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Rhenium-188 Introduction Zirconium-89

®Re can be conveniently obtained from a '®*W/'**Re generator in high specific activity. It has a B__ energy Radiochemistry has numerous applications in nuclear medicine, Zirconium-89 (Zr) is a radioactive isotope of with a half-life of 78.41 hours which decays to stable yttrium-89
of 2.12 MeV which is ideal for killing tumors, and its half-life of 16.9 hours is optimal to match the biological primarily in helping to develop radiopharmaceuticals. The incorporation of a through the emission of a positively charged beta particle (§°) also known as a positron. The maximum energy of a
residence time of peptides and fast circulating IgM antibodies." Since "®Re also has a 15% gamma emission at radioactive isotope within a known drug or as part of a new complex can be used to image or positron emitted by *Zr is 902 keV so it does not travel very far in tissue before annihilating. This makes *Zr well suited
155 keV, it can be easily tracked in the body using SPECT imaging. The first step toward making use of ®8Re is treat a disease. The difficulty lies in delivering the radiation to the desired site in the body. ST ﬂ " for PET imaging and affords an intrinsic resolution of about 1 mm. The
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s aokev 1ONG half-life of ¥Zr allows PET images to be taken for 7 days following
injection of the tracer.* The great advantage of zirconium’s half-life and
accompanying imaging capabilities Is that the seven day 5

Imaging window perfectly matches the
s L L. Y (ty; = 28.915) optimal circulation time of IgG

- p o s BN antibodies. Zirconium-89 can be @
produced from 100% naturally
abundant yttrium-89 with a

(p,n) reaction in a cyclotron.

to develop a bifunctional chelate that can be used to attach '**Re to a targeting vector such as an antibody. The Antibodies are nature’s targeting vectors and the ability to use antibodies as the targeting
next step is to evaluate the stability of '®*Re chelates. Our overall objective is to develop bifunctional chelates for agents for radiotracers is of great importance for both imaging and therapy. Antibodies w97 (r,zrammh)/

conjugation of 8Re to 6D2, an IgM, and other antibodies. are extremely specific targeting moieties. Various diseases, specifically different
In Phase 1 clinical trials where '**Re is introduced into 6D2 by NS 0 s

N . .
| _ _ types of cancers, are known to overexpress different antigens compared to
direct labeling, '**Re-6D2 has shown no adverse effects and in fact, Fec: =~ < ] 11: §—\
|

normal, healthy tissue.

target tumors were observed to stabilize or decrease in size in nearly OI

T In order to use antibodies as the targeting mechanism for a radiometal,
all patients.
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” . . . ‘ one has to utilize a bifunctional chelator which can both bind the 1507.41(9) keV | [908.97(3) keV
Two families of ligands are being investigated called NS, and /—j metal and conjugate an antibody. Designing an appropriate 12" Lt Y (sable)

N.S, where N and S represent the number of nitrogen and sulfur rxc: | < | BAT-TECH: O . o . . .
. : . ligand for each specific radiometal is very important and the
bonds to the central Re. While the N.S ligands have been found to be - . .

: - ligand used can have a great effect on the behavior and

unsuitable and quickly decompose to perrhenate, the N,S, ligands, stability of the metal-antibody Current Zirconium Chelation

currently under investigation, are showing tremendous promise. Stability is evaluated by reinjecting HPLC e . . | |
ourified complexes that have been dried by rotovap and reconstituted in phosphate buffer at pH 7.4 back into the Currently, the standard for zirconium chelation is desferrioxamine (DFO) which has three hydroxamate groups that

HPLC over time at regular intervals. 1 Sstliady bind the metal in a hexadentate configuration. Density functional theory (DFT) calculations suggest that two water mol-

Hours mRe-BAT-TEC]kH sl ) “Re-FGC e ecules also complex zirconium to make afford octadentate binding.?
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: ; JOR t ; T_Jo 5 0 5 L R ety e s oy While DFO is widely used to radiolabel antibodies with ®Zr for imaging studies, there is some evidence of *Zr
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Retention 11me being released from the complex in vivo. Since free zirconium is a bone seeker, this release is seen as bone uptake in

N.S, ligand BAT-TECH forms a "®*Re complex that is N.S ligand FGC forms a '®Re complex that . . . L . L . L
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still stable after 24 hours. s unstable after only 1 hour m;ee.ri :I)ll.:: Ez;s:ﬂ of novel ligands is motivated by the desire to minimize in vivo release and accumulation of radioactive

Missouri

Tracer vs. Macroscopic Levels . Novel Zirconium Chelators
The stability of the "*Re N.S complexes was evaluated Radioimmunothera py Positron Emission Tomog raphy In order to design a ligand for zirconium it is important to

both at the pure tracer level and when a macroscopic amount Radioi : : . L . L . . . L i .
s - adioimmunotherapy is the use of radiolabeled | | PET is a non-invasive, functional imaging technique in nuclear recognize that zirconium is oxophillic and requires a hard donor
i preler el el eelgetis e BRe esdion. e ligand as well as prefers octadentate complexation. With this in

i i A ' ' ' | medicine. It involves the administration of a radionuclide tracer which
Re-FKC complex is known to have syn and anti diastereomers antibodies to target cancer sites and kill tumors g;'l:rril e e e R e i S s s o

which can be observed by HPLC. Later measurements have with high energy radiation. This provides localized ) > circulates throughout the body and binding groups: hydroxamates, hydroxypyridinones (HOPO),
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After HPLC fusl  Macroscopic Re-FKC minimizing exposure melanosome ' ntibody : areas. The selected branched backbones will allow for the creation of a pool of

purification and 24 asshostilensiohamstal Uokossmsedstiiioit . Q Me'a“"“"D‘:; » e = | radionuclide emits a Iigar!c.js that can eagh bg tested for its affinity, selectivity, and
reconstitution in pH 7.4 1 to the rest of the A R | ciron and stabilty for binding zirconium.
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Under the same Tracer Re-FKC 6D2, targets melanin that leaks from lysed " i annihilate :

;Ongﬁocns’ thel B Férhenateh' | melanoma cells, and, if paired with an it L [ESIRE " Oﬁw 7 w@’
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2 hours. This reveals < r. P2 effective treatment for . Above are the three initial ligands under investigation. Syn-

e F'Pt((t:)lIigand K etonfon Tirle  *___* elanoma thesis has proven to be quite complex and taken longer than
unsultapie. Retention Time .

U_ _ expected. A major concern is the need for extremely pure
The fact that the behavior seems to be very different at the product in order to conduct work at the tracer level. Initial studies
macroscopic versus tracer levels is highly significant for the

. : L will be done with the base ligands and then, if they prove worth-
evaluation and future of these ligands. It is an issue that should

. . . while, additional synthesis will be done to bifunctionalize them
be considered when developing all such radiometal chelators. for further study and actual use.
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