
IMPROVED METHODS AND COMPOSITIONS FOR F-18 LABELING OF 

PROTEINS, PEPTIDES AND OTHER MOLECULES 

Related Applications 

[001] This application is a continuation-in-part of U.S Patent Application Serial No. 

11/960,262, filed December 19, 2007, which claimed the benefit under 35USC§l19(e) of 

Provisional US Patent Application No 60/884,521, filed January 11, 2007. 

Field 

[002] In certain embodiments, the present invention concerns a simple method of labeling 

peptides with F-18, which are of use for in-vivo imaging The preferred specific activity of 

the F-18 labeled peptide would be about 1,000 to 2,000 Ci/mrnol at the time of administration 

to the patient Specific activities that are in the range of 100 to tens of thousands of Ci/mmol 

would also be of use. Although higher specific activities are preferred for certain imaging 

applications, in other alternative embodiments a lower specific activity of a metal-F-18 

complex with NOTA (1,4,7-triaza-cyclononane-N,N',N"-triacetic acid) or another chelating 

moiety could be of use, for example, as a renal flow imaging agent or for heart and brain 

imaging agents to image blood flow Preferably, F-18 labeling is accomplished without need 

for a purification step to separate unlabeled from labeled peptide. More preferably, F-18 

labeled peptides are stable under in vivo conditions, such as in human serum. 

Background 

[003] Positron Emission Tomography (PET) imaging provides high resolution and 

quantitation from the PET images Peptides or other small molecules can be labeled with the 

positron emitters 18F, 64Cu, 66Ga, 68Ga, 76Br, 94mTc, 86Y, and 1241 to name a few. The positron 

emitted from the nucleus of the isotope is ejected with different energies depending on the 

isotope used. When the positron reacts with an electron two 511 ke V gamma rays are emitted 

in opposite directions. The energy of the ejected positron controls the average distance that a 

positron travels before it is annihilated by hitting an electron. The higher the ejection energy 

the further the positron travels before the collision with an electron. A low ejection energy for 

a PET isotope is desirable to minimize the distance that the positron travels from the target 

site before it generates the two 511 ke V gamma rays that are imaged by the PET camera. 

Many isotopes that emit positrons also have other emissions such as gamma rays, alpha 
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particles or bet.a pamdes in their decay· chain. Jt is desirable to have a PET isotope that is a 

pure positron emitter so that any dosimetry problems \>.til.l be minimized. 

10041 The half:..Jifo of the isotope is al::>o important, since the half-life must be loug euough 

to attach the isotope to a targeting molecule, analyze the product, inject it into the patient, and 

al!mv the product l(> localize, dear from non-target tissues and then image. If the half-life is 

too long the specific activity may not be high enough to obtain enough photons fi.)r a clear 

image and if it is too short the time needed for manufacturing, (:on1tnercial distribution and 

biodistribution may not be siifficient. F-18 Of 635 keV 97<~'0, ti.2 l .l 0 min) is one of the most 

widely used PET emitting isotopes because of its lnw posi.tron e1:nissio.n energy, lack of side 

emission:; and suitable half-life. The F~ 18 is produced \Vith a high specific activity. \Vhen an 

targeting agent, w'hich is often present in a large n:10lar excess co1:npared w the rndiolabeled 

product. Usu.ally, the labeled product and the unlabeled product can compete Rlr the same 

target in-vivo so the presence of the cold targeting agent lowers tbe effective specific activity 

of the targeting agent !fthe F-18 is attached to a molecule which has a very high uptake such 

as 2-fluoro-2-deoxy glucose CFDG) then effective specific activity is nm as important. 

Ho\vever, if one is targeting a receptor with a labeled peptide or performing an immunoPET 

pretargehng study with a lirnited number of binding sites available, the cold targeting agent 

could potentially block the uptake of the rndiolabeled targeting agent if tl1e cold targeting 

agent is present in excess. 

!005! Conventwnal F-18 labeling of peptides involves the labeling of a reagent at low 

spedfic activity, HPLC purification of the reagent and then conjugation to the peptide of 

interest. The conjugate is oflen repurified atler conjugatinn w oblain the desired specific 

activity of labeled peptide. An example is the labeling n1ethod of Poethko et al. (J Nud. 

Aied. 2004; 45: 892-902) in which 4-[1~Flfluorobenzaldehyde is first synthesized and purified 

(Wilson et al, J Labeled Compounds and Radiopharm. 1990; XXVIH: 1189-l l 99) and then 

conjugated to the peptide The peptide conjugate is then puri ficd by IlPLC to remove excess 

peptide that was used to drive the conjugation to completion. The hvo reactions and 

purification \vould not be a problem if F-18 had a long half-life. Hmvever the half-lifo of F-

18 is only 2 hr so all of the manipulations that are needed lo attach the F-U<; to the peptide are 

a significant burden. 

[0061 These .methods are tedious to perform and require the use of equipment designed 

specifically to produce the labeled product and/or the efl'brts of specialized professional 
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chemists. They are not kit formulations that could routinely be used in a clmical setting. A 

need exists for a rapid, simple method of 18~.F~laheling of targeting mo.ieties, such as proteins 

or peptides, that results in targeting constructs of suitable specific aclivity and in vivo stabilit)/ 

fbr detection and/or imagmg, while minimizing the requirements for speciahzed equipn1ent or 

highly trained personnel and reducing operator exposure to h1gh levels of radiation. A further 

need exists for prepackaged kits that could provide compositions required for perfbrming 

such novel methods. 

Summary 

10071 Fluoride binds to practically all other elements and some of those bonds are relatively 

stabk. Peptides, bearing metal binding iigands, are known to bind rndiometais stably and at 

very high specific activity. The approach utilized in tbe present method was to first hind the 

F-.l 8 to a rnetal and then chelate the F-18 metal complex \Vith a ligand on the peptide. The 

question was then, which metal (or other element e.g. boron) to choose. The e1em.ents in 

group IIIA (boron, alummum, gallium, indium, and thallium) were the first choice based on a 

quick search of the literature. Lutetium may also be of use. 

[008J Alternatively, one might attach the metal or other atorn to t11e peptide first and then 

add the F- l 8. The second approach might \vork better, for example, for a bornn fluoride 

connection. 

1009! Aluminum fluoride complexes are reported to be stable in-vitro (1\:Jartinez et al, lnmg. 

Chem. 1999; 38: 4765~4660: Antonny et al J. Biol. Chem. 1992; 267: 6710-6718). 

Aluminum fluoride becomes incorporated into bone and into the enamel of teeth so the 

cornpkxes can also be stable in-vivo (Li, Crit. Rev. Oral Biol. Ated. 2003; 14: 100~ l 14). 

[00101 The skilled artisan ·will realize that virt11all:y any delivery molecule can be used to 

attach tlie F-18 for imaging purposes, so long as it contains derivatizable groups that may be 

modified without affecting the ligmH.l~receptor binding interaction bet1-veen tl1e delivery 

molecule and the cellular or tissue target recepior. Although the Examples bekW>.i concern F-

18 labeled peptide moieties, many other types of deli very 1nolecules, such as 

oligonucleotides, honnm1es, growth factors, cytokines, chemokines, angiogenic factors. anti~ 

angiogenk factors, immunomodulators, proteins, nucleic acids, antibodies, antibody 

fragments, drugs, interieukins, interferons, ohgosaccharides, poiysaccharides, hpids, etc, may 

be f-18 labeled and utilized for imaging purposes, Similarly, the type of diseases or 
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conditions that may be imaged is limited only by the availability of a suitable delivery 

molecule for targeting a cell or tissue associated with the disease or condition. Many such 

delivery molecules are known, as exemplified in the Examples below. For example, any 

protein or peptide that binds to a diseased tissue or target, such as cancer, may be labeled 

with F-18 by the disclosed methods and used for detection and/or imaging. In certain 

embodiments, such proteins or peptides may include, but are not limited to, antibodies or 

antibody fragments that bind to tumor-associated antigens (TAAs). Any known TAA­

binding antibody or fragment may be labeled with F-18 by the described methods and used 

for imaging and/or detection of tumors, for example by PET scanning or other known 

techniques. 

[0011] In certain Examples below, the exemplary F- 18 labeled peptides may be of use for 

imaging purposes as targetable constructs in a pre-targeting method, utilizing bispecific or 

multispecific antibodies or antibody fragments. In this case, the antibody or fragment will 

comprise one or more binding sites for a target associated with a disease or condition, such as 

a tumor-associated or autoimmune disease-associated antigen or an antigen produced or 

displayed by a pathogenic organism, such as a virus, bacterium, fungus or other 

microorganism. A second binding site will specifically bind to the targetable construct. 

Methods for pre-targeting using bispecific or multispecific antibodies are well known in the 

art (see, e.g., U.S. Patent No. 6,962,702.) Similarly, antibodies or fragments thereof that bind 

to targetable constructs are also well known in the art (Id.), such as the 679 monoclonal 

antibody that binds to HSG (histamine succinyl glycine). Generally, in pretargeting methods 

the bispecific or multispecific antibody is administered first and allowed to bind to cell or 

tissue target antigens. After an appropriate amount of time for unbound antibody to clear 

from circulation, the e.g. F-18 labeled targetable construct is administered to the patient and 

binds to the antibody localized to target cells or tissues, then an image is taken for example 

by PET scanning. 

[0012] In an exemplary embodiment, a non-peptide receptor targeting agent such as folic 

acid may be conjugated to NOT A and then labeled with, for example, an F-18 metal complex 

that binds to NOTA. Such non-peptide receptor targeting agents may include, for example, 

TA 138, a non-peptide antagonist for the integrin avp3 receptor (Liu et al., 2003, Bioconj. 

Chem. 14:1052-56). Similar non-peptide targeting agents known in the art that can be 

conjugated to DOTA, NOTA or another chelating agent for F-18 metal complexes may be 
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utilized in the claimed methods. Otber receptor targeting agents are knm:vn in the art, such as 

the sommostalin receptor targeting agent ln-DTPA ocln.~olide (TYCO*;). As discussed 

bek)\:V, an F-18-metal co1nplex could potentially be chelated using DTPA and used for 

iinaging purposes. The NODAGATOC peptide could be labeled witb AlF-18 for 

somatostatin receptor targeting (Eisernviener et. al. Biocor~j. Chem. 2002, 13(3):530-41 ). 

Other methods of receptor targeting imaging using metal c.hdates are known .in the art and 

may be utilized in the practice of the claimed methods (see, e.g., Andre et a!., 2002, J. Inorg. 

Biochem. 88: 1-6: Pearson et al, 1996, J. Med., Chem. 39: 136 l -71 ). 

[OOJ3J Imaging techniques and apparatus for F-18 imaging by PET scanning are also well 

knmvn in the art. (see, e.g, U.S. Patent Nos. 6,358,489; 6,953,.567: Page et al., NucleaJ 

i\fodicine And Biology, 21:911-9l9, 1994; Choi et aL Cancer Research 55:5:n3-5329, l 995; 

Za!utsky et al., J. Nuclear 1vkd,, 33:575-582, 1992) and any such known PET imaging 

technique or apparatus may be utilized. 

{0014] Although the Exampks below demonstrate the ust~ of F-18 metal complexes for PET 

hnaging, the skilled artisan will realize that stable rnetal-t1uorine complexes, such as the non­

radioactive Al-27 and F-19 complex, could also be bound to NOTA or other chelators and 

attached to peptides or other targeting agents for use as an MRI contrast agent. The AlF 

NOTA complexes could also be attached to polymers fbr !v1Rl :imaging. The AIF NOTA 

derivatives could be used as PARACEST tvlRl imaging agents {Woessner et. al. "\fagn. 

Reson. l\1ed, 2005, 53: 790-99). 

Brief llescription of the Drawings 

[00151 The follo\ving Figures are included to illustrate particular embodiments of the 

invention and are not meant l(> be limiting as to the scope of the claimed subject matter. 

[OOJ6J FIG. L Exemplary peptide I1V1P 272. 

100171 FIG. 2. Exemplary peptide IMP 28K 

[0018] FIG. 3. Exeinplary peptide Uv!P 326. 

[0019] FIG. 4. Exe1nplary peptide IlVlP 329. 

f 0020] FIG. 5. Exemplary peptide Il\-JP 33 l. 

[0021] FIG. 6. Exemplary peptide Il'v1P 332. 
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[00221 FIG. 7. Exemplary peptide UvlP 333. 

[00231 FIG. 8. Exemplary peptide l1VlP 334 .. 

100241 FIG. 9. Exemplary peptide HvlP 349. 

100251 FIG. 10. Exemplary peptide Hv'lP 36K 

[002<>1 FIG. 11. Exeinp!ary peptide I1·1P 375. 

10027! FIG. 12. Exemplary peptide L\.1P 384. 

f0028] FIG. 13. Exemplary peptide U\.1P 386. 

f0029] FIG. 14. Exemplary peptide L\.1P 389. 

f0030] FIG. lS Exemplary peptide IMP 449. 

{0031} FIG. lt). Additkmal exemplary peptides Uv1P 422, fl\..'1.P 426 and Uv1P 428. 

[0032} FIG. 17. Exemplary NOTA derivative. 

[00331 FIG. 18. Exemplary NODA-peptide structure. 

[0034 l FIG. 19. Comparative b1odistnbution of ln-l l l and F- l 8 labeled 11\:JP 449 in mice 

·with or \\-'ithout TF2 bispedfic antibody. 

100351FIG.20. in vivo imaging of tumors using. an rnln-!abeled diHSG peptide (ll\1P 288) 

with or ;vithout pretargeting TFlO bispecific anti-\fUC 1 antibody. 

10036] FIG. 21. PET imaging of micrometastatic human colon cancer in lungs of nude mice, 

using '-'Al-iabe!ed peptide and pretargeting with TF2 bispecific anti-CEA antibody. 

{00371 FIG. 22A-22l>. Addilional exen1p lary chelating. moieties for use ;vith F~ l 8 labeling.. 

l>ET AILED DESCRIPTION 

{0038} In the description thal friltm.vs, a number of terms are used and the following 

definitions are provided to focihtate understanding of the disclosure herein. Terms that are 

not explicitly defined are used according to their plain and ordi.nmy meaning. 

[00391 As used herein, "a" or '''an" n~ay Jnean one or more than one of an item. 

[00401 As used herein, the tern1s "and" and "or" may bf.~ used w mean either the conjunctive 

or di~junclive. That is, both terrns shonld be understood as equivalent to "a.nd/or" unless 

otherwise stated. 



[0041 J As used herein, "about" means within plus or minus ten percent of a number. For 

example, "about l Off' would refer to any number between 90 and 1 lO 

100421 As used herein, a "'peptide" refers to any sequence of nalmally occurring or non­

natumlly occmring amino acids of between 2 and l 00 amino acid residues in length, more 

preferably bet\veen 2 and I 0, more preferably bel\veen 2 and 6 mnino adds in length. An 

acid derivative or an amino acid mimetic. 

[0043] As used herein, a labeled molecule is "purified" when the labeled molecule is partially 

or \.Vho!ly separated from unlabeled molecules, so that the fraction of labeled molecules is 

enriched compared to the starting mixture. A ''purified" labeled molecule may comprise a 

mixmre of iabeled and unlabeled molecules in almost any ratio, including but not limited lo 

about 5:95: 10:90; 15:85: 20:80; 25:75; 30:70; 40:60; 50:50; 60:40; 70:30; 75:25; 80:20; 

k5:15; 90:10; 95:5; 97;3; 98:2; 99:1or100:0. 

{0044] As used herein, lhe tem1 ''pathogen" inchides, but is not limfred w fungi, viruses, 

parasites and bacteria, including but not limited to human immunodeficiency virus (HIV}, 

herpes virus, cytomegalovirns, rabies vtrns, influenza virns, hepatitis B virus, Sendai virus, 

feline leukemia virus, Reo vims, polio virus, lmrnan serum pan'o-like vims, simian virus 40, 

respiratory syncytial vims, mouse mammary tumor vims, Varicella-Zoster vims, Dengue 

vims, rubella virns, measles vims, adenovirus, human T-ceH leukemia viruses, Epstein-Barr 

virus, tnurine leukemia virus, mumps virus, vesicular stomadtis virus, Sindbis virus, 

Legion el la pneumophif ta, Streptococcus pyogenes, Escherichia coli, ,\ieisseria gonorrhoeae. 

A"eisseria 1neningilidis, Pnewnococcus. Hemophi!is i1!.fluenzac B, 1)-eponema pa!lidum, L;yme 

disease spirochetes. Pseudomonas aeruginosa, Afycobacterium leprae, fJrucel!a abortus, 

Afycohacterium tuherculosis and Chlostridium fetani. 

100451 As used herein, a "rndiolysis protection agent" refers to any molecule, compound or 

composition that may be added to an F-18 labeled complex or molecule to decrease the nue 

of breakdown of the F-18 labeled complex or molecule by rndiolysis. Any known radiolysis 

protection agent, including hut not limited to ascorbic acid,. may be used. 

Targetable Construct: Peptides 

[0046J In certain embodiments, the F-18 labeled moiety may comprise a peptide or other 

targetable constrnct. F-18 labeled peptides (or proteins) may be selected to hind direclly to a 



targeted cell tissue, pathogenic organism or other target for imaging and/or detection. In 

other embodiments, F-18 labeled peptides may be selected to bind indirectly, for example 

using a bispecific antibody \Vlth one or more binding sit.es for a targetable constrncl peptide 

and one or more binding sues for a target antigen associated with a disease or condition. 

Bispecific antibodies may be used, for exarnple, in a pretargeling technjque \vherein the 

antibody may be administered first w a subject. Sufi!cient time may be a!lo\ved fhr the 

bispecifk antibody to bind to a target antigen and for unbound a11tibody to c1eai- from 

circulation. Then a targetable construct, such as an F-18 labeled peptide, may be 

administered to the subject and alkwved to bind to the hispecific antfoody and localize to the 

diseased cell or tissue, after \vhich the distribution of the F~ l 8 labeled targetable conslrucl. 

may be detennined by PET scanning or other k110'wn techniques. 

10047] Such targetahle constructs can be of diverse structure and are selected not only for lhe 

availability of an antibody or frngLnent that binds with high affinity to the targetable 

construct, but also for rapid in vivo clearance when used \Vi thin the pre~largeting method and 

bispecific antibodies (bsAh) or multispecific antibodies. l-iydrophobic agents are best at 

eliciting strong immune responses, \-vhereas hydrophilic agents are preferred for rapjd in vivo 

c.:leanmce. Thus, a balance bet\.veen hydrophobic and hydrophilic character is established. 

This may be accomplished, in part, by nsing hydrophilic chelating agents to offset the 

inherent hydrophobicity of mru1y orga11ic moieties, Also, sub-units of the targetable constmct 

may be chosen \vhich have opposite solution properties, for example,. peptides, viil1ich contain 

amino acids, some of\vhich are hydrophobic and some of1vhich are hydrophilic. Aside from. 

peptides, carboh:ydrates may also be used, 

[0048J Peptides having as fie,v as two amino acid residues, preferably l\VO to ten residues, 

rnuy be used and m.ay also he coupled to other moieties, such as chelating agents. The linker 

should be a knv molecular weight conjugate, preferably having a molecnlar \veight of less 

than 50,000 daltons, and advantageously less than about 20,000 daltons, 10,000 daltons or 

5,000 daltons. including the metal ions in tl.~e chelates. l\.-fore usually, the targetable construct 

peptide \\-'ill have four or more residues, such as the peptide DOTA-Phe-Lys(HSG)~Tyr­

Lys(HSG)~NH2 (SEQ ID NO: !). vvherein DOTA is 1,4,7,10~ 

tetraazacydododecaneletraacetlc acid and HSG is the histamine succmyl glycyl group. 

Alternatively, the DOTA may be replac.:ed by a NOTA (l ,4,7-tria1.a-cydononane·N,N',N"­

triacetic acid) or TETA (p-bromoacetamido~benzy!¥tetrnethylaminel.etraacetic acid) moiety . 

... 
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[00491 The targetable construct may also comprise unnatural amino adds, e,g,, D-amino 

acids, in the backbone structure to increase the stahili.ty of the peptide in vivo. ln alternative 

embodiments, otht..~r backbone structures such as 1.hose ('.Onstrncted from non~naturnl amino 

acids and peptoids, 

[0050] The peptides used as targetab!e constructs are synthesized conveniently on an 

automated peptide synthesizer using n solid~phase support and standard techniques of 

repetitive orthogonal deprotection and coupling. Free amino groups in the peptide, that are to 

be used later for chelate conjugation, are advantageously blocked \vi th standard protecting 

groups such as a Boe group, while N-terminal residues may be acetylated to increase semm 

stability. Such protecting groups 1vill he known to the skilled artisan. See Greene and \Vnts 

Protective Groups in Organic Synthesis, 1999 {John \Viley and Sons, N.Y.). \Vhen the 

peptides are prepared for later use \Vithin the bispecific antibody system, t11ey are 

advantageously cleaved from the resins to generate the corresponding C4enninal amides, in 

order to inhibit in vivo carboxypeptidase activity. 



[0051] The haptens of the immunogen comprise a recognition moiety, for example, a 

chemical hapten. Using a chemical hapten, preferably the HSG hapten, high specificity of the 

linker for the antibody is exhibited. Antibodies raised to the HSG hapten are known and can 

be easily incorporated into the appropriate bispecific antibody (see, e.g., U.S. Patent Nos. 

6,962,702; 7,138,103 and 7,300,644). Thus, binding of the linker with the attached hapten 

would be highly specific for the antibody or antibody fragment. 

Chelate Moieties 

[0052] In some embodiments, an F-18 labeled molecule may comprise one or more 

hydrophilic chelate moieties, which can bind metal ions and also help to ensure rapid in vivo 

clearance. Chelators may be selected for their particular metal-binding properties, and may be 

readily interchanged. 

[0053] Particularly useful metal-chelate combinations include 2-benzyl-DTPA and its 

monomethyl and cyclohexyl analogs. Macrocyclic chelators such as NOTA (1,4,7-triaza­

cyclononane-N,N',N"-triacetic acid), DOTA, and TETA (p-bromoacetamido-benzyl­

tetraethylaminetetraacetic acid) are also of use with a variety of metals, that may potentially 

be used ~s ligands for F- 18 conjugation. 

[0054] DTPA and DOTA-type chelators, where the ligand includes hard base chelating 

functions such as carboxylate or amine groups, are most effective for chelating hard acid 

cations, especially Group Ila and Group Illa metal cations. Such metal-chelate complexes can 

be made very stable by tailoring the ring size to the metal of interest. Other ring-type 

chelators such as macrocyclic polyethers are of interest for stably binding nuclides. Porphyrin 

chelators may be used with numerous metal complexes. More than one type of chelator may 

be conjugated to a carrier to bind multiple metal ions. Chelators such as those disclosed in 

U.S. Pat. No. 5,753,206, especially thiosemicarbazonylglyoxylcysteine (Tscg-Cys) and 

thiosemicarbazinyl-acetylcysteine (Tsca-Cys) chelators are advantageously used to bind soft 

acid cations of Tc, Re, Bi and other transition metals, lanthanides and actinides that are 

tightly bound to soft base ligands. It can be useful to link more than one type of chelator to a 

peptide. Because antibodies to a di-DTPA hapten are known (Barbet et al., U.S. Pat. Nos. 

5,256,395) and are readily coupled to a targeting antibody to form a bispecific antibody, it is 

possible to use a peptide hapten with cold diDTP A chelator and another chelator for binding 

an F-18 complex, in a pretargeting protocol. One example of such a peptide is Ac-
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Lys(DTPA)-Tyr-Lys(DTPA)-Lys(Tscg-Cys)-NH2 (SEQ ID N0:2). Other hard acid chelators 

such as DOTA, TETA and the like can be substituted for the DTPA and/or Tscg-Cys groups, 

and MAbs specific to them can be produced using analogous techniques to those used to 

generate the anti-di-DTP A MAb. 

[0055] Another useful chelator may comprise a NOTA-type moiety, for example as disclosed 

in Chong et al. (Rational design and generation of a bimodal bifiinctional ligand for antibody­

largeted radiation cancer therapy, J. Med. Chem., e-published on 12-7-07). Chong et al. 

disclose the production and use of a bifunctional C-NETA ligand, based upon the NOTA 

structure, that when complexed with 177Lu or 2051206Bi showed stability in serum for up to 14 

days. 

[0056] It will be appreciated that two different hard acid or soft acid chelators can be 

incorporated into the targetable construct, e.g., with different chelate ring sizes, to bind 

preferentially to two different hard acid or soft acid cations, due to the differing sizes of the 

cations, the geometries of the chelate rings and the preferred complex ion structures of the 

cations. This will permit two different metals, one or both of which may be attached to F-18, 

to be incorporated into a targetable construct for eventual capture by a pretargeted bispecific 

antibody. 

Methods of Administration 

[0057] In various embodiments, bispecific antibodies and targetable constructs may be used 

for imaging normal or diseased tissue and organs (see, e.g. U.S. Pat. Nos. 6,126,916; 

6,077,499; 6,010,680; 5,776,095; 5,776,094; 5,776,093; 5,772,981 ; 5,753,206; 5,746,996; 

5,697,902; 5,328,679; 5,128, 1 19; 5,101,827; and 4,735,210). 

[0058] The administration of a bispecific antibody (bsAb) and an F- 18 labeled targetable 

construct may be conducted by administering the bsAb antibody at some time prior to 

administration of the targetable construct. The doses and timing of the reagents can be 

readily devised by a skilled artisan, and are dependent on the specific nature of the reagents 

employed. If a bsAb-F(ab'h derivative is given first, then a waiting time of 24-72 hr 

(alternatively 48-96 hours) before administration of the targetable construct would be 

appropriate. If an IgG-Fab' bsAb conjugate is the primary targeting vector, then a longer 

waiting period before administration of the targetable construct would be indicated, in the 

range of 3-10 days. After sufficient time has passed for the bsAb to target to the diseased 
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tissue, the F- 18 labeled targetable construct is administered. Subsequent to administration of 

the targetable construct, imaging can be performed. 

[0059] Certain embodiments concern the use of multivalent target binding proteins which 

have at least three different target binding sites as described in patent application Ser. No. 

60/220,782. Multivalent target binding proteins have been made by cross-linking several Fab­

like fragments via chemical linkers. See U.S. Pat. Nos. 5,262,524; 5,091,542 and Landsdorp 

et al. Euro. J. Immunol. 16: 679-83 (1986). Multivalent target binding proteins also have been 

made by covalently linking several single chain Fv molecules (scFv) to form a single 

polypeptide. See U.S. Pat. No. 5,892,020. A multivalent target binding protein which is 

basically an aggregate of scFv molecules has been disclosed in U.S. Pat. Nos. 6,025,165 and 

5,837,242. A trivalent target binding protein comprising three scFv molecules has been 

described in Krott et al. Protein Engineering 10(4): 423-433 (1997). 

[0060] Alternatively, a technique known as "dock-and-lock" (DNL) has been demonstrated 

for the simple and reproducible construction of a variety of multivalent complexes, including 

complexes comprising two or more different antibodies or antibody fragments. (See, e.g., 

U.S. Patent Application Serial Nos. 11/389,358, filed March 24, 2006; 111391,584, filed 

March 28, 2006; 111478,021, filed June 29, 2006; 11/633,729, filed December 5, 2006; and 

11/925,408, filed October 26, 2007.) Such constructs are also of use for the practice of the 

claimed methods and compositions described herein. 

[0061] A clearing agent may be used which is given between doses of the bispecific antibody 

(bsAb) and the targetable construct. A clearing agent of novel mechanistic action may be 

used, namely a glycosylated anti-idiotypic Fab' fragment targeted against the disease 

targeting arm(s) of the bsAb. In one example, anti-CEA (MN-14 Ab) x anti-peptide bsAb is 

given and allowed to accrete in disease targets to its maximum extent. To clear residual bsAb, 

an anti-idiotypic Ab to MN-14, termed WI2, is given, preferably as a glycosylated Fab' 

fragment. The clearing agent binds to the bsAb in a monovalent manner, while its appended 

glycosyl residues direct the entire complex to the liver, where rapid metabolism takes place. 

Then the F-18 labeled targetable construct is given to the subject. The WI2 Ab to the MN-14 

arm of the bsAb has a high affinity and the clearance mechanism differs from other disclosed 

mechanisms (see Goodwin et al., ibid), as it does not involve cross-linking, because the WI2-

Fab' is a monovalent moiety. However, alternative methods and compositions for clearing 

agents are known and any such known clearing agents may be used. 
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formulation and Administration 

[0062 J The F-18 labeled rnolecules may be Jonnu!ated to obtain compositions that include 

one or more pharmaceutically suitable excipients, one or more additional ingredients, or some 

combination of these, These can be accon1plished by kno\vn methods to prepare 

phannaceutic.ally useful dosages, \\thereby the active ingredients (i.e., the F-18 labeled 

molecules) a.re combirwd in a mixrnre \Vith <.me or more pharmaceutically suitable excip.ients. 

Sterile phosphate~buffered sahne is one example of a pharmaceut kally suitable excipient. 

Other suitable exdpients are well known to those in the art. See, e g., Ansel et at, 

PHAR~vfACElJTICAL DOSAGE F0Rtv1S AND DRUG DELIVER'/ SYSTEivIS, 5th 

Edition (Lea & Febiger 1990), and Gennaro (ed.), REl\.:UNGTON'S PHAR!vJACEUTICAL 

SCIENCES, 18th Edit.ion (Mack Publishing Company l 990J, a.nd revised editions thereof 

f0063] The preferred route fbr administration of tbe compositions described berem is parental 

injection, Injection may be intravenous, intraarlerial, intra1yrnphatic, intrathecal, or 

intracavita.ry (i.e., pa.renterally). Jn parent.era! administration, the compositions 1.vi!l be 

formulated in a unit dosage injectable form such as a solution, suspension or emulsion, :in 

association with a pharmaceutically acceptable excipient. Such exc.ipients are inherently 

nontoxic and nontherapeutic .. Examples of such excipifm.ts a.re saline, Ringer's solution, 

dextrose solution and Hank's solution. Nonaqueous excipients such as fixed oils and ethyl 

o!e.ate may also be used. A preferred excipient is Y% dextrose in :mime. The excipient may 

contain minor amounts of additives such as substances that enhance isotonicity and chemical 

stnbility, including buffers and preservatives. Other methods of administration, indmfo1g 

ornl adn1inistration, are also contemplated. 

[0064J fonnulated compositions comprising F-18 labeled molecules can be used for 

intravenous administration via, fbr exmnp!e, bolus injection or continuous infusion. 

Compositions for injection can be presented in uni.t dosage form, e.g., in mnpoules or in 

multi-dose containers, \Vith an added preservative, Compositions can also lake such forms as 

suspensions, solutions or emulsions in oily or aqueous vehicles, and can contain frinnulatory 

agents such as suspending, stabillzing and/or dispersing agents. Alternatively, the 

cornpositions can be in pm\rder fom1 for constitution with a suitable vehicle, e.g., sterile 

pyrogen-free water, before use. 

[00651 The compositions may be adn1inistered in so!ution. The pH of the solution should be 

in the range of pH .5 to 9.5, preferably pH 6.5 w 7.5. The fbrnru!ation thereof should be in a 
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solution having a suitable pharmaceuacally acceptable buffer such as phosphate, TRIS 

(hydroxymethyl) aminometha.ne~HCl or citrate and the like. Bnffor concentrations should be 

in the range of l to l 00 ml\.t The fommlated solution may also contain a salt, such as 

sodiurn chloride or potassrum chloride in a concentration of 50 to 150 mf\·L An effec.tive 

amount of a stabilizing agent such as glycerol, albumin, a globulin, a detergent, a gelatin, a 

protamine or a salt of protamine may also be included. The cornposirions ma~:,." be 

administered to a mainmal subcutaneously, intravenously, intramuscularly or by other 

parenteral routes. J\foreover, the administration may be by continuous infusion or by single 

or multiple hohlses. 

100661 \Vhere bispecific antibodies are administered, for example in a pretargeting technique, 

the dosage of an administered antibody for humans will vary depending npon such fr1c1.ors as 

tl1e patient's age, \Neight, height, sex, general medical condition and previous rnedical history, 

Typically, for frnaging r.mrposes it is desirable to provide the recipient \\.'ith a dosage of 

bispecific antibody hat is in the range of from about. l mg to 200 mg as a single intravenous 

infusion, although a lmver or higher dosage also may be administered as circumstances 

dictate. Typically, it is desirable to provide the recipient w1tb a dosage that is in the range of 

from about l.O mg per sq11are meter of body surface arna or 17 to 18 mg of the antibody for 

the typical adult, although a h;ver or higher dosage also may he adn1inistered as 

circtunstances dictate, Examples of dosages ofbispecific antibodies that may be administered 

to a human subject for imaging purposes are l to 200 mg, more preferably 1 lO 70 mg, most 

preferably l to 20 mg, although higher or lower doses n:iay bi:.~ used. 

[00(;7] ln general, t11e dosage ofF-18 label to administer \vil! vary depending upon snch 

factors as the patient's age, \veight, height, sex, general medical condition and previous 

medical history. Preferably, a samrnting dose ofthe F¥18 labeled molecules is adrninistered 

to a patient. For administrntion of F-18 labeled molecules, the dosage ma_y be measured by 

millicuries. A typical range for F-18 imaging studies \'>,,'Ould he five to 10 mCL 

Adrninistration of Peptides 

10068] 'larious embodiments of the claimed methods and/or compositions may concern one 

or more Fyl 8 labeled peptides to be administered to a subject_ Administration may occur by 

any route knmvn in the art including but not limited to orat nasat b1.1ccal, inhalationat 
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intraarterial, intrathecal or intravenous injection. Where, for example, F-18 labeled peptides 

are administered in a pretargeting protocol, the peptides would preferably be administered i.v. 

[0069] Unmodified peptides administered orally to a subject can be degraded in the digestive 

tract and depending on sequence and structure may exhibit poor absorption across the 

intestinal lining. However, methods for chemically modifying peptides to render them less 

susceptible to degradation by endogenous proteases or more absorbable through the 

alimentary tract are well known (see, for example, Blondelle el al., 1995, Biophys. J. 69:604-

11; Ecker and Crooke, 1995, Biotechnology 13:351-69; Goodman and Ro, 1995, BURGER'S 

MEDICINAL CHEMISTRY AND DRUG DISCOVERY, VOL. I, ed. Wollf, John Wiley & 

Sons; Goodman and Shao, 1996, Pure & Appl. Chem. 68: 1303-08). Methods for preparing 

libraries of peptide analogs, such as peptides containing D-amino acids; peptidomimetics 

consisting of organic molecules that mimic the structure of a peptide; or peptoids such as 

vinylogous peptoids, have also been described and may be used to construct peptide based F-

18 labeled molecules suitable for oral administration to a subject. 

[0070] In certain embodiments, the standard peptide bond linkage may be replaced by one or 

more alternative linking groups, such as CH2-NH, CH2-S, CH2-CH2, CH=CH, CO-CH2, 

CHOH-CH2 and the like. Methods for preparing peptide mimetics are well known (for 

example, Hruby, 1982, Life Sci 31: 189-99; Holladay et al., 1983, Tetrahedron Lett. 24:4401-

04; Jennings-White et al., 1982, Tetrahedron Lett. 23:2533; Almquiest et al., 1980, J. Med. 

Chem. 23: 1392-98; Hudson et al., 1979, Int. J. Pept. Res. 14: 177-185; Spatola et al., 1986, 

Life Sci 38: 1243-49; U.S. Patent Nos. 5,169,862; 5,539,085; 5,576,423, 5,051,448, 

5,559,103.) Peptide mimetics may exhibit enhanced stability and/or absorption in vivo 

compared to their peptide analogs. 

[0071] Alternatively, peptides may be administered by oral delivery using N-terminal and/or 

C-terminal capping to prevent exopeptidase activity. For example, the C-terminus may be 

capped using amide peptides and the N-terminus may be capped by acetylation of the peptide. 

Peptides may also be cyclized to block exopeptidases, for example by formation of cyclic 

amides, disulfides, ethers, sulfides and the like. 

[0072] Peptide stabilization may also occur by substitution of D-amino acids for naturally 

occurring L-amino acids, particularly at locations where endopeptidases are known to act. 

Endopeptidase binding and cleavage sequences are known in the art and methods for making 

and using peptides incorporating D-amino acids have been described (e.g., U.S. Patent 
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Application Publication No. 20050025709, McBride et al., filed June 14, 2004). In certain 

embodiments, peptides and/or proteins may be orally administered by co-formulation with 

proteinase- and/or peptidase-inhibitors. 

(0073] Other methods for oral delivery of therapeutic peptides are disclosed in Mehta ("Oral 

delivery and recombinant production of peptide hormones," June 2004, BioPharm 

lnternationaf). The peptides are administered in an enteric-coated solid dosage form with 

excipients that modulate intestinal proteolytic activity and enhance peptide transport across 

the intestinal wall. Relative bioavailability of intact peptides using this technique ranged 

from 1 % to 10% of the administered dosage. Insulin has been successfully administered in 

dogs using enteric-coated microcapsules with sodium cholate and a protease inhibitor (Ziv et 

al., 1994, J. Bone Miner. Res. 18 (Suppl. 2):792-94. Oral administration of peptides has been 

performed using acylcamitine as a permeation enhancer and an enteric coating (Eudragit 

L30D-55, Rohm Pharma Polymers, see Mehta, 2004). Excipients of use for orally 

administered peptides may generally include one or more inhibitors of intestinal 

proteases/peptidases along with detergents or other agents to improve solubility or absorption 

of the peptide, which may be packaged within an enteric-coated capsule or tablet (Mehta, 

2004). Organic acids may be included in the capsule to acidify the intestine and inhibit 

intestinal protease activity once the capsule dissolves in the intestine (Mehta, 2004). Another 

alternative for oral delivery of peptides would include conjugation to polyethylene glycol 

(PEG)-based amphiphilic oligomers, increasing absorption and resistance to enzymatic 

degradation (Soltero and Ekwuribe, 2001, Pharm. Technol. 6: 110). 

Methods for Raising Antibodies 

(0074] Abs to peptide backbones may be generated by well-known methods for Ab 

production. For example, injection of an immunogen, such as (peptide )n-KLH, wherein KLH 

is keyhole limpet hemocyanin, and n=l-30, in complete Freund's adjuvant, followed by two 

subsequent injections of the same immunogen suspended in incomplete Freund's adjuvant 

into immunocompetent animals, is followed three days after an i.v. boost of antigen, by 

spleen cell harvesting. Harvested spleen cells are then fused with Sp2/0-Agl4 myeloma cells 

and culture supematants of the resulting clones analyzed for anti-peptide reactivity using a 

direct-binding ELISA. Specificity of generated Abs can be analyzed for by using peptide 

fragments of the original immunogen. These fragments can be prepared readily using an 

automated peptide synthesizer. For Ab production, enzyme-deficient hybridomas are isolated 
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to enable selection of fused cell lines. This technique also can be used to raise antibodies to 

one or more of the chelates comprising the targetable construct, e g., In(III)-DTPA chelates. 

Monoclonal mouse antibodies to an In(III)-di-DTPA are known (Barbet '395 supra). 

[0075] Targeting antibodies of use, for example as components ofbispecific antibodies, may 

be specific to a variety of cell surface or intracellular tumor-associated antigens as marker 

substances. These markers may be substances produced by the tumor or may be substances 

which accumulate at a tumor site, on tumor cell surfaces or within tumor cells, whether in the 

cytoplasm, the nucleus or in various organelles or sub-cellular structures. Among such tumor­

associated markers are those disclosed by Herberman, "Immunodiagnosis of Cancer", in 

Fleisher ed., "The Clinical Biochemistry of Cancer", page 347 (American Association of 

Clinical Chemists, 1979) and in U.S. Pat. Nos. 4,150,149; 4,361,544; and 4,444,744. Recent 

reports on tumor associated antigens include Mizukami et al., (2005, Nature Med. 11 :992-97); 

Hatfield et al., (2005, Curr. Cancer Drug Targets 5:229-48); Vallbohmer et al. (2005, J. 

Clin. Oneal. 23:3536-44); and Ren et al. (2005, Ann. Surg. 242:55-63). 

[0076] Tumor-associated markers have been categorized by Herberman, supra, in a number 

of categories including oncofetal antigens, placental antigens, oncogenic or tumor virus 

associated antigens, tissue associated antigens, organ associated antigens, ectopic hormones 

and normal antigens or variants thereof. Occasionally, a sub-unit of a rumor-associated 

marker is advantageously used to raise antibodies having higher tumor-specificity, e.g., the 

beta-subunit of human chorionic gonadotropin (HCG) or the gamma region of 

carcinoembryonic antigen (CEA), which stimulate the production of antibodies having a 

greatly reduced cross-reactivity to non-tumor substances as disclosed in U.S. Pat. Nos. 

4,361,644 and 4,444,744. 

[0077] Another marker of interest is transmembrane activator and CAML-interactor (TACI). 

See Yu et al. Nat. Immunol. 1:252-256 (2000). Briefly, TACI is a marker for B-cell 

malignancies (e.g., lymphoma). Further it is known that T ACI and B cell maturation antigen 

(BCMA) are bound by the tumor necrosis factor homolog - a proliferation-inducing ligand 

(APRIL). APRIL stimulates in vitro proliferation of primary B and T cells and increases 

spleen weight due to accumulation ofB cells in vivo. APRIL also competes with TALL-I 

(also called BLyS or BAFF) for receptor binding. Soluble BCMA and TACI specifically 

prevent binding of APRIL and block APRIL-stimulated proliferation of primary B cells. 

BCMA-Fc also inhibits production of antibodies against keyhole limpet hemocyanin and 
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Pneumovax in mice, indicating that APRIL and/or TALL-I signaling via BCMA and/or TACI 

are required for generation ofhumoral immunity. Thus, APRIL-TALL-I and BCMA-TACI 

form a two ligand-two receptor pathway involved in stimulation ofB and T cell function. 

[0078] Exemplary target antigens of use for imaging various diseases or conditions, such as a 

malignant disease, a cardiovascular disease, an infectious disease, an inflammatory disease, 

an autoimmune disease, or a neurological disease may include colon-specific antigen-p 

(CSAp), carcinoembryonic antigen (CEA), CD4, CDS, CDS, CD14, CDlS, CD19, CD20, 

CD21, CD22, CD23, CD2S, CD30, CD4S, CD74, CD79a, CD80, HLA-DR, Ia, Ii, MUC 1 , 

MUC 2, MUC 3, MUC 4, NCA (CEAC AM6 or CD66a-d and CD67, as well as CD 138), 

EGFR, HER 2/neu, TAG-72, EGP-I, EGP-2, A3, KS-I, Le(y), S 100, PSMA, PSA, tenascin, 

folate receptor, VEGFR, PlGF, ILGF-I, necrosis antigens, IL-2, IL-6, TlOl, MAGE, or a 

combination of these antigens. In particular, antigens may include carcinoembryonic antigen 

(CEA), tenascin, epidermal growth factor receptor, platelet derived growth factor receptor, 

fibroblast growth factor receptors, vascular endothelial growth factor receptors, gangliosides, 

HER/2neu receptors and combinations of these antigens. 

[0079] Where imaging or detection involves a lymphoma, leukemia or autoimmune disorder, 

targeted antigens may be selected from the group consisting of CD4, CDS, CDS, CD 14, 

CD lS, CD 19, CD20, CD21, CD22, CD23, CD2S, CD33, CD37, CD38, CD40, CD40L, 

CD46, CDS2, CDS4, CD67, CD74, CD79a, CDSO, CD126, CD138, CD1S4, B7, MUCl, Ia, 

Ii, HM 1.24, HLA-DR, tenascin, VEGF, PlGF, ED-B fibronectin, an oncogene, an oncogene 

product, CD66a-d, necrosis antigens, IL-2, TlOl, TAG, IL-6, MIF, TRAIL-RI (DR4) and 

TRAIL-R2 (DRS). 

[0080] After the initial raising of antibodies to the immunogen, the antibodies can be 

sequenced and subsequently prepared by recombinant techniques. Humanization and 

chimerization of murine antibodies and antibody fragments are well known to those skilled in 

the art. For example, humanized monoclonal antibodies are produced by transferring mouse 

complementary determining regions from heavy and light variable chains of the mouse 

immunoglobulin into a human variable domain, and then, substituting human residues in the 

framework regions of the murine counterparts. The use of antibody components derived from 

humanized monoclonal antibodies obviates potential problems associated with the 

irnrnunogenicity of murine constant regions. General techniques for cloning murine 

immunoglobulin variable domains are described, for example, by the publication of Orlandi 

et al., Proc. Nat'l Acad. Sci. USA 86: 3S33 (1989). 

18 



Techniques for producing humanized MAbs are described, for example, by Jones et al., 

Nature 321 : 522 (1986), Riechmann et al., Nature 332: 323 (1988), Verhoeyen et al., Science 

239: 1534 (1988), Carter et al., Proc. Nat'l Acad. Sci. USA 89: 4285 (1992), Sandhu, Crit. 

Rev. Biotech. 12: 437 (1992), and Singer et al., J. Immun. 150: 2844 (1993). 

[0081] Alternatively, fully human antibodies can be obtained from transgenic non-human 

animals. See, e.g., Mendez et al., Nature Genetics, 15: 146- 156 (1997); U.S. Pal. No. 

5,633,425. For example, human antibodies can be recovered from transgenic mice possessing 

human immunoglobulin loci. The mouse humoral immune system is humanized by 

inactivating the endogenous immunoglobulin genes and introducing human immunoglobulin 

loci. The human immunoglobulin loci are exceedingly complex and comprise a large number 

of discrete segments which together occupy almost 0.2% of the human genome. To ensure 

that transgenic mice are capable of producing adequate repertoires of antibodies, large 

portions of human heavy- and light-chain loci must be introduced into the mouse genome. 

This is accomplished in a stepwise process beginning with the formation of yeast artificial 

chromosomes (YACs) containing either human heavy- or light-chain immunoglobulin loci in 

germline configuration. Since each insert is approximately 1 Mb in size, Y AC construction 

requires homologous recombination of overlapping fragments of the imrnunoglobulin loci. 

The two YA Cs, one containing the heavy-chain loci and one containing the light-chain loci, 

are introduced separately into mice via fusion ofY AC -containing yeast spheroblasts with 

mouse embryonic stern cells. Embryonic stern cell clones are then rnicroinjected into mouse 

blastocysts. Resulting chimeric males are screened for their ability to transmit the Y AC 

through their germline and are bred with mice deficient in murine antibody production. 

Breeding the two transgenic strains, one containing the human heavy-chain loci and the other 

containing the human light-chain loci, creates progeny which produce human antibodies in 

response to immunization. 

[0082] Unrearranged human immunoglobulin genes also can be introduced into mouse 

embryonic stem cells via rnicrocell-rnediated chromosome transfer (MMCT). See, e.g., 

Tornizuka et al., Nature Genetics, 16: 133 (1997). In this methodology microcells containing 

human chromosomes are fused with mouse embryonic stem cells. Transferred chromosomes 

are stably retained, and adult chimeras exhibit proper tissue-specific expression. 

[0083] As an alternative, an antibody or antibody fragment may be derived from human 

antibody fragments isolated from a combinatorial immunoglobulin library. See, e.g., Barbas 
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et al., METHODS: A Companion to Methods in Enzymology 2: 119 (1991), and Winter et al., 

Ann. Rev. Immunol. 12: 433 (1994). Manyofthe difficulties associated with generating 

monoclonal antibodies by B-cell immortalization can be overcome by engineering and 

expressing antibody fragments in E. coli, using phage display. 

[0084] A similar strategy can be employed to obtain high-affinity scFv. See, e.g., Vaughn et 

al., Nal. Biolechnol., 14: 309-314 (1996). An scFv library with a large repertoire can be 

constructed by isolating V-genes from non-immunized human donors using PCR primers 

corresponding to all known V H, Vkappa and V 80 gene families. Following amplification, the 

Vkappa and V1ambda pools are combined to form one pool. These fragments are ligated into a 

phagemid vector. The scFv linker, (Gly4, Ser)3, is then ligated into the phagemid upstream of 

the VL fragment. The VH and linker-VL fragments are amplified and assembled on the JH 

region. The resulting VH -linker-VL fragments are ligated into a phagemid vector. The 

phagemid library can be panned using filters, as described above, or using immunotubes 

(NUNC®; MAXISORP®). Similar results can be achieved by constructing a combinatorial 

immunoglobulin library from lymphocytes or spleen cells of immunized rabbits and by 

expressing the scFv constructs in P. pastoris. See, e.g., Ridder et al., Biotechnology, 13: 255-

260 (1995). Additionally, following isolation of an appropriate scFv, antibody fragments with 

higher binding affinities and slower dissociation rates can be obtained through affinity 

maturation processes such as CDR3 mutagenesis and chain shuffling. See, e.g., Jackson et al., 

Br. J. Cancer, 78: 181-188 (1998); Osbourn et al., Immunotechnology, 2: 181-196 (1996). 

[0085] Another form of an antibody fragment is a peptide coding for a single CDR. CDR 

peptides ("minimal recognition units") can be obtained by constructing genes encoding the 

CDR of an antibody of interest. Such genes are prepared, for example, by using the 

polymerase chain reaction to synthesize the variable region from RNA of antibody-producing 

cells. See, for example, Larrick et al., Methods: A Companion to Methods in Enzymology 

2: 106 (1991); Courtenay-Luck, "Genetic Manipulation of Monoclonal Antibodies," in 

MONOCLONAL ANTIBODIES: PRODUCTION, ENGINEERING AND CLINICAL 

APPLICATION, Ritter et al. (eds.), pages 166-179 (Cambridge University Press 1995); and 

Ward et al., "Genetic Manipulation and Expression of Antibodies," in MONOCLONAL 

ANTIBODIES: PRINCIPLES AND APPLICATIONS, Birch et al., (eds.), pages 137-185 

(Wiley-Liss, Inc. 1995). 
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[00861 Bispecific antibodies can be prepared by techniques knmvn in the art, for example, an 

anti-CEA tumor Ab and an anti-peptide Ab are both separately digested with pepsin to their 

respective F(ab'h fragments. The anti-CEA-Ab-f.'(ab'h is reduced \Vith cysteine lo generate 

Fah' monomeric units \vluch are further reacted vdth the cross-linker bis(maleimido) hexane 

to produce Fab'-maleimide moieties. The anti-peptide Ab-F(ab'h is reduced \Vith cysteine 

and the purified, recovered anti-peptide Fab'-SH is reacted \Vith the anti-CEA-Fab'­

maleitnide to generate the Fab' x Fab' bi-specific Ab. Alternatively, the a11ti-peptide Fab'-SH 

fragment may be coupled \vi th tlK~ ann-CEA F( ab' h to generate a F(ab 'h x Fab' construct, or 

·with anti-CEA lgG to generate an IgG x Fab' bi-specific constrnct ln one embodiment, the 

lgG x Fab' construct can be prepared in a site-spt."\.'.ific manner by attaching the antipeptide 

Fah' thiol group to anti-CEA lgG heavy-chain carbohydrate \'vhich bas been periodate­

oxidized, and subsequently activated by reaction with a commercially available hydrazide~ 

mateimide cross-linker. The component Abs used can he chimerized or humanized by kno\vn 

techniques. A chin1eric antibody is a recombinant protein tfon contains the variable dornains 

and complementar)' determining regions derived from a rodent antibody, while the remainder 

of the antibody molecule is derived from a human antibody. Humanized antibodies are 

recombinant proteins in \~lhich murine complementarity determining regions of a monoclonal 

antibody have been transferred from heavy and light variable chains of tbe murine 

in1rnunoglobu!in into a human variable domain. 

10087] A chimeric Ab is constructed hy ligating the cDNA fragment encoding the mouse 

light variable and hi..~avy variable domains to fragment encoding the C dornains from a human 

antibody. Because the C domains do not contribute to antigen binding, tbe chimeric antibody 

'Nill retain the same antigen specificity as the original mouse Ab but will be closer to human 

antibodies in sequence Chimeric Abs still contain some mouse sequences, hn\vever, and may 

still be immunogenic. A humanized Ab contains only those rnouse amino acids necessary to 

recogni1e the antigen. This product ts constructed by building into a human antibody· 

fr:ame\vork the amino acids from mouse con:rplememarity determining regions. 

{0088} Other recent methods for pro-ducing hispedfic antibodies include engineered 

recombinant Abs \vhk:h have additional cysteine residues so that they cross!ink more strongly 

than the more common immunoglobulin isot.ypes. See, e.g., FitzGerald et aL Protein Eng. 

l O: 1221.-1225, 1997. Arn.ither apprnach is lo engineer recombinant fusion proteins linking 

t\vo or more different single-chain antibody or antibody fragrnent segments \Vlth the needed 

dual specificities. See, e.g., Coloma et aL, Nature Biotech, 15:159-163, 1997, A vanety of bi-
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specific fusion proteins can be produced using molecular engineering. In one form, the bi­

specific fusion protein is monovalent, consisting of, for example, a scFv with a single binding 

site for one antigen and a Fab fragment with a single binding site for a second antigen. In 

another form, the bi-specific fusion protein is divalent, consisting of, for example, an IgG 

with two binding sites for one antigen and two scFv with two binding sites for a second 

antigen. 

[0089] Functional bi-specific single-chain antibodies (bscAb), also called diabodies, can be 

produced in mammalian cells using recombinant methods. See, e.g., Mack et al., Proc. Natl. 

Acad. Sci., 92: 7021-7025, 1995. 

[0090] Preferred bispecific antibodies are those which incorporate the Fv of MAb Mu-9 and 

the Fv of MAb 679 or the Fv of MAb MN-14 and the Fv of MAb 679, and their human, 

chimerized or humanized counterparts. The MN-14, as well as its chimerized and humanized 

counterparts, are disclosed in U.S. Pat. No. 5,874,540. Also preferred are bispecific 

antibodies which incorporate one or more of the CD Rs of Mu-9 or 679. The antibody can 

also be a fusion protein or a bispecific antibody that incorporates a Class III anti-CEA 

antibody and the Fv of 679. Class III antibodies, including Class III anti-CEA are discussed 

in detail in U.S. Pat. No. 4,818,709. 

[0091] The skilled artisan will realize that bispecific antibodies may incorporate any antibody 

or fragment known in the art that has binding specificity for a target antigen that is known to 

be associated with a disease state or condition. Such known antibodies include, but are not 

limited to, LU (anti-CD74), LL2 and RFB4 (anti-CD22), hA20 (anti-CD20), RS7 (anti­

epithelial glycoprotein-1 (EGP-I)), PAM-4 and KC4 (both anti-mucin), MN-14 (anti­

carcinoembryonic antigen (CEA, also known as CD66e)), MN-3 or MN-15 (NCA or 

CEACAM6), Mu-9 (anti-colon-specific antigen-p), Immu 31 (an anti-alpha-fetoprotein), 

TAG-72 (e.g., CC49), Tn, J591 (anti-PSMA (prostate-specific membrane antigen)), G250 (an 

anti-carbonic anhydrase IX MAb) and L243 (anti-HLA-DR). Such antibodies are known in 

the art (e.g., U.S. Patent Nos. 5,686,072; 5,874,540; 6,107,090; 6,183,744; 6,306,393; 

6,653, 104; 6,730.300; 6,899,864; 6,926,893; 6.962,702; 7,074,403; 7,230,084; 7,238,785; 

7,238,786; 7,256,004; 7,282,567; 7,300,655; 7,312,318; and U.S. Patent Application Publ. 

No.20040185053;20040202666;20050271671;20060193865;20060210475; 

20070087001.) Such known antibodies are of use for detection and/or imaging of a variety of 

disease states or conditions (e.g., hMN-14 or TF2 bsMAb (CEA-expressing carcinomas), 

hA20 bsMab (TF-4-lymphoma), hPAM4 
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(TF-10 pancreas cancers), RS7 bsMAb (lung, breast, ovarian, prostatic cancers), hMN-15 or 

hMN3 bsMAb (inflammation), human gpl20 and/or gp41 bsMAbs (HIV), anti-platelet 

bsMab and anti-thrombin bsMAb (clot imaging), anti-myosin bsMAb (cardiac necrosis)). 

[0092] Candidate anti-HIV antibodies include the anti-envelope antibody described by 

Johansson et al. (AIDS. 2006 Oct 3;20(15): 1911-5), as well as the anti-HIV antibodies 

described and sold by Polymun (Vienna, Austria), also described in U.S. Patent 5,831,034, 

U.S. patent 5,911,989, and Vcelar et al., AIDS 2007; 21(16):2161-2170 and Joos et al., 

Antimicrob. Agens Chemother. 2006; 50(5): 1773-9. 

[0093] In certain embodiments, the bsAb F-18 labeled targetable constructs discussed above 

may be used in intraoperative, intravascular, and/or endoscopic tumor and lesion detection, 

biopsy and therapy as described in U.S. Pat. No. 6,096,289. 

Imaging Using Labeled Molecules 

[0094] Methods of imaging using labeled molecules are well known in the art, and any such 

known methods may be used with the fluoride-labeled molecules disclosed herein. See, e.g., 

U.S Patent Nos. 6,241,964; 6,358,489; 6,953,567 and published U.S. Patent Application Publ. 

Nos. 20050003403; 20040018557; 20060140936. See also, Page et al., Nuclear Medicine 

And Biology, 21 :91 1 -919, 1994; Choi et al., Cancer Research 55:5323-5329, 1995; 

Zalutsky et al., J. Nuclear Med., 33:575-582, 1992; Woessner et. al. Magn. Reson. Med. 2005, 

53: 790-99. 

[0095] In certain embodiments, F-18 labeled molecules may be of use in imaging normal or 

diseased tissue and organs, for example using the methods described in U.S. Pat. Nos. 

6,126,916; 6,077,499; 6,010,680; 5,776,095; 5,776,094; 5,776,093; 5,772,981 ; 5,753,206; 

5,746,996; 5,697,902; 5,328,679; 5,128,1 19; 5, 101,827; and 4,735,210. Additional methods 

are described in U.S. application Ser. No. 09/337,756 filed Jun. 22, 1999 and in U.S. 

application Ser. No. 09/823,746, filed Apr. 3, 2001. Such imaging can be conducted by direct 

F-18 labeling of the appropriate targeting molecules, or by a pretargeted imaging method, as 

described in Goldenberg et al. (2007, Update Cancer Ther. 2: 19-31); Sharkey et al. (2008, 

Radiology 246:497-507); Goldenberg et al. (2008, J. Nucl. Med. 49: 158-63); Sharkey et al. 

(2007, Clin. Cancer Res. 13:5777s-5585s); McBride et al. (2006, J. Nucl. Med. 47: 1678-88); 

Goldenberg et al. (2006, J. Clin. 

23 



Oncol.24:823-85), see also U.S. Patent Publication Nos. 20050002945, 20040018557, 

20030148409 and 20050014207. 

[0096] Methods of diagnostic imaging with labeled peptides or MAbs are well-known. For 

example, in the technique of immunoscintigraphy, ligands or antibodies are labeled with a 

gamma-emitting radioisotope and introduced into a patient. A gamma camera is used to 

detect the location and distribution of gamma-emitting radioisotopes. See, for example, 

Srivastava (ed), RADIOLABELED MONOCLONAL ANHBODIES FOR IMAGING AND 

THERAPY (Plenum Press 1988), Chase, "Medical Applications of Radioisotopes," in 

REMINGTON'S PHARMACEUTICAL SCIENCES, 18th Edition, Gennaro et al. (eds.), pp. 

624-652 (Mack Publishing Co., 1990), and Brown, "Clinical Use of Monoclonal Antibodies," 

in BIOTECHNOLOGY AND PHARMACY 227-49, Pezzuto et al. (eds.) (Chapman & Hall 

1993 ). Also preferred is the use of positron-emitting radionuclides (PET isotopes), such as 

with an energy of 511 keV, such as 18F, 68Ga, 64Cu, and 124I. Such radionuclides may be 

imaged by well-known PET scanning techniques. 

EXAMPLES 

Example 1. Fd18 Labeling of Peptide IMP 272 

[0097] The first peptide that was used was IMP 272: 

DTPA-Gln-Ala-Lys(HSG)-D-Tyr-Lys(HSG)-NH2 MH+ 1512 

[0098] Acetate buffer solution - Acetic acid, 1.509 g was diluted in -160 mL water and the 

pH was adjusted by the addition of 1 M NaOH then diluted to 250 mL to afford a 0.1 M 

solution at pH 4.03. 

[0099] Aluminum acetate buffer solution - A solution of aluminum was prepared by 

dissolving 0.1028 g of AlC3 hexahydrate in 42.6 mL DI water. A 4 mL aliquot of the 

aluminum solution was mixed with 16 mL of a 0.1 M NaOAc solution at pH 4 to provide a 2 

mM Al stock solution. 

[0100] IMP 272 acetate buffer solution - Peptide, 0.0011 g, 7.28 x 10-7 mol IMP 272 was 

dissolved in 364 µL of the 0.1 M pH 4 acetate buffer solution to obtain a 2 mM stock solution 

of the peptide. 

[0101] F-18 Labeling of IMP 272 - A 3 µL aliquot of the aluminum stock solution was placed 

in a REACTI- VIAL™ and mixed with 50 µL F-18 (as received) and 3 µL of the IMP 
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272 solution. The solution was heated in a heating block at 11 ere for ! 5 mm and analyzed hy 

reverse phase HPLC. The HPLC trace (not shmvn) showed 93 (~·{1 free F- 18 and 7 %, bound to 

the peptide. An additional 10 ~lL of the lMP 272 solution \Vas added to tl1e reaction tmd it was 

heated again and imalyzt'd by reverse phase HPLC (not shown). The HPLC trace sho>ved 8 %) 

F-18 at the void volume and 92 '}';,of the activity attached to the peptide. The remainder of 

the peptide solution was incubated at mom temperntnre \vi th 150 pL PBS for-,. 1 hr and then 

examined by reverse phase HPLC. The HPLC (not shown) sho'wed 58 ~{, F-18 tmhound and 

42 !~~!still attached to the peptide. The data indi('.<Ue 1.hat F¥18-Al-DTPA complex may be 

unstable i;.vhen mixed w1th phosphate. 

f 0102] Reverse Phase HPLC - Reverse phase HPLC analysis >vas done under the follo\ving 

eo11ditio11s~ 

Column: \.VATERS'K XTERRATM J\.-TS C1 ~ 5 pn1, 4.6 x 250 mm 

Flow Rate: 1 mL/min 

Grud1em Buffers: Buffer C, 0.1 '~:·;1 NH10Ac. in Dl water, Buffor D, 90 (!·{1 acetonitr11e 

l 0 ':}(i water and 0. I 1J.i(i NH:10.Ac 

Gradient: 100 (;.o, Buffer C to l 00 (;{, Buffer D using a linear gradient over 30 min, 

Run Time: 30 min 

101031 Size Exclusion HPLC - The size exclusion I-lPLC \Vas done under lhe fo!luwing 

conditions: 

Column: BIORADc!~) BlO-SILrM SEC 250, 300 x 7.8 mm 

Gradient lsocralic 

Eluent Buffer: 0.2 l\1f Phosphate pH 6Jl 

Flow Rate: 1 mL!min 

Run Time: 30 min 

[01041 Al! radiometric traces were obtained using a PERKIN ELJVIER<fi) 61 OTr to monitor the 

emission of F-18. Tables 1 ~3 are tabular representations of the data. 

Table 1 F-18 + Hvf P 272 + Al Cb heated at l lO"C for 15 min, followed by analysis by 

reverse phase HPLC. 

Regions: F-18 Detector: FSA 

Name Stan End Retention Height Area t~.;iR01 '!/~Total 

(mins) (mins) (mins) (CP'lv1J (CPrvf) (<;,·o) ('~ .. -;J) 
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Bkg l 2.20 230 2.20 130.0 

Region l 2.30 3.30 2.60 85270.0 200050.0 9315 

Bkg2 4.40 4.50 4.40 210.0 

Region 2 8.70 9).:0 9.00 5590Jl 14720.0 6.85 

2 Peaks 214770.0 100.00 

[OI05J Table 2 F-18 +excess IMP 272 + AlCh heated at 11 tY"'C for 15 min. fol1m.ved by 

analysis by reverse phase HPLC. 

Rek!ions: 
Name 

Bkg l 

Region l 

Bkg2 

Region 2 

Region J 

Bkg3 

3 Peaks 

F-18 Detector: 
Start End 

(mms) (mins) 

2.20 2,30 

2.40 3.20 

7.10 7.20 

7.30 8.70 

8.70 10.00 

10.70 10.80 

FSA 
Retention Height Arca c~{iROl 

(mins) (CP~J) (CP,\'1) e-~J 

2.20 340.0 

2 .. 70 64503! 20549.6 7~76 

7JO 630.0 

8.50 3140.0 13113.6 4.95 

9.00 93700.0 231023.9 87.28 

l0.70 520.0 

264687. ! 100.00 

Table 3 Phosphate Challenge in PBS for 90 min at room temp Aliquot of F-18 +excess 

llV1P 2 72 + Al Ch heated at l Hf'C for 15 min and analyzed hy reverse phase HP LC. 

Regions: F-18 Detector: FSA 

Name Start End Retention Height Area 

96.31 

7.09 

103,40 

(h1To1.al 

(%) 

8.23 

:us 
92.57 

106.06 

(ruins) (mins) (mins) (CPi'v1) fCPM) (%J t?.·o) 

Bkg J 

Region 1 

Bkg2 

Bkg3 

Region 2 

Region 3 

3 Peaks 

2.00 

2.40 

4.20 

7.50 

7.80 

8.60 

1050 

2.10 2J}O 

3.30 2.70 

4.30 4.20 

7.60 7.50 

8.60 8.40 

9.80 8.90 

10,60 10.50 
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f 0106] The labeled peptide \Vas purified by applying the labeled peptide solution onto a l cc 

(30 mg) W ATERSJ~:> HLB column (Part#- 186001879) and washing witl1 300 pL water to 

remove unbound F-18. The peptide was eluted by washing tbe column with 2 x 100 ~1L l: 1 

MeOHiH20. The purified pepnde \vas incubated in ,.vater at 25"C and analyzed by reverse 

phase HPLC (not shown). The HPLC analysis showed that the F-18 labdt.xl HvlP 272 was 

not stable in water. A ft er 40 min incubation in \\-'ater about l 7f~.·;, of the F-18 \Vas released 

from the peptide, while 83';.'!) was retained (not shown). 

Example 2. lnunmioreactivity of F~18 U\lP 272 

!0107! The peptide (16 ~lL 2 mM Uv1P 272, 48 pg) was labeled \·vilh F-18 and analyzed for 

antibody binding by size exclusion BPLC. The size exclusion HPLC shm.ved that the peptide 

bound h~{N-14 x 679 but did nol bind lo lhe irrelevant hispecific antibody h!v1N-14 x 734 

(not shown). 

Example 3. lMP 272 F-18 Labeling '\'1th Other l\:letals 

[OI08J A ._.3 ~iL aliquot of the metal stock solution (6 x l ff9 mol) was placed in a 

polypropylene cone vial and mixed with 75 p.L F-18 (as received), incubated at room 

temperature for -- 2 min and lhen mixed with 20 ~lL ofa 2 rnl'v1 (4 x lff~ 1nol) lMP 272 

solution in 0, l "ivl NaOAc pH 4 buffer. The solution \vas heated in a heating block at 1 OO"C 

for 15 min and ana!y1.ed by reverse phase HPLC. l~{P 272 ·was labeled whh indium (24%,), 

gallium (36'!li,), zirconimn (15'1./!-,), lutetilim (37 •y;,) and ytlrimn (2 •;.{,)(not sht)\\.'U\ 

Example 4. Standard F-18 Peptide Labeling Conditions Used to Screen Other Peptides 

for A1-u1F Binding 

[0109} A 3 pL aliquot of the 2 m:tvf ahrmimnn stock solution \Vas placed in a polypropylene 

cone vial and mixed \\'ith 50 pL F-18 (as received), incubated at room temperatnre for., 2 

min and then mixed 1vith 16 to 20 ~tL of a 2 mM peptide solution in tt 1 J\.:1 NaOAc pH 4 

buffer. The solution was heated in a heating block at l OO'C for 15 min and analy1.ed by 

reverse phase HPLC fPHENOlY.1ENEXrM, GEMlNU~\ 5~t, C-18, I lOA,. 250 x 4.6 mm HPLC 

Column). 
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Peptides Tested 

[OHOJ HvfP 272: DTPA-Gln-Ala-Lys(HSG)-D-Tyr-Lys(HSGl-NH, rvm' 1512 (FIG.1) 

10111IHv1P288 DOTA-D-Tyr-D-Lys(HSG)-D-Glu-D-Lys(HSG)-NH2 ~'.fff 1453 CFlG. 2) 

l 01121 ll\fP 326 DTPA-lTC>NH-NH-Phe-CO-D-Tyr-D-LysfllSG)-D-Glu-D-Lys(HSG)-

·N:H .. , 1\.-1·H+ 1477 .. F'l(~ 3) . _,_ .•. ·.·. . .. ( . s. ~" 

fOl 13] Ev1P 329 Deferoxamine-NH-CS-NH-NH-Pb-CO-D-Tyr-D-Lys(HSGJ-D-Glu-D­

Lys\HSG)-Nl·h Mff 1804 (FIG. 4) 

f0114j 1MP 33 l NTA-iAsp-D-Ala-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-NH2 MH' !240 CFIG. 

5) 

[0115] li'vfP 332 EDTADpr-D-Ab-D-Lys(HSG)-D-Ala-D-Lsy(HSG)-NH, \·1H' 1327 

(FIG. 6) 

10116J l\'1P 333 DTPA-Dpr(DTPA)-D-Ala-D-Lys(HSG)-D-Ala-D-Lys(l:TSG)-NH2 Mu·· 

1845 (.FlG. 7) 

101171 IMP 334 ( H20,Ph-C(OH)-(CH2h-NH-Gly-D-Lys(HSG}-D-G!u-D-Lys(HSG)-NH2 

MH' 1192 (FIG. 8) 

fOl 18] UvfP 337 Ac-D-Ser(P0:Jb)-D-Ser(PO~I·h)-D-A!a-D-Lys(HSCi:)-D-Ala-D-Lys(HSG)­

NH2 .1\-1H' 129 l 

[Ol l 1)j lMP 338 Ac-D-Ser(PO~;H2)-D-A1a-D-Lys(HSG)-D-Ala-D-Lys(HSG}-NH2 MH' 

[0.1201 IMP 345 DTPA-D-Ser(PO:d·h)-D-Ala-D-Lys(HSG)-D-Ala-D-Lys(HSG)-NI·h ivU-C 

1459 

fOl 21] IMP 349 DTPA-D-Cys<<H20J.>)rCH-CH.:c-S)-D-A!a-D-Lys(HSG)-D-Ala-D­

Lys(l·iSG)-Nl·h !VlH' 1583 {FIG. 9.J 

10122] HvrP 361 DTPA-Dpr(BrCH:~CO-)-D-Ala-D-Lys(HSG)-D-Ala-D-Lys{HSG)-NH:' 

MI:f !498 

f 0123] Hvf P 366 DTPA-Dpr(Ph-S-CH2CO-)-D-Ala-D-LysfI·lSG )-D-Ala-D-Lys(HSG)-NH1 

.tvlH' 1528 

(FIG. 10) 
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[01251 li\4P 369 Sym-DTPA-NH-CH(2-Br-Phe-)-CH2-CO- D-Ala-D-Lys{HSG)-D-Ala-D­

Lys(HSG)-NH? MH' 1517 

1.01261 I'!\tP 3 70 Sym-DTPA-NH-CH(2-02N-Phe-)-Cl-l2-CO- D-Ala-D-Lys(HSG)-D-Ala-D­

Lys(HSG)-NH2 ivlH' 1484 

I 0127! HvrP 371 DTPA-NH-CH(2-0::N-Phe-)-CHrCO- D-Ala-D-Lys(HSG)-D-Ala-D­

Lys(HSG)-NI-12 ~ll-C 1484 

f0128] HvfP 372 DTPA-Dpr(Ser)-D-Ala-D-Lys(HSG)-D-Ala-D-LysfHSG)-NH2 Jvu-1· 1465 

[0129] IMP 373 DTPA-Dpr(Sym-DTPA)-D-Ala-D-Lys(HSG)-D-Ala-D-Lys{HSG)-NH:,~ 

:t\-·1H' 1753 

[0130} HvfP 374 DTPA-Dpr(Cl-CH2CO-Cys(Et)-)-D-A!a-D-Lys(HSG)-D-Ala-D-Lys(HSG}-

NI-h Mff 1585 

10131 I Uv1P 375 DTPA-Dpr(2-Br-Phe-CHNHrCH2-CO-)-D-Ala-D-Lys(HSG)-D-A1a-D­

Lys(HSG)-NH~ Iv!H'- 1603 (FJG. ll) 

j0132] HvrP 376 DTPA-Cys(HO:,S-S)-D-Tyr-D-Ala-D-Lys(HSG)-D-Ala-D-Lys(HSG)-NH:: 

Ml-f 155X 

f0133] HvfP 379 DTPA-Dpr(2-H2N-Phe-CO-}-D-Ala-D-Lys(HSG)-D-Ala-D-Lys(HSG)-NH1 

l'vlH' 1497 

[01341 Hv1P 382 DTPA-Dpr(l-1)-D-Ala-D-Lys(HSG)-D-Ala-D-Lys(HSG)-Nl-b Ml-( 1378 

[0.1361 I~tP 384 DTPA-Dpr(2-HO-Phe-CHNH,-CH?-CO-)-D-Ala-D-Lys(HSG)-D-Ala-D­

Lys(HSG)-NH2 I\·1l( 1541 (FlG. 12) 

[0137] IMP 385 DTPA-Dpr(Dpr)-D-Ala-D-Lys(HSG)-D-Alu-D-Lys(HSG)-NH2 1>..:IH' 1464 

I 01381 Il\fP 386 DTPA-Dpr(2-pyridyl-CHrCHNHrCO+D-A1a-D-Lys(HSG)-D-Ala-D­

Lys{HSG)-NH:: .!vIH' l 526 CFIG. 13) 

j0139] Hv1P 387 DTPA-Dpr(D-9-anlhryla!anine)-D-Ala-D-Lys(HSG)-D-Ala-D-Lys(HSG)­

NH2 Ml-I' 1625 

[0140] IMP 389 DTPA-Dpr(2-carboxy piperizinyl)-D-Ala-D-Lys{HSG)-D-Ala-D-

[0141 J IMP 460 NODA-GA-D-Ala-D-Lys(HSG)-D-Tyr-D-Lys(HSG)-NH2 ivIH+ 1366 
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[01421 further examples ofpeptides of possible use are shmvn in FIG. 15 and 16, FIG. 16 

shm.\..-s the structures of UvlP 422, IL\·1P 426 and UVJP 428. As discussed below, ll'vlP 449 

(f'IG. 15) sho\VS particular stability ofthe F-18 conjugated peptide under in vivo conditions, 

of use fr)r labeling and imaging techniques. 

f 0143] FIG. 17 shows an alternative configuration for a NOIA type ligand, The NOTA 

moiely could be made from Dor L para-nitrophenylal.anine and the ii:ninodiacetic acid 

portion ·would rnme from diaminopropionic acizt which could be Dor L .. Furthern1ore, the 

position of the ethylene bridge conld be switched \vi th the diaminopropionic acid to give .a 

different configurnlinn of groups on the ligand. All of these modifications could aflect 

binding kinetics and stability of the complex, which is subsequently formed. FIG. 18 

illustrates the structure of.a NOD_A-Ga peptide that could be labeled with, fbr example, Ga-68 

or F-!8, 

[0144] In certain embodiments, alternative chelating moieties may be used to bind to 13F­

rnetal or rnF-boron co.rnplexes . . FIG. 22A~D illustnrtes some exemplary potential chelating 

moieties based on the structure of NETA As discussed above, Chong et at (2007) report 

that NETA ligands may show improved serum stability· when cornp!exed \vith various metals. 

Chelator design may also be optimized lo increa.se the binding affinity of the peptide for li;F­

metal. 

Results of Peptide Labelin!l Screeniirn Studv 

I 0145] 1'.fost of the DTP A denvatives showed labeling comparable to the labeling of Ev1P 

272. There \Vere exceptions, IMP 349, bearing the bisphosphonate group on a cysteine side 

chain, labeled very poorly. The DOTA ligand did not hind the Al-1i>F. The ITC DTPA ligand 

oflMP 326 did not bind the Al)"F as vvell as DTPA. The NTA ligand ofl!'vlP 331 did not 

bind the Al-1i>F. The EDTA ligand of l1\.1P 332 bound the Al- 1 ~F hut not as well as the DTPA. 

Symmetrical DTPA ligand did not bind the Al- rnF. The phosphonates and phosphate groups 

tested did not bind Al- 1 ~F v..teH under the conditions tested. The screen did sho\v that a group 

that was attached near the DTPA could mfiuence the stability of the Al-1sF-DTPA complex. 

The screen showed that HvlP 375 labeled better and formed a complex that \Vas significanlly 

more stable than 1:\-1? 272. tMP 375 labded \Vell and \Vas stable in \Vater, shmving 95.4'\'i) 

remaining bound aHer 5 hours at 25"'C (not shovvn). For in vivo use a peptide >v1th high 
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[01461 The peptide labeling screening study only looked at the binding of Al-rnF. Some of 

the peptides that did not label ·well \\'ith Al-1 8F might label better \Vith another metal binding 

to the F- 18. 

Peptide Svntl1esis. 

10147! The peptides \vere synthesized by solid phase peptide synthesis using the Fmoc 

strategy. Groups \Vere added to the side chains of diamino amino acids by using Fmoc/Aloc 

protecting groups LO allo\v ditforential deprotection. The Aloe groups \Vere removed by the 

method of Dangles et al. (J Org. Chem. 1987, 52:4984-4993) except thal piperidine \Vas 

added in a l: J ratio to the acetic acid used. The unsynnnetrical tetra+butyl DTPA was made 

as described in I\kBride et al. (US Patent Application Pub. No. US 2005/0002945 Al, App!. 

N·o. 10/776,470, Pub. Date. Jan. 6, 2005). The tri-l-butyt DOTA, symmetrical tetra+butyl 

DTPA and lTC-benzyl DTPA were obtained from :tvlACROCYCUCSCg\ The Aloc/fmoc 

Lysine and Dap (diaminopropionic acid derivatives (also Dpr)) \Vere obtained from 

CREOSALlJS(g.i ur BACHEJ\'.f (i~:. The Sieber Am.ide resin \Vas obtained fro.m 

NOVABIOCHEMJ~,;, The remaining fmoc amino acids were obtained from CREOSALUSCi?:. 

BACI-fEMCi~!, PEPTECJ:rn: or NOVABIOCHE.lvl'Ri. 

[0148J IMP 272 \Vas synthesized as described (!\.kBride et aL l.lS Patent Application PubL 

No. 20040241158 Al, Appl. No. 10/768)07, Dec. 2, 2004). UvlP 288 was made as described 

(ivkBride et al., J /Vue!. Med. 2006, 47: 16 78-1688). 

10149] P..-JP 326 The hydrazine peptide (lMP 319) 'vas made on Sieber amide resin using 

Fmoc-D-Lys(Aloc)-OH, Fmoc-D-G!u(OBul)-Off. Fmoc-D-Lys(Aloc)-OH, Fmoc-D­

Tyr(Bul)-OH and 4-(B<.K-NH-NH-)C(,H·i-C02H in that order. The 4-fBoc-NH-NH-)C;R1-

C02H was made by adding Boe dicarbonate to 4-hydrnzinobenzoil: acid in a dioxa.ne sodium 

hydroxide solution. 

[0150J After tile addition of the Boc-hydrnzide the side chain Aloe groups were removed and 

the Trit.yl-HSG-OH groups \Vere added to the side chains of the lysines. The peptide \'Vas then 

cleaved from fhe resin with TFA and purified by HPLC to obtain the desired hydrazme bis­

HSG peptide lMP 319 (l\Hf 120 l). Tbe bydrazide peptide (0.0914 g) was then mixed \vilh 

0.0650 g of ITC-Benzyl DTPA in 3 mL of 0.1 M sodium phosphate p.H. l:t2. The pH of the 

solution was adjusted with 1 JVf NaOH to keep the pH at pH 8.2. After foe reaction het•veen 

the peptide and the ITC-Benzyi DTPA \Vas complete the peptide conjugate was purified by 

HPLC. 
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[0151 J UVIP 329 The deferoxamine isothiocyanate was prepared by mixing l .lM22 g of 

deferoxamine 1m~sylate {l .59 x 10-3 mo!) \:<.'ith 0-2835 g ( L59 x !ff~ mol) of 

thiocarbonyldiimidazole in 10 mL of I: l methanol/water. Triethylamine, 0.23 mL \Vas added 

and the reaction \.vas purified by reverse phase HPLC after 2.5 hr to obtain the deferoxamine 

isothioc:yanate tvfNa·' 625. 

\:vith 0.0291 g ofdeferoxan1ine isothiocyanate in a sodium phosphate buffer at pH 8.1 fiw t\vo 

hours then purified by HPLC to afford the desired product ~1H7 1804. 

[01531 U\lP 331 The following amino acids were a:ttachL><l to Sieber amide resin (0.58 

mmolig) in the order shown; Fmoc-D-Lys(Aloc)-OH, Fmoc-D-Tyr(But}OH and Fmrn>D-

Lys(Aloc}OH. The Aioc groups. \Vere removed and Trt-HSG-OH 1-vas added lo the side 

chains ofthe lysines. The fmoc \Vas removed, then Fmoc-D-Ala-OH and Fmoc-Asp-OBut 

\Vere added in that order (0.5 g of resin). The Fnmc was removed and the njtrogen ofthe A.sp 

was alkylated overnight \Vilh 3 mL t-butyl bromoacetate and 3.6 mL diisopropylethylamine 

in 3 A mL of NivlP. The peptide \'vas cleaved from the resin with Tf A and purified by reverse 

phase HPLC to obtain the desired peptide fl.Hf .l 240. 

[0154J IMP 332 The peptide \vas made on 3 g of Sieber amide resin (0.58 nunol./g). The 

follmving amino acids \Vere added to the resin in the order shown: Fmoc-D-LysCAloc)-OH, 

Fmoc.-D-Tyr(But)-OH, Fmoc-D-Lys(Aloc)-OH, Fmoc-D-A1a-OH, and Fmoc-Dpr(Fmoc} 

OH. The resin \Vas split into portions for subsequent s.yntheses. (Jne gram of the resin \vas 

\vas. alkylated overnight \vith 3 mL t- butyl bromoacetate, 3.6 mL diisopropy!ethy1 amine and 

3.4 mL NJ\·1P. The side chain .Aloe groups \Vere then removed and the Trt-HSG-OH groups 

\Vere added. The peptide \:\'as then cleaved from the res.in and purified by HPLC to obtain the 

product f'vlH' 1327. 

j0155j ll\lP 33~\ The peptide \Vas made \.Vit.h 1gof1.he same resin that \Vas used to make l~fP 

332. The DTPA tetra+ butyl ester (OS PubL No. 20050002945) 'Nas added to both of the 

amines of the Dpr group. The Aloe groups \Vere then removed a:nd the Trt~J·JSG-OH was 

added. The peptide 1vas then cleaved and purified hy HPLC to obtain the desired product 

l\1H' 1845. 

[Oi56J H\.lP 334 The peptide w1as made on l g Rink amide resin (tU mmoi/g) wiU1 U1e 

f()J!owing amino acids added in the order shown.: Fm.oc-0-Lys(Aloc)~OH, Fmoc-D~Glu(But)-
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OH, Fmoc-D-Lys(Aloc)-OH, Boc-Ser(But)-OH, The Aloe groups \Vere removed and the 

Triry!-HSG-0.H \VHS added. The peptide \VHS cleaved from the resin with TFA. The crude 

peptide \Vas collected by precipitation from ether and dried. Sodium periodate, 0.33 g, \Vas 

dissolved in 15 mL water. The crude peptide was dissolved in l mL 05 1d sodium phosphate 

pH 7,6, 3 mL \Vater and 1 mL oftbe periodate solution .. 3 mL rnore periodate .in one rnilhliter 

increments was added uver ·--· 2 hr. The mixture \vas then purified by reverse phase HPLC and 

lyophitized to obtain the aldehyde li'v1P 289 HCO-CO-D-Lys(HSG)-D-Glu-D-Lys(HSG}­

NH! i\."1H' 959. Alendronate (0.0295 g, CALBIOCHE1VH~) \vas dissolved in 15(1 p.L OJ Iv1 

NaOAc pH 4. The peptide., ll\·lP 289, (0.0500 g) ·was dissolved .in 100 pL of I. 3 %< 

isopropanol in water. Sodium c.yanoborohydride \.Vas added and the mixture \Vas purified by 

HPLC to afford the desired product T'vll:f 1192. 

[0157] 11\"lP 337 & DlP 338 The peptide \vas made on Sieber amide resin nsing the 

following amino acids added in the order sho\vn: Fmoc-D-Lys(/\loc)-OH, Fmoc-D-Ala-OH, 

Fnwc-D-Lys(A!oc)-OH, Fmoc-D-Ala-OH, Fmoc-0-Ser(PO(OBzl)OH)-Oll Fnmc-D­

Ser(PO(OBzl)OH)-OH, and Ac20. The Aloe groups \Vere removed and the Trt-HSG-OH 

groups v..rere added to the side chains of the lysines. The peptide \'vas cleaved from the resin 

and purified hy HPLC to afl(Jrd the desired products: IMP 337 .!v1n· 1291 and HvlP 338 rdJ( 

1126. 

[0158] IMP 345 The peptide was made on Sieber amide Resin using the fo!lowing amino 

acids added in the order show11: Fmoc-D-Lys(Aloc)-OH, Fmoc-D-Ala-Ol{ Fmoc-D­

Lys(Aloc)-OH, Fmoc-0-A!a-OB .. Frnoc-D-SerfPO(OB11)0H)-0!-L. and tetra-t-butyl DTPA. 

The Aloe groups \Vere removed and the Tn-HSG-OH groups \Vere added w the s.ide chains of 

the lysines. The peptide \Vas cleaved from the resin and purified by HPLC to affr.m.i the 

desired product Hv1P 34.5 ~fH"14.59. 

j0159] IMP 349 The peptide 11\:!P 347 DTPA-D-Cys-D-Ala-D-Lys(HSG)-D-Tyr-D­

Lys\HSG)-Nl-h was made on Sieber amide Resin using the frJllowing amino acids added in 

the order sho\vn: Aloc-D-Lys(Fmoc)-OH, Trt-HSG-OH, the Aloe \Vas cleaved, Fmoc-D-A!a­

OH, Aloc-D-Lys(Fmoc.)-OH, Trt-HSG-OH \vere added. the Aloe was cleaved Fmoc-D-Ala­

OH, Fmoc-0-Cys(Trt)-OH and tetra+lmtyl DTPA were added .. The peptide \Vas cleaved 

from the resin and purified by HPLC to afford the desired product: Hv1P 347 MH+ 1395. The 

peptide, Iiv1P 347, 0.()446 g (3.2 x l tr5 mol) \vas mixed with OA60.5 g (2A x 10-3 mol} of 

ethenylidenebis(phosphonic acid) (Degenhardt et al,.! Ot;g, Chem. l 986, 51 :3488-3490) in 3 

mL of water and lhe solution was adjusted to pH 6_5 with l M NaOH added dropv.+:>e The 
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reaction was stined overnight and tbe reaction solution was adjusted to pH I A9 by the 

addition of excess ethenylidenebis(phosphonic acid)_ The mixtn.re was stirred overnight at 

room temperature and then purified by HPLC lo obtain the desired peptide lMP 349 MH' 

1583. 

f 0160] IMP 36.t The peptide was rnade on Sieber amide resin using the fo!lm:ving amino 

acids added in the order sho~vn: Aloc-D-Lys(Fmoc.)-OH, Trt-HSG-OH, the Aloe was cleaved, 

Fmoc-D-Ala-OH, Aloc-D-Lys(Fmoc)-OH, Trt-HSG-OH were added, the Aloe \Vas (:leaved, 

Fn1oc-D-Ala-OH, Frnoc-Dap(Alac)-OH and tetra+buty1 DTPA \:Vere added. The Aloe on the 

side chain of tile Dap \:vas removed and bromo acetyl was added \Vith hromo acetic 

m1hydride. The crude product \Vas purified by HPLC to obtain the desired peptide UvlP 361 

(l\1H' 1498). 

[0161] Il\lP 366 The peptide was made by the same method as Uv1P 361 with 

phenylthioacetic acid added last. The crude product \Vas purified by HPLC lo afford the 

product IMP 366 ivfH' 1528. 

[0l(j2} IMP 368 The peptide \Vas as described frw nvrP 349 except the cysteine residue \Vas 

not added and symmetncal tetrn+buty!DTPA (J\.JACROCYCLJCSi~) \vas used in place of 

the unsymmebcal DTPA to obtain the desired product after purification, HvJP 368 !\41C 

1292. 

[0163] IMP 369 The peptide ;vas made as described for EvlP 349 1.vifo Fmoc-R-3-amino-3-

(2-bromophenyl)propionic acid added in place of the D-Cys and symmetrical tetra+ 

lmtylDTPA added in place of the unsymmetrical version to the DTPA tetra-t-butyl ester. The 

crude peptide was purified to obtain the desired product, iv1H+ 1517. 

[OlM} IMP 370 The peptide \Vas made as described frw HAP 369 except Fmoc-R-3-amino-3· 

(2-nitrophenyl) prop10nic acid ·was used instead of the bromo, The desired prodllct was 

obtained after purification by HPLC \Hf 1484. 

101651 lMP 371 The peptide \Vas made as described for E'vf P 370 except the trnsyrnmetrical 

tetra+but.yl DTPA was used in place of the of the symmetrical version. The desired product 

was obtained atler purification by HPLC l'v1H' l 484, 

[016<>] IMP 372 The peptide was made as described for IlVIP 361 with Fmoc-Ser(But}OH 

used to attach the Ser to the Dap side chain. The Fmoc \Vas removed and the peptide \'Vas 

cleaved from the resin und purified to obtain the desired product l\1H' 1465, 
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[0167J UVIP 373 The peptide was made as described for IMP 361 with symmetrical-tetra+ 

butylester DTPA used to attach the Sym-DTPA to the Dap side chain. The peptide was 

cleaved from the resin and purified to obtain the desired product \.lH' 1753. 

[0168] IMP 374 The peptide ;vas made as described for EvlP 361 1.vifo Fmoc-S-ethy1 cyste1ne 

added to the Dap side chain f()l!O\'\.'ed by ch!oro acetyl (on the cysteine nitrogen) added via 

chl.oroacetic anhydride The peptide \Vas cleaved from the resin and pur1fied to obtain the 

desired product lVIH' 1585. 

[OU;9j Il\tP 375 The peptide \Vas made as described frn 1J\·1P 361 \Vlth Fmoc-R-3-arnino-3-

(2-bromophenyl)propionic acid added to the Dap s.ide chain folkw;.-·ed by cleavage oflhe 

Fmoc group. The peptide w11.s cleaved from the resin and purified to obtain t11e desired 

product !vlH' 1603. 

10170] ll\lP 376 The peptide was made as described for UvlP 361 with Fmoc-D-Tyr(But)-OH 

added alter the second alanine fdlmved by Fmoc-Cys(SO~H) and letrn+buty!DTPA, The 

peptide \\'°US cleaved from the resin and purified to obtain the desired product 1'v1H' 1558. 

[017lj IMP 379 The peptide \Vas made as described for H\.:fP 36l \Vith Boc-2-Abz-OH added 

to the side chain of the Dap. The peptide was cleaved from the resin and purified to obtain the 

desired product Mn· 1497. 

101721 llHP ~~82 The peptide \Vas made as described for E'vlP 36.l \.vith the Aloe removed 

from the side chain of the Dap. The peptide \Vas cleaved from the resin and purified to obtain 

the desired pro duet 1v1ff l 3 7 8, 

10173] IMP 383 The peptide was made as described for UvlP 361 with Fmoc-Gla(0But)2-0H 

added to the side chain of the Dap. The peptide 1-vas cleaved from the resin and purified to 

obtain the desired product .MH'-0)2 1507 

[0174] IMP 384 The peptide was made as described for IMP 361 \vith Fmoc-Boc-S-3-

amino-3-(2-hydroxypheny!}propionic acid added to the side chain of the Dap. The peptide 

>vas cleaved from the resin and purified to obtain the desired product :tvllf 1541. 

[01751 lMP 385 The peplide Vi/as made as described fi.)r IMP 361 ·with Fmoc-DprCFmoc)-OH 

added to the side chain of the Dap. The peptide \Vas cleaved from the resin and purified to 

obtain the desired product l\{f-1' 1464. 
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[Ol 76J UVIP 386 The peptide was made as described for IMP 361 with Boc-D-2-

pyridylalanine-OH added to the side chain of the Dap. The peptide \Vas cleaved from the 

resin and purified to obtain the desired product !vlH' l 526. 

[01771 IMP 387 The peptide ;vas made as described for EvlP 3611.vifo Fmoc-D-9-

anthry!alanine-OH added to the side chain of the Dap. The peptide was cleaved from the resin 

and purified to obtain the desired product .l'vlH'. 1625. 

f0178] lMP 389 TI1e peptide was made as described for Il\lP 361 \Vith bis-Boc-piperazine-2-

carboxylate added to the side chain of the Dap. The peptide 'ivas cleaved from the resin and 

purified to obtain the desired product J\.1H' 1664. 

Example 5. Alternative i\'ledtods for Preparing and Separating F-18 Labeled Peptides 

101791 In certain embodiments, heating is ustxl to get the Al-F-18 complex into the NOTA 

chelating group. Altemafrvely, ITC ben01l NOTA (rvfacrocyc.lic.s) could be labeled with Al­

F-18 and then conjugated to other heat sensitive molecules, such as proteins, after labehng. If 

high specific activity is needed the ITC Benzy! NOTA complex can be purified a>vvay from 

the cold ligand. 

[0180] Al \\>as added to the peptide and its HPLC profile compared to the en1pty NOTA 

peptide and the Al.-F-18 peptide. The Al peptide and the A!-F-18 peptides have virtually the 

same retention time by HPLC, \Vith --- I min longer RT for the unlabeled peptide. The peptide 

\Hts purified on a PHENOi\.lENEXTM ON''{Xg! monolithic C-.18 l 00 x 4.5 n:un column using 

a 3 mL.imin flo;v rate. Buffer A \Vas 0.1 % TFA in \'i-'ater and Buffer B was 90 iVii CH:~CN 10 

~--;)'water and 0.1 %; TFA The linear gradient went from 100 % buffer A to 75:25 A/B over 15 

min. Since the Al complex co-elutes \vith the A!-F-18 complex, the amount of Al and F- l 8 

added. \:vill d.etennine the specific activity. 

[Ol Sl J Hvf P 449 was prepared according to Example 7 below· and labeled as fr11Iows. The F-

18 was received in a 2.0mL Fisher 1\.lic.rocentrifuge v.ial (02-681-374) containing 15 mCi of 

F~ 18 in <U.5 pL in \vatec 3 ~tL of 2 m.'tv1 AlCh in O. l 1V1 pH 4 NaOAc 1vas added to the F ~ 18 

solution and fhen vortex mixed. After about 4 min, lO p.L of 0.05 rv1Il\tP449 in pH4 0.5 M 

NaOAc was added. The sample was vortex mixed again and healed in a 102''C heating block 

for l7 min. The reaction was then cooled briefly and then the vial contents >vere removed and 

purified by HPLC as described above. 



[01821 Separately, elution conditions were determined on the WATERSlK ALUANCPM 

analytical system and the labeled peptide \Vas eluted between 7 _5 and 8 5 1:nin. The analytical 

HPLC showed that the labeled peptide contained the Al~F HvlP 449 (UV 220 mn) and did not. 

contain the uncomplexed peptide, resulting in an increased specific activity, 

f 0183] The peptide 'Nas diluted in water and then pushed through a \VA TERS(~:1 OASIS 

PLUS HLB rM extraction \X>lunm. The labeled peptide was eluted with 3 111L of l: ·1 

EtOH/H20. HPLC analysis of the eluents confirmed that the column efficiently trapped the 

labeled peptide, which aHo\:ved the acetonitrile and TFA. to be \vashed away frorn the peptide. 

The HPLC also shmved that 1: l EtOH/I·I10 e!uent contained the desired product free of loose 

F-18 in a solvent suitable for injection after dilution. The apparent yield a.Her purification 

was 11 %~. 

Example 6. 1n-J···1vo Studies 

[0184] Nude rnice bearing G\V-39 hu.rnan colonic xenogrnfr turnors ( 100-500 mg) are 

injected with the bispecific amibody hJv1N- l 4 x n1679 ( 1.5 x l ff 10 mo!). The antibody is 

allowed to dear for 24 hr before the F- l 8 laheled HSG-bearing peptide (8.8 ~tCi, l .5 x l ff! 1 

mol) is ii~jected, The anirnnls are imaged at 3, 24 and 48 hr post injection. The xenograft 

tumors are dearly imaged by PET scanning detection of the F-18 labeled peptide bound to 

the bispecific hl\1N-14 x m679 that is localized to the tumors by binding of hl'vfN-14 to t.t1mor 

antigen, 

Exam11le 7. Production and Use of a Serum-Stahle F-18 Labeled Pefltide 

[0185] IMP 449 NOTA-ITC benzyl~D-A1a-D-Lys(HSG)~D-Tyr-D~Lys(HSG)-NH2 rvm' 
1459 (FIG. 15) 

[0186J The peptide, IMP 448 .D-Ala-D-Lys(HSG}-D-Tyr-D-Lys(HSG)-NH1 MH' l.009 \Vas 

made on Sieber Amide resin by .adding the follov•iing amino acids to the resin in the order 

shO\vn: Aloc-D-Lys(Fmoc)-OH, Trt-HSG-OH, the .Aloe was cleaved, Fmoc-D-T,yr(But)-OH, 

Aloc-D-Lys(Fmoc)-OH, Trt-HSG~OH, the Aloe -..vas cleaved, Fmoc~D-Ala-OH \0vith final 

Fmoc. cleavage to make the desired peptide. The peptide \vas then cleaved from the resin and 

purified hy HPLC to produce Il\.1P 448, \vhich \vas then coupled to ffC-benzy1 NOTA, The 

peptide, l~lP 448, 0.0757g (7.5 x Hr5 mol) was mixed \'<'-ith 0J)509 g (93N x Hr5 mo!) ITC 

benzyl NOTA and dissoh.·ed in 1 1nL wateL Potassium carbonate anhydrous (0-2171 g) \Vas 

then slmvly added to the stirred peptideiNOTA solution. The reaction solution was pH I 0,6 

alter the addition of all the carbonate. The reaction \.Vas allmved to stir al room len1peralure 
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overnight The reaction ,.vas carefully quenched with l M HCl after 14 hr and purified by 

HPLC to obtain 48 mg of Uv!P 449, the desired product (FIG. :15). 

F-18 Labeling of IMP 449 

f0187J The peptide Hv1P 449 (0.002 g, l 37 x Hr" nml) was dissolved in 686 ,ttL (2 1:niVl 

peptide solution) 0, I rvf NaOAc pH 4.02 .. Three micro!iters of a 2 m!v1 solution of Al in a pH 

4 acetute buffenvas mixed with 15 pl .. , l.3 mCi of F~rn_ The solution was then mixed \-Vith 

20 ~tL of the 2 m'lv'l Hv1P 449 solution and heated at 105"C for l 5 min, Reverse Phase HPLC 

analysis showed 35 l.~·;_, (RT ·" l O rn.in) of the activity ,,vas attached to the peptide a11d 65 (~·<• of 

the activity \Vas eluted at the void volume of the column (3. l min, not shown) indicating Urnt 

the majority ofac:tivity was not associated \'Vith the peptide, The crude labeled mixture (5 ~tL) 

\vas inixed \\·ith pooled hmnau serum and incubated at 3 7"C. An aliquot was removed after 

15 min and analyzed by HPLC. The HPLC shO\.ved 9J'l il.{1 of the activity was still attached to 

the peptide (dm.vn from 35 '}'i,). Another aliquot \Vas removed af1er 1 hr and analyzed by 

HPLC The HPLC showed 7 ,6 1.\·(, of the activity was still attached to the peptide (down from 

35 °l(,), which \Vas essentially the same as the 15 min trace (data not sho\vn). 

High Dose F-l 8 Labeling 

f0188j Further studies with pu.rified lMP 449 demonstrated that the F-18 labeled peptide was 

highly stable (9 l (~{,,not shown) in human sernm at 37"C for at least one hom ami \Vas 

partially stable (76'h1, not shown) in human serum at 3TC fhr at least four hours, These 

results dernonstrate that the F-18 labeled peptides disclosed herein exhibit sufficient stability 

under approximated in vivo conditions to he used for F-18 imaging studies. 

[0181Jj F-18 '-21 mCi in·- 400 ~1L oh.vater was mixed \Vith 9 pL of2 rnrvl AICl,, in 0.1 fvl 

pH 4 NaOAc The peptide, nvrP 449, 60 ~tL ( OJJ l ~-1. 6 x l <r' rnol in 0-5 NaOH pH 4.13) \vas 

added and the solution was heated to 1 lO"C fr)r 15 min. The crude labeled peptide \'>,··as then 

purified by placing lhe react.ion solution in the bane! ofa l cc WATERS':.i~> HLB column and 

elming with water to remove unbound F-18 folb\ved hy 1 :l Et0H/H20 to elute tlw F-18 

labeled peptide. The crude reaction solution was pulled through the column into a \vaste vial 

and the col unm vvas washed \Vilh three one iniHiliter frac:t1ons of water ( 18. 97 mCi). The 

HLB column was then placed on a new vial and eluted \'<,·ith two x 200 pL 1: I ElOH/H20 to 

collect the labeled peptide ( 1.83 mCi). The column retained 0.1 mCi of activity after aU of the 

elutions were complete. An aliquot of the purified F-18 labeled peptide (20 pL) was rnixed 

\vi th 200 pl. of pooled human serum and heated at 3 7"C Aliqnots \Vere analyzed by reverse 
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phase HPLC (as descnbed above). The results showed the relative stability of F-18 labeled 

purified IMP 449 at 37'"C at time zero, one hour i9l'>li labded peptide), t\vo hours (7n1; 

labeled peptide) and four hours (7m·'o labeled peptide) of incubation in human serum (not 

sho'w11). lt 1:vas also observed tbat F-18 labeled [J\..JP 449 \'>,,'as stable in TFA solution, \vhich is 

occasionally used during reverse phase HPLC chromatography. There appears to be a 

general correlation between stability in TFA and stability in human serum. observed for the 

exetnplary F-18 labeled molecules described herein. These results demonstnue tlrnt F-18 

labeled peptide, produced according to the methods disclosed herein, shows sufficient 

stability in human semm to be successfhlly med for in vivo labeling and .imaging studies, fi.)r 

example using PET scanning to detect labeled cells or tissues. 

Exampl.e 8. In J..iw> Biodistribution of F-1. 8 Labeled 11\:IP 449 in SCID l\'lice 

f0190] F-l8 labeled Il\1P 449 was prepared as described above (Example 7), The material 

\Vas purified on an OASJS:K HLB column (\VATERS@, :tvlilford, Tv1A). The unbound 

rnaterial was ·washed out wilh ·water and the labeled peptide that \Vas bound tu the column 

;vas eluted i;.vith l: 1 ethanol: 1:vater mixture. Both fractions 'were analyzed by reverse phase 

Cl 8 HPLC The purified peptide eluted as several peaks on the reverse HPLC column (not 

shov..'n). The unbmmd fraction collected from the OASIS(f<.i column shO\ved poor recovery, 

n·'O, from the Cl 8 column (not shcnvnJ. 

[01911 The "unbound'' fraction and the purified 18F-IMP 449 \vere injected into SCID mice 

that were previously il~jected with sc SU-DHL6 lymphoma cells. Only a few of the rnke had 

visible tut11ors. Biod_istributiol1 data sl10\ved a significant diffi;:rence bet\veen the ~~u.nhou.nd~:-

F-18 fraction and the purified 1BF-Uv1P 449. Data are shov,m in Tables 4-6 below. Note that 

in this stlidy, no pretargeting bispecific antibodies \vere administered to the animals before 

the labeled peptide. These results demonstrate the distribution of labeled peptide vs. free F-18 

in vivo. 

f0192j lJnconjugated F-18 shmvs a high level of distribution to bone tissue in vivo. Uptake 

20 minutes after injection \vas, as expected, seen primarily in the bone {spine), with about 12-

l 5'h) injected dose per gram (ID/g), fbHowed by the kidneys \vith about 4'Vi, ID!g. 

Localization of the F-18 label to bone tissue \Vas substantially decreased by coqjugation to a 

targeting peptide. 'When bound to ll\·JP 449, uptake in the hone is reduced to -l !\, JD/g at 20 

rnin and 0.3 '~i;) at l h after injedion, with renal uptake of 11%at20 rnin and 3.3 1!,..(, ID/g at l 

hr. Renal uptake of the peptide alone \Vas similar to that of the pretargewd 18F-IivfP 449 
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peptide (see follow mg Example\ suggesting its uptake was a function of the peptide rather 

than a consequence of the animals having been gi.ve the bsl\·1Ab l8 h earlier. Relatively lm.v 

non-specific uptake was observed in the spine and femur ·with the F-18 labeled peptide 

compared with unbound F-18. 

'1"'.-t..L, .~ T.7' l (} ~:: .. ~-..--..1. ... _.~ .. ~ .. ..-.J~""I J~~,.,__..._ ... ~ .............. ,.,_+'ii'\,....,,..; .. ..., ........ .-~.-.) :.,._,,.;,.,__.._ ... ~_. ... .,._,,~ .(}/ f"f-\.:_.r ,....,..,.,.,__..,.,...,_ ,.,.,...,_,.} ... t.._,.~ ;,..,.,J~._..,:..J ... ~ .. l 
.I <IUll". 'f". r-io UUU\.l\!HU U<ll .. U!..!U UI . .O::.V H.!IH jJ'l.'::">l Jl.~!l:'>..U\.11.1. illl.l..Tfl;, lUl,;;i:IU i:IUl.I U.11;; IHUIVlUU<U 

animals. 

Animal Animal Animal 

Tissue n Mean so 2 3 

Tumor 1 0.902 

Liver 3 2.056 0.244 1B95 2.338 ·1.937 

Spleen 3 ·1.869 0.434 ·J.677 2.366 1.564 

Kidney 3 4.326 0536 3.931 4.936 4 111 

Lung 3 2.021 0.149 1.903 2.188 1.972 

Blood 3 2A21 0.248 2.355 2.696 2.212 

Stomach 3 0.777 0.409 0.421 1.224 0.687 

Sma!! Int 3 2.185 0.142 2.042 2.325 2.187 

Large Int 3 ·1.403 0069 1.482 1 356 1.372 

Femur 3 11.688 1.519 11502 13292 10270 

Spine 3 14.343 2.757 17.506 13.072 12.452 

Muscle 3 1.375 0.160 1.191 1.457 1.478 

Table 5. 18F-ll\.lP 449 purified, 80 ~tCi, Ix 1 ff8 mol at 20 min post injection: (.\,JD/g mean 

imd the individual <mimals 

Animal Animal Animal Animal Animal 

Tissue n Mean so 2 3 4 5 

Tumor 0.891 

Liver 5 2.050 0.312 1.672 1.801 2.211 2.129 2.440 

Spleen 5 1.297 0.259 0.948 ·1.348 1 '144 1.621 1.425 

Kidney 5 12.120 4.128 8.354 7.518 12.492 '15.535 16.702 

Lung 5 2.580 0.518 2.034 2.103 2.804 2.678 3..278 

Blood 5 3.230 0.638 2.608 2.524 3.516 3.512 3.992 

Stomach 5 1.017 0.907 0.805 0.775 0.344 0.557 2.605 

Sma!! Int 5 1.212 0.636 0896 0 921 0.927 0.967 2.349 

Large Int. 5 0.709 0.220 0.526 0.568 0.599 0.793 1.057 

Femur 5 0.804 0.389 0314 0560 1.280 0.776 i.087 

Spine 5 3.915 6.384 0.819 0.923 1.:325 1.177 15.3308 

fv1uscle 5 0.668 0.226 0.457 0 439 0.960 0.673 0.814 
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;>High spine up lake in Animal #5 was confirmed by recounting. 

Table 6. 1 l:IF-11\·lP 449 purified, 80 ~1CL lx l ff~ mol at l h post :injection: t}'<.1JD/g rnean and the 

indi"vidual animals 

Animal Animal Animal Animal 

Tissue n Mean SD 2 3 4 

Tumor 0.032 0.064 0.000 0 127 0.000 0.000 

Liver 4 0_883 0.308 1.103 0.632 0.604 1.191 

Spleen 4 1.061 0702 1.598 0 631 0_301 1.713 

Kidney 4 3.256 0.591 3.606 2.392 3.362 3.666 

Lung 4 0.324 0.094 OA-11 0.232 0.256 0.399 

Blood 4 0.285 0.104 0.378 0.153 0.250 0.358 

Stomach 4 0.152 0.082 0.225 0.041 0.199 0.142 

Small Int 4 1.290 0228 1.124 1.247 1.166 1.624 

Large Int. 4 0.115 0.035 0.167 0.091 0.094 0.109 

Fernur 4 1.006 0-876 2266 0448 0.939 0.374 

Spine 4 0.314 0.076 0.423 0.257 0.268 0.306 

!'v1uscle 4 0_591 0.946 0.205 0077 2.008 0_075 

10193] \Ve conclude that the F-18 labeled peptide showed sufficient in vivo stability to 

successfully perfrmn labeling and imaging studies. 

Exam11le 9. In ·vfro Studies \Vith Pretarget:ing Antibody 

10194] F¥18 labeled Il\IP 449 was prepared as tbHmvs. The F¥1K, 54.7 mCi in~. 0.5 mL \Vas 

mixed with 3 ~tL 2 mM Al in 0.1 M NaOAc pH 4 buffeL After 3 rnin,10 ~tL of 0.05 )Vf 11\1P 

449 in 0.5 r-.-t pH 4 NaOAc buffer was added and the reaction \-Vas heated in a 96"C heating 

block for 15 min. The contents of the reaction were rem()ved \-Vith a syringe .. The crude 

labeled peptide was then purified by HPLC on a Pbenomenex Onyx monolithic C 18, J 00x4Ji 

mm column part No. CH0-7643. The flo\v rate \vas 3 mLimin. Buffer A was OJ\~.;, TFA in 

-..vater and Buffer B was 90 ~{~ acetonitrile in water \Vi th 0.1 'hi TFA. The grad.lent went fro1n 

100 %, A to 75/25 A :B over 15 min. There \Vas about l n:-1in difference in RT bet\veen the 

labeled peptide, which eluted first and the unlabeled peptide. The HPLC eluent was coUected 

in 0.5 min fractions. The labeled peptide came out between 6 to 9 min depending on lhe 

HPLC used. The HPLC purified peptide sample was further processed by ttiiuting t11e 

fractions of interest two fold in water and placing the solution in the barrel of a 1 cc Waters 
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HLB column. The cartridge \Vas eluted with 3 x 1 mL \.vater to remove acetonitrile and TFA 

followed by 400 ~tL 1; 1 Et0HiH20 to elute the F- 18 labeled peptide. 

[01951 The punfiedrnF-IJ\·1P 449 eluted as a single peak on an .analytical HPLC Cl 8 column. 

[0196J Taconic nude mice bearing the four slow-growing sc CaPan 1 xenografls \Vere used. 

Three of the rnice were ir~jected with TF 10 (I 62 ~tg) fr)llmved \Vitb txF-lMP 449 18 h !alee 

TFl 0 is a humanized bispedfic antibody of use for tumor imaging studies, with divalent 

binding to the PArd.-4 defined I\11llC 1 tumor antigen and monovalent bindmg to HSG (see, 

e.g.,, Gold et aL 2007, J. C!in. Oncol. 25(185):4564). One mouse was wiected >vvilh peptide 

alone_ AH of the mice \Vere necrnpsied 1 h post peptide injection. Tissues \Vere counted 

immediately. Animal #2 shmved high counts in the lemur. The femur \Vas lrnnsforred into a 

ne\v viai <md \Vas recounted aiong \Vith the oid empty vial. Recounting indicated that the 

counts \Vere on the tissue. This femur was broken and had a large piece of muscle attached to 

it. Comparison of mean distributions showed subslantial!y higher levels of F-18-lahded 

peptide localized in the tumor than in any normal tissues in the presence of tumoHargeling 

hispecific antibody. 

[0197] Tissue uptake \Vas similar in animals given the 1xF-Uv1P 449 alone or in a prelargeting 

setting. Uptake in the human pancreatic cancer xenograft, CaPan l, at .l h \Vas increased 5-

fold in the pretargeted ammals as compared to the peptide alone (4.6 ± 0,9(Y;, ID/g vs. 0.89i;,.(, 

ID/g). Exceptional tmnor/nonlmnor ratios \Vere achieved al this time (e.g., tumor/blood and 

liver ratios were 23.4 .+.- 2JJ and 23.5 + 2.8, respectively). 

Table 7. Tissue uptake at i h post peptide injection, mean and the individual anirnals: 

TFJO (162µg) -? 18 It 7 H<F' [l\.fP449 18F lI\"1P 

(10 ;l) 449 alone 

Tissue !1 Mean SD Animal 1 Animal 2 Animal 3 Animal 1 

Tumor :3 4_59·1 0.854 4,33() S.546 3.896 0.893 

(mass) (Q.675 g) (Q.JQ6g) (0.353g) {O. 721g) 

Liver 3 0.197 0.041 0.163 0.242 0.186 0.253 

Spleen 3 0.202 0.022 0.180 0.22'1 0.200 0.226 

Kidney 3 5.624 0.531 5,513 6,202 5.158 5.744 

Lung 3 OA21 0.197 0.352 0.643 0.268 0.474 

Blood 3 0.196 0.028 0.204 0.219 0.165 0360 

Stomach 3 0.123 0.046 0.080 0.172 0.118 0.329 

SmaU Int. 3 0.248 0.042 0.218 0.295 0.230 0.392 
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Large 

!nt 3 0. 141 0.094 0.065 0.247 0.112 0.113 

Pancreas 3 0,185 0.078 0.259 0.194 0.103 0.174 

Spine 3 0.394 OA27 0.140 0.888 0.155 0.239 

Femur 3 3.899 4.098 2.577 8.494' 0.625 0.237 

Brain 3 0.064 0.041 0.020 0.072 0.100 0075 

Muscle 3 0.696 0.761 0.077 1.545 0.465 0.162 

*High counts in Animal# 2 fomur \Vere confirmed by recounting after tnmsforring fbnur into 

a new viaL Animal #2 sho1:ved higher uptake in normal tissues than Animals# l and #3. 

Exampl.e 10. Comparison of Biodistribution of 111ln-IJ\'lP 449 i•s. ui.F-ll\'f P 449 vVitli 

Pretargeting Aut:ibody 

10198] The goal of the study was w compare biodistrihution of 111In-IJVIP 449 and 18F-H>dP 

449 in nude mice bearing sc LS 174 T xenogrnfls after pretargeting \Vith bispecific antibody 

TF2. TF2 antibody \vas n:iade by the dock-and-lock method and contains binding sites for the 

CEA tumor antigen a11d the HSG hapten (see, e.g., Sharkey et aL, Radiology 2008, 246:497-

507; Rossi et al., PNAS USA 2006, 103:6841-46). Since lhere \Vere insnfl'icienl numbers of 

mice with tumors at one time, the study was perfonned on 2 difterent \veeks, 

101991 t t trn-IMP 449: iii ln labeling was performed using a procedure similar to the one used 

for labeling Jl\IP 288, except al lower specific activity. !TLC and C~ l 8 RP HPLC showed 

-·30 r!,;i unbound (not shown). The labeled peptide \Vas purified on an HLB cohn:nn (l mL, 30 

mg). The analyses of the purified product again sho\ved 33 %i unbound (lop 20%i of strip} by 

ITLC developed in saturated sodtum chloride. RP HPLC shm:ved multiple peaks before and 

atler purification (not sho'>'\.'11), SE HPLC after purification shmved 470,·{1 ofthe activity shift to 

HJ\f\.V when mixed 1vith 20x molar excess of TF2 (not shmvn). 

[0200] t"'F- IJ\.1P 449: Labeling \vas performed as described above except the F-18 \.vas 

purified on a QivlA cartridge before labeling as described by others (Kim et. al. Applied 

Radiation and Isotopes 61, 2004, 1241-46). Briefly, the Sep~Pakl{) Light Waters AccellTM 

Plus QivJA Cartridge was prepared flushed with 10 mL OA lVf KHC03 and then washed with 

I 0 mL DI water. The li>F {42 mCi) in 2 mL \vater was loaded onto the Qivf A cartridge. The 

cartridge \Vas eluted ·with 10 mL DI \Valer to remove impurities. The column \,Vas then eluted 

'vith l mL OA lvi KHCl}, in 200 ~tL fractions. Fraction nurnber two contained the bulk of the 

activity, 33 mCL The pH of the F-18 solution was then adjusted with 10 ,uL of glacial acetic 
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add. The li'F from fraction #2 ·was then mixed ;,vith 3 pl of 2 mM Alm OJ M pH 4 NaOAc 

buffer. The sample was then mixed with lO ~tL of 0.05 7v1 HvlP 449 in 0.5 l'v1 NaOAc buffer 

at pH4 and the reaction solution 'v\.'as heated at 94"C for 15 min. The 18F-HvfP 449 \vas 

purified by RP HPLC. The fraction containing the product \vas put through an HLB colmnn 

to exchange the buffor. The column \Vas washed \vith \vater atler loading the sample. The 

produc! was eluled ·with 1: l water:ethanol in a 400 ~tL volume. RP llPLC of the product 

shm\..-ed one major peak \.Vi th a shoulder (not. shmvn). Since the yield was lmv, the specific 

activity Yvas k)\V and more peptide ;,·vas injected into mice, resulting in a bsMAb:peptide ralio 

of 6. 9: I instead of l 0: l. 

Results 

f020l] The labeling of Uv1P 449 with ln-111 resulted in multiple products. Possibly some 

might be binuclear con1plexes. The iii In-IMP 449 showed high kidney uptake and high 

blood concentration. Hmvever, even as multiple species, 111 ln-UvtP 449 showed localization 

to the tumor when pretargeted with TF2 (FJG. 19). 

l 02021 FIG. 19 shows the comparative biodistrihmion of In- l l l and F-18 labeled HvfP 449 in 

mice. Both hibeled peptides sbm-ved similarly high levels of localization to tumor tissues in 

the presence of the btspecific. TF2 anlibody. The ln-111 labeled species showed higher 

concentration in kidney than the F-18 labeled species in the presence or absern::.e of TF2 

antibody. The data are summarized in Tables 8-1 l below. 

Table 8. t\lice \Vere injected w·ith TF2 (l63.2ug, l.035xlff9mol) iv followed ;,vith Hlln l!\lP 

449 (L035x UY10 mo!) 16 h later. Peptide tissue uptake e,;,JD/g) at 1 h post peptide i1~jeclion 

is shrnvn belmv. 

Animal Animal Animal Anima! Animal 

Tissue n Mean SD 2 3 4 5 

Tumor 5 9.18 1.02 9.22 6A7 8.04 9A5 10.70 

Liver 5 1.15 0.09 1.03 1.25 1.20 121 1,08 

Spleen ,-
.) 0-48 0_06 043 0-49 0_58 0_50 0_42 

Kidney 5 6.63 1.:~8 8.81 6.21 7.03 5.85 5.23 

Lung ,-
.) 1_03 0_14 092 1.14 1-18 1.04 0_86 

Blood 5 0.99 0.15 1.04 1.13 1.12 0.83 0.83 

Stomach 5 0-16 0.05 0.25 0."17 0.16 0.13 0.12 

Small Int 5 2.33 0.65 2.21 2.51 2-01 333 159 

Large Int 5 0.20 0.04 0.21 0.25 0.18 0.21 0.14 

Femur 5 1 -45 0.87 0.59 1.30 0.71 2.02 2.62 
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Spine 5 U8 1.23 089 3_35 0.76 0-47 0-43 

Brain 5 0.14 0.16 0.05 0.06 0.13 0.04 0.43 

Muscle 5 0.83 0.66 0.25 1.30 0.23 0.65 1.73 

Body Wt 5 25.49 1.41 27.89 24.14 25.27 25.10 25.06 

Table 9. A group of 2 mice 1:vere ir1jected \Vilh ntin UvlP 449 (L035xlfrrn nml) without 

pretargeting antibody. Peptide tissue uptake (%i!D/g_) at l h post peptide injection is shown 

below·. 

Animal Animal 

Tissue n Mean SD 2 

Tumor 2 0.922 0.195 0784 1.060 

Liver 2 1.033 0.048 0.999 1.067 

Spleen 2 OA09 0.067 0362 0456 

Kidney 2 6.046 0.449 5.729 6.364 

Lung 2 0_695 0_032 0_672 0.717 

Blood 2 0_805 o.·rn2 0.934 0.676 

Stomach 2 0.290 0.055 0.251 0.329 

Srna!! Int. 2 2.234 0.594 1.814 2.654 

La.rge Int 2 0.237 0.022 0253 0.222 

Femur 2 1.210 1.072 1.968 0.453 

Spine 2 1.463 1-213 2.320 0.605 

Brain 2 0.133 0.091 0.068 0.197 

Muscle 2 1.005 1.148 1.817 0.193 

Body Wt 2 26.65 319 28_90 24_39 

Table 10. l\Jice were injecled with TF2 (I 63.2ug, I .035x Hr'\nol) iv follo-\ved \vilh 13F- lJ\.-·1P 

449(1.5x1 o-w mol) l 6 h later. Pept1de tissue uptake \'%;JD/g) at l h post peptide injection is 

shov1m belov,>. 

Animal Animal Animal Animal Animal 

Tissue n Mean SD 2 3 4 5 

Tumor 5 7.624 3.080 5.298 7.848 12.719 5.118 7.136 

Liver 5 0.172 0.033 0.208 0.143 0.196 0.131 0,180 

Spleen 5 0.142 0,059 0.239 0.081 0.132 0.118 0.140 



Kidney 5 2.191 0.125 2.313 2.141 2.154 2.319 2.027 

Lung 5 0.315 0.094 OA74 0230 0300 0.305 0265 

Blood 5 0,269 0,143 0.431 0.395 0.132 0,126 0260 

Stomach 5 0.218 0.341 0.827 0.041 0.098 0.054 0.070 

Small Int. 5 0.351 0.313 0.903 0.185 0.297 0.170 0.198 

Large Int 5 0.069 0.028 0.076 0.043 0.111 0.073 0.042 

Femur 5 0.625 o.:358 0.869 0 146 0.811 0.957 0.344 

Spine 5 0.585 0.569 0.159 0.119 0.493 1.526 0.626 

Brain 5 0.029 0005 0.033 0 021 0.03~) 0.026 0.028 

Muscle 5 0.736 0.970 0.190 0.064 0.494 2.438 0.496 

Body Wt 5 24.69 1.20 23.05 26.36 24.45 24.48 25.11 

Table 1 L lvf ice were injected with 18F- Il\lP 449 (1.5x l O'rn mol) without pretargeting 

antibody. Peptide tissue llptake ('~·~,ID/g) al l h post peptide injection is sho\vn beh.)\V. 

Animal Animal Animal Animal Animal 

Tissue n Mean SD 2 3 4 5 

Turnor 5 0.472 0.201 0256 0344 0.533 0.447 0.779 

Liver 5 0.177 0.035 0.14"1 0.200 0.141 0.185 0.2l7 

Spleen 5 0.118 0.027 0.098 0 094 0.101 0.144 0:151 

Kidney 5 2.727 0.367 2.430 2.452 2.500 3.080 3.173 

Lung 5 0.246 0.082 0.206 0209 0156 0.301 0.358 

Blood 5 0.167 0.072 0.110 0.135 0.104 0.217 0.267 

Stomach 5 0,114 0.083 0.149 0.241 0.037 0.067 0 .. 074 

Small Int 5 0.277 0.081 0.407 0.286 0.206 0.213 0.271 

Large Int 5 0.072 0.029 0.061 0.052 0047 0.083 0.118 

Fernur 5 0.100 0.032 0080 0144 0.110 0.109 0.059 

Spine 5 0.305 0.268 0.104 0.647 0.099 0.132 0.545 

Brain 5 0.034 0J)25 0.018 0 018 0.022 0.034 0.077 

Muscle 5 0.088 0.022 0.087 0.069 0.069 0.122 0.092 

Body Wt. 5 25.34 1.72 25.05 26.88 26.40 25.88 22.51 

[02031 In surnmary, a simple, reproducible method and cornpositions are described herein for 

producing F-18 labeled targeting peptides that are suitable fbr use in in vivo imaging of a 

variety of disease states. The skitled artisan wiH realize that the bispeclfk antibodies 

disclosed above are not limiting. but may comprise any known antibodies against a wide 

variety of disease or pathogen target antigens. Nor is the method limited to pretargeting with 
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bispecific antibodies. In other embodiments, molecules or complexes that directly hind to 

target cells, tissues or organisn1s to be imaged may be lahel.ed with F-l 8 using the methods 

disclosed herein and administered to a subject for PET imaging (see Examples bdo\v)_ 

[0204] The Al-F-18 labeled peptides, exemplified by Il\-1P 449, are su111ciently stable under 

in vivo conditions to be utilized in known imaging protocols, such as PET scanning. The 

present y1eld of radiolabded peptide prepared a.s described abo've ·varies between 5 and zoi?<i, 

and even ·with a brief HPLC purification step lo separate labeled frorn unlabeled peptide the 

final yield is about 5Q··'ii_ Further, the clailned methods result in preparation ofF-18 labeled 

targeting peptides that are ready i()r ir~jection v•tithin 1 hour of preparation time, >vveH \vithin 

the decay time of F-18 to aHow suitable imaging procedures to be performed. Finally, d1e 

described and claimed methods result i11 minimal exposure of the opernlor lo radioisotope 

exposure, compared \Vilh knO\vn methods of preparing F-18 labeled compounds kff imaging 

studies. 

Example ll. F-18 Labeling Kit. 

[02051 An F-18 labeling kit vvas made by mixing 8.0 ff1g of lMP 449 \Vi th 0.1549 g of 

ascorbic acid, The t1vo reagents \Vere dissolved in 10.5 mL \Vater and the solution was 

dispensed in 1 J) mL aliquots into l 0 vials. The pH \Vas not adjusted. The solutions \vere 

frozen, lyophilized and sealed llnder vannnn. 

Exampl.e 12. Imaging of Tumors Jn Vil'o Using Labeled Peptides and Pretargeting with 

Bispecific Antibodies 

1020<>] The present Exarnples show that in vivo imaging techniques using pretargeting \.Vith 

hispecific antibodies and labeled targeting peptides may he used to successfully detect tumors 

ofrelafrvely small size. The pretargeting antibodies utilized were either TF2, described 

above, or t11e TF l 0 antibody. 

Formulation buffer: 

[0207} The fbnnu!ation buHer \Vas made by mixing 03023 g ascorbic acid, 18.4 rnL DI 

water and 1.6 mL l lvl NaOH to adjust the pH to pH 6.61. The buffer \\'as dispensed in l mL 

aliquots into 20 vials and lyophilized. 

10208] The F-18 was purified on a \VATERS~!<.! ACCELLn~ Phis Qf\.·1A Light cartridge 

according to the literature procedure, wherein the carnidge \--Vas "\Vashed -..vith l 0 1uL 0.4 rvf 

KHC03 follov~,·ed by a I 0 mL \vash with DI water. The F-18 in 2 mL of water \'\1as pushed 
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through the cartndge and then washed with 10 mL of water. The F-18 was then eluted Crom 

the cartridge in 5 x 200 p.L aliquots ~vilh OA 1\:1 KHCO,.. Jldost of the activity \Vas eluted in the 

second fraction, The activity in the second fraction ·was mixed \vith 3 pL 2 mlv1 Al in a pH 4 

acetate buffer. The Al-F-18 sdution \Vas then injected .into the nscorbk acid ll\.JP 449 

labeling vial and heated to 105''C for 15 min, The reaction solution \vas cooled and mixed 

HLH Column and eluted imo a \vaste vfal. The co!u.mn \Vas \vashed with 3 x l mL DJ water. 

The column \Vas transferred to a formulation via! t'.ontaining ascorbic acid. The column \Vas 

eluted with 2 x 200 ~iL l: l EtOH/fhO to elute the labeled peptide. 

Production of TF l 0 Bi specific Antihodv Using DN L Technologv 

[0209] The cancer-targeting antibody compom~nt in TF 10 is derived from hPA\"14, a 

humani1ed anti-MUC l J\·1Ab that has been studied as a radiolabeled 1vlAb in detail (e.g., 

Gold et al., Cfin. Cancer Res. 13: 7380-7387, 2007), The hapten-binding cornpQnent is 

derived from h679, a humanized anti-histaminyl-succinyl.-glycine (HSG) l\.·1.Ab discussed 

above. The TF lO bi specific ffhP_Al\.l4h x h679.l antibody \:vas produced using the 111ethod 

disclosed for production of the (anti CEA.b x anti HSG bsAb TF2 fRossi et aL, 2006). The 

TFlO construct bears l\VO humanized PA!V'T4 Fabs and one hm:nan.ized 679 Fab. 

102101 For TFl 0, a Fab of the humanized hPAl\J4 amihody was linked using a peptide spacer 

to an a-sequence. The a-sequence is un.ique because it spontaneously associates \vith another 

a-sequence to fbnn a dimer. In TFlO, the structure contains 2 hPAlV14 anti-l\.fUCl Fabs 

!inked together by the 2 o:-sequences (called hPA~vI4-DDD), The otber component of TF10 

is produced by linking a ~-sequence to the Fab' of the humanized ami-HSG ;mtlbody. Unlike 

the u-sequence, the ~-sequence does not self-associate, hut instead binds to tl1e dimeric 

structure formed by the 2 tx.-sequences (h679-AD) ... !1ms, when these 2 separntely produced 

proteins are mixed together, they immediately form an ·y__~Q.' strncture, with each Fab' 

oriented in a manner to aLkw/ unimpeded binding to its antigen. The stability of this binding 

interaction has been further improved by strategically positioning cysteine m each of the u.­

and f's-sequences (2 in the ~1-sequence and l in the u-sequence). Because 'h' binds to 'a2 ' in a 

highly specific orientation, once a2b is assembled, disulfide bridges can fonn between the u­

and P-moieties, thereby covalently attaching these 2 proteins_ Both the a- and P-sequences 

are found in hutrnrn proteins, and therefore are not expected to add to the irnmunogenicity of 

the complex, 
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102111 The anti-MUCl fusion protein hPAI\,14-o. was generated by illsion of the o. sequence 

to the C-terminal end of the Fd chain. The anti-HSG fusion protein h679-B was formed by 

linking the P sequence to the C-tenninal end of the Fd chain. The stably tethered, multivalent 

bsMAb TF 10 was formed by pairing the hPA"lvf4-a ''vith the h679-f} 

102121 The two fusion proteins (hPAl'v14-DDDand h679-AD2) 'were expressed independently 

in stably tmnsfected myeloma cells. The tissue culture snpematant fluids \\'ere combined, 

resulting in a two-fold molar excess ofhPAi\'14-a. The reaction mixture \vas incubated at 

room temperature for 24 hours under Inild reducing conditions using l mfvl reduced 

g!utathione. Follmving reduction, the DNL reaction \'vas completed by mild oxidation using 2 

rnM oxidi1:ed glutathione. TFlO \Vas isolated hy affinity chrmnatography using l!V'!P 291-

affigel resin, which binds \Vith high specificity to the h679 Fah. 

{0213} A full tissue h.ist(ilogy and blood cell binding panel. has already been examined for 

hPA~'14 IgG and for an anti-CEA x anti-HSG bsivIAb that is entering dmical trials, hPAfv14 

binding \·Vas restricted to very \\'eak binding to the urinary bladder and stomach in l /3 

specimens (no binding was seen in vivo), and no binding to nonnal tissues \.Vas attributed to 

the anti-CEA x anti-HSG bsMAb. Furthermore, in vitro studies against eel! lines bearing the 

Hl and H2 histamine receptors showed no antagonistic or agonistic activity with the Hv1P-

2~8 di-HSG peptide, and animal studies in 2 different species shmved no pbannacologic 

activity of the peptide related to the histamine component at doses 20,000 times higher than 

that used for imaging. Thus, the HSG-histamine derivative does not have phannacologic 

activity. 

Biodistrihution. Tarn.eli1m and Dosage Studies of TF I 0 Bispecific Antibodv 

[ 0214 l The biodi stribution and tumor targeting of TF l 0 \Vi th increasing TF 10 doses is 

determined. These studies provide basic Pk data for TF 1 n over a range of doses. The primary 

dose range simulates human equivalent doses (BED) between LO to 50 mg given to a 70 kg 

patient. Based on FDA guidelines for converting a dose given to an animal lo a HED [i.e., 

(mg/kg in a mouse/12.3)"" n1g/kg HED], a 1 mg (6.37 nmol) TF10 dose given to a 70 kg 

humim \vould be eqmva!ent to a 3.5 ~tg (0.022 mnol) dose in a 20 g mouse. 

[02151 Briefly, animals are given iv iqjections of3.5, 17.5, 35, and 70 TFlO (trace 1151-TF!O 

added). Animals given l 7.5, 35, and 70 ~ig doses (HED = l, 5, l O and 20 mg) are necropsied 

at l, 6, 16, 48, and 72 h (n"" 5 per observation; t.otal N ""75 animals/cell line). Studies \vith 
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the current lot of Tf l O have indlCated a very rapid clearance in mice, similar to that of the 

TF2 anti-CEA construct described above. 

102161 Pk studies are also performed \Yith 1311-TF!O in rabbits. Prior studies \.Vith TF2 anti­

CEA bstvtAb hnve indicated that rabbits might better predict the Pk behavior that is observed 

in patients, since they dear humanized anti-CEA IgG in an identical manner as that fbund in 

patients, \vhlk mice dear hmnani1ed lgG at a faster rate. These studies would involve 4 

rabbits, 2 given a 5-mg HED and 2 given a 20-mg HED of TF 10 spiked ·with L<il-TFlO {-700 

FCi). Rabbits are bled at 5 min, 1, 3, 6, 24, 48, 72, 96, 120, m1d 168 h. Vi/hole-body images 

are also taken using an ADAC Solns gamma camera equipped 'With a high-energy collimator. 

An u 1T-standard (~-20 ~iCi in a 10 mL syringe) is placed in the field of vie\\.' 'lvith each rabbit 

during each imaging session taken at 3, 24, 48, 120, and 168 h. The standard is then used lo 

provide semi-quantitali ve data on the distribution of u tl~ TF10, 

Irnadng Studies Usin!:! Pretarn.etina. With TF2 and TFiO Bispecific Antibodies and Labeled 

Peptides 

[02171 The folkrwing studies demonstrate the feasibility of in vivo irnaging using the 

pretargeting technique \vith bls:peclfic antibodles and labeled peptides. While tlle images 

-..vere not obtained using an 18F-metal labeled peptide as described above,, the pretargeting 

technique with bispecific antibodies may be generally adapted to use with any type oflabeL 

Thus, the studies are representative of results that ,,vou!d be obtained using the clairned F- l 8 

labeled peptides. 

f 0218] FIG. 20 and FIG. 21 show examples oflmw clearly delineated tumors can be 

detected in animal models using a bsJVTAh pretargeting method, \Vilh an -111 In-labeled di-HSG 

peptide, lMP-288. In FlG. 20, nude mice bearing 0.2 to 03 g human pancreatic cancer 

xenografts \Vere imaged, using pretargeting \.vith TFlO and 111 In-I\lP-288 peptide, The six 

animals in the top of the Figure n.~\.:eived 2 different dost~s of TF.lO (l O: l and 20: l mole ratio 

to the moles of peptide given), and the next day they were given an 1 uin~labeled diHSG 

peptide Ol\.fP 288), The 3 other animals received only tbe 11 th1-Il\-'1P-288 (no pretargeting). 

The images \Vere taken 3 h after the iI~jection of the labeled peptide a:nd show clear 

localization of 0.2 ~ <U g mmors in the pretargeted animals, \Vith no localization in the 

"l anirnals given the '' In-peptide alone, 

[02191 In this st11dy, tumor uptake averaged 20-25''.··~ ID/g with tmnor/biood ratios: exceeding 

2000:1, iumor.iliver ratios of 170: 1, and tumor/kidney ratios of 18/l. Since tumor uptake 

50 



shovvn in the Examples abO\'e frir the Al- 1 ~F-kibeled JlVlP 449 averaged only about 4-5~/i1 lDfg 

in the same CaPanl xenograil model, it is believed the !mver uptake \Vith ll<F-labe!ed peptide 

merdy reflects the kw/er spt.>:eific activity of the Al-1l<F-labe1ed UvlP 449. Nevertheless, the 

Al- li>F-IMP 449 data show an extraordinary potential for the pretargeted, fluorinated peptide 

that when combined with the specificity of the TF10 hsT\.fAb would be an excellent ttx)l for 

imaging pancreatic or other cancers. The biodistribntion data fbr u'F-!abeled peptides for 

exceed the targeting ability of directly rndiolaheled antibodies and small engineered antibody 

constructs directly labeled \'vith t
8F (Cai et al., J Nitcl. Afed 48: 304-310, 2007), 

[02201 The data shown in FIG. 2_1 further highlights the sensitivity of the pretmgeting 

method for detecting cancer. Here, a panel of mkroPET images "\Vas obtained from nude 

mice injected intravenously v.dth a human colon cancer cell line and bearing 0_2-0.3 mm 

micrometastatic tumors in the lungs. Animals were administered the anti-CEA bs1vlAb TF2 .. 

fbUowed with a pretargeted u 4l-1abeled peptide. The images shm.v intense uptake in both the 

transverse and coronal sections at 1.5 h that persisted even at 21 h, The coronal section is a 

more posterior view to illustrate that the n~l-peptide was also seen in the stomach and 

kidneys .l .5 h after its injection. The i1nages show \Vhat appear to he individual lesions in the 

lungs (mTO\VS) that 1-vhen necropsied \Vere l'.Kl larger than 0.3 mm in diameter (top panel. 

transverse sections through the chest) (Sharkey et aL, Radiology, 246(2): 497-507, 2008). A 

control animal pretargeted with an ann-CD22 TF6 bsMA.b and given the same 1241-labeled 

peptide Oetl side, middle panel) is shown to illustrate the specificity of the localizalion by, in 

this case, an anti-CEA bsMAb. The coronal section of the anti-CEA-pretargeted animals 

shovvs the uptake in the chest, as well as in the kidneys and some activity in the stomach. 

Significantly·, the same sized lesions in the lungs \Vere not seen in animals given 13F-FDG. 

Thus, use of pretargeting antibodies provides greater specificity and sensitivity of detection 

con1paring to the standard F-18-labled fluorockoxyglucose probe currently used for PET 

iinaging of cancer. 

[0221] These data frirther demonstrate the Jeasihi!ity of imaging using pretargeting with 

bispedfic antibodies and l
8F-1abeled peptides. 

Example 13. Synthesis of Folk Acid NOTA fonjug.ate 

[02221 Folic acid is activated as described (\Nang et. al. Bioconjugate Chem. 1996, 7, 56-62.) 

and conjugated to Boc-NH-CH~-CH~-NH~. The cor~jugate is purified by chroinatography, The 

Boe group is then removed by treannem with TFA. The anrino fo!ate derivative is then mixed 
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\vi th p-SCN-Bn-NOTA (lVIacrocyclics,J in a carbonate buffer. The product is then purified b:y 

HPLC. The folate-NOTA derivative is labeled with Al-1:;,.F as described in Exmnplel 0 and 

then HPLC purified. The 1 ~F-labded folate is injected i.v. into a subject and s.uccessfrdly 

used to image the distribution of Jblate receptors, for exarnple in cancer or inflammatory 

diseases (see, e.g., Ke et aL, Advanced Drug Delivery Revie\vs, 56: 1143-60, 2004). 

Example 14 Pretargeted PET imaging .in humans 

102231 A patient ( l .7 ir1
2 body surfi1ce area) \•lith a suspected recurrent tmnor is injected with 

17 mg of bispecific monoclonal antibody (bsMab} The bsi\fab is allowed to localize to the 

target and clear from the blood. The F- l 8 labeled peptide ( 5-10 mCi on 5. 7 x l ff9 n1ol) is 

injected when 99 (~·&of the bsMab has cleared fron1 the blood. PET imaging shtnvs the 

presence of micrometastatic tumors. 

Example 15. Imaging of Angiogt~nesis Rt'cept:ors by F-18 Labeling 

[02241 Labeled Arg-G!y-Asp (RGD) peptides have been used for imaging of angiogenesis, 

for example in ischemic tissues, \Vhere u,0;;. integrin is .involved. (Jeong el al, J. Nud . .tvred. 

2008, Apr. 15 epub). RGD is conjugated to SCN-Bz-NOTA according to Jeong et at (2008). 

A!-rnF is attached to the NOTA-derivatized RGD peptide as described in Exarnple 10 above, 

by mixing aluminum stock solmion \Vilh F- l 8 and the der.ivatized RGD peptide and heating 

at 11 OT fr)r 15 min, using an excess of peptide to drive the labeling reaction towards 

con1pletion as disclosed in Example 10. The F-18 labeled RGD peptide is used for in vivo 

biodistribution and PET imaging as disclosed in Jeong et aL (2008}. The Al-rnF conjugate of 

Example H). hnaging of Tumors Using F-18 Labeled Bombesin 

102251 A NOTA-conjugated bombesin derivative (NOTA-8-Aoc-BBN(7- l 4)NH2) is 

prepared according lo Prasanphanich et aL (Proc. Natl. A cad. Sci. USA 2007, l 04: 12462-

467). The NOTA-bombesin derivative is labeled with A!YF according to Example 10 

above. The F-18 labeled bombesin derivative is separated from unlabeled bombesin on an 

O.ASJSCii: column (Waters, \H!fr)rd, J\.JA), ns described in Example 10. The AJ- 1::1F labeled 

NOTA-bombesin conjugate is successfol!y used for PET imaging of gastrin-releasing peptide 

receptor expressing tumors, according lo Prnsanphanich et aL (2007). 

Example 17. lmaging of Tumors Using F ~18 Labeled Targetnble Con,jugates 

10226] NOTA derivatives of peptides, polypeptides, proteins, carbohydrates, cytokines, 

hormones or cell receptor-binding agents are prepared according to US Patent No. 
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7,011,816. The NOTA-derivatized targetable conjugates are labeled with Al- 18F as disclosed 

in Example 10. The conjugates are administered in vivo and successfully used for F-18 PET 

imaging of tumors. 

Example 18. Imaging of Tumors Using Bispecific Antibodies 

[0227] Bispecific antibodies having at least one arm that specifically binds a targeted tissue 

and at least one other arm that specifically binds a targetable conjugate are prepared 

according to U.S. Patent No. 7,052,872. The targetable conjugate comprises one or more 

NOTA chelating moieties. The targetable conjugate is labeled with Al- 18F as described in 

Example 10. A subject with a disease condition is injected with bispecific antibody. After 

allowing a sufficient time for free bispecific antibody to clear from the circulation, the subject 

is injected with F-18 labeled targetable conjugate. Imaging of the distribution of the F-18 

label is performed by PET scanning. 

[0228] In another exemplary embodiment, humanized or chimeric internalizing anti-CD74 

antibody is prepared as described in U.S. Patent No. 7,312,318. The p-SCN-bn-NOTA 

precursor is labeled with Al- 18F as described in Example 7. The Al- 18F NOTA is then 

conjugated to the antibody using standard techniques. Upon i.v. injection into a subject with 

a CD74-expressing tumor, the anti-CD74 antibody localizes to the tumor, allowing imaging 

of the tumor by PET scanning. In alternative embodiments, F-18 labeled antibodies are 

prepared using the alpha-fetoprotein binding antibody Immu31, hPAM4, cPAM4, RS7, anti­

CD20, anti-CD19, anti-CEA and anti-CD22, as described in U.S. Patent Nos. 7,300,655; 

7,282,567; 7,238,786; 7,238,785; 7,151,164; 7,109,304; 6,676,924; 6,306,393 and 6,183,744. 

The antibodies are conjugated to NOTA using standard techniques and labeled with Al- 18F as 

described for anti-CD7 4 antibody. The F-18 labeled antibodies are injected into subjects and 

provide successful imaging of tumors by PET scanning. 

Example 19. Use of 18F-Labeled NOTA for Renal Flow imaging. 

[0229] Aluminum stock solution (20 µL 0.05 Min pH 4 NaOAc buffer) is mixed with 200 

µL of QMA purified F- 18 (as in Example 10). The AlF-18 solution is then mixed with 500 

µL pH 4, 0.2 M NOTA and heated for 15 min. The sample is then diluted in 5 mL PBS for 

injection. The F-18 labeled NOTA is used directly for successful renal flow imaging. 

Example 20. Further Peptide Labeling Studies with Al-18F 
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[02301 li\4P 460 NODA-OA-D-Ala-D-Lys(HSG.>-D-Tyr-D-Lys{HSG)-NH2 was synthesized 

in a similar manner as described above for l.i\.lP 36 l. The NODA-Ga ligand was purchased 

from Chematech and attached on the peptide synthesizer like 1.he other amino acids. The 

crude peptide ·was purified to afford I.he desired peptide :lvlH+- 1366. 

Radiolabelirrn of UvlP 460 

[0231 J Hvf P 460 (0.0020 g) \vas dissolved in 732 ~tL, pH 4, 0.1 M NaOAc. The F-18 was 

purified as described in Example 10, neutralized \Vith glacial acetic acid and rnixed wiU1 the 

Al solution. The peptide solution, 20 ~iL \'vas then added and the solution V>.iUS heated at 99''C 

for 25 min. The crude product \Vas then pmified on a \\/aters HLB column as described 

above. The Al-F-18 labeled peptide was in tl1e I; l EtOHiH:,O column eh.Jent The reverse 

phase HPLC trace in O. l % TFA hnffors shmved a dean single HPLC peak at the expected 

location for the labeled peptide. 

Example 21. Carbohydrate labeling 

[02321 A NOTA thiosemicarbazide derivative is prepared by reacting tbe p-SCN-bn-NOTA 

'.Vith hydrazine and then purifying the ligand by HPLC. A!-F-18 is prepared as described in 

Example l.O a.nd the Al-F-18 is added to the NOT.A thiosemicarba1.ide and heated Ji.ff 15 min. 

Optionally the Al-F-U'Hhiosemicarbazide complex is purified by HPLC The Al-F-18-

thiosemicarbazide is conjugated to oxidized carbohydrates b~/ known methods. The F-18 

labeled carbohydrate is successfully used frir imaging studies using PET sca.1111.ing. 

Example 22. Lipid labeling 

[0233 J A lipid comprising an aldehyde is conjugated to the Al-F-18 NOT.A 

thiosemicarbazide of Example 21 and the F-18 labeled lipid is used for succes.sful imaging 

siudies using PET scanning. 

[02341 In an allernalive embodiment, a lipid comprising an amino group .is reacted \.Vith p­

SCN-bn-NOTA. The NOTA-labded lipid is n.~acted \Vith Al-F-18 as described in the 

Examples above. The F-18 labeled lipid is used for successful imaging studies using PET 

scmmmg. 

E.xnmpk 23. Aptamer labding 

[0235] An aptan1er comprising an aldehyde is conjugated to the A l-F-18 NOTA 

thiosemicarbazide of Example 21 , The F-18 labeled aptamer is administered to a su~ject and 

used for successful imaging studies using PET scanning. 
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What is Claimed is: 
1. A method oflabeling a molecule with F-18 comprising: 

a) reacting the F-18 with a metal to form an F-18 metal complex; and 

b) attaching the F-18 metal complex to a molecule to form one or more F-18 labeled 

molecules. 

2. The method of claim I, wherein the complex attaches to a chelating moiety on the 

molecule. 

3. The method of claim 1, wherein the molecule is a protein or peptide. 

4. The method of claim 1, wherein the metal is selected, from the group consisting of 

aluminum, gallium, indium, lutetium and thallium. 

5. The method of claim 2, wherein the chelating moiety is selected from the group 

consisting, of DOTA, TETA. NOTA, NETA or a derivative of NOTA. 

6. The method of claim 3, wherein the peptide is IMP 449 (NOT A-ITC benzyl-D-Ala-

D-Lys(HSG)-D-Tyr-D-Lys(HSG )-NH2). 

7. The method of claim 1, wherein the F-18 labeled molecules are produced in less than 

one hour from the start of the method. 

8. A method of labeling a molecule with F-18 comprising adding F-18 to a metal-labeled 

molecule and binding the F-18 to the metal to form an F-18 metal complex, 

wherein the metal is selected, from the group consisting of aluminum, gallium, 

indium, lutetium and thallium. 

9. The method of claim 8, wherein the metal is attached to a chelating moiety on the 

molecule. 

10. An F-18 labeled protein or peptide comprising an F-18 metal complex attached to the 

protein or peptide. 

11. The F-18 labeled protein or peptide of claim 10, wherein the metal is selected from 

the group consisting of aluminum, gallium, indium, lutetium and thallium. · 
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12. A kit for F-18 labeling comprising: 

a) a metal to form a complex with F-18; 

b) a targeting peptide comprising: one or more chelating moieties to bind to the F-

18 complex, 

wherein the metal is aluminum, lutetium or thallium. 

13. The kit of claim 12, further comprising ascorbic acid as a radiolysis protection 

agent. 
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