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of the formula (1) or (JI) for use in such
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Baatd (V) (tn a pharmaccutically acceptable  carrier
therefor. The vitamin-based commpounds

can be used Lo targel radionuclides  1ocells,
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V ITAMIN-TARGETED IMAGSING AGENTS

FIELD OF THE INV ENTION
The imavention relates to compounds and methods for targesting an

imaging agent to cell=sof an animal. More particulzarly, radionuclide-base=d imaging
agents are targeted tos cells having receptors for a v—itamin by using such a.« vitamin, or
a vitamin receptor bimding derivative or an analog —thereof, as the targetin_g ligand for

the imaging agent.

BACKGROUND AND SUMMARY OF THE INWWENTION

Transsmembrane transport is a critical cellular function. BBecause
practitioners have re=cognized the importance of tr=ansmembrane transpor—t to many
areas of medical andll biological science, including drug therapy and gene= transfer,
there have been sigmificant research efforts directe=d to the understandingss and
application of such gprocesses. Thus, for example,. transmembrane delivesry of nucleic
acids has been atterrpted through the use of proteln carriers, antibody camrriers,
liposomal delivery sSystems, electroporation, direc=t injection, cell fusion,., viral carriers,
osmotic shock, and calcium-phosphate mediated snansformation. Howe—ver, many of
those techniques are= limited both by the types of <ells in which transmemmbrane
transport occurs ancl by the conditions required foor successful transmermmbrane
transport of exogen=ous molecules. Furthermore, many of these techniqmues are limited
by the type and size of the exogenous molecule that can be transported aacross the cell
membrane without loss of bioactivity.

One mechanism for transmembrare transport of exogencous molecules
having wide appliczability is receptor-mediated erdocytosis. Advantage=ously,
receptor-mediated eendocytosis occurs both in viv=o and in vitro. Recept-or-mediated
endocytosis involvees the movement of ligands bound to membrane rece=ptors into the
interior of an area bounded by the membrane threough invagination of im¢ iTiCHbIANC.
The process is initi_ated or activated by the bindirg of a receptor-specifiic ligand to the
receptor. Many recceptor-mediated endocytotic ssystems have been charracterized,
including those ressulting in internalization of gallactose, mannose, marn-nose 6-

phosphate, transfex-rin, asialoglycoprotein, folate=, transcobalamin (vitammin Bi2), &2



WO 03/092742 PCTAUS03/14379

10

15

20

25

30

2-
macroglobulinss, insulin, and other peptide growtl factors such as epidermmal growth
factor (EGF).

Receptor mediated endocytosis ha_sbeen utilized for deliwering
exogenous mo lecules such as proteins and nuclei ¢ acids to cells. Generaally, a specific
ligand is chem ically conjugated by covalent, jonic, or hydrogen bondingz to an
exogenous mo-lecule of interest, forming a conjugate molecule having a moiety (the
ligand portion)) that is still recognized in the conj ugate by a target recepor. Using this
technique the gphototoxic protein psoralen has be-en conjugated to insulimn and
internalized by the insulin receptor endocytotic poathway (Gasparro, Biowchem.
Biophys. Res. Comm. 141(2), pp- 502-509, Dec.- 15, 1986); the hepatoc=yte specific
receptor for galactose terminal asialoglycoprotei ns has been utilized fomr the
hepatocyte-sp ecific transmembrane delivery of = sialoorosomucoid-polsy-L-lysine non-
covalently cormplexed to a plasmid (Wu,G. Y., J. Biol. Chem., 262(10)®, pp. 4429-
4432, 1987); the cell receptor for EGF has been utilized to deliver polynucleotides
covalently linked to EGF to the cell interior (Msyers, European Patent Ay pplication
86810614.7, published Jun. 6, 1988); the intestimnally situated cellular reeceptor for the
organometallic vitamin B,,-intrinsic factor comyplex has been used to nmnediate delivery
of a drug, a homone, a bioactive pep.tide and ar immunogen complexe=d with vitamin
B, to the circulatory system after oral administ-ration (Russell-Jones et al., European
patent Appliccation 86307849.9, published Apr. 29, 1987); the mannose=-6-phosphate
receptor has been used to deliver low density ligooproteins to cells (Mu=rray, G.J. and
Neville, D. M1, Jr., J.Biol.Chem, Vol. 255 (24), pp- 1194-11948, 1980D); the cholera
toxin bindingg subunit receptor has been used to deliver insulin to cells lacking insulin
receptors (Roth and Maddox, J.Cell. Phys. Vol. 115,p. 151, 1983); anc3 the human
chorionic gomadotropin receptor has been empl oyed to deliver aricin a-chain coupled
to HCG to ceslls with the appropriate HCG rece ptor (Oeltmann and He=ath,

J Biol.Chem_, vol. 254, p. 1028 (1979)).

In one embodiment the present &nvention involves the sransmemorane
transport of za radionuclide-based imaging agemmt across a membrane hzaving receptors
for a vitamirm, or a vitamin receptor binding der-ivative or analog theresof. A cell
membrane bearing vitamin receptors, or recept-ors for vitamin derivatimves or analogs,

is contacted -with a vitamin-imaging agent conjugate for a time suffici_ent to initiate
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and permit taransmembrane transport of the co-mjugate, and the biodist-ribution of the
vitamin-ima_ging agent conjugate in the animaml is monitored. In anot-her embodiment,
the vitamin/-vitamin derivative or analog targe=ting moiety simply bin_ds to a cell
surface vitaxmin receptor to concentrate the chmelated radionuclide on the cell surface.

The invention takes advantage= of (1) the location of wvitarin receptors
and (2) the massociated receptor-mediated endocytic processes. For e—xample, the
invention takes advantage of the unique expreession, overexpression, or preferential
expression «f vitamin receptors, transporters,.. or other surface-preserted proteins that
specifically” bind vitamins, or derivatives or amnalogs thereof, on tumeor cells or other
cell types wshich overexpress such receptors. Accordingly, the invexation can be used
to detect ce:1s, such as tumor cells or other ce=ll types, which overexmpress vitamin
receptors, o1 receptors for vitamin derivative=s or analogs, by taking advantage of the
receptor-meediated endocytic processes that cccur when such cells a-xe contacted with
the vitamirm-imaging agent conjugate.

Vitamin receptors, such as thee hi gh-affinity folate re ceptor (FR) is
expressed at high levels, for example, on carcer cells. Epithelial camncers of the ovary,
mammary gland, colon, lung, nose, throat, a—nd brain have all been meported to express
clevated le~vels of the FR. In fact, greater th=an 90% of all human owarian tumors are
known to e=xpress large amounts of this receptor. Thus, the present invention can be
used for th_e diagnostic imaging of a variety of tumor types, and of =other cell types
involved it disease states.

Radionuclide chelators complexed to ligands have >een used as non-
invasive parobes for diagnostic imaging purp0ses. For example, vassoactive intestinal
peptide, somatostatin analogs, and monoclo-nal antibodies have been used as ligands
to localize radionuclides to cells, such as tummor cells. Monoclonal antibodies, and
various fragments thereof, initially receivedl the most attention bec ause it was believed
that precisse tumor-specific targeting might “be achieved using moneoclonal antibodies
as targetim g ligands. Unfortunately, this ap—proach was problematic because
i) antibodiies have prolonged circulation times due to their large si=ze which is
unfavorabs le for imaging purposes, ii) antibsodies are expensive to poroduce,

iii) antibo-dies can be immunogenic, and, acscordingly, must be hurmanized when

multiple oses are used, and iv) tumor to neon-target tissue ratios ("T/NT) of antibody-
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linkeed radionuclides are sub-optimal . Thus, the focus has rec-ently been directe=d to
the use of smaller tumor-specific ligands that do not have suc-h limitations.

Vitamins, such as folfc acid, have been used foor the targeting of
imaaging agents to tumor cells, and amre advantageous because of their small size=. The
firsst folic acid-based targeting comp lex described for in vivo tumor imaging waas a
his-tamine derivative containing 125]~dine. This complex wass not considered a
rel-evant clinical candidate because ©f the long-lived 1251 radieonuclide component.

Su bsequently, a deferoxamine-folates conjugate for tumor im=aging was developed
(desferoxamine chelates 67Ga, a gammma-emitting radionuclide that has a 78 houar half-
lifee). Hepatobiliary clearance was moted with this conjugate and, thus, preclin—ical
de-velopment was stopped due to anticipated problems in acc=urately imaging reegio-
ab-dominal locations. This obstacle was overcome, however, by replacing the

de feroxamine chelator with diethylenetriamine pentaacetic ancid (DTPA), an efficient
ch_elator of ''In (68 hour haif lifé). The primary route of eli_mination of ' 'In—DTPA-
fo late was confirmed to be through the kidneys.

More recently, ™ T has been adopted as the= preferred radioniaclide
fo r diagnostic imaging, because i) tThe radionuclide is easily obtained from
cosmmercially available 9Mo-*™Tc= generators, ii) the cost c»f producing large
armounts of >™Tc is insignificant compared to the cost of preoducing Mn, andll iii)
99wOre has a much shorter (6 hour) Inalf life, which allows higeher radionuclide doses to
be= administered, yielding higher ressolution images without —the risk of hazardeous
randiation exposure to vital organs.

Several folate-based *™Tc conjugates have Oeen developed. For
example, folate conjugates of 99T -6-hydrazinonicotinamieio-hydrazido (HYNIC,
Gew, et al., J. Nucl. Med., 40(9): 15563-1569 (1999)), 9mTc~—12-amino-3,3,9,9-
testramethyl-5-oxa-4,8 diaza-2,10-deodecanedinoe dioxime ((OXA) (Linder, et =l., Soc.
NEucl. Med., Proc. 47" Annual Meesting, 2000, 41(5): 119P) , 9mrc-ethylened—icysteine
(Llgan, et al., Cancer Biother. & Radiopharm., 13(6): 427-4 35 (1998)), and *>"rc-
>TPA~folate (Mathias, et al., Bioconjug. Chem., 11(2): 25 3-257 (2000)) hawe shown
p-xomising in vivo tumor uptake qu_alities. However, there i s a need for alternmative
v-itarnin-based ®™T¢ conjugates, ox vitamin-based conjugat-es employing othe=r

rzadionuclides, that exhibit optimal tumor to non-target tissLae ratios (T/NT) amd are
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eliminated through the kidneys. Such vitamin-basesd conjugates should be suaitable for

clinical development as tumor imaging agents, and for the diagnosis of other disease
states.

In one embodiment is provided a commpound of the formula

V-(L)n-NHCHzclH‘CO 'N':l’CH(R)CO'f}.H'CH(COOH)CHz;‘,SH
H2N .. Ss - o

TTaMh,
wherein V is a vitamin, or a vitamin receptor bindi—ng derivative or analog thkereof, L
is a divalent linker, R is a side chain of an amino aecid of the formula H,NCHRCOOH,

M is a cation of a radlionuclide, nis 1 or G, and k iss 1 or 0. The vitamin is a substrate

10 for receptor-mediated transmembrane transport in * vivo.

In another embodiment is provided acomposition for diagnostic

imaging comprising a compound of the formula

-~

V-(L)n-NHCH?_CIIH'CO-Nl:l-CH(R)CO-.’:IH-CH(COOH)CHz:7SH

15 wherein V is a vitamin, or a vitamin receptor bind_ing derivative or analog 1thereof, L

is a divalent linker, R is a side chain of an amino =a¢id of the formula HHNCHRCOOH,
M is a cation of a radionuclide, nis 1 or 0, and a pHharmaceutically acceptable carrier
therefor. The vitamin is a substrate for receptor-rmediated transmembrane transport in
vivo.

20 In yet another embodiment a metheod is provided of imaging a

population of cells inan animal, wherein the cellss are characterized by a v itamin

receptor on the surface of the celis. The meihod wouprises the steps of ad ministering

to the animal an effective amount of a compositicon comprising a compourad of the
formula
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v-(L),,-NHcHZ?H-co-Nt:i-CH(R)co-r;lH-CH(COOH)CHg7SH

s -
HN - . ' .
- L]
1]

wherein V is a vitamin, ox a receptor binding derivative or analog thereo=f, specific for
the cell surface vitamin rexeptor, L is a divalent linker, BR is a side chain of an amino
acid of the formula H;NCHRCOOH, M is a cation of a —radionuclide, n islorQ,anda

5  pharmaceutically acceptable carrier therefor, and moniteoring the biodist-ribution of the
compound in the animal.

In anothex embodiment a compound is p yovided of the fomula

V-(L),,-NHCH-CO-Nij-CH(R)CO'I*'lH'CH(C@OH)CHZT,SH

4
’
(4
4
4
mm—
3
\
~
N
\

— . -
.-

10  wherein V is a vitamin thhat is a substrate for receptor-nmediated transme=mbrane
transport in vivo, or a vitamin receptor binding derivatmve or analog the=reof, L is a
divalent linker, R is a sicie chain of an amino acid of th_e formula HHNCCHRCOOH, M
is a cation of a radionuclide,nis 1 or 0, andkislorO .

In still aryother embodiment, a composifition for diagnost-ic imaging is

15 provided comprising a —ompound of the formula

V-(L)n-NH(':H-CO-Nl;l-CH(R)CO-I\llH-CH(CJOOH)CHZ::SH
Hzc \s‘ 3 g

-~
-
-~
N,
-~

wherein V is a vitamin -that is a substrate for receptor-—mediated transrmembrane
transport in vivo, or a v-itamin receptor binding deriva—tive or analog th_ereof, Lisa
20 divalent linker, R is a siide chain of an amino acid of tihe formula HNCCHRCOOH, M
is a cation of a radionuclide,nis 1 or 0, and 2 pharma-ceutically accepatable carrier
therefor.
In yet arother embodiment, a method of imaging a popyulation of cells

in an animal is provided wherein the cells are characteerized by a vitanmin receptor on

-
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2
the surface of thhe cells. The method compr—ises the steps of admin_istering to the

animal an effecstive amount of 2 compositiosn comprising a compo—und of the formula

v-(L),,—NHCI:H-co-Nlj—CH(R)c;o-th-CH(COOH)CHz;:SH
H,C ~ ! e

’
-

wherein V is the vitamin, omr a receptor binding demrivative or analog
thereof, specifTic for the cell surface vitami—n receptor, L is a dival ent linker, R is a side
chain of an ammino acid of the formula H,NICHRCOOH, M is a cationof a
radionuclide, mnis 1 or 0, and a pharmaceusically acceptable carri-er therefor, and
monitoring thee biodistribution of the compoound in the animal.

In any of these embodimermts, V in the compound . can be, for example,
a vitamin selected from the group consisti ng of folate, riboflavinm, thiamine, vitamin
B,,, and biotitn, or a derivative or analog t™hereof. In any of these= embodiments, the
radionuclide #in the compound can be selescted, for example, fronm the group consisting

of radioisotopoes of gallium, indium, copp=er, technetium, and rheenium.

BRIEF DESCCRIPTION OF THE DRAWINGS

Fig. 1. Structure of EC20.. an exemplary compouand used as an
imaging agert in accordance with the inv—ention.

Fig, 2. HPLC radiochrommatogram of *"Tc-EC220. Samples of *™Tec-
EC20 were e=luted isocratically on a Watesrs Nova-Pak C18 (3.9 x 150 mm) column
using an aqu-eous mobile phase containine g 20% methanol and O®.2% trifluoroacetic
acid at a flovw rate of 1 mL/min. The HP LC analysis was monistored with both the UV
detector (280 nm) and a Bioscan FC-320=0 radiodetector. Peak A, free ™Tc; Peak B,
a folate-cont=aining chelate of unknown sstructure; Peaks C and “D, diastereomers
possessing e=ither a syn or anii cuuﬁg;ira:icn of the tachnetinm—oxvgen bond in the
Dap-Asp-Cyws chelating ring of EC20.

Fig. 3. Structures of Re-BMEC20 and 9mTe EC20 isomers (syn or anti
position of rmetal-oxo bond).

Fig. 4. Blocking of 3H-foolic acid binding to KBS cells with various

folate-conta_ining competitors. KB cells_ were incubated for 15 min on ice with 100
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nM >B-folic acid in the presence and atbsence of increasinge competitor concertrations.
(*) Foolic acid; (w) EC20; (A) EC20:Re isomer A; (V) ECC20:Re isomer B; (cm) DTPA-
Folat=e. Error bars represent 1 standard deviation (n = 3).

Fig. 5. Time-dependent association of ™ Xc-EC20. KB cells were
incutoated with 10 aM ®™Tc-EC20 for increasing periods of time at 37°C. Foollowing
mult-iple washes, cells were harvested and counted for asssociated radioactivit-y. Error
bars represent 1 standard deviation (n =3).

Fig. 6. Concentration-«lependent associati-on of ™Tc-EC20. KB cells
were= incubated for 2 hr at 37°C in the presence of increassing concentrations «of 99 -
EC2.0. Following multiple washes, cells were harvested =and counted for asseociated
radicoactivity. Error bars represent 1 standard deviation (mn= 3).

Fig. 7. Concentration—dependent associatimon of P™Tc-EC20 < ‘peak B.”
KB cells were incubated for 2 hr at 377°C in the presence of increasing conce=ntrations
of ““Peak B” that was chromatographi cally isolated from the **™Tc-EC20 for-mulation.
Foll_owing multiple washes, cells were harvested and cotanted for associated
radi oactivity. Error bars represent 1 standard deviation Cn= 3). (*), Peak B; (°), Peak
B pBus 1 mM folic acid.

Fig. 8. Blood clearance of 99mre EC20 irn Balb/c mice. Eack animal
rece=ived an intravenous dose of 50 p g/kg EC20 (67 nme>lkg) in approximately 0.1
mL during brief diethyl ether anesthessia. At the designamted times post-injection, each
anirrnal was euthanized by CO; asphy/xiation, blood was collected and countied for
assenciated radioactivity. Error bars represent 1 standardll deviation (n =3 armimals).

Fig. 9. Whole-body gzamma images (ven_tral view). Images were
obt_ained 4 hr following intravenous administration of %" ™Tc-EC20 to a Ballb/c mouse
beamring a subcutaneous folate recept-or-positive M109 tLamor. Only the kidmneys (K)
anc3 tumor (T) exhibit significant accumulation of this raadiotracer.

Fig. 10. Structures o€ EC11, EC13, EC1 4,EC15, EC19, EC20, EC31,
ancl ECS3.

Fig, 11. Tissue distri bution of *™T¢c-ECZ20 in Balb/c mice Toearing
FR_-postive M109 tumors and FR-ne=gative 4T 1 tumors.

Fig. 12. HPLC analy/sis of EC11.

Fig. 13. Mass spectr«©scopy analysis of EC11.
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Fig. 14— NMR analysis of EC11.

Fig. 15 HPLC analysis of EC13.

Fig. 16 . NMR analysis of EC14.

Fig. 17 . Mass spectroscopy analysis . of EC15.

s Fig. 18. HPLC analysis of EC19.

Fig. 19». Mass spectroscopy analysiss of EC19.

Fig. 20. HPLC analysis of EC31.

Fig. 2L.. HPLC analysis of EC53.

Fig. 22. Mass spectroscopy analysiss of EC53.
10 Fig. 23. Mass spectroscopy analysiss of EC53.

DETAILED DESCR IPTION OF THE INVENTION
In acc ordance with the invention, ccompounds and method sare

provided for targetinge radionuclide-based imaging_ agents to cell populati_ons that

L. 5 uniquely express, oveerexpress, or preferentially ex_press vitamin receptor—s.
Accordingly, a vitanmin, or a receptor binding deriwative or analog thereo-f, is used as
the targeting ligand £or the imaging agent. The vistamin-imaging agent ceonjugate can
be used to target radiionuclides to cells and to concentrate the radionuclices ina cell
population, such as & tumor cell population, for ussein diagnostic imagin_g.

20 The imvention provides a composit=ion for diagnostic imagzing

comprising a compo und of the formula

v-(L).,Nchzcl:n-co-Nrj-CH(R)co—NH-CH(COOH)CHZ;S H
HN-__ \ .

' -
L)
t

-,
~ - -~ "
[

- ~
- g

- -~ ¢

b S

M

or
25
V-(L) n—NH("JH'CO'Nl:I'CH(R)CO'h‘lH—CH(COOH)CHZ:-,SH
HZC \‘\,‘ ", ‘—”’
/ ‘\\ ) "f
SH -~
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for use in suc h methods. Inthe compound, Visa vitamin, or a vi_tamin receptcar
binding deriv—ative or analog thereof, L is a divaalent linker, R isa sidechainof an
amino acid o—f the formula H,NCHRCOOH, M. 1s2 cation of a rad®ionuclide, an-dn is 1
or 0. The vit_amin, or vitamin receptor bindingz derivative or analeog thereof, is a
substrate for receptor-mediated transmembrane transport in vivo.

The invention also provides coxmpounds of the formulas

V-(L)n-NHCH2(|3H'CO-NI:I-CH(R)CO-I*IJH-CH(COOH) Csz;SH
H N ) . -‘. _ i

ht
Y
-

and

V~L)y-NHCH-CO-NH-CH(R)CO— PIJH'CH(COOH)CHZT;SH
\\ 1 '--—

[}
1
\\ 4 ’4
-
e 1 P
~ H -7

e -—-—
-
bt K RN

rd

wherein V i_s a vitamin, or a vitamin receptor binding derivative= or analog thezreof, L
is a divalen=t linker, R is a side chain of an amino acid of the foromula H,NCH_RCOOCH,
M is a catiosn of a radionuclide, n is 1 or 0, arad k is 1 or 0. The vitamin is a ssubstrate
for receptor—-mediated transmembrane transpeort in vivo.

Exemplary of these compounds is a compound r—eferred to as MEC20
depicted in Fig. 1. Exemplary of other comypsounds for use in acccordance with this
invention a_re compounds denominate'd as EC11, EC13, EC14, “EC15, EC19, EC3I,
and EC53 (see Fig. 10). The vitamin moiety” (e.g., the folic acied moiety in E-C20)
provides hiligh affinity binding to cellular FR_s. The compoundss also contain 2
bifunctionzal peptide-based chelator, which perovides the site fomr chelation of the
radionuclice, for example, #mTc (see Fig. 1)), and the compourmds Gail, optiomnally,
contain a liinker through which the vitamin rmoiety is covalentl=y bonded to tkmie
chelating ronoiety.

In accordance with the inven tion, the vitamin nxoiety of the compounds
is a vitami—n that is a substrate for receptor-mnediated transmem._brane transposrt in vivo,

or a vitamiEn receptor binding derivative or analog thereof. Th- e vitamin is lmnked,
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optionally, through a linker (L) to the chelaator portion of the compounds. The
chelator po=rtion comprises an o B-diaminopropionic acid moiety lirked to a cysteine
group throwuigh a third amino acid residue. The chelator portion of thne compound is
adaptedto binda radionuclide cation (M) (wherek = 1).

In accordance with the invention, the compounds wi—th bound
radionuclicie are referred to as “vitamin-innaging agent conjugates.”™

The structure of the linker, if present, is not critical t=o the invention.
Thus, for e=xample, it can be any biocomp atible divalent linker. Tywpically, the linker
comprises about 1 to about 30 carbon atoxys, more typically about 2 to about 20
carbon atoems. Lower molecular weight liinkers (i.e., those having =an approximate
molecular weight of about 30 to about 300) are typically employed.. Furthermore, the
vitamin muoiety may be a vitamin, or a dexivative or analog thereof — For example,
folate con—tains one glutamic acid in the I~ configuration linked to pmteroic acid. As
shown in “Fig. 1, EC20 comprises a folic =cid analog linked to the chelator moiety
because E=C20 has the glutamic acid in th.eD configuration. EC11 and EC14 contain
two glutammic acid residues and, thus, thesse compounds can also, for example, be
considere=d derivatives of folic acid (Fig. 10).

Among vitamins believe d to trigger receptor-medmated endocytosis
and havima g application in accordance with the presently disclosed method are niacin,
pantothermic acid, folic acid, riboflavin, thhiamine, biotin, vitamin BB,,, and the hipid
soluble vitamins A, D, E and K. These w7itamins, and their analog=s and derivatives,
constitute= vitamins that can be coupled vwith imaging agents to for—m the vitamin-
chelator conjugates for use in accordancee with the invention. Prefferred vitamin
moieties -include folic acid, biotin, ribofl avin, thiamine, vitamin B-», and analogs and
derivativees of these vitamin molecules, zand other related vitamin mreceptor-binding
moleculess.

Folic acid, folinic acid, pteroic acid, pteropolyglutzamic acid, and folate
receptor--binding pteridines such as tetra‘hydropterins, dihydrofolamtes,
tetrahydr—ofolates, and their deaza and di deaza analogs can be usead in accordance with
the invermtion. The terms “deaza” and “clideaza” analogs refers tos the art-recognized
folate an:alogs having a carbon atom subwstituted for one or two nirtrogen atoms in the

naturally~ occurring folic acid structure. For example, the deaza a_nalogs include the 1-
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deaza, 3-deaza, 5-deaza, &8-deaza, and 10-deaza analoges. The dideaza_ analogs includ-e,
for example, 1,5 dideaza, 5,10-dideaza, 8,10-dideaza, and 5,8-dideazea analogs. The
foregoing are folate analomgs or derivatives and can bimnd to folate rece=ptors. Other
folate analogs or derivatiwes useful in accordance with the invention =are the folate
receptor-binding analogs aminopterin, amethopterin @methotrexate), =m0

methylfolate, 2-deamino—hydroxyfolate, deaza analog=zs such as 1-dea—zamethopterin <1
3_deazamethopterin, and 3°5*_dichloro-4-amino-4-de=oxy-N'’ -methy Ipteroylglutamizc
acid (dichloromethotrexamtc).

The vitam=in, or derivative or analog thereof, can be c=apable of
selectively binding to the population of cells to be vi_sualized due to gpreferential
expression on the targete=d cells of a receptor for the vitamin, or deri=vative or analoss,
wherein the receptor is a_ccessible for binding. The boinding site for the vitamin can
include receptors for anyy vitamin molecule capable «of specifically b-indingto a
receptor wherein the rec eptor or other protein is uniequely expressed , overexpressedii,
or preferentially expresssed by the population of cell=sto be visualize- d. A surface-
presented protein unique=ly expressed, overexpressecd, or preferentialily expressed b=y
the cells to be visualizec is a receptor not present or— present at lowe—r amounts on ofther
cells providing a means for selective, rapid, and semsitive visualizat—ion of the cells
targeted for diagnostic i maging using the vitamin-irnaging agent comjugates of the
present invention.

In accorciance with the invention the= vitamin-imagirmg agent copjug=ates
are capable of high affimnity binding to receptors on cancer cells or oOther cells to be=
visualized. The high aFfinity binding can be inhere=nt to the vitamir moiety or the
binding affinity can be enhanced by the use of a ch_emically modifi- ed vitamin (i.e. ,an
analog or a derivative) orbythe particular chemicaml linkage betweaen the vitamin &nd
the chelator moiety tha—t is present in the conjugate—

In accor—dance with the invention, thme chelator can b-e conjugated w—ith
multiple, different vitammins, or vitamin receptor bimding derivative=s or analogs, (0=
enhance the opportunit-y for binding to the respecti ve cell membrarme receptors.
Alternatively, indepencient portions of the dose of avitamin-imagi—ng agent conjugate
can constitute differeng vitamin-imagipg agent comjugates to enharce the opportumnity

for binding to the respe=ctive cell membrane recept_ors.
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Generally, any manner of forming a complex between thae chelator and
the vitamin, ©r vitamin receptor binding derivative or analog, can be uti_lized in
accordance wwith the present invention. The chelator can form a comple=x with the
vitamin, or viltamin receptor binding derivativ ¢ or analog, by direct conj ugation of the
chelator and —the vitamin by using a divalent linker. Alternatively, the wsitamin and the
chelator may~ be conjugated without employirag a linker. Ifa linker is umsed, the linker
can directly cconjugate the vitamin, or vitamirs receptor binding derivatave or analog,
and the chel=ator through a hydrogen, ionic, ox covalent bond. Also, in accordance
with this inv ention the divalent linker can coxmprise an indirect means —for associating
the chelator —with the vitamin, or vitamin rece:ptor binding derivative or— analog, such
as by connection through intermediary linkers, spacer arms, or bridgin_gmolecules.
Both direct =and indirect means for associatiom must not prevent the birnding of the
vitamin, or wwvitamin receptor binding derivative or analog, to the vitam_in receptor on
the cell menmbrane for operation of the method of the present inventiom.

Covalent bonding of the vitarmin, or vitamin receptor b-inding
derivative o analog, and the chelator can oc«<ur, whether or not a linkeer is employed,
through the formation of amide, ester or imimo bonds between acid, alidehyde,
hydroxy, anmino, or hydrazo groups. For example, a carboxylic acid cmn the vitamin
moiety or o—n the chelator can be activated ussing carbonyldiimidazole or standard
carbodiimicle coupling reagents such as l-etlhyl-3-(3-dimethylaminopjopyl)-
carbodiimicle (EDC) and thereafier reacted wwith the other component of the conjugate,
or with a litnker, having at least one nucleopilic group, viz hydroxy, amino, hydrazo,
or thiol, to —form the vitamin-chelator conjugzate coupled, with or with_out a linker,
through est .er, amide, or thioester bonds.

The radionuclides suitable for diagnostic imaging incl_ude
radioisotopwes of gallium, indium, copper, te=chnetium and rhenium, iracluding isotopes
i, T, 84Cu, Cy, §7Ga or #Ga. Theseradionuclides are catiornic and are
complexed_ with the chelator through the ch elating group of the conjixgate to form the
vitamin-immaging agent conjugate.

The vitamin-imaging agent conjugates in accordance with the
invention =are utilized to selectively visualize, using scintigraphic imaaging techniques,

a populaticon of cells in an animal wherein the population of cells unisquely expresses,
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overexpressess, or preferentially expresses receptors for a vitarmin, or a vitamin
receptor bincling derivative or analog theresof. The vitamin-im=aging agent conju. gates
can be used ~to visualize populations of pa-thogenic cells, as lommg as the cells unicyuely
or preferentii ally express or OVETeXpress vill tamin receptors or reeceptors that bind
vitamin deri_vatives or analogs.

The invention is applicable= to populations of paathogenic cells thaat
cause a vari-ety of pathologies including c-ancer, and diseases rmediated by any o ther
type of pathuogenic cells that overexpress vitamin receptors, or— receptors capable= of
binding vitammin derivatives or analogs. Ehus, the population =of pathogenic cell.scan
be tumorigesnic, including benign tumors and malignant tumomrs, or it can be nor-
tumorigenic. If the cell population is a czancer cell population_, the cancer cells ecan
arise spontzaneously or by such processes  as mutations presentt in the germline ofthe
host anima® or somatic mutations, or the cancer can be chemi=cally-, virally-, or
radiation-iraduced. The invention can be utilized for diagnostic imaging of suchh
cancers as carcinomas, sarcomas, lympheomas, Hodgekin’s di_scase, melanomass,
mesothelio—mas, Burkitt’s lymphoma, nassopharyngeal carcinc»mas, and myelonmas.
The cancer— cell population can include, ut is not limited to, eoral, nasopharyng_eal,
thyroid, en-docrine, skin, gastric, esophagzeal, laryngeal, throa_t, pancreatic, colosn,
bladder, bone, ovarian, cervical, uterine, breast, testicular, pr-ostate, rectal, kidirey,
liver, lung,. and brain cancers. In embod iments where the cell1 population is a ccancer
cell populamtion, tumor cells, including ceslis of the primary tusmor or cells that bnave
metastasizeed or are in the process of disssociating from the pr-imary tumor, can be
visualized using the vitamin-imaging agzent conjugate.

The vitamin-imaging age=nt conjugates of the present invention canbe
used to di=agnose a disease state or t0 moonitor the progressiom of disease. For
example, t-he diagnostic imaging methocd in accordance with the invention cana be used
to monitor= the progression of cancer in ecombination with preophylactic treatme=nts to
prevent re~tumn of a tumor after its remowval by any therapeuti_c approach includlling
surgical rezmoval of the tumor, radiatiorm therapy, chemother=apy, or biological therapy.

The compositions and mmethods of the presentt invention can be= used for
both humzan clinical medicine and veter-inary applications. Xhus, the animal Imarboring

the populaation of cells that are visualize=d can be human or, 3in the case of vete=rinary
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applicationss, can be a laboratory, agricultur=al, domestic, or wild animal. The present
invention ¢ an be applied to animals includisng, but not limited to, humaans, laboratory
animals such rodents (e.g., mice, rats, hamssters, etc.), rabbits, monkeyss, chimpanzees,
domestic amnimals such as dogs, cats, and ra_bbits, agricultural animals ssuch as cows,
horses, pigzs, sheep, goats, and wild animalss in captivity such as bears, pandas, lions,
tigers, leopards, elephants, zebras, giraffes,. gorillas, dolphins, and whaales.

The compositions for diagneostic imaging comprise an Zamount of the
vitamin-inaging agent conjugate effective 1o visualize the cells targeteed for diagnostic
imaging irm an animal when administered ir one or more doses. The d-iagnostic
imaging coomposition containing the vitamTin-imaging agent conjugate is preferably
administeered to the animal parenterally, e.=2., intradermally, subcutane=ously,
intramuscuularly, intraperitoneally, intraveraously, or intrathecally. Altematively, the
compositi=on containing the vitamin-imagimng agent conjugate can be amdministered to
the anima1 by other medically useful processes, and any effective dos eand suitable
dosage form can be used, including oral amnd inhalation dosage forms_

Examples of parenteral do sage forms include aqueouss solutions of the
vitamin-immnaging agent conjugate, in isoto—mic saline, 5% glucose or ofher well-known
pharmace=utically acceptable liquid carrier—s such as liquid alcohols, g1ycols, esters,
and amidees. The parenteral dosage form iin accordance with this invesntion can be in
the form eof a reconstitutable lyophilizate acomprising the dose of the —vitamin-imaging
agent cormjugate.

The dosage of the vitamirm-imaging agent conjugate im the diagnostic
imaging ecomposition can vary significantly depending on the size of ~ the animal, the
cell popumlation targeted for diagnostic im_aging, the specific vitamin—imaging agent
conjugatee being used, and the route of ad-ministration of the conjugatte. The effective
amount t_o be administered to the animal —is based on body surface areea, weight, and
physiciam assessment of the condition of the animal. An effective dse can range
from aboout 1 ng/kg to about 1 mg/kg,' moore preferably trom about 130 ng/ky 10 about
500 pg/keg, and most preferably from about 100 ng/kg to about 25 ps/ke.

Any effective regimen foxr administering the diagnosfic imaging
composi_tion containing the vitamin-imagzing agent conjugate can be= used. For

examples, the diagnostic imaging compossition can be administered a_s a single dose, or
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it can be administered ira multiple doses, if necessary, to achieve visuali=zation of the
targeted cell population— Additional injections of thme diagnostic imaginge composition
containing the vitamin-#maging agent conjugate carbe administered to the animal at
an interval of days or mmonths after the initial injectm ons(s), and the addifional
injections can be useful  for monitoring the progresss of the disease state_ The
diagnostic imaging cormposition containing the vitammin-imaging agent econjugate can
also be administered in combination with unlabelec vitamin. “In combwination with”
means that the unlabele=d vitamin can be either coaedministered with the= imaging agent
or the unlabeled vitami n can be preinjected before administration of thee imaging agent
to improve image qualmty. For example, the imagimng agent can be adm_inistered in
combination with aboust 0.5 ng/kg to ébout 100 mg=/kg, or about 1 pg/k_gto about 100
mg/kg, or about 100 ps/kg to about 100 mg/kg of —the unlabeled vitami_n.

The dizagnostic imaging composition is typically formualated for
parenteral administrati on and is administered to th_e animal in an amoumnt effective to
enable imaging of the =targeted cell population. Tywpically, the diagnos-tic imaging
composition containin _g the vitamin-targeted imag-ing agent is adminis—tered to the
animal, and following a period of time to allow de=livery and concentraation of the
vitamin-imaging agen®t conjugate in the targeted c-ell population, the amnimal is
subjected to the imagimg procedure and imaging i=s enabled by the vita.min-imaging
agent conjugate. Whe=nused for monitoring the p Togression of diseasee or diagnosis,
imaging procedures ar-e typically carried out abou_t 1 to about 6 hours ~post
administration of the cliagnostic imaging composi_tion containing the witamin-imaging
agent conjugate.

The in=vention also provides a metlhod of imaging a poppulation of cells
in an animal wherein the cells are characterized bwy a vitamin receptor—on the surface
of the cells. The metkaod comprises the steps of administering to the zanimal an

effective amount of a composition comprising a —ompound of the formula
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wherein V is thes vitamin, or a receptor bindings derivative or analcog thereof, specific
for the cell surfzace vitamin receptor, Lis a div alent linker, R is a sside chain of an
amino acid of tihe formula H;NCHRCOOH, ML is a cation of a rad_ionuclide, nis 1 or
0, and a pharmaaceutically acceptable carrier thmerefor, and monitomring the
biodistribution -of the compound in the animal .

~The method can be used to imamge a cell populatior in vitro, e.8., in cell
culture, or in vi vo, where the cells form part o for otherwise exist in animal tissue.
Thus, the target cells can include, for examples, the cells lining thee alimentary canal,
such as the oraX and pharyngeal mucosa, the c=ells forming the vil1i of the small
intestine, or thes cells lining the large intestine-. Such cells of the =alimentary canal can
be targeted in ZAccordance with this invention by oral administratmon of a diagnostic
imaging compeosition comprising the vitamin—imaging agent congugate. Similarly,
cells lining the= respiratory system (nasal pass-ages/lungs) of an amnimal can be targeted
by inhalation ©f the present complexes, and c=ells of internal orgamns, including cells of
the ovaries ancd the brain can be targeted, parvticularly, by parente=ral administration of
the diagnostic imaging composition.

T AN ATAT
DoAavar uE 1

Mater—als
N'°_trifluoroacetylpteroic acicl was purchased froom Eprova AG,
Schaffhausen,, Switzerland. Peptide sjmthesis reagents were pumchased from
NovaBiochen and Bachem. 99mTc Sodiun Pertechnetate was supplied by Syncor.
[ReO2(en)2}C1 was prepared according to FRouschias (Rouschizas, G., Chem. Rev., 74:
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531 «(1974)). Cellulose plates and DEAES ion exchange plates were purchased from
J.T. “Baker.
EX_AMPLE 2
Synthesis, Purification, and Analytical Characterizationa of EC20

EC20 was prepared by a polymer-supported sequermtial approach_ using
the BFmoc-strategy (see Scheme 1 below; Fmoc = 9-fluorenylmeth=yloxycarbony~1; Boc
= te-rt butyloxycarbonyl; Dap = diaminopropionic acid; DMF = dimmethylformarmide;
DIP~EA = diisopropylethylamine). EC220 was synthesized on an aczid-sensitive “Wang
resi—n loaded with Fmoc--Cys(Trt)-OHX. Benzotriazole-1-yl-oxy-t-ris-pyrrolidinao-
pho- sphoniumhexafluorophosphate (PyBOP) was applied as the ac=tivating reage=nt to
enswure efficient coupling using low equiivalents of amino acids. F~moc protectizng
gro—ups were removed after every coup ling step under standard co-nditions (20%=e
pipeeridine in DMF). After the last assembly step the peptide was cleaved fromm the
pol-ymeric support by treatment with © 2.5% trifluoroacetic acid ceontaining 2.524
eth _anedithiol, 2.5% triisopropylsilane and 2.5% deionized water.  This reactior also
reswulted in simultaneous removal of thre t-Bu, Boc and trityl prote=cting groups.
Fimmally, the trifluoroacetyl moiety was removed in aqueous ammeonium hydrox=<ide to
givre EC20.

The crude EC20 produ.ct was purified by HPLC u sing an Xterr=a RP18
30 x 300 mm, 7 pm column (Waters); mobile phase 32 mM HCL (A), MeOH (B);
gradicnt. conditions starting with 99% A and 1% B, and reaching- 89% A and 1. 1% B
in 37 min by a flow rate of 20 mL/mim. Under these conditions, EC20 monormer
typoically eluted at 14.38 min, whereas EC20 disulfide dimer (mi-mor contamin-ant)
elvated at 16.83 min. All other compo-unds shown in Fig. 10 can be prepared umsing a
sirmilar synthesis scheme except for EEC15 which is synthesized &asshown in S cheme 2
be=low.

Two milligrams of HP*LC-purified EC20 were disssolved in 0.G@2 mL of
D=0, and a 500 MHz 'H-NMR spectarum was collected. Table L (see below) lists the
chmemical shifts, signal shapes, and J walues for all non-exchange=able protons in EC20

m olecule.
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WEC20 was also analyzed by electrospray-mass Sspectrometry. Major

positive ion peaks (m/z, relative intensity): 1465.1, 100; 747.1, 44; 556.8, 32;570.8,

16.
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R=H Wi R = FsCCO, R = By, R = Boc, R™=Trt, Y = V@Vung Resin
i[> R =ECCOR"=H, R*=H,R™=H.Y=OH

R'=H R'=H R" == H,R*"=H, Y =OH

“Reagents and conditions: i) 20% Piperidine=, DMEF; ii) Fmoc-Asp(OsBu)-OH, PyBop, DIEPEA, DMF; iii) Boc-Dap(Fammoc)-OH,
PyBop, DIPEA, DMF; iv) Fmoc-D-Glu-OsE3u, PyBop, DIPEA, DMF; v) N'°-TFA-Pte-€OH, DIPEA, DMSO; vi) F—CCO,H,
15 HSCH,CH,SH, iPrySiH; vii) HNOH, pH=103.

Table 1. 'H-NMR data for EC20. EC20 was dissolveed in D;0 and a 500 MHz

spectrum was collected. Chmemical shifts (5) are in ppm. The signal for HCOD até =

4.80 ppm was used as the reference. pD = 4.78; s = singlet; d = dou blet; m =
20 multiplet.

Residue Protons Chearical Shift (8) Signals J values
observed
H-7 8.76 s
2xHS 4.64 s 3
Pte H12 8 H-16 1.68 4 J12,13="J15,16-8.8 Hz
H-13 ». H-15 68 d
H-2 4.41 ad T 23-"9.1 Hz; */2,3b=4.5 Hllz
D-Glu H-3a 2.08 m 3s32,3b= 142 Hz
H-3B 2.27 »
2x H4 244 dd 3a,4 = *J4b4 = 5.6 Hz
dd; X of ABX
H-2 a1 System s
Dpr H3A 352 dd; A of ABX 3 23A%6.6 Hz; °J2,3B~4.7 Bz
H-3B 37 System 3JA,B=14.7T Hz
- dd; B of ABX
System
dd; X of ABX
H-2 amn Sysrm s >
Asp Ho3A 2.62 dd; A of ABX .J‘2.3A=29.5 hz; °J2,3B=4.3 Bz
H3B 281 System 'JA,B=16.1 Hz
dd; B of ABX
System
dd; X of ABX
H-2 43 System
Cys HA 2.85 dd; Aof ABX | _J23A=55 bz; *J2,38~4.4 ML
H-3B 2.89 System *JA,B=14.1 Hz
dd; B of ABX
System
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Scheme 2°

(o - % e

‘E R- i R-Fmoc

L\»J\,f; o = mﬂ% pepae

R’ — F;0C0, R* = Bu, R™= T, Y = WVmg Resin
iR ""l: R = F,CC0, R"=H,R™=H, ¥ =0F 1
R =H, R"=HR"=H, Y=OH

9Reagents and conditions:  )20% Piperidine, DMF; i) Fmoc-Asp(OBu)-OH, PyBop, DIPEA, DMEF; iii) Frnoc—Cys(Trt)-OH, PyBop,
DIPEA, DMF; iv) Pmoc-D-Gliu-OtBu, PyBap, DIPEA, DMF; v) N**-TFA-Pie-COH, DIPEA, DMSO; vi) TPAA, HS-<CH,CH;SH, iPrySiH;

vi) HNOH, pH = 103

EXAMPLE 3
Preparati_on of the Non-Radioactive Rea_gent vial and of 99mTe=-EC20
ECT20 kits were used for preparaticon of the 9mTe-EC20 radioactive
drug substance. Each kit contained a sterile, non —pyrogenic lyophilizee mixture of 0.1
10 mgEC20,80mg sodium o-p-glucoheptonate, 80~ mg tin () chloride d_ihydrate, and
sufficient sodium hydroxide or hydrochloric acidl to adjust the pH to 6.8+ 0.2 prior to
lyophilization. THhe lyophilized powder was seal ed in a 5 mL vial undesran argon
atmosphere. The kits were then stored frozen at -20°C until use or expeiration (current
shelf life is > 2 yesars). Importantly, the tin () c=hloride component is required to
15 reduce the added *™Tc-pertechnetate, while the sodium a-p-glucoheptonate
component is necsessary to stabilize the newly re-duced 99mTc prior to iwts final chelation
to the EC20 comppound.
9. EC20 was prepared as follows (i.e., chelation of **Tc to EC20).
First, a boiling w—ater bath containing a partially submerged lead vial sshield was
20 prepared. The towpofan EC20 vial was swabbec with 70% ethanol to sanitize the
surface and the v—ial was placed in a suitable shiezlding container. Usirng a shielded
syringe with 27-ggauge needle, 1 mL of sterile Scodium Pertechnetate 9%9™T¢ Injection
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(15 to 20 mCi) in 0.9% sodium chloride was injected into the shie=lded vial. Befor—e
removal of the syringe from the vial, a volume of " gas from the vieal equal to the
volume of perteechnetate added was withdrawn in order to normal—ize the pressurc
inside the vial. The vial was gently swirled for 390 seconds to ens—ure complete
dissolution of #the lyophilized powder. The vial vwas then placed i.nto the lead shie=ld
that was stand#ing in the boiling water bath. The solution was hezmted for ~18 minutes
and then coole=d to room temperature for a minimum of 15 min. ~This solution camn be
stored at room_ temperature (15-25°C) protected from light, but it should be used
within 6 hourss of preparation.

The radiochemical stability of thes radioactive dru_g substance was
determined by~ HPLC after storing at room tempeerature protectec from light for vap to
24 hours. Sarmaples of the *™Tc-EC20 solution (C20 pL) were anaalyzed using an EEIPLC
system consis ting of a Waters 600E Multisolvernt Delivery Syste=m and 490 UV
detector, a Bieoscan EC-3200 radiodetector, Laumra v1.5 radiochromatogram softvevare,
and a Waters Nova-Pak C18 (3.9 x 150 mm) codumn. Injected ssamples were elhuted
isocratically 11sing an aqueous mobile phase corataining 20% me=thanol and 0.1%=
trifluoroacetics acid at a flow rate of 1 mL/min. “The HPLC analysis was monitor -ed
with both the UV detector (280 nm) and the garmma radiodetectsmor. Notably, the=
radiochemicaa] purity of ®™Tc-EC20 remained exreater than 90%m for at least 24 hmours

in all cases.

EXAMPLE: 4
Determination of Radiochemical pumrity of ¥mTc-ECC20 by TLC

The major radiochemical impuriities in the prepa_ration of M Tc-MEC20
will be 1) ™Tc pertechnetate, 2) %mrc-glucoh_eptonate (ligand - exchange PrecumIsor),
3) non-specific binding *"Tc **™Tc bound at = site other than  the expected Dasp-Asp-
Cys chelatin_g moiety of the EC20 molecule), and 4) hydrolyze=d %mre. Since ™ Tc-
EC20 was be=ing tested for possible clinical use=, a three-TLC-b. ased method wa_s
developed to> determine the amounts of each incpurity and to es=timate the overaall
radiochemic - al purity of *™Tc-EC20.

In the first system a cellulose pMate was developsed with deionize=d
water. ™ Tec-EC20, ™ Tc-glucoheptonate, nom-specific bindirg ®™Tc and $9m—T¢
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Dertechnetate move to the solxent front (R;= 1.0), while haydrolyzed 9MTc remain s at
the origin (R = 0.0). The cell ulose plate was cut into two ~pieces at Ry=0.3 (1.5 &=m
#5om origin) and each piece w=as counted using a dose calitorator. The percent of
hydrolyzed 99mTc was calcula ted as follows: A = % Hydroslyzed; ¥mre = (uCiin
Tottom piece/uCi in both pieczes) x 100.
In the second ssystem, a cellulose plate was developed with acetonee and
«0.9% NaCl (7:3,v/v). ™Tc~pertechnetate moves with Re = 0.9, while ®™Tc-EC220,
9mc.glucoheptonate, non-specific binding %mre and hycirolyzed *™Tc remain &tthe
origin (R¢= 0.0). The cellulcose/acetone-saline plate was cut into two pieces at R.¢=
0.6 (3.0 cm from the origin) =and each piece was counted Lising a dose calibrator. The
percent of *™Tc-pertechnetaste was calculated as follows: B =% *™Tc-pertechnetate
= (uCi in top piece/pCi in booth pieces) x 100.

Finally, in the= third system a DEAE ion exxchange plate was deveMoped
with 0.3 M Na,SOs. ¥™Tc-g=zlucoheptonate moves 1o the solvent front (R¢=1.0)5
nonspecific binding 9™Tc m_oves with Re= 0.6, and 9T c~EC20, hydrolyzed ki
and ™ Tc-pertechnetate renx_ain near the origin "Tc-EC20. Rr=0.1; hydrolyzeed
#¥mre. Re= 0.0; ™ Tc pertecchnetate: Re= 0.3). The celluMose/NazSO4 plate was ecut
into two pieces at 2.5 cm froom the origin and each piece ~was counted using a dowse
calibrator. The percent of *™™Tc-glucoheptonate and norm-specific binding PMT = were
calculated as follows: C = %a (**Tc-Glucoheptonate + neon-specific binding 9m—T¢) =
(nCi in top piece/uCi in bot"h pieces) x 100. The overall radiochemical purity o f
%9mT, EC20 was then calculated as follows: Radiochemik cal purity = 100 - (A+E3+C).

As shown in Fig. 2, HPLC analysis of thes #¥m1c-EC20 formulati on
shows four radiochemical c~omponents, designated as Pesaks A through D. Peak= A
was confirmed to be free *" "Tc and this by-product is reproducibly present at <- 2%.
Peak B, which was differen_t from that of 99mTc-glucohewptonate (data not showr)
eluted with a retention time= of 2.8 min. This componen-t represented about 3% of the
mixture and was thought to- result from 9mre chelating -at some other site on th_e EC20
molecule besides the expec-ted Dap-Asp-Cys moiety. Peeaks C and D (retentior times
of 4.8 minutes and 13.2 mimnutes, respectively), account for the majority of the

formulated radiochemical sactivity.
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EXAMAPLE 5
Synthesis @of Re-EC20

Fifty-two mg (0.010 mmol)» of EC20 and [ReO2(era)]Cl (52 mg, 0.4
mmol) we-re dissolved in 6 mL and 1 mL amrgon-purged phosphate= buffer 0.05M, pH
5.8), respe=ctively. The two solutions were= combined and heated wmnder an argon
atmospher—e in a boiling water bath for 2 heours. The reaction mix_ture was frozen &nd
lyophilize-d overnight. The crude product was purified by HPLC (Xterra RPI8
column, 1 9x150 mm, 10 mM NH,OAc/CH;CN, flow rate 10 mL-/mm; gradient 124to
8%). The= fractions were collected, lyophi lized and stored at -20°C until use.

Because no mass spectral facilities were available= for analysis of
radioactivee materials, the non-radioactive thenium analog, Re-ECC20, was analyze=d.
Both rhermium and technetium are Group “VIA metals that have ssignificant simila_rity
in physicaal and chemical properties. The-yalso form similar complexes with orgeamic
ligands. ~This analogous chemical behavieor has been frequently wused in structure
elucidation of new classes of technetium -radiopharmaceuticals beased on non-
radioactiwve rhenium analogues. Interestizgly, HPLC analysis of Re-EC20 also
showed t—wo major peaks eluting at 5 and 14.2 minutes, respectiwely, similar to P eaks
CandD for ¥ Tc-EC20 (chromatogram not shown). Mass spectral analysis
confirme=d that these two components we=re isomers correspondi—ng to the Re-EC20
complex (m/z=945). In fact, these spec ies were likely diastere omers possessinge,
either a ssyn or anti configuration of the teschnetium-oxygen bon«d in the Dap-Aspm-Cys
chelatingz ring, as depicted in Fig. 3. Becsause i) the two peaks imn the Re-EC20
chromatcgram represent isomeric compl-exes, and ii) reports of similar isomerisrnin
technetivam complexes exist, it is likely t¥hat components C and D in the *"Tc-E-C20

radiochreomatogram are also isomers. -

EX.AMPLE 6
CeXI Culture
Cells were grown contim_1ously as a monolayer wising folate-free  RPMI
medium_ (FFRPMI) containing 10% hea-t-inactivated fetal calf sserum (HIFCS) a2t37°C
ina5% C02/95% air-humidified atmosyohere with no antibioticzs. The HIFCS

containe=d its normal complement of enclogenous folates which enabled the cellss to
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sustain gzrowth in this more physiolog-ically-relevant medium. All cell experiments
were performed using FFRPMI conta-ining 10% HIFCS (FFRPMI/HIFCS) as the
growth medium, except where indicated.

EXAMPLE 7
Relati ve Affinity Assay

The relative affinity o—f various folate derivatives w=as determined
accordi_ng to the method described by Westerhof¥ et al. (Mol. Pha-tm., 48: 459-471
(1995) with slight modification. Braefly, FR-positive KB cells waere gently
trypsin_ized in 0.25% trypsin/PBS at rcom temperature for 3 minu-tes and then diluted
in FFR_PMI/HIFCS. Following a 5 nmin 800 x g spin and one PBS wash, the final cell
pellet wovas suspended in FFRPMI 16=40 (no serum). Cells were inmcubated for 15 min
on ice ~with 100 nM of *H-folic acid —in the absence and presence eof increasing
concertrations of folate-containing t est articles. Samples were cezntrifuged at 10,000
x g for- § min, cell pellets were suspeended in buffer, were transfexTed to individual
vials ¢ ontaining 5 mL of scintillatiomn cocktail, and were then coumnted for
radioasctivity. Negative control tube=s contained only the 3H-folic= acid in FFRPMI (no
compeztitor). Positive control tubes «contained a final concentraticn of I mM folic
acid, and CPMs measured in these ssamples (representing non-sp-ecific binding of
label) were subtracted from all sampples. Notably, relative affinisties were defined as
the in=verse molar ratio of compoundi required to displace 50% off *H-folic acid bound
to KB- FR, and the relative affinity of folic acid for the FR was s=et to 1.

The capacity of EC2-0to directly compete with folic acid for binding to
cell swurface FRs was measured usimmg this assay. Importantly, a melative affinity value
of 1.0 implies that the test article ligzand has an affinity for the F_R equal to folic acid.
Likevwise, values lower than unity reflect weaker affinity, and vaalues higher than unity
reflec=t stronger affinity.

Cultured KB cells woere incubated with 100 nM ~ H-folic acid in ihc
prese-nce of increasing concentraticens of non-radioactive folic a-cid, EC20, Rhenium-
EC20 (isomer A; Peak C), Rheniurn-EC20 (isomer B; peak 0), eor a related folate-
basec radiopharmaceutical, DTPA~—folate. Following a 15-mimxte incubation at 4°C,

cells were rinsed free of unbound rmaterial and counted for resiclual cell-associated
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radioactivity. Thae quantity of bound radicactiverity was plotted against the
concentration of —unlabeled ligand, and ICso val-ues (concentration of liggand required t©
block 50% of *H—folic acid binding) were estimated. As shown in Fig . 4 and Table 2
(below), EC20 wwas determined to have an affirity of 0.92 relative to thhat of folic acid—
for human FRs. Both isomers of Rhenium-EC=20 displayed relative af¥inity values
that were very si_milar to, if not better than, the= parent EC20 molecule (1.42 and 1.37
for Re-EC20 iso-mer A and isomer B, respectiwely). DTPA-folate, an n_chelating
folate radiopharmmaceutical agent, displayed a melative affinity of 0.87 for the folate
receptor. Thus, chemical modification of fola~te with various metal chelating motifs

did not disturb t"he vitamin’s intrinsic affinity —for the FR.
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Table 2. Relatiwve Affinity Estimations. Relattive affinities (RA) were- deﬁned as the
inverse molar reatio of compound required to Gisplace 50% of *H-folics acid bound to
FR-positive KB cells. The relative affinity of *folic acid was set to 1. ESach test article

was evaluated ir triplicate.

T est Article ICso (nM) S.D. RA 3.D.

Folie: Acid 118 +19 1.00

EC20 128 + 25 0.92 —+0.23
EC20:Re isomer 83 +16 1.42 —+0.36
1

EC220:Re isomer 86 +3 1.37 —+0.23
2

DTRPA-Folate 136 +12 0.87 —+0.16

EXAMPL_E 8

Time-Dependent Cell Uptake

KB cells were seeded in 12-we=ll Falcon plates and allo=wed to form
sub-confluent ruonolayers overnight. Followming one rinse with 1 mL ef fresh
FFRPMI/HIFCS, each well received 1 mL of FFRPMI/HIFCS contairaing 10 nM
99mp . EC20. Clells were incubated for predet ermined times at 37°C ard then rinsed
four times withh 1 mL of ice-cold PBS, pH 7.48. The cell monolayers were dissolved in
0.5 mL of PBSS, pH 7.4 containing 1% sodiurnm dodecyl sulfate for 15 min at room
temperature armd then counted for radioactivit-y using a Packard gamm_a counter. The
protein in eaclm sample was quantitated using aBioRad DC Protein Asssay kit, and
cellular proteirn values were converted to cell number using the conve-rsion factor of
2.23 x 107" mg= protein per cell. Final tabulatsed values were expressecd in terms of
molecules of EEC20 per cell. '

The kinetics of ™ Tc-EC20 uwptake into FR-positive KB cells was
guantitatively measured using this protocol.  As shown in Fig. 5, stea~dy-state uptake
was reached wwithin two hours at 37°C, where= approximately 3.2 milli. on molecules of
EC20 were ce-1l-associated, whereas half-ma=ximal cell association oc=curred 9 minutes
after mixing 1 0nM of this radiopharmaceuti cal with the cells. Intere=stingly, the half-

maximal satumration point was reached in onl—y 37 seconds when cells were incubated
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with a 1©-fold higher concentration of ** "T¢-EC20 (100 nM; dllata not shown).

EX_AMPLE 9
Concentration-Iependent Cell Uptake

KB cells were seeded in 12-well Falcon plates and allowed to form
sub-con_fluent monolayers overnight. F-ollowing one rinse witth 1 mL of fresh
FERPMEVHIFCS, each well received 1 mmL of FFRPMI/HIFCSS containing incre=asing
concent-rations of ®™T¢-EC20. Cells w-ere incubated for 2 ho~urs at 37°C and thesn
rinsed f=our times with 1 mL of ice-cold_ PBS, pH 7.4. The monolayers were dis solved
in 0.5 mL of PBS, pH 7.4 containing 1<% sodium dodecyl! sulfifate for 15 min at room
temperzaature and then counted for radio activity using a Packamrd gamma counter—
Protein content was determined as described above, and final  tabulated values wvere
expresssed in terms of molecules of EC220 per cell.

As shown in Fig. 6, the cell uptake of PmTe-E=C20 was found to  be
depend_ent on the extracellular concent—ration. The particular KB cells used wer-e
determ-ined to bind a maximum of foux= million molecules of the folate
radiopbarmaceutical per cell. Scatchamrd analysis of the data  estimated the Kp of
bindingz to be 3.2 nM, a value comparamble with the Kp obser=ved for the vitamir folate
bindingg to these same cells.

Although the full identiity of the Peak B compoonent was not
establi shed, UV absorption analysis irmdicated that it containeed a folate moiety (i.e.,
the abssorption spectrum contained folzate’s signature second=ary absorption peakat 363
nm). ~This HPLC-purificd radiolabeled material (Peak B ma_terial) was collecteed and
then asdded to cultured KB cells. As sThown in Fig. 7, the ceRluptake of the ™ Tc-
labelead Peak B component was also found to be dependent on the extracellulawr
concemtration. Scatchard analysis of ®he data estimated the “Kp of binding to bme 1.1
nM. Interestingly, the cell associatior of Peak B was comp Metely blocked in tine
preserce of excess folic acid, indicati-ng that this minor fornmulation by-producstis also

capab Je of targeting FR-positive cells. for radiodiagnostic prarposes.
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EXAMPLE 10
Blood Clearance

Animals used for ~this study were maintained on a folate-free diet
(Hamrlan #TD-90261) for approximmately three weeks prior to  dose administration.
Acclimation to this special diet i=s essential because regular mrodent diets contain large
ameounts of folic acid (6 mg/kg c-how) and promote high serrum folate levels in mice.
Fumrthermore, previous studies have shown that mice placed ona folate-free diet for 3
we. eks had maintained a safe serum folate level of 25 + 7 nM, which is slightly higher
thamn the 9-14 nM concentration -measurable in human serurm.

The ®™Tc-EC20 solution was prepared on tk-e day of use and had
ini-tially contained 100 ug of ECC20 per milliliter. The solut=ion was further diluted
wi—th sterile saline to prepare wosrking stock solutions. The radiochemical purity of thee
preoduct was estimated to be ~923% by TLC. Each animal reeceived a dose of 50 ug/ke=
ECC20 (67 nmol/kg) in approximately 0.1 mL volume i.v. v—ia the tail vein during briefS
die=thyl ether anesthesia. At the designated times (see Fig. 8) post-injection, each
an.imal was euthanized by CO, asphyxiation, and blood wams immediately collected by
ca_rdiac puncture.

As shown in Figz. 8, 9mTe-EC20 was rapidl—y removed from circulatiorn
in_ the Balb/c mouse. The plasrma half life of this radiophamrmaceutical was estimated
to- be ~ 4 minutes, and less tharm 0.2% of the injected 99mT—_EC20 dose remained in
ci- reulation after four hours (asssuming that blood represent s 5.5% of the total body
mmass). This data indicates that folate conjugates are rapidHy removed from circulatio=n
following intravenous adminis®ration, and that valuable tisssue biodistribution data caan
bee obtained after only a few howurs post-injection without t=he concern for non-specifi ¢

ti ssue uptake due to blood-borme radioactivity.

EXAMPLE 11
“Wissue Distribution Studies
The ability of *™Tc-EC20 to target tumorss in vivo was assessed usinge
a_ FR-positive M109 model. T hese tumor cells are syngereic for the Balb/c mouse,
aand they reproducibly form su_bcutaneous solid tumors wathin two weeks post
i-noculation. 99mT._EC14, whi_ch is structurally similar to ¥mTe EC20 except it
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comtains one additional p-Glu residue (i.e., Pte-p-Glu-p-Glwu-fDpr-Asp-Cy=s), 99mTe-
EC 28 (a non-pteroate containing control consisting of benazoyl-p-Glu-n-Glwu-fDpr-
Asgp-Cys), and the previously reported 111, DTPA-folate r—adiopharmaceutical were
alsen evaluated in this bioassay. Ixmportantly, the ™ Tc-EC=28 control agen—t will not
bimd to cell surface FRs because itlacks an essential ptericline ring moiety—.

Four to five week —old mice (Balb/c strain) ~were purchased from Harlan
Sp~rague Dawley, Inc. (Indianapolis, IN) and were maintai. ned on a folate-- free diet for
a t ofal of three weeks prior to thes experiment. Syngeneic,. FR-positive M 109 tumor
ce1ls (1 x 10° per animal) were jmoculated in the subcutis =of the right axilla two weeks
pr-ior to the experiment. All mice were females, and the twumor weights were 54.2 +
252 8 mg on the day of this exper-iment. A stock 99mp . BC20 solution cormtaining 100
uez of agent per milliliter was prepared on the day of use, and its radioche=mical purity
w:as> 96%. The two additional *™Tc~chelating agents, =T EC14 andll “"Tc-EC28
ass well as ' In-DTPA-folate were also prepared to > 90°%~% radiochemicak purity. All
scolutions were diluted with either saline alone or a saline solution contaimning 100
ecquivalents of folic acid (for coxmpetition) such that the fanal radiopharm aceutical
cooncentration was 10 pmol/mL .

Animals receive«d an approximate 40 pmooVkg i.v. dose off test article in
1800 pL volume via a lateral taik vein during brief diethyl_ ether anesthesiza. Four hours
p ost-injection, animals were sacrificed by CO asphyxiaftion, and dissectzed. Selected
tiz ssues were removed, weighed., and counted to determirme ™ Tc distribumtion. CPM
v-alues were decay-corrected, amd results were tabulated as % injected deose per gram
om f wet weight tissue. )

As shown in Table 3 (below), the three “afolate” containieng
r-adiopharmaceuticals, *™Tc-E<C14, **"Tc-EC20 and gy DTPA-Folate,
poredominantly accumulated in the FR-positive tumor anmd kidneys, how sever the
I=cidneys concentrated a higher percent injected dose per gram of tissue C%ID/g) than
clid the tumor. Interestingly, the net tumor accumulatiomn of i D1 Aw -Folate and
S9mTc EC20 was nearly the sarne (19 and 17% ID/g, resspectively), whereas the tumor
wiptake of 9mT . EC14 was sormewhat less at ~ 10% ID/_ g, Nonetheless,, all three
=agents displayed high tumor to blood ratios (> 30 to 1).
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Table 3. Biodistribution of Folate Radiopharmaceu_ticals in Balb/c Mice Bearing
Subcutaneous M109 Twumors.

% Injected Dose per Gram Tissue 4 hr post inWRravenous injection)*

c-EC14 FRTc-EC14 c-EC20 Te-EC=20 Tn-DTPA- | "in-D™XIPA- c-EC28
-+ Folic acid +Folic ac=id Folate Folate
+ Folic acid

Blood 031+0.14 0.19+0.07 034003 009+ 002 | 021:010 | 0091004 0.06 + 0.04
Heart 239+ 0.64 0.08+ 0.01 1572026 008+ 001 257+082 | 0063—002 | 0.03£001
Lung 2.08+ 040 0.15+0.04 2.22+063 831+ 026 | 1.72+061 0.05 =02 | 005001
Liver 3.44+2.19 1374098 386028 L1s+ 022 | 5211263 | 081003 | 050 +0.26
Spleen 2.68+ 249 2994143 095+0.15 038+ 033 | 330:233 | 146073 |} 0.0 +038
Intestine 1.70+0.58 032+0.11 2.56 +0.61 293+ 149 | 1874069 | 082014 | 047% 0.19
Kidney 98.0 + 40.7 5941052 138+ 124 S64+ 213 191+792 | 314196 | 0621014
Muscle 0.99+028 0.09%0.11 0.67+0.20 006+—002 | 1192048 | 0054004 | 0021 001
Stomach 1.47 058 0.10+0.03 145+0.55 3351+—5.19 162068 | 025020 | 0214019
Tumor 983+ 277 0.4310.52 1725102 0451+ 018 1935586 | 046—r04z | 011£006
Tumor/Blood | 34.1+741 2.00 + 2.00 $1.0+ 8.20 4.70 +—1.30 102+434 | 500 —+460 | 200+050

* Values shown represent the mean + s.d. of data fron— 3 animals.

Folate-specific targeting was further de=monstrated by two disstinct
methods. First, the accumulation of **™T¢-EC14, *™ T¢-EC20 and ' DTIPA-folate
in the FR-positive tumor and kidneys was effectively blocked (> 94%) wher these
agents were co-admini stered with a 100-fold excess omf folic acid. Second, thhe PoTe-
EC28 control agent failed to appreciably accurnulate -1in the kidneys and turmor. Both
observations show that an intact “folate-like” (or pter—oate) moiety is require=d to afford
targeted uptake and retention of thesé radiopharmace-utical agents into FR-pmositive

tissues.

EXAMPLE 12
Gamma Scintigraph _y

M109 tumor cells (1 x 10° per animal ) were inoculated inth. € subcutis
of the right axilla of Balb/c mice two weeks priorto the experiment. Anim als
received an approximate 50 pmol/kg i.v. dose of testx article in 100 pL volumme via a
Jateral tail vein during brief diethyl ether anesthesia.  Four hours post-injec tion,
animais were sacrificed by CO; asphyxiation and theen nlaced on top of an image
acquisition surface. Whole body image acquisition —was performed for 1 mminute at a
count rate of 50-75,000 counts per minute using a T-echnicare Omega 500 =igma 410
Radioisotope Gamma Camera. All data were analy==zed using a Medasys M1S-DOS-
based computer equipped with Medasys Pinnacle scoftware.



WO 03/092742 PCT/US03/14379~

10

15

20

25

30

32>

Uptake of *"Tc-EC20 by thes FR-positive M109= tumors and kidneyss
was demonstra_ted using this gamma scinti gr-aphy protocol. As shown inFig. 9,2
ventral image f a mouse injected with 99m1= EC20 as describe=d above localizes th e
gamma radiatieon to the two kidneys (K) ancX the M109 tumor nass (T; shoulder
region). No apopreciable radiotracer was obsserved in other bod-ytissues. A similar
image profile Thas been reported for the 1111 DTPA-Folate radi opharmaceutical.

EXAMTPLE 13
Urinary Excretiora and Metabolism

The urinary HPLC speciatiosn profile of 9™Tc-F2C20 was obtained
using Balb/c rmice. Mice (~20 g each) weres injected with 1 m&Ci (6.7 nmol) of 9™ Y-
EC20 via a lasteral tail vein. Following a 1. 4, or 6 hour time pweriod, groups of two
mice were eusthanized by CO, asphyxiatiors and urine was coll_ected. After filtraticon
through a GV~ 13 Millex filter, the radiochemmical speciation wz3s assessed using an
HPLC systerra equipped with a Nova-Pak C18 3.9 x 150 mm column and a
radiochemica_1 detector. The system was issocratically eluted v=vith 20% methanol
containing 0. 1% TFA at a flow rate of 1 ma L/minute.

It was previously determine=d that the primary eelimination route fomr
1 DTPA-BFolate was via the urine. Simmilar to the HPLC profile shown in Fig. 2,
both the 2™ T—c-EC20 standard and the urirme samples exhibitecd four radioactive pe=aks.
As shown in ‘Table 4 (below), the radioche=mical purity of the standard (sum of peaks
C and D pres:zumably corresponding to the sy» and anti ™ Tc—EC20) remained
constant at ~ 93% over the 6 hr duration o~f this experiment. ~The amount of frec Smre
in the standaxrd (peak A) was ~2%. Impoxrtantly, peak B witlnin this radiochemic=al
profile is bel-ieved to be EC20 chelated wi_th 99mTc at an unco mventional, less stat>le
position, hovevever the radioactivity measu_red in this fraction —was not included in the
overall radio.chemical purity estimation foor ®™Tc-EC20. Thi_s data collectively
indicates tha _t the formulation remained st able in saline soluti_on throughout this & hr
investigatiors.

After 1 and 4 hours post-irjection into Balb/CZ mice, the radiochemmical
speciation parofile of 991 _EC20 in the mmouse urine did not echange. The radioacstivity

present in th_e urine at 6 hours post-injection, however, was teco low to accuratelyw



WO 03/092742

10

15

20

25

PCT/US03/14379

-®3

assay by HPLC. The proportion of parent drug among radioactives species recovered

in urine remmained relatively constant at apporoximately 90% througzhout the four hours
during whilich it could be quantitated. Thiss value is very similar tam the 93% purity of
the standamrd indicating that ®™Tc-EC20 is predominately excretec into the urine in an

unmodifie: d form.

Table 4. MExcretion and Metabolism of S9mre.Ec20 from the MBalb/c Mouse. Mice
were injected with 1 mCi (6.7 nmol) of 9mT..EC20 via a lateeral tail vein. At the
indicated times, groups of two mice wer-e euthanized and urine= was collected. The
radiochemical speciation was then deter-mined by HPLC. The area percent sum of

geaks C aand D (syn and anti isomers) is used to calculate the o—verall purity of intact
o™ Tc-EC20.

Peak . RT (min) Area Percent

Were-EC20- Standard Urine Sammples (two mice/timepoint

0 hr 1 hr 6 hr 1 hr— 4 br
A 14 2 =1 1.8 83 6.3 9.4 10.2
(pertechne-tate)
B (unknown) 34 4.5 4a4.5 4.8 25 2.6 54 0
C (isomer "1) 5.5 15.5 157 15.9 204 18.1 73 11.1
D (isomer ~2) 18.5 78 T 1.7 77.8 68.8 73 719 78.7
Sum C anad D 93.5 g=3.4 934 89.2 91.1 85.2 89.8

EXA_MPLE 14
Serum Pxrotein Binding

Fresh rat serum, and commmercial male human semrum (type AB donors,
Sigma CThemical Co.) were used to evalumate in vitro binding of = ™Tc~EC20 to serum
proteins. One minute after **"Tc-EC20 ~was mixed with 1 mL o=f serum at room
temperat=ure, 0.3 mL of the serum solution was transferred to a lean Amicon
Centrifreze® ultrafiltration device (30,00 O NMWL) in triplicate. Within one minute of
loading sthe centrifuge with the serum so- lution, the device was sspun at 1000 x g for 20
minutes at 20°C. 50 puL samples of the Original solution, and ofF the filtrate from each
device, vovas transferred to a clean tube ad counted in an autommatic gamma counier.
A contreo! solution of ™ Tc~EC20 mixe=d with I mL of normal saline was ultrafiltered

in an ide=ntical fashion. The percentage of free 99m. was calcu_lated for each of the

three sar-mples.
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Whiles ®™Tc-EC20 exhibited omly a minor level of no-n-specific
binding to the ultra-fltration device (~ 5%), approximately 70% of it was found to
predominantly associate with the > 30kDa seru.am protein fraction in solutions of rat owr
human serum (69% and 72%, respectively). Ixnportantly, since 9™ —c-EC20 does
effectively and prefesrentially accumulate with in FR-positive tissues  (see Table 2 andd
Fig. 8), its apparent affinity for serum proteinss does not appear to affect this
radiotracer’s ability to target FRs in vivo.

EXAMPI_E 15
Tissue Distributsion Studies

The protocols used in this exarmple are similar to thomse described in
Example 11. The ambility of ™Tc-EC20 to tadrget tumors in vivo wesas further assesse d
using FR-positive 109 and FR-negative 4T 1 tumor models. Six wweek-old female
Balb/c mice (n = 3/ dose group) were purchaseed from Harlan Spragrue Dawley, Inc.
(Indianapolis, IN) &and were maintained on a ¥olate-free diet (Harlamn TEKLAD) for -a
total of seven days prior to tumor cell inoculaation.

Syn_geneic, FR-positive M109 tumor cells (2 x 10° B2, per animal) or
FR-negative 4T1 c elis (5 x 10° P, per-animal) were inoculated subecutaneously in 100
pl of folate-free RE2MI-1640 containing 1% sSyngeneic mouse Serumm. A stock ""Tc-
EC20 solution con-taining 100 pg of agent pesr milliliter was prepar—ed on the day of
use as described aloove.

Sixteen days after tumor cell dnoculation, the animanls were injected
intravenously withm 500 or 1800 nmoles/kg o=f EC20 for M109 tum- or-bearing animamls
and 500 nmoles/kgz of EC20 for 4T1 tumor-bearing animals (3 mice per dose grour>).
All injections weree in 100 pl volumes. Four hours post-injection, animals were
sacrificed by CO; asphyxiation, and blood w/as collected by cardi=ac puncture and thhe
animals were disseected. Selected tissues (he=art, lungs, liver, splee=n, kidney,
intestines, stomacTh, muscle, and tumor) wer-e removed, weighed, =and counted in arm
automatic gamma. counter to determine **~Ic distribution. Uptak-€ of the
radiopharmaceuticcal in terms of percentage injected dose of wet wweight tissue (%
ID/g) was calcula-ted by reference to standar-ds prepared from dilumtions of the injec=ted

preparation.
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Ass shown in Fig. 11, folate receptoT-specific targeting w—as
demonstrated because 99m1c-EC20 predominantly accumulated in the F-R-positive
M109 tumors anc kidneys, and not in the FR-negamtive 4T1 tumors. Up=take in the FR-
negative 4T1 tunmors was 7.6-fold lower than in ttme FR-positive M109 —tumors.
Uptake of *™Tc—EC20 in normal tissues, except kidney as expected, w=as low. These
results show that= *™Tc-EC20 targeting is FR-speccific.

EXAMPLE 1 6
Tissue Distribution Studies

T he protocols used in this example= are similar to those «described in
Example 11. Tle ability of Pmrc-EC11 (peptide -A4), 9mrc-EC13 (pe=ptide-Aj), and
99 EC14 (pegptide-A2) to target tumors in vivo- was assessed using tThe FR-positive
KB tumor mode=1. Four week-old male nude mic-e(n= 4/group) were —maintained on a
folate-free diet £or a total of ten days prior to tunmor cell inoculation.

F=R-positive KB tumor cells (0.25 x 10° per animal) we=r¢ inoculated
subcutaneously in the intracapsular region. Four-teen days after tumor— cell
inoculation, the animals (n = 4/group) were injec=ted intravenously witzh 9mrc-EC11,
9mT. EC13, or ™Tc-EC14 at the doses (about 12 ng/kg) of the conjwugates shown in
Table 5 below. Stocks of ®™Tc-EC11, **"Tc-E«C13, and $9mr. EC148 solutions were
prepared on the day of use as described above. =About a 20-fold excesss of free folate
(about 200 ug/lsg) was co-administered to control animals (n = 4/grounp). Four hours
post-injection, Zanimals were sacrificed by CO2 amsphyxiation, and bloc>d was collected
by cardiac puncture and the animals were dissec-ted. Selected tissues were removed,
weighed, and ceounted in an automatic gamma counter to determine 7" ™Tc¢ distribution.
Uptake of the r=adiopharmaceutical in terms of p ercentage injected do se of wet weight
tissue (% ID/g)= was calculated by reference to s—tandards prepared fro-m dilutions of
the injected pre=paration.

As shown in Table S, folate recegptor-specific targeting was
demonstrated bwecause *™Tc-EC11, ®™"Tc-EC138, and 99m1c EC14 preedominantly
accumulated inm the FR-positive KB tumors and  kidneys. The accumwulation was
blocked by co- administration of free folate. Th-ese results show that $mTe-EC11,
9mTc-EC13, amnd ™ Tc-EC14 can target tumorss in vivo in a FR-speciific manner.
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S imilar results (see Table 6 below) were obtained wwith 9mre-EC 53
(the all D-enanti_omer of EC20) using similar protocols except thamt the dose of ™" Tc-
EC53 was aboutt 50 pg/kg and about a 100~fold excess of free fol=ate or cold ECS3
was used. As skown in Table 6, folate receptor-specific targeting= was demonstr=ated
5  because ™ c-ESC53 predominantly accumulated in the FR-positimve KB tumors and
kidneys. The ac=cumulation was blocked by co-administration of ~ free folate. Timese
results show th=at " Tc-EC53 can target tuumors in vivo in a FR-srpecific manner .
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DISCUSSION

The invention provides a conjugate of a vitamin armd a radionuclide
chelator for clinical development as an imaging agent. Exemplar_y of such an imaging
agent is the newly designed, synthesized, and radiochemically ch=aracterized folate-
based radionuclide chelator, $9mTc—EC20.

99my EC20, a smak] molecular weight peptide der=ivative of folate that
contains a p-y-Glu peptide linkage (see Fig. 1), was synthesized Lasing an efficient
solid-phase synthetic procedure. In its natural form, folate (or pteeroyl-glutamate) has
a single glutamyl residue present inan L configuration. Howevesr, a p-Glu enantiomer
residue was incorporated into the EC20 molecule. Importantly, ssimilar to EC20,
substitution of the -Glu residue ir folic acid with a p-Glu residue does not alter the
ability of folic acid to bind to the Jhigh affinity FR.

EC20 was found to» efficiently chelate 9™ ¢ wher in the presence of o+
p-glucoheptonate and tin (ID) chloxide. When analyzed by radiocchemical HPLC, >
95% of the resulting *™Tc-EC20 formulation consisted of a mix=ture of syn and anti
stereoisomers, each equally capable of binding to FR with high =affinity (see Fig. 3).
Approximately 3% of the 99m.. iz the formulation was chelated to EC20 at some
other site on the EC20 molecule than the expected Dap-Asp-Cy=s moiety. Although
this component was not isolated in sufficient quantity for optim=al characterization, it
was shown to bind to FR with high affinity (see Fig. 6). Finallyw, the remaining 2% of
the radioactivity in the *™Tc-EC20 formulation was attributed t=o free M Tc.

9mT. EC20 demosnstrated both time- and concertration-dependent
association with FR-positive cell s. 9mre EC20 was rapidly clesared from the blood
(ti2 ~ 4 min), which is important for diagnostic imaging agents , and $9m1c-EC20
preferentially accumulated in lar ge amounts within FR-positive= tumors.

The performance of 99m1. EC20 was directly commpared to that of a
similar FR targeting agent, ''' In—DTPA-Folate, using two diffemrent methods. Firs,
both folate-based radiopharmacesuticals were found to equally ccompete with folic acid
for binding to KB FRs (see Fig. 3 and Table 1). Second, the bi_odistribution of each
agent in tumor-bearing mice wass nearly identical (see Table 2) . High tumor uptake
and tumor-to-blood ratios were xmeasured for 9mTc-EC20. Tak<en together these
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results suggest thamt like ' In-DTPA-folate, 9mT=_EC20 will effectively Bocalize in
FR-positive tumomrs when clinically administered to patients.

Se-veral folate-based 99T conjugzates have previously be=en described.
Limited biodistritoution data is available on a 99m—T1¢-12-amino-3 ,3,9,9-temramethyl-5-
oxa-4,8 diaza-2,1 O-dodecanedinoe dioxime (OX_A) folate conjugate, howvever
moderate levels (— 7% ID/g) of tracer uptake in &a KB tumor was reporte=d. Studies
involving the bioedistribution of a 9mTc-ethylene=dicysteine~folate conju_gate in
mammary tumor—bearing rats were also reportedd. The rats in that study werefeda
folate-rich diet. ~Thus, low tumor uptake and lowv tumor-to-blood ratios were
obtained. Lastly, a *"™Tc-6-hydrazinonicotinanmido-hydrazido (HYNIC) folate
derivative (YN IC-folate) was shown to accumaulate in large amounts wwithin 24JK-
FBP tumors. Int-erestingly, ™ Tc-EC20 accumialated within M105 tum._ors to nearly
identical levels a_s that of HYNIC-folate in 241 F<-FBP tumors (~ 17% ID/g) (Table 2).
These two agentss also displayed roughly 50:1 tLamor-to-blood ratios at =4 hours post
intravenous injection.

I summary, a new peptide deriv—ative of folate was creamted to
efficiently chelaste 99mTe. This new compound, $m1.-EC20, avidly birmds to FR-
positive tumor c ells in vitro and in vivo. EC20,_ was found to bind cultwmured folate
receptor (FR)-pOsitive tumor cells in both a timme- and concentration-de=pendent
manner with ver-y high affinity (Kp ~ 3 nM). UJsing an in vitro relative=s affinity assay,
EC20 was also fFound to effectively compete wimth 3H-folic acid for celk binding when
presented either aloneor asa formulated metal chelate. Following intmravenous
injection into Baalb/c mice, $9mTe EC20 was raapidly removed from cir-culation
(plasma t;2 ~ 4 min) and excreted into the urin _e in a non-metabolized form. Data
from gamma sc-intigraphic and quantitative biosdistribution studies per*formed in M109
tumor-bearing E3alb/c mice confirmed that 99m - EC20 predominantly= accumulates in
FR-positive tuncior and kidney tissues. These —esults show that *™Tc-JEC20 is an
effective, non-imvasive radiodiagnostic imagin_g agent for the detectiomn of FR-positive
tumors. Other ¥EC20-related imaging agents weere also shown to be ef Tective,
including EC1L,EC13, EC14, and EC53.

“Each year ~ 26,000 women in t—he United States are dizagnosed with

ovarian cancer,. and less than 50% of those wowmen survive more than five years. One
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reason for the low surviv-al rate is the difficulty in diagrmosing this form of cancer .
Because of the fear of rupturing an unidentified abdom_inal mass and the potentiaml for
spreading cancer througlout the abdominal cavity, fine= needle biopsy is not oftemn

performed. Rather, the Aiagnosis and staging of suspiczious ovarian masses is
typically done through swrgical laparotomy, which is a_ninvasive and expensive
procedure. Since 9w EC20 binds tightly to FR pres ent in large amounts on owwvarian
cancers (among others), this radiopharmaceutical prov—ides an inexpensive, non-
invasive but reliable method for the early diagnosis of ~ malignant ovarian cancer-.
Importantly, 9mT:_EC2 O may also help guide the clin—ical decision process by mmaking

possible more definitives and carlier diagnosis of recur—rent or residual disease.
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CLAIMS:

1. A compound o=fthe formula

V-(L)n-NHCHz(i‘,H-CO-Mlj-CH(R)CO-NH-CH(COOH)CHQ::SH
HaN- . _ : :

-
-

I”

wherein V is am vitamin that is a subst-Tate for receptor-mediated tr-ansmembrane transsport in Vivo,

~. N
- -
->

(M

or a vitamin receptor binding derivatmve or analog thereof;

L is a divalent linker;

R is a side chain of an. amino acid;

M is a cation of a radi-onuclide;

nis 1 or 0; and

kis!lorO.

2. The compoundd of claim | wherein V is a v~itamin selected fromm the group
consisting of Folate, riboflavin, thiam_ine, vitamin B, and biotin, or a vitamin recept—or binding
derivative or amnalog thereof.

3. The compouncd of claim 1 wherein the radE onuclide is selectecd from the
group consisti ng of isotopes of galliu_m, indium, copper, technetimum, and rhenium.

4, The compouncd of claim 3 wherein the radionuclide is an isotcope of

technetium.

5. The compounc of claim 1 wherein V is fol_ate, or a folate rece-ptor binding

analog or deri~vative thereof.

6. The compound of claim 1 having the form ula

O COH

C.OH
H o] o] z
0
/\)J\NWN\/\"/U\N/\HJ\ NT™

" Ng NJ\\) H O CoH " ONH, 7 HN _COH
LT H 5
> = pd

H,;N” NT TN HS

AMENDED SHEET
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7. The compound of claim 1 hav ing the formula
L
O COH NH, , HN" “COH

(o] N H
H H
HN N\ N © \OH
— P
HZN N N

8. The compound of claim 1 hav ing the formula
0 COH Cm o CZH
N Y N N
i @HW : H H LN _COH
HN)ij/\N O COH NH, T oHN_co,
H H
S
HZN/]\\N Nig HS
9. The compound of claim | havang the formula
HS

X

HN” ~CO, H

O COH NH
2 H U n\/&
.0 N/\/Y -0
HN 7S N COH
s A J R
H,N N7 N

10. The compound of claim 1 hav-ng the formula

AMENDED SHHEET
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0 /(,')OZH
oo~
(@] NH SH
O COM HJ\:
L d NS,
H o
S~ N
*ﬁ i

11.

Q
d w NH2
i e
HNJ\/“N\\/\N 07 NH |, sH
/I\N//l H HO,C ' N
O COMH
12. The compound of claim 1 having the formula
HS\:
: it J\/\( VH}H(&
HN COH
\
H,N

13.

A composition for diagnostic im aging comprising a com_pound of the
formulla

V-(L), NHCHZCH :CO-NH-CH(R)CO-NH- CH(COOH)CH2 —=SH
5—{2N- "

AMENDED SHESET
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