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Development of Radiolabeling Procedures of Bioconjugates with 153Sm and 186"
188Re: In-vitro and In-vivo Studies

Principal Investigator: Dr. Silvia Gomez de Castiglia, Argentina

INTRODUCTION

Mercaptoacetyltriglycine (MAG3) is a compound that has been extensively used in
nuclear medicine as a prosthetic group, following carbodiimide activation, for labeling
antibodies with 99raTc and also 188Re. MAG3 and related derivatives are attractive ligands for
coupling to biomolecules in that they provide very stable complexes.

In the preconjugate approach radiolabeled MAG3 is chemically activated to obtain
Rel88-MAG3-activated ester and then this ester is coupled to amines.

188Re has several potential advantages over other therapeutic radionuclides including the
fact that carrier-free Re(Tl/2=17 h) can be obtained cost-effectively and on demand from
an "in house" 188W/189Re generator. 189Re decays by emission of a relatively high energy beta
particle(Emax=2,11 Mev) which is suitable for radiotherapy followed by emission of 155KeV
gamma photons in 10% abundance. The average penetration of the beta particle is 3.3 mm
(maximum 10.8 mm), which provides a highly localised region of high energy deposition
with little or no damage to adjacent organs. The gamma photon can be used to monitor
biodistribution and estimate dosimetry with standard scintigraphic equipment.

The aim of this project is to label biomolecules with Re using an active ester of the
MAG3. The labeled chelating agent was conjugated with a biotin derivative and with the
Polyclonal Immunoglobulin IgG (Sandoz). During this multistep procedure an active ester of
tetrafluorophenol and MAG3 carrying the radioisotope is prepared, which is subsequently
conjugated to amino groups of the biomolecule. Of the commercially available biotin
derivatives we used biocytin which contains a free amino group for conjugation to MAG3 via
the MAG3TFP ester. Another derivative DTPA-biocytinamide (DB2) was also labeled with
188Re.

Quality assurance tests were performed on the final preparation of the radiolabeled
biomolecules.

Material and Methods

Labeling of MAGS with mRe
1 OH 1 88

A fresh elution of a W/ Re generator in saline was used (10 mCi approximately).
The generator was provided by MAP Medical Technologies, Finland. The radioactivity was
measured in a dose calibrator using the 99mTc scale and multiplied with a factor of 2.5884 to
obtain the Re activity. The Re solution was evaporated through dryness. Six milligrams
of stannous chloride dihydrate were dissolved in 1 ml of 0.1 M citrate buffer pH=5 (sol A) .
1.5 mg of benzoil MAG3 (gently provided by CGM Nuclear, Chile) was dissolved in a
mixture of acetonitrile and water (500 ul 6:4 v/v)(sol B ). 250 ul of solution A (1.5 mg SnCb)
and 250 ul of solution B were added to the vial with radioactivity sucessively and the mixture
was nitrogened , the vial was closed and heated for 60' at 90 °C.



Synthesis of the mRe-MAG3-TFP Ester
After cooling the mixture, the 188ReMAG3 solution was conjugated with 125ul (74.5

|imol) of 2,3,5,6-Tetrafluorophenol (TFP) (100 mg/ml in CNCH3: H2O, 9:1) and 50 mg (265
umol) of 1 ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC). The reaction mixture was
incubated at room temperature for 40min with agitation. A molar ratio of 35:1 (TFP:MAG3)
and a molar ratio 1:3.5 (TFP:EDC) were used. Different molar ratios TFP:MAG3 were tried
between 7:1 to 70:1. Sep-Pack purification using C-18 Waters cartridges was carried out. The
cartridge was washed successively with 5 ml ethanol and 5 ml water and the reaction mixture
was loaded and the cartridge washed with 5 ml deionized water and three fractions of lml
acetonitrile. The eluted ester was collected in three fractions of equal volume and the solvent
was evaporated using nitrogen.

Synthesis of the 188ReMAG3 Biocytin Conjugate
lmg of N-e-Biotinyl-L-Lysine (2.7 umole) was dissolved in 1 ml of a CNCH3 : H2O

(1:3), adjusted to pH=10.0 with 1M Na2CO3. 230ul of this solution was added to the 188Re-
MAG3-TFP and the mixtures was incubated at room temperature during 30 min. The molar
ratio of biocytin:ester was 3.6:1.

Quality Control
For the HPLC analysis of the reactions a Waters 600 with a radiometric and UV

detectors and a Deltapak C18 column were used. The gradient was as follows: solvent A:
acetonitrile, solvent B : water TFA 0.1% gradient: 0-3' 100% B at lml/min, linear increase of
eluent A to 50% from 3-13' at lml/min, 13-23' 50% A at lml/min, 23-26' linear increase of
eluent A to 70% at lml/min. The HPLC retention times were 11.55, 15.59 and 12.66min for
188-Re-MAG3, TFP-MAG3-Rel88 and byocitin-MAG3-Rel88 respectively.

Synthesis and Purification of the mRe-MAG3-TFP-IgG Conjugate:
The conjugation was carried out at two different molar ratio (25:1, 50:1 and 100:1)

(ester:IgG).

For the conjugation l.lmg of IgG (10 mg/ml in CO3Na2 0.1M pHIO ) (molar ratio 50:1)
were added to the active ester during 30 min. at room temperature. The labeled conjugated
protein was purified by HPLC.

Quality Control
For the HPLC control a ProteinPak SW300 (Waters) column was used and the eluent

was phosphate buffer at lml/min. The retention times were 7.73 min for the labeled protein,
12.43min and 13.2min for the labeled active ester and perrhenate respectively.

A cystein challenge was performed with the labeled product. A freshly cystein solution
in phosphate buffer 0.4M pH=7.0 was prepared (0.082M).To 12 ul of five diluted cysteine
solutions, 90 nl of the labeled protein (1.3uM) were added. Final concentrations of cysteine
were 1000, 500, 50, 5 and 0.5 uM. The highest molar ratio of cysteine to antibody was 908:1.
After incubation at 37°C for one hour the % of dissociation was measured by ITLC in saline.

Biological Studies
An animal model was developed injecting 40(il of turpentine in the posterior left thigh

of NIH mice weighing approximately 25 gr. They were left to stand 48hs in normal
conditions. Mice were injected with 300uCi of IgG labeled with 188Re and images were taken
at 4, 24 and 48h with a gamma camera equipped with a medium-energy collimator and
500000 counts were preset using a 128x128 matrix. Biodistributions in normal NIH mice and



in mice bearing a promoted inflammation focci were carried out at 4, 24, 48 and 120h post
injection of 10 uCi of labeled IgG. The total injected dose was calculated by comparison with
a standard. Three animals from each group were sacrificed by cervical dislocation at the
different intervals. Samples of blood were taken and organs and tissues of interest were
resected, rinsed, dried and placed into pre-weighed tubes. The activity of all samples was
counted together with appropriate dilutions of the labeled IgG and results were expressed as
% ID/gm.

Labeling of DTPA-Biocytinamide with 188Re

The DTPA-oc,co-bis-biocytinamide(DB2) was labeled with 188Re through the chelating
agent. The perrhenate eluate was evaporated until dryness and 250ul of a nitrogened
solution (6mg/ml citrate buffer 0.1M pH=5) were added. Different amounts of a DB2 solution
(6 mg/ml in saline at pH=5) were added to the reduced perrhenate under nitrogen. The
mixture was incubated lh at 90° and the labeled bio molecule was purified by HPLC.

Biological Studies
Mice with inflammation. The labeled DB2 was injected in inflamed mice and these

experiences were carried out in order to study the localization of the 188ReDB2 at sites of
inflammation in comparison with the contralateral normal leg.

Mice with tumour. The labeled DB2 was injected in mice bearing a human melanoma
xenograph in order to evaluate the biodistribution of the labeled compound at 2h post
injection following a three step pretargeting approach. During the first day mice were injected
with 0.2ml of biotinylated antitenascin monoclonal antibody (provided by Dr. Marco Chinol,
IEO, Milan) followed 24h later by the injection of 0.1 mg of avidin. On the third day mice
were administered with the radiolabeled DB2. Two control groups of tumoured mice were
also studied. The first control group was injected with avidin and labeled DB2 and the second
group with labeled biotin.

Results
Labelling ofMAG3 with mRe

1 Oft

Almost quantitative yields of Re MAG3 were obtained by stannous ion reduction of
perrhenate in the presence of citrate as transfer ligand. Different experiments were carried out
:1) with and without evaporating the Re solution and 2) varying the amounts of SnCU and
MAG3 added. Without evaporating the 188Re solution we obtained almost 100% of labelling
yield with specific activities up to 48 mCi/mg MAG3. In a solid phase synthesis 188ReO4 was
reduced in the same conditions. Fig. 1 shows a typical HPLC chromatogram of the 188Re
MAG3 using the concentrations given in the protocol.
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Fig. I HPLC radioactivity
profile of mReMAG3
Rt=11.55min

188TThe influence of stannous ion and MAG3 amounts per mCi Re were studied. Yields
188Tof more than 95% could be achieved with amounts of MAG3 per mCi Re higher than

30ug/mCi as it is shown in Fig. 2 whereas to obtain nearly quentitative yields higher amounts
188of SnC12 per mCi 188Re than 125ug/mCi has to be used (Fig. 3).

Fig. 2. Influence ofMag3 Amounts/Mci Re on Labeling Yield
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Fig. 3 Influence of SnCh Amounts/mCi Re on Labeling Yield
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Labeling oflgG
The 188Re MAG3 could be converted to the corresponding radiolabeled MAG3TFP

ester with a radiochemical yield near 80% after purification through C18 sep-pak cartridges.

The addition of 1.1 mg of IgG to this 188Re MAG3TFP preparation gave a labeled IgG
with a radiochemical yield near 75% and after purification through Centricon 30 we obtained
a purified IgG with an specific activity of almost 1.3 mCi/mg. Transchelation to cysteine
showed no dissociation of the labeled protein.

Biodistributions
No significant differences were observed in uptake of the proteins by any organ in both

animal models. There are similar uptakes in liver and kidneys specially after 24h showing a
pattern of renal and hepatic excretion (Fig.4) (Fig. 5).
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Fig 5. Biodistributions in Normal Mice

The label cleared more rapidly from blood between 4 and 24h than the other time
intervals showing the same pattern for liver, kidneys and intestine (Fig. 6).
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Fig. 6 Body Clearance inlnflamed Mice

The ratios between IT/NT were similar for all the intervals and these ratios were higher
than those obtained for IgG labeled with 99mTc via direct or indirect methods.

Images of inflamed mice at 4,24 and 48h are shown in Fig.7 and they correlated well
with the biodistributions at the same intervals.

4 hours 24 hours 48 hours

Labeling ofByocitin
Byocitin was labeled with 188Re with a labeling yield of 85%. An aliquot of the labeled

material was left overnight at RT and after 18h all the radioactivity was found in the form of
perrhenate. In addition normal mice were injected with the labeled compound and
biodistributions at lh showed that the stomach had an important uptake related with the other
organs.
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Labeling ofDB2
The best results determined by HPLC were obtained with lmg of DB2. The labeling

yiel was 83%. Stability in saline was measured at lh at RT and at 37°. In the first case the
radioactivity was retained by the DB2 and in the second case a 7% of the radioactivity was
removed from the labeled compound. When an aliquot of the labeled material was left
overnight at RT all the radioactivitywas in the form of perrhenate The animal studies
showed that at lh post injection the labeled DB2 can accumulate at the inflammation site and
the ratio IT/NT was 2.5

CONCLUSIONS

The use of a labeled active ester of MAG3 gave us the possibility of preparing a
MAG3-IgG stable in-vitro and in-vivo with qui

that enable us to extend this technique to label MoAb.

1 Q Q

ReMAG3-IgG stable in-vitro and in-vivo with quite good biodistributions characteristics

Regarding the biotin derivatives much work must be done and efforts have to be
dedicated to find the appropriate molecule for binding 188Re with enhanced stability due to the
unquestionable advantages of pretargeting techniques for radioimmunotherapy.

Future Work
1. Labeling experiences will be carried out with Lanreotide (a peptide provided by the

Agency) using 188Re (if it is available). The labeling technique described above will be used
and also another chelating agents will be tried, for example DOTA in other to make the
conjugation experiments.

2. In other to get experience with labeling techniques using DOTA, conjugations
experiments will be done with peptides using m I n until the Y will be available.

3. Different experiences will be done in other to improve the stability of labeled biotin
derivatives and if we obtain good results we will go through the three step approach using
some byotinilated antibody (provided by Dr. Marco Chinol), avidin and the labeled biotin.

4. Biodistribution studies will be carried out with the labeled biomolecules.
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