieved using magnetic resonance imaging methodologies.

In accordance with this invention. for scintigraphic imaging the technetium-99m
labeled reagents of the invention are administered in a single unit injectable dose. The
technetium-99m labeled reagents provided by the invention may be administered
intravenously in any conventional medium for intravenous injection such as an aqueous saline

20  medium, or in blood plasma medium. Generally, the unit dose to be administered has a
radioactivity of about 0.01 mCi to about 100 mCi, preferably 1 mCi to 20 mCi. The solution
to be injected at unit dosage is from about 0.0l mL to about 10 mL. After intravenous
administration, imaging in vivo can take place in a matter of a few minutes. However,
imaging can take place, if desired, in hours or even longer, after the radiolabeled reagent is

25 injected into a patient. In most instances, a sufficient amount of the administered dose will
accumulate in the area to be imaged within about 0.1 of an hour to permit the taking of
scintiphotos. Any conventional method of scintigraphic imaging for diagnostic purposes can
be utilized in accordance with this invention.

For the purposes of this invention, radiotherapy encompasses any therapeutic effect

30 ranging from pain palliation to tumor ablation or remission of symptoms associated with the

particular cancer being treated. When the reagents of the invention are used for therapeutic
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compounds, including CT fragments, CT peptide analogues and CT derivatives, are synthesized
using the methods of the invention and a radiometal chelator is covalentlv linked to the
compound. The reagents are then complexed with a radiometal or a non-radioactive isotope
having chelation characteristice similar to the deéired radiometal, and CT receptor binding is
10 then evaluated in in vitro competition binding assays as described herein using radioiodinated
CT. As an example of this methodology, ReO is employed to evaluate the suitability of CT
receptor-binding peptides for use as 99m-technetium radiolabeled scintigraphic imaging agents,
as disclosed in Example 4 below
The methods for making and labeling these compounds are more fully illustrated in the
15  following Examples, which illustrate certain aspects of the above-described invention and

advantageous results and are shown by way of illustration and not limitation.

EXAMPLE 1
Synthesis of BAT Chelators

20 BAT chelators, in particular S-cysteine derived and €-amino Lysine derived BAT
chelators, are prepared according to the methods of co-owned and co-pending U.S. Serial No.

08/414.424. incorporated by reference herein.

EXAMPLE 2
25 Solid Phase Peptide Synthesis

Solid phase peptide synthesis (SPPS) was carried out on a 0.25 millimole (mmole) scale

using an Applied Biosystems Model 431A Peptide Synthesizer and using 9-
fluorenyimethyloxycarbonyl ~ (Fmoc)  amino-terminus  protection,  coupling  with

30 dicyclohexylcarbodiimide/hydroxybenzotriazole or 2-(1H-benzotriazol-1-y1)-1,1,3,3-
tetramethyluronium hexafluorophosphate/ hydroxybenzotriazole (HBTU/HOBT), and using p-
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hydroxymethyl henoxymethyl-polystyrene (HMP) resin o'r Sasrin™ or chlorotrityl resin for

carboxyl-terminus acids or Rink amide resin for carboxyl-terminus amides.
Where appropriate, Fmoc-Cys(BAT) and No-Fmoc-Ne-(BAT)Lys were synthesized as
described in co-owned and co-pending U.S. Serial No. 08/414,424, incorporated by reference

5 herein.

| Where appropriate, 2-chloroacetyl, 2-bromoacetyl and 2-bromo-3-phenylpropionyl
groups are introduced either by using the appropriate 2-halo acid as the last residue coupled
during SPPS, or by treating the N-terminus free amino acid peptide bound to the resin with
either 2-halo acid/ diisopropylcarbodiimide/N-hydroxysuccinimide/NMP or 2-halo acid

10  anhydride/ diisopropylethylamine/NMP.

Where appropriate, HPLC-purified 2-haloacylated peptides are cyclized by stirring an
0.1-1.0 mg/mL solution in phosphate or bicarbonate buffer or dilute ammonium hydroxide (pH
8.0), optionally containing 0.5-1.0 mM EDTA, or acetonitrile or THF for 1-48 h followed
optionally by acidification with acetic acid. lyophilization and HPLC purification.

15 Where appropriate, thiol-containing peptides are reacted with chloroacetyl-containing,
thiol-protected Technetium-99m complexing moieties at pH 10 for 0.5-4 hours at room
temperature, followed by acetic acid acidification and evaporation of the solution to give the
corresponding peptide-sulfide adduct. Deprotection and purification are routinely performed as
described to yield the chelator-peptide conjugate.

20 Where appropriate, BSME, BSEE and BSH adducts are prepared by reacting single
thiol-containing peptides (5 to 50 mg/mL in DMF buffered to pH 7 with N-methylmorpholine
or N-ethyl-morpholine, or 50mM sodium phosphate buffer, pH 7-8, optionally containing
0.5mM EDTA or DMF or THF or acetonitrile) with 0.5 molar equivalents of BMME (bis-
maleimidomethylether), BMEE (bis-maleimidoethylether) or BMH (bis-maleimidohexane),

25  respectively, pre-dissolved in acetonitrile at room temperature for approximately 1-18 hours.
The solution was concentrated and the product was purified by HPLC.

Where appropriate, TSEA adducts are prepared by reacting single thiol-containing
peptide (at concentrations of 10 to 100 mg/mL peptidg in DMF buffered to pH 7 with N-
methylmorpholine or N-ethylmorpholine, or 5 to 50 mg/mL peptide in 50mM sodium

30 phosphate, pH 7-8, optionally containing 0.5mM EDTA or DMF or THF or acetonitrile) with
0.33 molar equivalents of TMEA (¢ris(2-maleimidoethyl)amine) pre-dissolved in acetonitrile or
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i nhibit the specific binding

DMF, with or without 1 molar equivalent of triethanolamine, at room temperature for
approximately 1-18h. Such reaction mixtures containing adducts are concentrated and the
adducts are then purified using HPLC.

Where appropriate, (BAM) (N'.N* -bis(2-fnercapto-2-mcthylpropyl)-1,4,10-triazadecane)

5 is conjugated to the peptide by first activating the peptide carboxylate with a mixture of
diisopropylcarbodiimide/ N-hydroxysuccinimide or HBTU/HOBt in DMF, NMP or methylene
chloride, followed by coupling in the presence of diisopropylethylamine. After coupling, the
conjugates are deprotected as described above.

Where appropriate, (BAT) (N°,N’-bis(2-mercapto-2-methylpropyl)-6,9-diazanonanoic

10 acid) is incorporated into peptides as protected amino acid derivatives, such as (No(Fmoc)-
Ne(N-Boc)-S.S” -bistrityl-BAT)lysine (prepared from No(Fmoc)-lysine and Ne(N-Boc)-S,S” -
bistrityl-BAT as described in Example 2 of co-owned and co-pending U.S. Patent Application
Serial No. 08/044,825, incorporated by reference), or as (N(Fmoc)-S,5 -bistrityl-BAT)cysteine
(prepared as described in Example lF of co-owned and copending U.S. Serial No.8/414,424,

15 incorporated by reference) during peptide synthesis and then deprotected after cleavage of the
completed peptide from the synthetic resin.

Where appropriate, BAT-BS (N-{2-(N’,N~bis(2-succinimidoethyl) aminoethyl)}-N°,N'-
bis(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide) adducts are prepared by reacting single
thiol-containing peptide (at concentrations of 2 to 50 mg/mL peptide in DMF buffered to pH 7

20 with N-methylmorpholine or N-ethylmorpholine, or in SOmM sodium phosphate (pH 7-8),
optionally containing 0.5mM EDTA or DMF or THF or acetonitrile) with 0.5 molar equivalents
of BAT-BM (N-{2-(N’N"-bis(2-maleimidoethyl)aminoethyl) }-NV’-(t-butoxycarbonyl)-N°,N’-
bis(2-methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanamide) pre-dissolved in acetonitrile
or THF, at room temperature for approximately 1-18h. The solution is then evaporated to

25  dryness and (BAT-BS)-peptide conjugates deprotected by treatment with 10mL TFA and
0.2mL tnethylsilane for 1h. The solution is concentrated, the product adducts precipitated with
ether, and then purified by HPLC.

Where appropriate, peptide precursors are cyclized (between the amino- and carboxyl-
termini) by reaction of the sidechain-protected, N-terminal free amine and C-terminal free acid

30  with diphenylphosphorylazide.
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Col l ection, Rockville, MD, ATCC Accession No. HIB-133) 10were used to
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nmet hod of Fisher et al. (1977, British J. Cancer 35: 777-784). Briefly,
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Sosifl | SpPSuite] HERR eRaR e ARt dRparalme BN T Pt Neb otin &
Wi t hi n tfiedeesdigtohie dé BM@Q(B&I&Q‘USi ng whole T-47D cells and MCF-7 cells

(ATCC Accessi on No. B- 25%1: The cel | binding assays were done essentially
by the nmet hodVisre Epprapagie.ethich|funqupgggies jvittim dlag penitsie . or BPLidgpetic3segyence
Briefly, .8 ASREL ok Vigd | j L : ced
oal £ so epes LR ARk Rl AR b AR e ed iy RS RS
1251- salSmbut@T(to rprédfiich emixbd e+boey! atishifides @ngemethotytkhdfiLnE atbatye rewgsmn CT

to term ne .a,100% speci f.i c bi ndi.n val ue. Cells were incubated with 0.1
pC qgf I%?Y%Tbyntrf%’é‘g‘b(_r &4t @ s P“%fgsoefngﬁhl‘&hr‘?} y?rnd“"(f‘éi’rﬁ’ﬁoéﬁlai’@t i B dt
r eagent sndigbxgBedzBErBtps drérekibyedRifX B6oA Hd ridBe frfe Rl BHES iRl hcil (S fhe
val ues were determ ned as descri bed above. Results for each of the tested

r eagent Pregercet @\iise radicahgsagenger such as m-cresgl.0BE@sthglt peprdg cpntagningdivometal
binding moieties are prepared by SPPS ending with an N-terminal 2-haloacetyl group. The
prosthetic group are removed from the resin and any thiol groups are-protected, for example,

20  with a trityl group. The haloacetylatd sequence is then coupled with the thiol-containing
peptide under essentially the same conditions as described above for preparing cyclic thioethers.
Removal of remaining protecting groups is then achieved using the methods described herein to
yield the final product.
Crude peptides are purified by preparative high pressure liquid chromatography (HPLC)
25 using a Waters Delta Pak C18 column and gradient elution using 0.1% trifluoroacetic acid
(TFA) in water modified with acetonitrile. Acetonitrile is evaporated from the eluted fractions
which are then lyophilized. The identity of each product is confirmed by fast atom
bombardment mass spectroscopy (FABMS) or by electrospray mass spectroscopy (ESMS).
CT receptor binding peptides, derivatives and analogues synthesized as provided herein,
30  as well as the products of such synthesis identified by ESMS or FABMS, are shown in Table I

below.
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csi C 1 C CenCC These results indicated that peptide reagents
within the scope of the invention and ReO conpl exes of such peptides were
capabl e ofivepeeiidé cal |y binding to CT receptors on whol e celplgadfdgoddaat the
reagents were potent inhibitors of CT binding in two different CT
receptor-expressing breast tunor cell lines. B.CT Receptor Expressi.on in
Breast Cancer Cell Lines The bi nding of 1251-CT to whole cells was
used to assess the CT receptor density in seven different human breast
cancer cell lines. The site density per cell was determ ned-for MCF-7 cells
in the presence of different concentrations of CI to achieve saturation of
the receptaors,. _The data was then linearized by the nethod of Scatchard et
al. (1949, N.ly. Acafl. pci. 51: 600- 672) to estimate receptor density.
Briefly, the patturatiop curves were linearized and the K, was cal cul ated as
(-1/slope)}Lahd the|Bnf, was equal to the x-axis intercept of the curve.

G her cel | gi ngs|gepch]of which was obtained fromthe ATCC, Rockville, M)
wer e conpayed|Zo|HLCE-7|cells at a single concentration of "sl-CT and their
CT receptof2dens{ty|estimated thereby. The data are sunmarized in Table V.
Table V Cejf_Ling CT Receptors/ Cell x 10.3 Du4475 21.5 ZR75 39.5 MDA- MB- 157
51.0 MCF-7] 1, p00| Bt 474

uy)

3338
3841

Peptide
M’ determined by fast atom bombardment mass spectrometry for all other peptides.

* = M" determined by electrospray mass spectrometry

18. SNLST.Asu. VL.GKLSC(CHCO(B-Dap) KCK amide) ELHKL.QTYPRTDVGAGT P amide

17. SNLST.Asu. VLGKLSCELHKLQTYPRTDVGAGTP.amide
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166 HS578T 0 T-47D 360 These data show that 86% (6 of 7) of the
breast cancer cell |ines assayed were positive for CT receptors. Thus, the

target rgce for the reagents of the invention is preseptri;EosREds breast
cancer c§ﬁ1£*§%§é tested. Recently, the target receptor for the reagents of

the invention was found to be overexpressed in primary breast cancers
(Gllespie, et al. (1997) Int. J. Cancer 73, WD 98/49196PCT/ US98/ 08864
812-815). These results indicate that the CT peptides of the invention are
appropriate for preparing useful site specific reagents for diagnosis and
treatnment of tunors in humans. C. ln vivo Assay Breast cancer cel

| ines were screened for receptor é@%ﬁé@%@%ﬁ and the best cell lines chosen

for xenograft i bl Aidblfifrihoh MRREGROURIARh Thdfmeuliessn t uMor model s
were used to eval unor targeting potential 1n vivo of the high
affsnity peptlidegsf ageptidef preparechag meExampi¢ £ rwasaissalved abOvemLl or 0.2 mEpf
receptor ex Si breast . canger cel T47D and NMCF- 7). re A ted
htor msee Bar Hhane Trpe o SarafGabBar R Rt it iie ] PORiAR

t unmor s vidrQE 1t ©uPbAigdd) Slmourke 16el, MERhing©s, DEYWith 023 inlgoNTeshneuni-a9m wer e

injected with approximately 0.025 nC _at aBproxinateI 6 _nCi /10 nnol
pept i deodiprepegpihralpe crerainine PR ite 4P (n(diaad gHavet oagiand %ﬁdédmg‘t“a% MJgPPy for 5

m nut e i a Te L odl St Qub ' - tide
ot ntBuger; ST By TR0 Hefm R BLABGE R LE i KT AP T
ganoe Gceudnhbieslloaedng pwictdd & raum aintheaduire fiat 1S 1060 tnkie or pj WOPEdorddse 30 The ti ne
points for biodistrib tioE xﬁge chosen to represent early, mddle and | ate
phases 28¢ 9 ftereeirapah afy2 ¥Mdtiince. Biodistribution studies indicated that

ggts :a ggl S Lg tr-lﬁxrkmmﬁe@?ﬂr%gm@dmébe&d%ﬁuae; sﬂn?twa%qigfe‘nwfeesoymséﬁsé-;mawHipg]g. To
2l oacingithy Wivinp Sandtheney ar Wolsss DR Fek Gubh.colboHDBREE 'o0mIm s Ra urrr
rep ooy ©hil Wik IR kB8 Boide Snathe FlMHEHRBE & BRI ol RO1 € V
15 equal to | mL/min (Delta-Pak). Gradient elution was performed using a gradient of 20-50%
Solvent B/Solvent A (Solvent A is 0.1% CF,COOH in water and Solvent B is 0.1% CF,COOH
in 90/10 CH,CN/H,O) for 20 min., followed by 100% B/A for 3 min.
Radioactive components were detected using an in-line radiometric detector linked to an
integrating recorder. Technetium-99m gluceptate and Technetium-99m sodium pertechnetate
20 elute between | and 4 minutes under these conditions, whereas the Technetium-99m labeled
peptides eluted after a much greater amount of time. Peptides were detected by in-line
spectrophotometric detection at 220nm.
Non-radioactive rhenium complexes were prepared by co-dissolving each of the peptide
reagents of the invention with about one molar equivalent of tetrabutylammonium
25  oxotetrabromorhenate (+5), prepared as described by Cotton er al. (1966, Inorg. Chem. 5: 9-16)
in dimethylformamide or acetonitrile/water and stirred for 0.5-5 days. The rhenium complexes
were isolated by reverse phase HPLC as described above for Technetium-99m labeled peptides
and were characterized by FABMS or ESMS. Non-radioactive peptides were detected as
peptides by in-line spectrophotometric detection at 220nm.

30 Radioactive rhenium complexes, using for example Re-186 or Re-188, are prepared

from the appropriate perrhenate salts using the same protocol as for Technetium-99m labeling,
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~or by adding a reducing agent to a solution of the peptide and perrhenate, or optionally using a

ligand transfer agent such as citrate and incubating the reaction at a temperature between room
temperature and 100°C for between 5 and 60 min.
Results of HPLC purification of peptides, Technetium-99m labeled peptides and ReO-

complexed peptides are shown in Table II.
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EXAMPLE 4

Biological Assays
A. Binding Inhibition Assays
Peptide reagents within the scope of the invention, or ReO complexed embodiments
5  thereof, were tested using in vitro assays that measure their ability to inhibit the specific binding
of L-CT to the CT receptor, using membranes from rat brain or from a breast tumor cell line,
and on whole cells from breast tumor cell lines, as described in detail below.

Assays using microsomal membrane fractions of rat brain and T-47D cells (obtained
from the American Type Culture Collection, Rockville, MD, ATCC Accession No. HTB-133)

10 were used to identify analogs with high affinity for the CT receptor according to the method of
Fisher er al. (1977, British J. Cancer 35: 771-784). Briefly, tissue was minced and
homogenized. The membranes were washed several times, assayed for protein content and used
in the binding assay. Membrane protein was incubated with 0.1 uCi of "I-salmon CT
(Amersham, Cleveland, OH) in the presence or absence of varying concentrations of reagents to

15 be tested. Both uncomplexed and ReO complexed reagents were tested. One hundred percent
specific binding of I-CT to the CT receptor was defined as the difference between total I-CT
binding and nonspecific binding of “I-CT measured in the presence of a receptor-saturating
concentration (1 uM) of excess unlabeled salmon CT (Sigma, St. Louis, MO). The
concentration at which the tested reagents inhibited specific binding of I-CT by 50% was

20  defined as the IC,.

Results of binding to membrane preparations of CT receptors for each of the tested
reagents are shown in Table III. These results indicate that peptide reagents within the scope of
the invention and ReO complexes of such reagents bind with high affinity to CT receptor-
expressing tumor cell and brain membranes.

25 Similar experiments were performed with additional peptide reagents within the scope
of the invention, using whole T-47D cells and MCF-7 cells (ATCC Accession No. HTB-22).
The cell binding assays were done essentially by the method of Findlay ez al. (1990, J.
Endocrinol. 130: 321-326). Briefly, cells were washed in saline and resuspended in Hank’s

balanced salt solution. One to two million cells were incubated with 0.1 puCi '*5]_salmon CT in

30 the absence and presence of 1 LM unlabeled salmon CT to determine a 100% specific binding
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value. Cells were incubated with 0.1 puCi of "*I-CT in the presence or absence of varying
concentrations of reagents to be tested, in uncomplexed and/or ReO-complexed form. ICsp
values were determined as described above. Results for each of the tested reagents are shown in

Table IV.
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(1) GENERAL | NFORMATION: (i) APPLICANT: Dean, Richard T. Bush, Larry R
Pearson, Daniel A Lister-Janes, John (ii) TITLE OF | NVENTI ON: CALCI TONI N
RECEPTOR | NG REAGENTS (iii) NUMBER OF SEQUENCES: 11 (i V) CORRESPONDENCE,
ADDRESS: W&l\gﬁﬁgﬂESSEE: Diatide, Inc. (B) STREET: 9 Delta D\)"?T/BS?”&“ TY:
Londonderry (D) STATE: NH (E) COUNTRY: USA (F) zIP: 03053 (v) COWUTER
READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk, (B) COWPUTER: | BM PC conpati bl e
(C) OPERATI NG SYSTEM PC- DOS/ M5-DOS (D) SOFTWARE: Patent|n Rel ease #1.0,

Ver si on #1. 30hese resulGURARENT ARPP¢UAT raRemAWthin(thy seipPIof T atipMBER:O ( B)

FILING pébr‘;[;ﬁéxeg 9 sug'r'%‘gﬁldgg 9@@ cg;\Jléble of specifically binding to CT receptors on whole cells
and that the reagents were potent inhibitors of CT binding in two different CT receptor-

expressing breast tumor cell lines.

B. CT Receptor Expression in Breast Cancer Cell Lines

The binding of “I-CT to whole cells was used to assess the CT receptor density in seven
different human breast cancer cell lines. The site density per cell was determined for MCF-7
cells in the presence of different concentrations of CT to achieve saturation of the receptors.
The data was then linearized by the method of Scatchard et al. (1949, N.Y. Acad. Sci. 51: 600-
672) to estimate receptor density. Briefly, the saturation curves were linearized and the K, was
calculated as (-1/slope), and the B_ was equal to the x-axis intercept of the curve. Other cell
lines (each of which was obtained from the ATCC, Rockville, MD) were compared to MCF-7
cells at a single concentration of "“I-CT and their CT receptor density estimated thereby. The

data are summarized in Table V.

Table V
Cell Line CT Receptors/Cell x 10” |

Dud475 21.5

ZR75 39.5
MDA-MB-157 51.0

MCEF-7 1,000

Btd74 166

HS578T 0

T-47D 360

These data show that 86% (6 of 7) of the breast cancer cell lines assayed were positive
for CT receptors. Thus, the target receptor for the reagents of the invention is present in most
breast cancer cell lines tested. Recently, the target receptor for the reagents of the invention was

found to be overexpressed in primary breast cancers (Gillespie, et al. (1997) Int. J. Cancer 73,
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(vii) PRI OR APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER US 08/847, 007 (B)
FI'LING DATE: 01- MAY-1997 (viii) ATTORNEY/ AGENT | NFORVATI ON: (A) NAME:

McDani elygg of7thibd Ci @ A. (B) REG STRATI ON NUVBER: 33, 194 ( CpcRAFRSREMEE/ DOCKET
NUVBER: DI TI 125. 1PCT (i x) TELECOVMUNI CATI ON | NFORMATI ON: (A) TELEPHONE:
(603) 437-8970 (B) TELEFAX: (603) 437-8977 (2) | NFORVATION FOR SEQ I D NO 1:
(i) SEQUENCE CHARACTERI STICS: (A) LENGIH. 32 amno acids (B) TYPE: am no

Ori o1 RIS AeEe ROt AL 7R e RN (o R PP ofte ()

NAME/ Kkeparihg sseful sittespeéifid rehgents for diagnosis and treatment of tumors in humans.

C. In vivo Assay

Breast cancer cell lines were screened for receptor expression and the best cell lines
chosen for xenograft implantation in immune deficient mice. These tumor models were used to
evaluate the tumor targeting potential in vivo of the high affinity peptides identified in the in
vitro assays above.

CT receptor expressing breast cancer cells (T47D and MCF-7) were implanted into
immune deficient mice or Sprague-Dawley rats and allowed to grow tumors. For testing new
*"Tc-CT peptides, tumor-bearing mice or rats were injected with approximately 0.025 mCi at
approximately 6 mCi/10 nmol peptide. The animals were cervically dislocated and imaged

Y,

statically for 5 minutes using a gamma camera. The biodistribution of the Tc-CT peptide was
then determined by counting blood, tumor, target organs and muscle in a gamma counter along
with standard aliquots of the injected dose. The time points for biodistribution were chosen to
represent early, middle and late phases of ™ Tc-CT analog clearance. Biodistribution studies
indicated that optimal signal to noise ratios occurred at 90 minutes post-injection. To assess the
tumor imaging potential of selected analogs. the ratio of radioactivity in blood and various

tissues were compared to that in tumor. Representative biodistribution data after 90 minutes are

shown in Table VI below.
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PCT/ US98/ 08864 WD 98/ 49196 (B) LOCATION: 1..7 (ix) FEATURE: (A) NAME KEY:
Modi fied-site (B) LOCATION: 32 (D) OTHER | NFORMATI ON: / product = " PROLI NE
32" [/l abel,z a7 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: Leu
Ser Thr 89%'(3%% Ay Thr Tyr Thr Gn Asp Phe 151015 Asn%ﬁé‘%?é’é’é@ﬁ]s Thr
Phe Pro Gn Thr Ala lle Ay Val Gy Ala Pro 202530 (2) | NFORVATI ON FOR SEQ
ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 32 ami no acids (B) TYPE:
am no acid (C) STRANDEDNESS: (D) TOPOLOGY: bot'h (ii) MOLECULE TYPE: peptide
(vi) ORIG NAL SOURCE: (A) ORGANI SM CALCI TONI N- - SALMON
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(i x) FEATURE: (A) NAME/ KEY: Disul fide-bond (B) LOCATION: 1..7 (ix) FEATU
(A) NAMVE/ KEY: Modified-site (B) LOCATION: 32 (D) OTHER | NFORMATI ON:

-/ productwo'982R@ké NE 32" /| abel = ami de (xi) SEQUENCE DESCRI PUTd&9sfoBsgsl D
NGO 2: Cys Ser Asn Leu Ser Thr Cys Val Leu Ay Lys Leu Ser Gn Gu Leu
151015 H's Lys Leu G n Thr Tyr Pro Arg Thr Asn Thr Ay Ser Gy Thr Pro
202530 (2) | NFORVATION FOR SEQ I D NO 3: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 32 prghoad a6 daderfod! MRE thathigoiag | dsdidahreSE _E.%géqig((;%ecil QLOGY:
both (ii) MOLECULE TYPE: peptide (vi) ORId NAL SOURCE:" (A NI SM

CALCI Teoporlimengy off §hg yinveparmid that all modifications or alternatives equivalent thereto are

within the spirit and scope of the invention as set forth in the appended claims.
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(A) NAME/ KEY: Disul fide-bond (B) LOCATION: 1..7 (ix) FEATURE: (A) NAME/ KEY:

Modi fied-site (B) LOCATION. 32 (D) OTHER | NFORMATI ON: / product =

" PROLI NE 3d0e4digPel = ami de (xi) SEQUENCE DESCRI PTI ON: SEQ lporhdegosseys Ser
98/491 T 08

Asn Leu §§r 41r Cys Val Leu Ay Lys Leu Ser Gn Gu Leu 151015 H's Lys Leu

Gn Thr Tyr Pro Arg Thr Asp Val Ay Ala Gy Thr Pro 202530 (2) | NFORVATI ON

FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 31 amino acids

(B) TYRE; ﬂ@‘E”‘%ﬁ@% (C) STRANDEDNESS: (D) TOPOLOGY: both (ii) MOLECULE
TYPE: pe8¥| e (IXx EATURE: (A) NAVE/ KEY: Region (B) LOCATION: 1..6 (D)
OTHER | NFORMATI ON: / product= "Si is acetylated and X 6

(1) GENERAL INFORMATION:

(i) APPLICANT: Dean, Richard T.
Bush, Larry R.
Pearson, Daniel A.
Lister-James, John

(ii) TITLE OF INVENTION: CALCITONIN RECEPTOR BINDING REAGENTS
(iii) NUMBER OF SEQUENCES: 11

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Diatide, Inc.
(B) STREET: 9 Delta Drive
(C) CITY: Londonderry
(D} STATE: NH
(E) COUNTRY: USA
(F) Z2IP: 03053

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

{vi) CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/847,007
(B) FILING DATE: 01-MAY-1997

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: McDaniels, Patricia A.
(B) REGISTRATION NUMBER: 33,194
(C) REFERENCE/DOCKET NUMBER: DITI 125.1PCT

({ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (603) 437-8970
(B} TELEFAX: (603) 437-8977

{2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 32 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: both

{ii) MOLECULE TYPE: peptide

{(vi) ORIGINAL SOURCE:
(A) ORGANISM: CALCITONIN--HUMAN

(ix) FEATURE:
(A) NAME/KEY: Disulfide-bond
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is Hhc" /Il abel = cyclized /note= "The peptide is cyclize i
( d by ath
Egﬂghgetmeen the htternlnal acetyl group of sering 1 and t%e tLiLFegPer
i /g% steine 6" (ix) FEATURE: (A) NAVE/ KEY: Modi FCEHHSHY/A8864 B) | OCATI ON:
ER | NFORVATI ON: /product= "C 13" /| abel = BAT /note= "The thi ol '
group of cysteine 13 is attached to a bisam no bisthiol chelator " (ix)
lﬁé‘l&gﬁ (A? NAVE/ KEY: 'bedif!ed-site (B) LOCATION:. 31 (D OTHER
o5 o B o 2 S e (A ST
o 1 4: eu Ser r Xaa Val Leu d
%%s Gy deadukt:s 151015 Lys Leu G n Thr Tyr Pro Arg Thr Asn ¥h$y2;Lege§eé
r Pro 202580E Q%‘“I NEEENRTTSBR®FOR SEQ I D NO 5: (i) SEQUENCE Y

CHARACTERISTHSEN S04 SEENGTLE | 31 ari noris 32-

/label= amide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Cys Gly Asn Leu Ser Thr Cys Met Leu Gly Thr Tyr Thr Gln Asp Phe
1 5 10 15

Asn Lys Phe His Thr Phe Pro Gln Thr Ala Ile Gly val Gly Ala Pro
20 25 30

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: peptide

(vi) ORIGINAL SOURCE:
(A} ORGANISM: CALCITONIN--SALMON

{ix) FEATURE:
(A) NAME/KEY: Disulfide-bond
(B} LOCATION: 1..7

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 32
(D} OTHER INFORMATION: /product= "PROLINE 32"
/label= amide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Cys Ser Asn Leu Ser Thr Cys Val Leu Gly Lys Leu Ser Gln Glu Leu
1 5 10 15

His Lys Leu Gln Thr Tyr Pro Arg Thr Asn Thr Gly Ser Gly Thr Pro
20 25 30

(2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS :
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: peptide

(vi) ORIGINAL SOURCE:
' 43




(B) TYPE: amino acid (C) STRANDEDNESS: (D) TOPOLOGY: both (ii) MOLECULE
TYPE: peptide (ix) FEATURE: (A) NAME/ KEY: Region (B) LOCATION. 1..6 (D)
OTHER IW@W@{;}\I: /product= "Si is acetylated and X6 i s HITUSIB@BESH =
cyclized /note= The peptide is cyclized by a thioether |inkage between the
N-term nal acetyl group of serine 1 and the thiol of honphonobcysteine 6"
(i x) FEATURE: (A) NAME/ KEY: Modified-site (B) LOCATION: 31 (D)
OTHER | NFORVATI ON: oddaliesiClmctRBA - NEeB31" /| abel = ami de (xi) SEQUENCE
&ESCSI PT:_O\I: H’SéQllaliDnT? 5: Ser Asn Leu Ser Thr Xaa Val Leu Gy Lys Leu Ser
S U Letixh BEA Lys Leu G.n Thr Tyr Pro Arg Thr Asn Thr Ay Ser Gy
Thr Pro 202530 ()N t;:ggmf fEeRSE®) 1D N 6: (i ‘
CHARACTER! STI ng‘”)"gﬂgZf PRHOR S (1) SEQENE

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 32
(D) OTHER INFORMATION: /product= "PROLINE 32"

/label= amide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Cys Ser Asn Leu Ser Thr Cys Val Leu Gly Lys Leu Ser Gln Glu Leu
1 5 10 15

His Lys Leu Gln Thr Tyr Pro Arg Thr Asp Val Gly Ala Gly Thr Pro
20 25 30

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: peptide

(ix) FEATURE:

(A) NAME/KEY: Region

(B) LOCATION: 1..6

(D) OTHER INFORMATION: /product= "S1 is acetylated and X 6
is Hhc"
/label= cyclized
/note= "The peptide is cyclized by a thioether bond between the
N-terminal acetyl group of serine 1 and the thiol of
homohomocysteine 6"

(ix) FEATURE: _
(A) NAME/KEY: Modified-site
(B) LOCATION: 13
(D) OTHER INFORMATION: /product= "C 13"
/label= BAT
/note= "The thiol group of cysteine 13 is attached to a bisamino
bisthiol chelator *

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 31
(D) OTHER INFORMATION: /product= "Proline 31"
/label= amide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Ser Asn Leu Ser Thr Xaa Val Leu Gly Lys Leu Ser Cys Glu Leu His
1 5 10 15

44



(A) LENGTH: 31 amino acids (B) TYPE: amno acid (C) STRANDEDNESS: (D)
TOPOLOGY: both (ii) MOLECULE TYPE: peptide (ix) FEATURE: (A) NAME KEY:

Regi on (ByoldggfddilsON: 1..6 (D) OTHER | NFORMATI ON: / product = pS&rnjsssinsses
acetylated and X6 is Hcy" /| abel = cyclized /note= "The peptide is cyclized
by a thioether |inkage between the N-ternminal acetyl group of serine 1 and
the thiol of honocysteine 6." (ix) FEATURE: (A) NAME/ KEY: Mdified-site
(B) LOCATION: 31 (D) OTHER | NFORVATI-ON: / product= "Proline 31"
/1 abel = am des (ben) GISECUENCE DeSORI PR QNn BRQch P N 61y Ber sdsn Leu Ser Thr
Xaa Val Leu Ay Lys L&% Ser Cys Gu Letf Hi s 151015 Lys3Peu G n Thr Tyr Pro

Arg Thr  AsAndbmaGrot $6k FoYrd b, £r o 202530

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: peptide

(ix) FEATURE:

(A) NAME/KEY: Region

(B) LOCATION: 1..6

(D) OTHER INFORMATION: /product= "Sl is acetylated and X6
is Hhc"
/label= cyclized
/note= "The peptide is cyclized by a thiocether linkage between
the N-terminal acetyl group of serine 1 and the thiol of
homohomocysteine 6"

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 31
(D) OTHER INFORMATION: /product= “PROLINE 31"
/label= amide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Ser Asn Leu Ser Thr Xaa Val Leu Gly Lys Leu Ser Cys Glu Leu His
1 5 10 15

Lys Leu Gln Thr Tyr Pro Arg Thr Asn Thr Gly Ser Gly Thr Pro
20 25 30

(2) INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: peptide

{ix) FEATURE:

(A) NAME/KEY: Region

({B) LOCATION: 1..6

(D) OTHER INFORMATION: /product= "Sl is acetylated and X6
is Hcy"
/label= cyclized
/note= "The peptide is cyclized by a thiocether linkage between
the N-terminal acetyl group of serine 1 and the thiol of
homocysteine 6.

(ix) FEATURE:
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(2) INFORMATION FOR SEQ ID NO 7: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH
31 amno acids (B) TYPE: amino acid (C) STRANDEDNESS:. (D) TOPOLOGY: both
(1) Nu—ﬁ@‘dk}%fEXPE peptide (ix) FEATURE: (A) NAME KEY: Reagitousogiosscs
LOCATI ON: (D) OTHER | NFORMATI ON: /product= "Si is

acetyl at ed" /I abel = cyclized /note= "The peptide is cyclized by a thioether
bond bet ween the N-term nal acetyl group of serine 1 and the thiol of

cysteine 6." JAI\FA%)H@E ud Ak s NAVELKEY:  Modi fied-site (B) LOCATION: 31
(D) OTHER INFO# TloRrronpr oduct = "Proline 31" /|l abel = am de (xi) SEQUENCE

DESCRI PTI ON:  SEHQ | dDHRQO INFOBWATIAN N /peeduSer Fyelays3Val Leu Gy Lys Leu Ser
Oys G u efeH $™1%1015 Lys Leu Gn Thr Tyr Pro Arg Thr Asn Thr Gy Ser dvy
Thr Pro 202530 (2) | NFORVATI ON FOR SEQ I D NQO 8:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Ser Asn Leu Ser Thr Xaa Val Leu Gly Lys Leu Ser Cys Glu Leu His
1 5 10 15

Lys Leu Gln Thr Tyr Pro Arg Thr Asn Thr Gly Ser Gly Thr Pro
20 25 30

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(3) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: both

(ii) MOLECULE TYPE: peptide

fix) FEATURE:

(A) NAME/KEY: Region

(BR) LOCATION: 1..6

(D) OTHER INFORMATION: /product= "Sl1 is acetylated”
/label= cyclized
/note= "The peptide is cyclized by a thicether bond between the
N-terminal acetyl group of serine 1 and the thiol of cysteine
6."

{ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 31
(D) OTHER INFORMATION: /product= "Proline 31"
/label= amide

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Ser Asn Leu Ser Thr Cys Val Leu Gly Lys Leu Ser Cys Glu Leu His
1 5 10 15

Lys Leu Gln Thr Tyr Pro Arg Thr Asn Thr Gly Ser Gly Thr Pro
20 25 30

(2) INFORMATION FOR SEQ ID NO:8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: both

{ii) MOLECULE TYPE: peptide

(ix) FEATURE:
(A) NAME/KEY: Region
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(i) SEQUENCE CHARACTERI STICS: (A) LENGTH 31 amino acids (B) TYPE: am no
acid (C) STRANDEDNESS: (D) TOPOLOGY: both (ii) MOLECULE TYPE: peptide (|_x)
FEATURE: @A) ol KEY: Region (B) LOCATION: 1..6 (D) OTHER, E@%&g\l
/product= "X6 is Asu" /| abel = cyclized /note= The peptide is™Cy by a
bond between serine 1 and 2-am no suberic acid 6. " (ix) FEATURE: (A
NAME/ KEY: Modi fied-site (B) LOCATION: 31 (D) OTHER | NFORVATI ON:

[ product= "Proline Hearthdbgl = am de (xi) SEQUENCE DESCRI PTION:" SEQ I D

NO 8: Ser Asn Lew)Seruekhrne$agaMab: Leuobdd=Lyg Leuger Cys Gu Leu His
151015 Lyslabel= @ypliEed Tyr Pro Arg Thr Asn Thr Ay Ser Ay Thr Pro 202530

/note= "The peptide is cyclized by a bond between serine 1 and

2-amino suberic acid 6.

(ix) FEATURE:
(A) NAME/KEY: Modified-site

(B)

LOCATION: 31

(D) OTHER INFORMATION: /products= "Proline 31
/label= amide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Ser Asn Leu Ser Thr Xaa Val Leu Gly Lys Leu Ser Cys Glu Leu His

1

5 10 15

Lys Leu Gln Thr Tyr Pro Arg Thr Asn Thr Gly Ser Gly Thr Pro

20 25 30

{2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 31 amino acids
(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY: both

{ii) MOLECULE TYPE: peptide

(ix) FEATURE:

(A) NAME/KEY: Region
(B) LOCATION: 1..6
(D) OTHER INFORMATION: /product= "S1 is acetylated and X6

is Hhe"

/label= cyclized

/note= "The peptide is cyclized by a thiocether bond between the
N-terminal acetyl group of serine 1 and the thiol of
homohomocysteine 6. "

(ix) FEATURE:

(A) NAME/KEY: Modified-site

(B) LOCATION: 31

(D) OTHER INFORMATION: /product= "Proline 31"
/label= amide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Ser Asn Leu Ser Thr Xaa Val Leu Gly Lys Leu Ser Cys Glu Leu His
1 5 10 15

Lys Leu Gln Thr Tyr Pro Arg Thr Asn Thr Gly Ser Gly Thr Pro
20 25 30

{2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
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(2) | NFORVATION FOR SEQ ID NG 9: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
31 amno acids (B) TYPE: amino acid (C) STRANDEDNESS:. (D) TOPOLOGY: both
(i) MOLECULE 3’ XPE: peptide is Hhc" /label = cyclized /noteg-fd{i§spefi de is
cyclized by a i oet her bond between the N-terninal acetyl group of serine
1 and the thiol of honbhonocvsteine 6." (ix) FEATURE: (A) NAME KEY:

Modi f i ed- si t'e (B) LOCATI ON: 31 (D) OTHER | NFORVATI ON: / product =
"Proline 31" % %@ g§xi) SEQUENCE DESCRI PTION: SEQ ID NO 9: Ser Asn
Leu Ser Thr Xaa( ﬁgﬁbb yl;alaageu Ser Cys Qu Leu H's 151015 Lys Leu G n

Thr Tyr Pro Arg Thr Asn Thr Ay Ser Ay Thr Pro 202530 (2) | NFORVATI ON FOR
SEQ I D NO (@) YGUECGREQUENCEPEMARACTERI STICS: (A) LENGTH: 6 amino acids

(ix) FEATURE:
(A) NAME/KEY: Region
(B) LOCATION: 1..6
(D) OTHER INFORMATION: /product= "S1 is acetylated and X6
is C, Hcy, or Hhc"
/label= cyclized
/note= “The peptide is cyclized by a thioether bond between the
N-terminal acetyl group of serine 1 and the thiol of X6"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Ser Asn Leu Ser Thr Xaa
1 5

(2) INFORMATION FOR SEQ ID NO:11:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
({C) STRANDEDNESS:
(D) TOPOLOGY: circular

(1i) MOLECULE TYPE: peptide

{(ix) FEATURE:
(A} NAME/KEY: Region
(B) LOCATION: 1..6
(D} OTHER INFORMATION: /product= "Xl is A,G, or S; X6 is
C, Hcy, or Bhc"
/label= cyclized
/note= "The peptide is cyclized by a thioether bond between the
N-terminal methylene and the thiol of X6."

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:

Xaa Asn Leu Ser Thr Xaa
1 5
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(B) TYPE: amno acid (C) STRANDEDNESS: (D) TOPOLOGY: circular (ii)
MOLECULE TYPE: peptide (ix) FEATURE: (A) NAME/ KEY: Region (B) LOCATI ON:
1..6 wo 98/49196D) OTHER | NFORVATI ON: / product= "Si is acgf /‘?g d X6
is C, Hcy, or Hhc" /| abel = cyclized /note= "The peptide is cycC |ze

t hi oet her bond between the N-termnal acetyl group of serine 1 and the
thiol of X6" (xi) SEQUENCE DESCRI PTION: SEQ I D NO 10: Ser Asn Leu Ser Thr
Xaa 15 (2) | NFORMATI ON FOR SEQ I D NO 11: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 6 amino acids (B) TYPE: amino acid (C) STRANDEDNESS:. (D) TOPOLOGY:
Ci r CU clhink) MOLECULE TYPE: peptide (ix) FEATURE

1. A synthetic. calcitonin receptor-binding compound having a molecular weight of

less than about 10,000 daltons and being covalently linked to a radiometal chelator to form a
reagent characterized in that:-

said reagent has a binding affinity for a calcitonin receptor equal to or greater

than the binding affinity of radioiodinated native calcitonin for said receptor.

2. A synthetic, calcitonin receptor-binding compound having a molecular weight of

less than about 10.000 daltons and being covalently linked to a radiometal chelator 1o form a
reagent characterized in that:

said reagent has a binding affinity tor a calcitonin receptor of not less than about

one-tenth the binding affinity of radioiodinated native calcitonin for said receptor.

3. The reagent of any of claims | or 2, wherein the chelator is selected from the
group consisting of:
a)  Cpgp)™-(aa)>-C(pgp)’

wherein (pgp)’ is H or a thiol protecting group, and (aa) is any primary o- or p-

amino acid:
b) a chelator comprising a single thiol-containing moiety of formula:
A-CZ(B)-{C(R'RY)} -X
wherein A is H, HOOC, H,NOC. (amino acid or peptide)-NHOC, (amino acid or

peptide)-OOC or R*;
B is H, SH, -NHR’, -N(R*)-(amino acid or peptide), or R*;
X is H, SH, -NHR’, -N(R*)-(amino acid or peptide) or R*;
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(A) NAME/ KEY: Region (B) LOCATION: 1..6 (D) OTHER | NFORVATI ON:
[product= "Xl is AG or S; X6 is C, Hcy, or Hnhc" /| abel= cyclized /note=
"The pept| %d./@ 9c6ycl i zed by a thioether bond between the N-term nal :

met hyl ene '3 A thiol of X6." (xi) SEQUENCE DESCRI PTI ON: ZEAUP/0R84411:
Xaa Asn Leu Ser Thr Xaa 15 W claim 1. A synthetic. calcitonin
recept or - bi ndi ng conpound havi ng a nol ecul ar wei ght of |ess than about

10, 000 dal tons and being covalently linked to -a radionmetal chelator to form

a reagent characterized$ HaRat : sai d reagent _has a binding
affinity for a calcitoR RrRCERAEreSY Q008 & : | adi-ng
affinity of radioiodinat'ed native “cal gﬁegﬁﬁhﬂqor lg\gl&?r?lgg?gtbtéirh?héa&% 2. A

synt hetic, cal citonin oecgeptaelkybi ndi ng conpound havi ng a nol ecul ar wei ght
of | ess than about 10.000 ﬂ'al tons and being covalently linked to a
radi onetal chelator to™¥4PmM%¥ % eagent characterized in that:

sai d reagent has arkinBdtiAgisahy pRinhdy d-Vr feanGiAd &did RO BnlafsEPd @lol ot | ess
t han about one-tenth the bi ndﬂlc'tr)lg af fini Py of relldi oi ogi nated r?a?lifo\l;g

calcitonin for said receptor. 3. The reagent of any of clainms 1 or
2 punere DN chel 2o T Styshod | EAMALe W RUR AEELRD O 9
(aa) isaady primary a- or 13- amino acid: b) a chelator conprising a single
thiol-contai rl\i/hrclege }g?sl -%I—YR’%fr -IIJ&’)r-QJalnglr:lo z'lbc\:_icg:c%r(pl?a)pt_iée),c)<(E\;I éqf%);ndh)fs lor2;

where X is -NHR or -N(R*)-(amino acid or peptide), B is SH, andnis | or 2;

where B is H or R, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, or (amino

acid or peptide)-OOC; X is SH; andnisQ or 1;

where A is H or R’ then where B is SH, X is -NHR" or -N(R"-(amino acid or peptide) _

and where X is SH, B is -NHR" or -N(R")-(amino acid or peptide) and n is | or 2;

where X is H or R*, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, or (amino

acid or peptide)-OOC; and B is SH;

where Z is methyl, X is methyl; A is HOOC, HNOC, (amino acid or peptide)-NHOC,

or (amino acid or peptide)-OOC; B is SH and n is 0;

where B is SH, X is not SH and where X is SH, B is not SH;

and wherein the thiol moiety is in the reduced form;

0 /(CRJH |
NG
NH

l II\I-A-CO—peptide

(ICR:)m (|CR7)p
S-(pgp)’ S-(pgp)’
wherein each R is independently H, CH, or C,H,;

each (pgp)’ is independently a thiol protecting group or H;

m, n and p are independently 2 or 3;
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whereinA is H HOOC, H NOC, (am no acid or peptide)-NHOC, (am no acid or
peptide)-00C or R4&: Bis H SH, -NHR3, -N(R3)-(am no acid or peptide), or
R4; X i swid ogilgioss N\HR3, -N(R3)-(ami no acid or peptide) or Réerudegidsséd OF R4;
R, R2, R3 and R4 are independently H or |ower straight or branched chain
or cyclic alkyl; nis 0, 1 or 2; (amno acid) is any primary cc- or n-amno
acid not containing a thiol group; (peptide) is a peptide of 2 to about 10
am no acids; where B s -NHR3 or - N -(am.ngo _acid or ptide).,. X is SH,
and ' be Tor 2 wherh 3 eRr pererelt TG (BT Bl hile Sy R sbindiey® B s
SH, and n is 1 or 2; mbeskoba substilud dBdvatife tierdd®OC, H2NOC, (am no acid or
peptide)-NHOC, or (amno acid or peptide)-00C, Xis SH, and nis 0 or 1;
where Ais Hor R4, then where Bis SH X is -NHR3 or -N(R3)-(am no acid or
peptidg) and where X is SH B iswcﬁy -N(R3)-(am no acid or peptide)
and ni1s | or 2; where Xis H or ;. ATI'S ., H, NOC, (am no acid or

pepti de)-NHOC, or (amino acid or ptide)-00 Al (% NI?IRSH; where Z is
methyl, X is nethyl; Ais HOOC, H, , (am nojaci or) pepti de) - NHOC, or
(am no acid or peptide)-00C, B i Hand nis & where Bis SH X is not SH
and where X is SH, B is not SH ( mwher ei n t(FIF % hi ol noi ety is in the
reduced form (CR )n NHII-A-COpS;IJ_itide (CR,).SIL{ - (pgp) sS- (pgp) s

wherein each R is independently H, CH, or C H,;
m, n and p are independently 2 or 3.
A = linear or cyclic lower alkyl, aryl, heterocyclyl, a combination thereof
or a substituted derivative thereof;
V = H or -CO-peptide;
R' = H or peptide;
and wherein when V = H, R' = peptide and when R' = H, V = -CO-peptide;
e)

wherein: n, m and p are each independently O or 1,
each R” is independently H, lower alkyl, hydroxyalkyl (C,-C,), or
alkoxyalkyl (C,-C));
each R is independently H or R”, where R” is substituted or
unsubstituted lower alkyl or pheny! not comprising a thiol group;
one R or R’ is L, wherein wheq an R’ is L, -NR’, is an amine: and

L is a bivalent group linking the chelator to the compound;
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wher ei neach R is independently H CH, or C21-15; each (pgp)s is
i ndependently a thiol protecting group or H  m n and p are independently 2

or 3, Ag I or cyclic lower alkyl, aryl, heterocycly nati on
t her eof ‘8’9 l"Bgﬁésti tuted derivative thereof; d) NHN A-CH \%T’I{ﬁ&?&{*‘i

(CR2). (CR,), Il SHSH wherei neach Ris independently H CH or C21-15; m n
and p are independently 2 or 3: A= Ilinear or cyclic |ower alkyl, aryl,

het erocycl yl, a conbi nation thereof or a substituted derivative thereof; V
= H or COpeptide; R = H or peptide; and wherein when V.= H R = peptide
and V\,he@ =H V=-COpeptide; ) RR wherein:n, mand p are each

i ndependently 0 or 1, each R is independently H, |ower alkyl, hydroxyal kyl

(C2-C4), or al koxyal kyl (C2-C4); each RRB{ 8 i ndependently H or R', where R
is substituted or unsubstituted | owdt orophenyl not conprising a
t hi ol group; R "

wherein: n, m and p are each independently O or 1,
each R’ is independently H, lower alkyl, hydroxyalkyl (C,-C,). or
alkoxyalkyl (C,-C));
each R is independéntly H or R”, where R” is substituted or
unsubstituted lower alkyl or phenyl not comprising a thiol group;
one R or R’ is L, wherein when an R’ is L, -NR’, is an amine; and

L is a bivalent group linking the chelator to the compound:

g) (HOOCCH:)ZN(CRz)(CRﬁ)N(CH:COOH)(CR:)(CR . N(CH,COOH)
where each R is independently H, C, to C, alkyl, or aryl and one R is covalently linked

to a bivalent linker;

h) (HOOCCH.).N(CR.,)Y(CR,)N(CH.COOH);
where each R is independently H, C, to C, alkyl, or aryl and one R is covalently linked
to a bivalent linker;

i) 1,4,7,10-tetraazadodecanetetraacetic acid;

) ORI~
N N

. e
\

\(CRa/
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one Ror R is L, wherein when an R is L, -NR, is an amne; and L is a
bi val ent group linking the chelator to the conpound; RR wherein:n, mand
p are eagpoispdgpendently 0 or 1, each R is independently Her@ghsslsky!
hydr oxyal kg:/)l9 /?%% C4), or al koxyal kyl (C2-C4); each R is independently H or
R', where R' is substituted or unsubstituted | ower alkyl or phenyl not
conprising a thiol group; one Ror R is L, wherein when an R is L, -NR,

is an am ne; and . L is a bivalent grou i,nki.ng the | at or_ t he
comound?heéﬁntsm%’)‘%\l(sd@ﬂ@ﬁd%(e %M(‘tﬁnpﬁﬂﬁg@éﬁ , oraryl
wher e eagh offe RSs EOVARREY AR Y tHelcalitordi® rdeeptdt WiMding O8mpduil; #ad one R is
covalently linked to a bivalent |inker; hg (HCIIE:HN(CR,)(CRZ) N( CH2COOH) ;
wher e eakh Resfsriongmimendently H. C, to C, alkyl, or aryl and one Ris
covalently linked to a bivalent l|inker; i)
1,4,7,10-tetraazadodecanet etraaceti c acid; N (CR2)" N (CR2)" where nis
an integer t4giat iTheZre@gend cinclainh el eviedeih Re | helatvi ep evaiterti| frord, thel groap Cl
al kyl, or aryl and one Ris covalently linked to the calcitonin receptor
bi ndi nFoBSHEUHY; and

-(amino acid)'-(amino acid)’-{ A-CZ(B)-{C(R'R")} -X};

-{A-CZ(B)-{C(R'R")},-X }-(amino acid)'-(amino acid)’;

-(a primary o.,B- or B,y-diamino acid)-(amino acid)'-{ A-CZ(B)-{C(R'R")}.-X}: and
-{A-CZ(B)-{C(R'R")},-X}-(amino acid)'-(a primary o,B- or c.y-diamino acid);
wherein (amino acid)’ and (amino acid)’ are each independently any naturally-ocurring,

modified, substituted or altered o~ or B-amino acid not containing a thiol group.

5. The reagent of claim 4, wherein the chelator is selected from the group
consisting of:
(amino acid)'-(amino acid)’-cysteine;
(amino acid)'-(amino acid)z-isocysteine-;
(amino acid)'-(amino acid)z-homocysteine-;
(amino acid)'-(amino acid)’-penicillamine-;
(amino acid)'-(amino acid)2-2—mercaptoethylamine-;
(amino acid)'-(amino acid)’-2-mercaptopropylamine-;
(amino acid)'-(amino acid)’-2-mercapto-2-methylpropylamine-; and
(amino acid)'-(amino acid)’-3-mercaptopropylamine-;
wherein a carboxyl terminus or a side chain of said chelator is covalently bonded to the

compound.
6. The reagent of claim 5, wherein (amino acid)' is selected from the group

consisting of an o,f-diamino acid having a free o-amine and a B,y-diamino acid having a free

f3- amine.
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k) desferri oxarni ne. 4. The reagent of claim3, wherein the chelator is
sel ected fromthe group consisting of: (amno acid)'-(amno acid)?2-{

A- CZ( B) - ?Va&%ﬁgf%) } n- X}, - { ACZB)-{CR RZ)}n_X}T(amﬁ&_‘/?g&s%sh&(am no.

aci d) 2; rimary oc43- or 13,y-diamno acid)-(amno acid
A-CZ(B)-{C(RR2)},,-X}; and { A-CZ(B)-{C(RR2)}n-X)-(anm no acid)'-(a
primary a, 13- or a,y-diarnino acid); wherein(amno acid) |I and (am no
acid):' are each independently any naturally-ocurring, nodified, )
substituted br alther eagent-ofoelaims 4 nwheseigcthg ¢hstatarolst slastedgframe HieoBrogp oup.
5. The E&@Qﬁ&ofpf claim4, wherein the chelator is selected fromthe group
consisting of: (amno acid)'-(amno acid)2-cysteine; (amno acid)'-(am no.
aci d) 2- i socysyse¢inetamitaadidie(ogft-iad B -diaminoac#];i d) 2- honocyst ei ne-; (am no
acid)'-(am no acid)2-penicill anaane-; éarrj no acid)'-(amno

aci d) 2- 2- mer SWRYSRAHAMIRR Fad)-(oylyr Re-dizmipp-acidlini no

aci d) 2- 2- mer ¢ yl.am ne= i\ (&1 aeld) - {.no
aci d) 2- 2- ner %glgl%‘gﬂ%?%e(ltaﬁﬁﬁbdgéﬁﬁoﬁgYa&%nﬁéo %% 'no acid)'-(am no

aci d) 2- 3- ner gafititipnhieyhaiored)-(wpe bep f-diantiae bady! term nus or a side chain
of said chelator is covalently bonded to the conpound. 6. The reagent
of claims, WHEFEPRAEEHAARE-(ARINg)RCId)-LoBePb¥-80HRG#iPhe group consisting of

an a43-di am g, .acl i .ee_a-anj.ne and | 3. 7= di amynQ aci d having a
free 13- am %%r%%c@ﬂig@gﬁﬁ%?&gg@?gg@&&a o%’%gl?.zm%%mr)‘e%éient of claim
4, wher ei n t heéneedaplosd-oethypremoec had-(dmamatide (cgp-oatB G oiamistdchyy, of :

wherein an amino terminus or a side chain of said chelator is covalently bonded to the

compound.

8. The reagent of claim 1 or claim 2, wherein the chelator is selected from the
group consisting of:

-Gly-Gly-Cys-;

-Ala-Gly-Cys-;

-(e-Lys)-Gly-Cys-;

-(8-Om)-Gly-Cys-:

-(y-Dab)-Gly-Cys-:

-(B-Dap)-Lys-Cys-;

-(B-Dap)-Gly-Cys-: and

-Cys(BAT).
9. The reagent of claim 3. wherein the chelator has a formula:
R® 0
R 0
Os - NH HN
j L-Z
R4
RS NR'R? R’
HS Re

wherein;
R' and R are each independently H, lower alkyl, hydroxyalkyl (C,-C,) or alkoxyalkyl
(CZ_CJ);
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-cysteine-(amno acid)-(a, 13- or 13,7-diam no acid); -isocysteine-(amno
or

aci d) (a.43- or 13,y-diarnino acid); -honocysteine-(am no acid) - (Ec43

13," y- di aig\/48fded) ; - penicillam ne-(am no acid)-(a, 13- r PCrs /d’ggﬁ“no

acid); 2-mercaptoacetic acid-(amno acid)-(a43- or 13,y- d| am no ac

or 3-mercaptopropionic acid-(amno acid)-(a,13- or 13,y-diarnino acid);
2- mer capt o- 2- met hyl propi oni ¢ aci d- (am no acid)-(a43- or 13,y-diarnino
acid); wherejn an_am no_ter ide chain of said chelator is
coval ently bg o‘%d Rf-oandnB &E‘}nﬁg Bge“tly A substituted cory ungylstitutes 1owyes; abkyl sy

claim 2, whe d@@o,g H pﬁudl raugl ected fromthe group consisting of:
nopRia) idieoaBelal oid o

Ady- Gly- s)-dy-Cys-; (8-0rn)-dy-Cys-;

(y- Dab) - G y &ysmd R(preDaqy)l Lrsdspe@@nly H(llewaapwrsl lywelsléwdroamdkyloysawér).
9. The r@gg@%ﬁf claim3, wherein the chelator has a formula: R6 0O
R5---) 'HNJ1, L-Z R3 NRIR2

L is a bivalent linking moiety; and
Z is a peptide.

10. The reagent of claim 3, wherein the chelator has a formula:

Rso

wherein:
R' and R’ are each independently H, lower alkyt, hydroxyalkyl (C,-C)), or alkoxyalkyl
(C-C; |
R’, R, R’, and R* are independently H, substituted or unsubstituted lower alkyl or
phenyl not comprising a thiol group, and one of R’, R*, R®, and R" is Z-L-(CR,) -;
R’ and R" are each independently H, lower alkyl, lower hydroxyalkyl or lower

alkoxyalkyl;
L is a bivalent linking moiety;
Z is a peptide; and
X is -NH,, -NR'R’, or -NR'-Y, where Y is an amino acid, an amino acid amide, or a

peptide having from 2 to about 20 amino acids.

11.  The reagent of claim 3, wherein the chelator has a formula:

R"o

R4 o
Os NH HN
/\/\I X
Z-L.
N NH,

H HS
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HS-F, 17 R8 wherein: R and R' are each independently H, |ower alkyl,

hydr oxyal kyl (C2-C4) or al koxyal kyl (C2-C.,); R4, R5, and R6 are

i ndepende I substituted or unsubstituted .| ower al kyl not
conpri si ng' ‘XMﬁPSI group; R7 and le are each |ndepenoPe /ﬁ%s&%q"omer
al kyl, | ower hydroxyal kyl or | ower al koxyal kyl; L is a bivalent |inking
noiety; and Z is a peptide. 10. The reagent of claim3, wherein the

chel ator has a fornul a: R6 0 R6--)0 x R4--1.1 2 RB NR R H S7 R7 R8

wher ei n: awtiersia: ar e Rzasd R’ arecgaeln indapangendy H.dawer alkydyhydrasyalkiph(FaiCydr
(C -C,), or alkoxyal ky " R3, R4, R5, and R6 are independently H,
substituted or unsubst%%iﬁgmggi%ﬁéiﬁalkyI or phenyl not conprising a thiol .
group, and one of 12.3R’, R4 R’Rind Rinck iRBepesdehtly H, Gbs)ituted dRGnasetithidd dsveereach
i ndependent | y H | owerale)lllla_llphenly notcon?éﬂ&‘ﬁé%a}uklgml?{, | ower al koxyal kyl ;

n is an integer from 1 to 6;

L is a bivalent linking moiety; and

Zis a peptide.
12. The reagent of claim 3, wherein the chelator has a formula:
0]
0] NH HN
/\/\i NH2
Z-L.
N NH,
H HS
wherein:
L is a linker group; and
Z is a peptide.
13. The reagent of any of claims | or 2, wherein the compound is a peptide.
14. The reagent of claim 13, wherein the peptide has an amino acid sequence
CH,CO.SNLST.Hhe. VLGKLSCELHKLQTYPRTNTGSGTP.amide
(SEQID No. 9)
and the chelator is incorporated into the peptide at a sidechain of an amino acid of said
sequence.
15. The reagent of claim 13, wherein the peptide comprises a calcitonin receptor-

binding domain which is cyclized by a thioether.

16.  The reagent of claim 15, wherein the peptide comprises an amino acid sequence:
CH,CO.SNLSTX— SEQ ID. NO.:10
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L is a bivalent linking noiety; Zis a peptide; and Xis -NH,, -NRile, or
-NR -Y, where Y is an amno acid, an amno acid amde, or a peptide hﬂ.VI ng
from2 toupse; 40 am no acids. 11. The reagent of claim3, t he
chel ator R o a0 R3-44 0 0 N R 2- L ,NNH2 HSt phasS gy

98/ 49196PCT/ US98/ 08864 wherein: R and | e are each independently H, |ower

al kyl, hydroxyal kyl (C,-C,) or al koxyal kyl (C2-C4); 1V, 1V, R5, and R6 are
i ndependent I&/, H,. substjtuted or unsubstituted 1ower alkyl or phenyl not
conpri si ng aVBHFBI gr ofipis ??l‘ﬁcéedaff"i“nt“é*géPmPr EPRSIting o: a|cysieing [Siee Bt
l'inking noiety; and Z {osRyRERE tediBue, bAd I RBmoRARG Sie e Eidtlem 3. wherein the

chel ator has a formnul a:

17. The reagent of claim 15, wherein the peptide comprises an amino acid sequence:
CH,CO.X'NLSTX— SEQIDNO.: 11
wherein X' is selected from the group consisting of an alanine residue, a glycine

residue, and a serine residue; and

X' is selected from the group consisting of a cysteine residue, a

homocysteine residue, and a homohomocysteine residue.

18. A reagent having a formula selected from the group consisting of:

CH,CO.SNLST.Hhe VLGKLSC(BAT)ELHKLQTYPRTNTGSGTP.amide (SEQ ID No. 4):
CH,CO.SNLST.Hhe. VLGKLSQELHKLQTYPRTNTGSGTP(e-K)GC.amide;
CH,cO.SNLST.Hhe. VLGKLSC(CH,c0.GGCK.amide)ELHKLQTYPRTNTGSGTP.amide;
CH,CO.SNLST Hhe. VLGKLSC(CH,c0.(B-Dap)KCK.amide) ELHKLQTYPRTNTGSGTP.amide:
CH,cO.SNLST.Hhc. VLGKLSC(CH,C0O.(e-K)GCE.amide)ELHKLQTYPRTNTGSGTP.amide;
CH,CO.SNLST.Hey. VLGKLSC(CH,c0.GGCK.amide)ELHKLQTYPRTNTGSGTP.amide;
CH,CO.SNLST . Hey. VLGKLSC(CH,c0.(B-Dap)KCK.amide) ELHKLQTYPRTNTGSGTP.amide:;
¢H,cO.SNLST.Hev. VLGKILSC(CH,c0.(e-K)GCE.amide) ELHKLQTYPRTNTGSGTP.amide:
€H,CO.SNLST.Cys VLGKLSC(CH,c0.GGCK.amide)ELHKLQTYPRTNTGSGTP.amide;
CH,CO.SNLST.Cys VLGKLSC(cH,c0.(B-Dap)KCK.amide)ELHKLQTYPRTNTGSGTP.amide:
CH.CO.SNLST.Cvs. VLGKLSC(CH,CO.(e-K)GCE.amide)ELHKLQTYPRTNTGSGTP.amide:
SNLST.Asu.VLGKLSC(CH,CO.(B-Dap)KCK.amide)JELHKLQTYPRTNTGSGTP.amide;

SNLST.Asu.VLGKLSC(CH,c0.(B-Dap)KCK.amide ) ELHKLQTYPRTDVGAGTP.amide.;
CH.CO.SNLST.Hhc VLGKLSCELHKLQTYPRTNTGSGTP.amide (SEQ ID No. 3);
CH,CO.SNLST.Hey. VEGKLSCELHKLQTYPRTNTGSGTP.amide (SEQ ID No. 6);
CH,CO.SNLST.Cys. VLGKLSCELHKLQTYPRTNTGSGTP.amide (SEQID No. 7: and
SNLST.Asu.VLGKLSCELHKLQTYPRTNTGSGTP.amide (SEQ ID No. 8).

19. The reagent of claim 18, having the formula:

CH,c0.SNLST.Hhe. VLGKLSC(cH,co.(e-K)GCE.amide)ELHKLQTYPRTNTGSGTP.amide.
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wherein: L is a linker group; and Z is a peptide. 13. The reagent of any of
clains 1 or 2, wherein the conpound is a peptide. 14. The reagent of claim
13, wherejin the peptide has an am no acid sequence :
citco. SNLEP ?lfr‘r‘é.“?ﬂa CLSCELHI CLQTYPRTNTGSGTP. ani de ( SEQ | D NECTESO¥RR#64 he
chelator is incorporated into the peptide at a sidechain of an am no acid
of sai d sequeéence. 15. The reagent of claim 13, wherein the peptide
conprises a cal citonin receptor-binding domai n"which is cyclized by a

t hi oet h@f.. 16.reagent qospgienmg: of cl ai m 15, wherein the peptide conprises an
am no aci d sequence: SNLSTX-SEQ I D. NO : 10 56. WO

98/ 49196PCT/ US98/ @88’6%&%&%‘? n%“?‘s"ﬁ%efé‘@f‘%'&“f r’%ﬁ?‘f’ﬁ@“&%‘ﬁuﬁ"‘@éﬂ%‘g\d& A of a
cyst ei neompeiind Being @oVdently Yinked o radisindiabchedioh; andionohonocyst ei ne resi due.
17. The reagent of claim 15, wherein the peptide conprises an am no acid
sequence: CH, CO. XPNL&PRbyvalepidipksr Nerming 1a Gpyajeat diekages selectedcfram the #ipyme
group Cegisthi 38 Ofnidfe H BRhMSIgRShal P linihed!y CatP chARbURY Afkafe REBASC
resi due; an " is selfected fromthe grour%_ consisting of a cysteélne

r esi due comphumdroy &t be nleelatersifdbeegthervdmpobmhohonocyst ei ne resi due.

18. A reagent having a fornula selected fromthe group consisting of:

0i , co. sRil‘_‘gT"faﬁfH}%. Wé&ﬁ%&‘%ﬁ&r‘%’l ELa‘ﬂ%LQWPRTNTGSGTP. am de (SEQ ID No. 4);

CH. co. SNLST. Hhc. ViteltkapenlHalKb QioyReReNWeRGT bl 1kssHh4aGbati E000 daltons: and

cH2co. SNLST. Hhc. VLGKLSC( cu2co. GECK. am de) ELHKLQTYPRTNTGSGTP. am de;

cH, co. SNLST. Hhc. vwémgg ghelatergs ghedateshie) adatiopsiadspid| rep@emhaP R ONPEBET Poighi de:
CHCO. SNIST. ) , L . - . i.de:

cvo. SNLST. LD UL G SR e et A T R S SR S iohibfea

CH. co. SNa®E. datritoiih Gl said(reddpmd. ( 13- Dap) KCK. ani de) ELHKLQTYPRTNTGSGTP. ani de:
cvo. SNLST. Hcv. VLGKLSC( cH, co. ( E- K) GCE. am de) ELHKLQTYPRTNTGSGTP. am de;

CH. CO. SNLST. Cvs. VLGKLSC( 0i , co. GGCK. am de) ELHKLQTYPRTNTGSGTP. am de;

CHCO. SNLST. Cgs. VLG hieGmagidg Rednt KéHpradih o) Rdgkh OF XIRRINTSARc | fnadgide:
CH: CO. SNLST. Cvs. VLA g_@%chH, cog(gE- K) GCE. ami dgej) ELH CLQTYPRTNTGSGTP. ag1g de:
SNLST. ASQ 204 ERABEEEEY Y. ( 13- Dap) KCK. ani de) ELHI CLQTYPR TNTGSGTP. ani de;
SNLST. Asu. VLGKLSC( cH, co. ( 13- Dap) KCK. am de) ELHKLQTYPRTDVGAGTP. ami de. ;

Cui, co. SNLST. Hhc. VLGKLSCELHI CLQTYPRTNTGSGTP. ani de (SEQ I D No. 5);

CH. co. SNLST. RRv. VIAGK Lt ik OMPRANTHBS Gage nofdeny( SEQIdims Nothrdigh 20 and a

CH, CO. SNLST. Cys. VLGKLSCELHKLQTYPRTNTGSGTP. am de (SEQ ID No. 7; and

SNLST. ASH P RYSISCEL HKLQTYPRTNTGSGTP. anide (SEQ ID No. 8). 19. The reagent
of claim 18, having the fornul a:

23. A radiotherapeutic agent comprising the reagent of any of claims 1 through 20

and a cytotoxic radioisotope.

24. The agent of claim 23. wherein the radioisotope is selected from the group
consisting of scandium-47, copper-67. gallium-72, yttrium-90, tin-117m, iodine-125, iodine-
131, samarium-153, gadolinium-159, dysprosium-165, holmium-166, ytterbium- 175,

lutetium-177, rhenium-186, rhenium- 188, astatine-211, bismuth-212. and bismuth-213.

25. A complex formed by reacting the reagent of any of claims 1 through 20 with

technetium-99m, rhenium-186 or rhenium-188 in the presence of a reducing agent.
26. The complex of claim 25, wherein the reducing agent is a stannous ion.
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CHI CO. SNLST. Hhc. VLGKLSC( cH, Q0. ( E- K) GCE. am de) ELHKLQ TYPRTNTGSGTP. am de. WO
98/ 49196PCT/ US98/ 08864 20. A reagent conpri si ng: a) at | east

two synt Ig8nofog! Citonin receptor-binding conpounds, each i ng
coval ent p?blgﬁlnieg to a radionetal chelator; and %g‘?g%%sp“e

pol yval ent |inker form ng a coval ent |inkage selected fromthe group
consisting of a |inkage to each conpound, a |inkage to each chelator, and a

| i nkage to one conpound and tqQ the che] ator of< the other conpound:.. said
reagent bei rid- chak SePRIEx sarned by; Iabgling ithe reageny of any 8§ cllimp | dhrovgly 208iGht  of
| ess t hathn@hhoorhGyq BlchRe of @Bfkreduced techneti -P@?ﬁ?@o ed chelator is
chel at ed tno a Pg%ill gn%?%? sald 0r eg’gé%tucﬁagcaneglmr? I ng ar? inity for a
calcitonin receptor of not |ess than about one-tenth the binding affinity

of radi oi odijpat ed, native .cal gi.;toni n. for said receptor. . 2 A

scinti gr aphidh | nedyPGPIER AR RanePrdingdhs lecu s 8RL ob Flaigmy ! shropstidui

t hr oughthefluRnid6lop RARI- V8B BPREand exchange &2 prére@@UER AdrliirR BoapleRr i Si ng the
reagent of any of clains 1 through 20 and a stannous i on. 23. A

radi ot herapeutic agent conprising the reagent of any of clains 1 through 20
and a cytotoy c radi.oj . i in the
r adi oi sot opce)zgi' S s%ﬁ%tc{ozg)tr%g%g tahléidlg0 gﬁﬁxagﬁg?lge?ﬁ%mgéfn' gst%gnlg} éﬁgrngkéé?ﬁé 2
copper -8aed gal ¢antaini7@ a predeteimuimed @yantitynef 17 epganodi agy-df2fHims o dhrowgh12and

samari um 153, gadol i ni um 159, dysprqgsiym 165, hol m um 166 tterbi um 175,
ot ot | Ut en A e Base T asa I b he ezt WEh BrhnerLa s By

bi smut hor2fAéhium-188. 25. A conplex fornmed by reacting the reagent of any of
claims 1 through 20 with technetium 99m rhenium 186 or rhenium 188 in the
presence of ¥ redudihpr Riensring 2eradipphasipsusicalopreparation. 38id kihspaprisinga
reduci [ S: i 4 27. A
conpl egé1 f %gg{e%cdb@al@zg%é?%ﬁgtg?ﬁlggé]ggaﬁ\%&géc %n eﬁgﬁ%ﬁvg}?%ﬂﬁ%@ ﬁ‘rr%u 8 ﬁzOZO wth
techneti um 99m by |igand exchange of a prereduced technetium 99m conpl ex.

28. A conplex forped by |ahel.ing the reagent of .any of clajns 1 thrqugh 20
Wi et uml8s et dHeEs sy erae et A iGR ofouShRe BBRERRE Fifani um
conpl eXstep of reacting the réagehi witR tecRARRA-09M, ReiaMl MBNRTHRHEH!IRE 3 tRIPR_AAT | ON,

said kit conprising a sealed vial containing a predeterm ned quantity of

t he reagfaredusingaggntof claims 1 through 20 and a sufficient anount of a
reduci ng agent to | abel the reagent with technetium99m rhenium 186 or

rheni um 188. 30. A kit for preparing a radi opharmceuti cal
pr epar at i on, 3xai dlHei thethadhit Clainn80,aviredh e rsdudinggeitas nktaghoas hedet er mi ned
guantity of the reagent of any of clains 1 through 20. 31. A nethod

of | abeling the reagent of any of clains 1 through 20, conprising the step

of reacting e rgageRdd § hikiheaRNeideHMB O of NGRS UthAREh 90 tyheBnikat 488 in
the presence gf ~a reduci ng agent.
vitro synthesis.

34.  The method of claim 33, wherein the synthesis is solid phase peptide synthesis.

35.  The method of any of claims 33 or 34, wherein the chelator is covalently linked

to the compound during synthesis.

36.  Use of the reagent of any of claims 1 through 20 for manufacture of a

medicament for imaging a site within a mammalian body.
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32. The nethod of C aim 30, wherein the reducing agent is a stannous ion.
33. A nethod of nmeking the reagent of any of clains 1 through 20 by
chem calwbnRsMdiog0 synt hesi s. ~ 34. The nmet hod of cl aiPecBBsoswggsci n t he:
synthesis is solid phase peptide synthesis. 35. The nethod of any of
claims 33 or 34, wherein the chelator is covalently linked to the conpound
during synthesis. 36. Use of the reagent of any of clains 1 through
20 for manufacture of a medicanent for inaging a site within a mammlian |
body. WD 9%7.491UgPOf tusosge@set: agy . afiselaisgs d htrqughgehtfonmanyfacyre of 4 ns 1
t hrough 20 for nuf act | j hSease

%ﬂc%camt 6%%%{9 a diiéas® éha%*c[%%{a% ?xn&@_tprésgﬂcetorf @aALitdEn AciSS

char acfng resence oni'n receptors.
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