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Synthesis and Evaluation of Radiopharmaceutics
Labeled with Radioisotope

Eui Sik Han, Ph.D.

National Institute of Toxicological Research, KFDA
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: Gamma ray, Positron ray

Half life : min ~ hours

« Xl & &: Alpha ray, Beta ray

Half life : over 10 hours ~ scores of days
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« Nuclear reactor
1311 ~ 166Ho
* Cyclotron
201T]1, 1231, 67Ga, 111In — gamma ray
18F, 11C, 13N, 150 - positron
» Generator
99mTc, 188Re

© 9mT¢
WmTe . AXHS-43, VIBE 25F0I¥; L
Ot JtAXl ligand2t X E 2 &
Half life : 6 hr

gngCO RS- o= +7,

DH$ OHH 51 hg dol Z&0| 012 3.
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© Tc-CO : Oxidation state +1

Problem in lower oxidation states :
- synthesis was perceived to be difficult
- unstable against hydrolysis and oxidation.

Technetium tricarbonyl ion (+1 ) :
stable compound

Application of Cancer Diagnosis &
Therapy Using *™Tc-CO-labeled
Annexin V




Annexin V

- endogenous human protein (36 kDa)

- binding to phosphatidyl serine on the outer
leaflet of the cell membranes during apoptosis

- as a marker of cell death using radiolabeled
and fluorescence analysis in vitro and in vivo

Purpose

»To improve the hepatic and renal clearance of #™T¢
labeled pharmaceutical agents

> Annexin V was conjugated with a performed
chelate, the TFP ester of [**™T¢ (CO),Picolylamine-
N,N-diacetic acid] in which the pyridine nitrogen, the
tertiary amine and one carboxylic acid to improved
clearance properties
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Synthesis of *™T¢(CO); PADA-Annexin V

Purification & Confirmation

1. RP-HPLC system
water base : 0.05M triethylammonium phosphate
organic base : Acetonitrile

2. The conjugate was purified on a PD-10 column

3. The purity was confirmed by HPL.C using TSK 2000 size

exclusion column
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Biodistribution Study

» Test materials : "T¢(CO); PADA labeled annexin V
Specific activity (5 pCi/ug)
» Animal species: Balb/c mice (S animals/group)
» Injection route : Tail vein (5 pCi/animal)
» Organs : Liver, kidney, Intestine, Stomach, Spleen, Lung,
Bone, Muscle

» Blood preparation: heart puncture

» Radioactivity counting: r-counter

W ""Tc(CO),PADA-Annexin V, 18 min
120 1 "™T¢(CO),PADA-Annexin V, 1 hr
M ”"T¢(CO),PADA-Annexin V, 3 hr
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Fig. 1. Biodistribution of *™Tc(CO); PADA labeled
annexin V in normal mice (n=5).
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Fig. 2. Organ/blood ratio of *™Tc¢(CO), PADA labeled

MR ""Tc(CO),PADA-Annexin V, 15 min
EEE8 “"Tc(CO),PADA-Annexin V, 1 hr
¥"Te(CO),PADA-Annexin V, 3 hr

annexin V in normal mice (n=5).
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Fig. 3. Whole body radioactivity retention of *™T¢ (CO),

1 3

Hours after injection

PADA labeled annexin V in normal mice (n=5).




Conclusions

» Improved clearance from the major organs was
achieved by labeling with a [*™T¢(CO), (PADA)]
chelate that is excreted readily.

» This [¥"Tc(CO); (PADA)]-AV warrants further
investigation for targeting apoptosis.

Pretargeting Application of Cancer
Diagnosis & Therapy Using
Radiolabeled Biotin




Problems in Tumor Targeting by
Radiolabeled Antibody

» Conventional mAb targeting using directly radiolabeled
mAbs is characterized by slow accumulate in tumor.

> The half-life of radiolabeled mAb is circulated for 2-4 days.

> Relatively high residence times of the radiolabeled mAbs in
the nontarget tissues

For these reasons, more effective targeting of tumors with
mADbs is required. -

Pretargeted Radioimmunotherapy of Cancer
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Schematic representation of 3-step
avidin/biotin-based pretargeting




Properties of the radiolabels used in
pretargeting

» rapid diffusion into extracellular space

> rapid hepatic and renal excretion

> high specific activity

> hydrophilicity

> no protein binding in the blood

» nonimmunogenicity

» linking agents conjugated with radionuclide are relatively
small molecules

» to maximize accumulation in the tumor while minimizing
exposure to the nontargeting organs

Purpose

> For imaging using pre-targeted mAb-avidin or -
streptavidin, it would be desirable to synthesize a
9mT¢ Jabeled biotin that clears rapidly from the
whole-body

> To optimize reagents for potential in vivo
application, antibody-based pre-targeting of cancer,
we have synthesized a number of linking agent
conjugated with biotin
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Various linking agents used for pretargeting
radionuclide
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Synthesis of *"T¢(CO),-DTPA, -EDTA, -p-SCN-Bz-DTPA-biotin




Purification & Confirmation

1. RP-HPLC system

water base : 0.05M triethylammonium phosphate

organic base : Acetonitrile

2. The conjugate was purified on a monomeric avidin-gel

column

3. The purity was confirmed by RP-HPLC

HPLC retention time of **™T¢ (CO), labeled various
linking agents conjugated with biotin

Biotin derivatives

Retention time

¥mTe.CO-DTPA-Bt 13.31min
9mTe.CO-EDTA-Bt 13.75 min
#MT¢-CO-p-SCN-benzyl-DTPA-Bt 11.23 min




Chemical stability of ™Tc-labeled biotin
derivatives challenged with histidine

Biotin derivatives 2 hr 4 hr 6 hr 12 hr
PmTce-CO-DTPA-Bt 100% | 100% | 98.1% | 93.7%
¥mTe.CO-EDTA-Bt 95.1% | 93.4% | 92.5% | 86.8%

#"T¢c-CO-p-SCN-benzyl-DTPA-Bt 100% | 98.1% | 93.4% | 87.0%

Biodistribution Study

» Test materials : "T¢(CO); DTPA-, EDTA-, p-SCN-benzyl-
DTPA-labeled Biotin
(Specific activity, approximately 5 nCi/ug )
> Animal species: Balb/c mice (5 animals/group)
> Injection route : Tail vein (5 pCi/animal)
» Organs : Liver, kidney, intestine, stomach, spleen, lung,
bone, muscle
> Blood preparation: hart puncture

> Radioactivity counting: r-counter
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Fig. 4. Whole body radioactivity retention (% ID) of ™Tc-CO-labeled biotin
after i.v. injection in normal balb/c mice
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Fig. 5. Biodistribution of ¥"Tc(CO),-DTPA-biotin after i.v. injection in
normal balb/c mice
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Fig. 5. Biodistribution of #*»Tc(CO),-EDTA-biotin after

normal balb/c mice
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Conclusions

> This study showed an inverse relationship between the
whole body retention and the polarity of the labeled
biotin.

> A chemical insertion of more polar groups is needed to
make #™T¢ [(CO); (DTPA-Bt)] clear more rapidly via the
renal system.
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