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INTRODUCTION

The CRP's focus is on the preparation of site-specific radiopharmaceuticals labelled
with P'emitters for the treatment of cancer. The radiopharmaceuticals should be designed in
such a way to deliver the therapeutic doses with high specificity to tumour sites and with
minimum dose to other organs.

The 2nd Research Co-ordination Meeting (RCM) took place in Mumbai, India from 31
January to 4 February 2000. The present report includes the results of all the participants
including the report of the participant from Pakistan who could not attend the meeting. During
the second RCM, three main aspects were dealt with viz. the different therapeutic isotopes
studied, different carrier molecules like peptides and antibody and the biological aspects of
these preparations.

Several (3~ emitting radionuclides viz. 153Sm, 18 Re, 188Re, * Ho have been studied with
good results. Among the various isotopes that have been used by the various participants,

Re and 90Y was identified as the suitable isotopes relevant to the current CRP. Both the
isotopes are available from generator systems and have nuclear characteristics suitable for
therapy. While the 188W/mRe generator was available to all participants, the availability of
90Sr/90Y generator was limited to only few of the participants. The importance of obtaining
highly pure 90Y without any 90Sr presence was emphasized as 90Sr has a very long half-life
and accumulates in the bone.

The over expression of somatostatin receptors on most of tumours has made
somatostatin analogues favorable target molecules. Lanreotide, octreotide, analogs of RC-160
and antibodies have been investigated by different participants. Lanreotide was labeled either
directly with 188Re or indirectly through a bifunctional chelating agent. In the indirect
labeling, Lanreotide was labeled with 188Re through MAG3 or 90Y through DOT A.

The research work done during the first phase of the CRP includes aspects related to:

1. Development of coupling techniques using BFCA for monoclonal antibodies and
peptides.

2. Optimization of protocols for direct labeling of various peptides and anti-CEA antibodies
with 188Re.

3. Optimization of radio labeling procedures of the BFCA coupled peptides and antibodies.

4. Quality Control of the radio labelled products using various analytical techniques.

5. Investigation of the biological potential of the preparation by in-vivo studies in normal as
well as tumour-induced animals

6. ln-vitro investigation using different cell lines constituted another part of the
biodistribution studies.



HIGHLIGHTS OF THE SECOND RCM

The second RCM focussed on the work done by different participating countries and the
highlights are discussed below.

Two batches of 188W/188Re generator was made available by IAEA to all the
participants. 188W/188Re generator was used by all the participants and a very good
quantum of labelling studies was reported.

IAEA has provided 10 mg of lanreotide from PiChem to each of the participants.
The participants used lanreotide either for
of DOT A-lanreotide or MAG3-lanreotide.
The participants used lanreotide either for labelling with 188Re or for the preparation

• Work with radionuclides such as 188Re, 90Y, 153Sm, 99mTc were carried out and
reported by the participants.

• A 90Sr-90Y generator based on a supported liquid membrane technology was
reported in the meeting.

• Labelling of Lanreotide with 188Re was reported by most of the groups. Participants
have worked towards optimizing protocols which give good labelling yields.
However, the labelling protocols varied widely. The variation included the amount
of lanreotide, pH, temperature of the reaction, transchelating agent etc. Uniformly
good labeling yields were reported in almost all the methods.

• Biodistribution studies in animals were carried out by several groups and the results
were reported in detail.

• Cell labelling studies with cell lines expressing somatostatin receptors were reported
by a few groups.

• Work was also presented on the synthesis of somatostatin analogs. Synthesis of
bifunctional chelating agents was also reported from several groups. The
bifunctional chelating agents synthesised include DOTA, TETA and N2S2 based
ligands. Synthesis of Mauritius by starting with Lanreotide and DOTA was also
reported. A few of the participants reported the modification of lanreotide with
bifunctional chelating chelating agents such as MAG3 or peptide moiety.

• A good amount of technical information was exchanged by the participants.

• Clinical experience of using 90Y using Mauritius and octreotide was also reported.



PROTOCOLS

Biological Testing for the Therapeutic Radiopharmaceuticals

In-Vitro Cell Binding Assays

The effectiveness of therapeutic application of radiopharmaceuticals depends on the
binding efficacy of the radioligand to the target tumour molecule in-vivo. The first step after
chemical/radio chemical formulation of radiolabelled tracer is to determine the binding to
relevant cell line in-vitro. To determine in vitro receptor binding capacities of various
radionuclides 188Re, 90Y and I31I labelled compounds prepared throughout CRP the following
cell lines were used by participants: A431, HT29, HeLa and ARJh were used also.

In a typical experiment various cells at concentrations between lxl05 /ml and 6X106 /ml
were incubated for one hour at 37° C with the aliquots of radiolabelled tracers. The cells were
washed three times and binding values were calculated. The results reached by the
participants ranged between 20-80%. Standardisation of in-vitro cell binding assay was
decided.

Biodistribution Studies
The candidate therapeutic radiopharmaceutical should show high and long lasting

uptake in the targeted tumour tissue and low uptake and fast excretion from the normal
organs/tissues. The above requirements can be determined in a well-planned experiments in
animals bearing the relevant tumours containing cells carrying the target receptor or antigen.
The biodistribution and in vivo stability of 188Re Lanreotide and 90YDOTA-Lanreotide were
determined in normal mice and rats. Some of the data are presented in Table 1.

Biodistribution of Directly Labeled 188Re Lanreotide in Normal Mice

Blood
Liver
Lungs
Kidneys
Intestine
Feces
Stomach
Bone
Gall Bladder
Muscles

% Dose per gram
2h

2.0
5.0
0.5
0.8
15.0

2.0
1.0
80.0
-

2.08
17.50
0.45
1.0
63.3

1.40
-
-
3.4

24h
1.0
2.0
1.5
8.0
2.0
70.0
2.0
1.0
2.0
-

0.35
0.60
0.02
0.22
42.9
-
1.97
—
-
0.0

From the data of bioassays are clearly seen that 188Re Lanreotide is excreting through
biliary system showing high activity in gall bladder and intestine. The tumour uptake of direct
188Re labelled Lanreotide ranged between 4-5.8% in tumour bearing mice. The kinetic data
collected during these experiments allowed participants to calculate radiation dose delivery to
normal and target tissue.

Therapeutic Efficacy Study
The therapeutic efficacy of the compound can ultimately be determined in a direct way

in the relevant animal tumour model. Depending upon the experimental model applied
efficacy of the therapeutic radiopharmaceutical can be determined by the direct measurement
of the tumour volume or by the assessment of animal survival always compared to non treated



control group. Dose escalation and body weight measurements of experimental animal are
also advised.

Receptor Binding Studies Using Rat Brain Cortex Membrane

The binding characteristics of the newly synthetized somatostatin analogue(s) will be
investigated by a competition binding assay using rat brain cortex membrane as a source of
somatostatin receptors (1) and [125I-Tyr3]-octreotide as a specific ligand.

The preparation of cortex membrane from adult rat brains is as follows:

the dissected cortex (2) are immediately placed in ice cold Hank's balanced salt solution
(HBSS) pH 7.5 and then rinsed twince with cold HBSS, cut into small pieces and minced with
two surgical blades in 10 ml fresh HBSS on ice. The fine, uniform cell aggregate suspension
is then transferred into two sterile 50 ml test tubes and diluted with 40 ml ice cold HBSS. The
tubes are then centrifuged at 500 xg for 10 minutes at 4°C and the supernatant is removed and
placed in ice bath. The pellet is resuspended in 20 ml homogenization buffer (25 mM Tris-
buffer pH 7.5) and the homogenate is centrifuged as above and the pellet homogenized in the
same way for 3 more times, saving the supernatant after each centrifugation. The combined
supernatants are then centrifuged at 48,000 xg for 45 minutes at 4 °C. Supernatant is now
discarded and the pellet is washed twice with 50 mM Tris buffer (pH 7.5) containing 5 mM
MgCl2, 20 mg/L bacitracin, 0.25M PMSF, 100,000 KIU/L aprotinin and 1000 i.u./ml Rnase
inhibitor.

The final pellet is resuspended in 5 ml of the washing buffer, separated into 50 JJ.1
aliquots (40 p,g protein), frozen immediately and stored at -80°C.

A typical binding study is as follows:

typically, 20000 cpm of [125I-Tyr3]-octreotide, 40 p.g of cortex membranes and the new
analogue(s) (1 |iM to pM) is incubated at room temperature for 30 min. The membranes are
isolated by rapid filtration and the activity assayed in a well counter. For each data point,
triplicates are performed, averaged and the data analyzed by a competition-curve analysis.
Binding curves and IC50 for displacement of [125I-Tyr3]-octreotide binding by the unlabeled
new analogue(s) are calculated using the computer program (3). Nonspecific binding is
defined as the amount of activity bound to the membranes in the presence of 1 (iM unlabeled
analogue(s).

References:
(1) Reubi JC, Perrin MH, Rivier JE, Vale W. High affinity binding sites for

somatostatin-28 analog in rat brain. Life Sci 28; 2191-2198, 1981.

2) Hofland, L.J., van Koetsveld, P.M., Verleun, T.M. et al. Long-term culture of rat
mammatrope and somatrope subpopulations separated on continuous Percoll density
gradients: effects of dopamine, TRH, GHRH, and somatostatin. Ada Endocrinol 122; 127-
136,1990

3) Munson, P.J., Rodbard, D. LIGAND: a versatile computerized approach for
characterization of ligand binding systems. Anal Biochem 107; 220-239, 1980.



Protocol for Labeling DOTA Conjugated Peptide With

Reagents
DOTA-Peptide dissolved in ultra pure water at a concentration 1
1. Buffer solution with gentisic acid made by mixing 0.4M Sodium acetate with

gentisic acid (3 0 mg/1 ml) and brought to pH 5.0 with sodium hydroxide.
2. 90Y in 0.04 M HC1 (usually 1 mCi/jil concentration).

Reaction
Place in a glass acid washed vial (conical better), the DOTA-Peptide solution in an

equal volume of (2). Then add to it the 90Ycl3 (usually 1 mCi/fig of peptide). Mix well by
vortexing and then incubate for 25 minutes at 90°C in a thermostatic bath. Pull out and cool,
then remove a small aliquot for quality control placing it in an eppendorf tube.

Quality Control
Add to the eppendorf tube equal volume of 50 mM DOTA solution and then apply to a

Sep pak C18 cartridge pre-wetted with methanol. Pass through first 2 ml of acetate buffer
collecting the eluate, then 2 ml of methanol collecting again. Count separately the two
fractions and calculate the labeling yield knowing that the peptide is eluted in the methanol
fraction while the free Yttrium bound to DOTA is eluted in the acetate fraction.

COUNTRY REPORTS

Recommendations

• Peptides and radionuclides that are not commercially or easily available should be
provided under the scope of this CRP. However, 90Y should be procured by the
participants from commerical sources.

• Efforts should be made by the participants to publish the work done under the scope
of the CRP. The participants should acknowledge the IAEA while publishing the
work resulting out of the CRP.

on

• Participant who have access to Y should start or continue the labelling of peptides
(e.g.: DOTA-lanreotide) with this radionuclide.

• Direct labelling methods for 188Re-lanreotide which were reported by the
participants should be confirmed by other participants in order to obtain a consensus
of the most suitable methods.

• The remaining time of this CRP should have strong focus in the testing of in-vitro
bioactivity of the labelled 188Re-lanreotide. For that purpose it is possible to work
with somatostatin receptors rich cell lines and or tissue membranes. This is
necessary to evaluate the usefulness (maintaining the binding capacity of labeled
lanreotide to receptors) of the labelling products obtained using different methods.

• Participants having achieved a radiopharmaceutical with high retention of biological
activity are encouraged to coordinate work with nuclear medicine groups in order to
initiate protocols for studies in patients.



• Participants are strongly encouraged to collaborate with other participants and/or
groups in their own countries.

• The third RCM should be held between May and September of 2001 preferably in
connection with an international meeting of radiopharmacy/radiochemistry.

COLLABORATION AMONG PARTICIPANTS

• Finland and India will explore the possibility to collaborate in further development
of the concept of 90Sr-90Y generator.

• Thailand will collaborate with Italy and Finland in preparation of 90Sr/90Y generator.

• Italy, Argentina and Uruguay will establish a close collaborative effort on the
application of the avidin-biotin system in terms of developing biotin derivatives
useful for labelling with 188Re and or 90Y.

• Uruguay will receive advise from Greece in the field of synthesis of chelating
agents.

• Austria will advice on analytical techniques on the characterization of the peptides.
The participants may give the type of anlytical instrumentation available with them.
A questionnaire regarding this will be provided by Austria.

• Italy and Austria will provide the necessary advice on the protocol to be followed for
clinical studies to the groups.



XA0054809

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 99mTc 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 radio labeled 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 18 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,ll 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 188Re 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 ofMAG3 with mRe
1fifi 1 RR

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 99raTc scale and multiplied with a factor of 2.5884 to
obtain the 188Re activity. The 188Re 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 ul6:4 v/v)(sol B ). 250 ul of solution A (1.5 mg SnCk)
and 250 |il 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 ReMAG3 solution was conjugated with 125ul (74.5

jimol) of 2,3,5,6-Tetrafluorophenol (TFP) (100 mg/ml in CNCH3: H2O, 9:1) and 50 mg (265
jjmol) 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)

(estenlgG).

For the conjugation l.lmg of IgG (10 mg/ml in CC«3Na2 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 |il of five diluted cysteine
solutions, 90 ul 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 40ul 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.

ion

Labeling of DTPA-Biocytinamide with Re
The DTPA-oc,a>-bis-biocytinamide(DB2) was labeled with 188Re through the chelating

agent. The perrhenate eluate was evaporated until dryness and 250ul of a nitrogened SnCh
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 biomolecule 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 ReDB2 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,
EEO, 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 188Re
Almost quantitative yields of 188Re 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 SnCk 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.

10
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Fig. 1 HPLC radioactivity
profile of mReMAG3
Rt=ll.55min

• 1 8 8 TThe 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

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

Fig. 2. Influence of Mag3 Amounts/Mci Re on Labeling Yield
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Fig. 3 Influence ofSnCh Amounts/mCi Re on Labeling Yield

Labeling yield vs pg SnCI2/ mCl 188Re
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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).

12
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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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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
with the biodistributions at the same intervals.

weU

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.

14



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
188ReMAG3-IgG stable in-vitro and m-vivo with quite good biodistributions characteristics
that enable us to extend this technique to label MoAb.

Regarding the biotin derivatives much work must be done and efforts have to be
1 8R

dedicated to find the appropriate molecule for binding Re 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.

15
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Development of Radioactively Labeled Cancer Seeking Biomolecules for Targeted
Radiotherapy

Principal Investigator: Dr. I. Virgolini, Co-Investigator: Dr. F. Andreae, Austria

INTRODUCTION

As meanwhile demonstrated by different groups a variety of human tumours express a
large number of peptide receptors with a high affinity for VIP and SST. Radiolabeled
synthetic analogs of this peptide hormones have been shown to be effective in diagnosis of
SST receptor positive tumours and metastases.

This fact seems to be a promising starting point for the therapeutic use of this cancer
seeking tracer molecules for targeted radiotherapy.

In this project we have focused our work on the preparation of DOTA-Lanreotide
(Mauritius), a novel SST analog, which shows a high affinity to several SST receptors
expressed by neuroendocrine tumours. This radiolabeled tracer actually is under evaluation by
a European multicenter study for its diagnostic and therapeutic capacity.

Experiments and Results

Synthesis of DOTA-Lanreotide (Mauritius)
Synthesis of DOTA-Lanreotide described first by P. Smith-Jones was originally

synthesized in a three step reaction using the commercially available lanreotide
(Somatuline®, D-pNal-Cys-Tyr- dTrp-Lys-Val-Cys-Thr-NH2) and 1,4,7,10-
tetraazacyclododecane-N,N',N",N"'-tetraacetic acid (DOTA) as starting materials. First,
lanreotide is partially protected at the lysine e-amino group side chain by using BOC-
anhydride to produce e-BOC lanreotide.

This procedure is commonly used but suffers from low yield, caused by the low
selectivity of this acylation-step. Bis-acylation and/or N-terminal BOC-protection are known
side reactions of this pH-controlled procedure.

The product, [(D)pNal\e-Boc-Lys5]-lanreotide LAN(BOC), was recovered and
acylation with DOTA gives [a-DOTA-(D)PNal\e-Boc-Lys5]-lanreotide DOTA-LAN(BOC),
which now is purified and transformed into DOTA-lanreotide under acidic conditions by
treatment with trifluoroacetic acid (TFA) and purified on a C18 reverse phase HPLC column
using a water/acetonitrile/0.1 % trifluoroacetic acid solvent system.

Despite all in-house expertise, the overall yield for this procedure is low. Meanwhile
we have re-investigated the synthetic routes for the preparation of SST analogs and produce
this molecules now starting from peptide synthesis of lanreotide in high yield.

The new approach is to synthesize the named peptides directly in-house. This gives way
to larger quantities of these peptides for all kinds of experiments and testings.

16



General Description

For this purpose we are using solid phase peptide synthesis techniques (SPPS). The
procedure is described briefly:

During synthesis, the growing peptide chain is covalently bound to a polymeric carrier via
the C-terminus. By use of this insoluble support, conventional peptide chemistry can be applied,
but with the advantage, that unreacted reagents can be removed by simple washing steps
without loss of product. The peptide chain is extended from the carboxyl terminus to the amino
terminus by repeated "coupling-cycles".

The carboxyl group of each incoming amino acid is activated (e.g. as an anhydride, or
active ester) and coupled with the amino group of the preceding amino acid. The amino group
of this incoming amino acid is temporarily protected to avoid side reactions at this side. After
removing excess amino acids by a simple wash step, this "temporary" protecting group
(FMOC) is cleaved and washed off. The amino terminus now is accessible for the next
elongation step. In addition, reactive side chains on the amino acids are protected with
"permanent" protecting groups. Excess reagents and high concentrations are used to drive
reactions as close to completion as possible. Peptides up to 20-30 amino acids in length can be
synthesized after optimization of coupling conditions in a very high purity and yield.

Ligands, e.g. DOTA, TETA etc. now can easily be coupled to the peptide already
attached to the resin at the N-terminus. By this approach all functional side chain groups are
already protected, even cross-linking of two ore more peptides should be suppressed by the
quasi-high dilution condition present on peptide resins with a low capacity.

After labeling with the corresponding ligand, peptides are cleaved from the polymeric
support leading to reduced linear peptides. After purification of these peptides by RP-HPLC,
SST analogs like LAN now have to be oxidized, forming an intramolecular disulfide bond.
Subsequent purification by RP-HPLC or IEC gives the labeled peptide in high purity and good
yield.

Synthesis of DOTA-Lanreotide
Synthesis is performed using a solid phase peptide synthesizer (PSSM-8, Shimadzu JP).
To obtain the carboxamide functionality at the C-terminus directly, we use a polymeric

support with an anchor group (e.g. 2-FMOC-4-aminomethyl-2,4-dimethoxy-benzyl)-
phenoxyacetic acids, PAL). This anchor group (handle) provides an efficient and convenient
method for the preparation of peptide amides. The first amino acid will be attached to this
anchoring group by a standard amide bond, leading to a peptide-amide after cleavage from the
resin. Capacity of this support usually is 0.2 mmol/g resin.

Coupling reaction is performed using hydroxybenzotriazole/diisopropylcarbodiimide
(HOBt / DIC) in-situ active ester formation during a 30-50 min coupling time.

For the thiol-protection of Cys, either trityl- (Trt) or acetamidomethyl- (Acm) will be
used, depending on the procedure used for disulfide formation.

Tyr and Thr are O-tert. butyl- (OtBu), Lys is Ne-t-BOC protected. Cleavage of the
temporary FMOC-group is obtained using 30 % piperidine in DMF. After completion of
synthesis, cleavage from the resin is performed using a mixture of 95 % TFA together with a
mixture of scavengers (H2O, 1,2-ethandithiole, thioanisole). The cleavage mixture is filtered
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through a sintered glass funnel and the filtrate is reduced to a smaller volume before the peptide
is precipitated by adding diethylether to the ice-cooled solution. Repeated washing of the
precipitate with cold ether, followed by dissolving the peptide in aqueous solution and freeze-
drying gives the crude peptide as a white lyophilisate.

Purification of the crude peptide in reduced form is done using RP-HPLC with
appropriate gradient systems containing water/acetonitrile mixtures with TFA or acetic acid as
ion pairing agent. Pure fractions will be pooled and freeze-dried.

Disulfide Formation in Solution
Disulfide formation is performed using the standard procedure described by J. Rivier.

Highly diluted peptide solution in degassed aqueous solvent will be dropped slowly into a
stirred solution containing iodine. The pH of this solution should be adjusted between 7.5-8.0
by aqueous ammonia solution.

Formation of disulfide can be observed by HPLC retention time shift, mass spectrometry
or by labeling small samples with 4-vinylpyridine. This reagent reacts with thiols under
formation of a thioether derivative showing different retention time and UV absorbance in
HPLC. Disulfides do not undergo this reaction.

After completion of disulfide formation, the solution will be loaded on an ion-exchange
column, washed and eluted under acidic conditions. The freeze-dried product now will be
purified using RP-HPLC chromatography.

The final product now is characterized by HPLC analysis, mass-spectrometry, amino acid
analysis. (The overall yield for this procedure now is > 45 % ).

CONCLUSION

By this new procedure, better yields can be obtained (>45 % overall yield) than before.
Despite this result, some more work must be put into optimization of the DOTA-attachment
procedure. A certain amount of dimers can be observed formed by coupling one DOTA onto
two lanreotides. Also disulfide formation has to be optimized to increase overall yield
lowered by intermolecular dimer formation.

Clinical Studies on Various SST Analogs for Diagnosis
During our last study we have comparatively investigated the diagnostic capacity of the

novel SST analog lllln-DOTA-Lanreotide (LAN), as opposed to lllln-DTPA-dPhel-
Octreotide (OCT) and/or HlIn-DTPA-dPhel-Tyr3-Octreotide (TOCT) scintigraphy in 46
patients with neuroendocrine tumours. The scintigraphic results were also compared to
CT/MRI, endoscopy an/or surgery. Radiological imaging procedures evaluated in this study
were performed within 8 weeks from LAN scintigraphy and OCT/TOCT scintigraphy within
3-8 weeks.

Results

As opposed to radiology, in 17/46 patients additional tumour lesions were demonstrable
by either SST radioligand. Discordant scintigraphic results between LAN and OCT (higher
tumour uptake and/or visualization of different lesions in the same patient) were seen in 12/22
patients (in 4 patients LAN and in 7 patients OCT was superior), in 4/5 patients with neuro-
endocrine carcinoma LAN was superior to OCT. Discordant results between LAN and OCT
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scintigraphy were also found in 8/14 patients with other neuroendocrine tumours. When
comparing LAN and TOCT scintigraphy, in 7/10 patients TOCT was superior to LAN and in
1/10 patients LAN was superior to TOCT. In-vitro receptor evaluation in tumour samples
from neuroendocrine tumours indicated the presence of various SSTR subtypes.

CONCLUSION

In 50% of patients with neuroendocrine tumours a significant difference in the uptake of
LAN as opposed to OCT and TOCT scintigraphy is evident, most probably based on
variations of SST receptor expression and/or binding profile.
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Description of Future Tasks

1. Optimize the synthetic routes for the preparation of SST analogs. This synthetic part
includes peptide synthesis, disulfide formation and purification of named peptides.

2. Characterize the physico-chemical properties of these tracer molecules by mass-
spectrometry, amino-acid analysis, CD, elemental analysis, and counter-ion and net peptide
content determination.

3. Perform stability testings of these tracer molecules.

19



4. Optimize the labeling conditions for 99m Tc and I88Re, using cold Rhenium-185 as a
nonradioactive cation. Furthermore we want to characterize this complexes.

5. Test these analogs for their in vitro binding abilities towards VIP/SST subtype receptors
using biochemical techniques.

6. Attempt labeling of these peptide analogs with 188Re and perform comparative in vitro
binding studies with the Re-labeled peptides. These studies should evaluate the possibility
of using a 188Re-labeled compound for therapeutic use in human.

Addendum

During the last meeting in Mumbai, some groups reported some problems during the
preparation of DOTA-Lanreotide starting from lanreotide. For preparation of this tracer
molecule some knowledge in peptide chemistry and analytical techniques are necessary.

piCHEM R&D, which is the supplier for lanreotide, has offered to supply a detailed
CMC protocol for the preparation of DOT A - Lanreotide starting from lanreotide.

Also all intermediates like LAN (BOC) will be characterized and analytical methods for
determination of all intermediates and final products will be provided.
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Peptide Labeling with Rhenium-188 by Direct Method
Principal Investigator: Dr. Bluma Linkowski Faintuch, Brazil

OBJECTIVE

1 Rft

The aim was to study the labeling of lanreotide with Re by direct method and the
optimization of this method by varying some parameters: mass of the ligand, reductor and
peptide ratio, incubation time and stability of the labeling.

The same study was done using another peptide (Octreotide), provided by Novartis, in
two different buffer solutions.

The experiments that we did during this time are consecutively numbered:

Labeling of Lanreotide with 188Re in Phtalate/Tartrate buffer solution
Labeling of Octreotide with 188Re in Acetic Acid/Acetate buffer solution (Hac/Ac) and
in Phtalate/Tartrate buffer solution

The activity of 188Re was so low that it became impossible to start biodistribution
studies in animals, therefore only technetium was utilized for biodistribution, because
this radioisotope is easily available for us, as indicated below:

Labeling of Octreotide and Lanreotide with technetium-99m
Challenge of cysteine
Biodistribution of radio labeled peptides with technetium-99m

Methods

Labeling of Peptides with Rhenium-188
The kits of lanreotide were prepared in vials containing a final volume of 1.5 mL. Each

kit included excipients (maltose and glycine) and 100-500 (Xg lanreotide in tartrate/phthalate
buffer, pH 5.6, containing stannous chloride as reductor agent.

The vial was then sealed under an atmosphere of nitrogen, allowed to incubate for 4
hours at room temperature, and stored frozen at - 30 °C until use.

For labeling the vial was thawed to room temperature, and 74 to 104 MBq (2-3 mCi) of
188 1 ftS 18ft

Re in a 1 mL perrhenate solution, obtained from the W/ Re generator, was then added.

The solution was heated in a water bath at 100 °C for 30 min and cooled to room
temperature. The 188Re-lanreotide was analysed for radiolabeling yield. Some amounts were
analysed without purification and in others the content was passed through a 0.22 p,m filter
(Millipore).

We did the same study using octreotide with 188Re including the same as well as another
buffer solution (acetate/acetic acid pH 4.2).

The optimization of the radiolabeling was achieved by varying some parameters: mass
of peptide (100 jig to 500 (Xg), stannous chloride/peptide mass ratio (3.0, 3.5 and 4.0), stability
of radiochemical purity of the complex until 24 hours, and reaction time (1,2,3 hours).
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Labeling ofPeptides With Technetium-99m
The protocols for direct labeling of peptides used with 99raTc were similar to those used

for rhenium. The difference is that the quantities of ligand were much lower and the activity
of technetium was higher 370 MBq (10 mCi). The assessment of the best ratio for labeling
was done by varying mass of peptide (10,50, 100 ug), stannous chloride/peptide mass ratio
(0.4,0.6,0.8,1), stability or radiochemical purity until 6 hours and reaction time (30 and 60
minutes).

Quality Control of Radiochemical Peptides Labeling with 188Re and 99mTc
Radiochemical analysis was performed by thin-layer chromatography (TLC) and

reverse phase step-gradient separation on Cig-SepPak columns (Millipore Inc.).

Studies ofCysteine Challenge with 99mTc-Lanreotide and mTc-Octreotide
Known amounts of 99mTc-lanreotide and 99mTc-octreotide were challenged over a range

of cysteine concentrations (O.OlmM - lOOmM) at 37 °C for 4 hours. The percent 99mTc
displaced by cysteine was determined by TLC using 0.9% saline as a mobile phase, and the
amount of displaced radio label found at the solvent front was measured.

Biodistribution in Normal Rats of"mTc-Lanreotide and"mTc-Octreotide
The biodistribution studies were performed in groups of four rats by intravenous

injection of 0.1 mL of radio labeled peptides with 500 jiCi of 99mTc (5 fig of peptide). At 15
min, 2, 4 and 6 hours after injection, the rats were sacrificed and selected organs were
removed, weighed and the radioactivity was determined with a well-type gamma counter.
Radioactivity was also measured in a sample of blood. The results were expressed as % of
injected dose per gram of tissue.

Dynamic imaging studies were performed at the first 10 minutes after the administration
of the drug and static imaging after 15 min, 2, 4 and 6 hours post injection.

Results

Labeling ofPeptides with I88Re
Labeling efficiencies were generally greater than 95% as determined by TLC (Figure

1,2 and 3). Reverse phase chromatography using Cis SepPaks confirmed the high labeling
efficiency.

The amount of radiocolloid determined by ITLC with 85% acidified ethanol as the
mobile phase was greater when we didn't make a purification by using filter with membrane
0.22 Jim. But when we made the filtration much activity was retained in the filter (Figure 4).

For Re-Lanreotide we obtained a high labeling efficiency using 350 (ig of the ligand
lanreotide but for a mass of 250 |ig of lanreotide the yield of labeling observed was as low as
53.65% of mRe-Lanreotide.

For Re-Ocreotide a mass of 250 jig only was sufficient for a good labeling in both
buffers.
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The reaction time was 2 hours for both complexes and the best ratio between mass of
stannous chloride and octreotide was 3.5 for 188Re-Octreotide and 4.0 for 188Re-Lanreotide
(Figs.l, 2, 3). With the ratio of 3.0 we observed that the amount of stannous chloride was
insufficient to reduce all the Rhenium so we observed a larger amount of free perrhenate.

The radiochemical purity of the 188Re-Lanreotide was 98.76 ± 0.87 and the product
stayed stable for 24 hours (Fig. 3).

188Re-Octreotide presented 97.14 ± 1.2% purity in tartrate/phthalate buffer. In
acetate/acetic acid buffer, findings were similarly close to 97% (Fig. 5).
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However, the 188Re-octreotide stayed stable for 4 hours and with 24 hours the stability
fell about 50% (Figure 6,7,11).

Fig. 6- Labeling stability of Re-Octreotide in Acetate/Acetic Acid Buffer

99tnnLabeling of Peptides With v Tc
The first study with 99mTc was made varying the amount of stannous chloride in the

labeling of octreotide in tartrate/phtalate buffer solution (Table 1).
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octreoti
de m (jig)

10
50
100

SnCl2.H2

O

10
50
100

%y y r aTc04

100
3.48
0.83

%
99mTcO2

0.0
1.38
1.12

% yyraTc-
octreotide

0.0
95.14
98.05

m SnCl2.H2O/m octreotide=1.0; activity NayymTcO4= 296 MBq (8 mCi); reaction
time=l h;

It had been observed that with 10 jig of SnCl2.H2O the peptide was not labeled. The
amount was insufficient to reduce the technetium, so the reaction did not occur.

When the mass ratio between the reducing agent and the peptide (octreotide) was low
the yield obtained was low. The best finding was for a ratio of one (1.0) (Table 2).

Table 2-Radiochemical purity of 99mTc-octreotide varying SnC^.EbO/octreotide
ratio

mass

m
SnCl2.H2O/

m
octreotide

0.4
0.6
0.8
1.0

30 jig oct
60 jig Sn

%yymTcO4

91.04
30.52
48.91
3.48
69.28

% ""TcOs

2.9
1.88
0.98
1.38
1.33

% yymTc-
octreotide

6.06
67.60
50.11
95.14
29.39

If the ratio was as high as 2.0 but the mass of the ligand was low (60 jig of SnCl2.H2O
and 30 jig of octreotide) the yield obtained was very low (29.39%) (Table 8).

The study of the labeling of lanreotide with ""Tc was made based on the results
obtained with 9mTc-octreotide. So, we observed that the best ratio between mSnCl2.H2O/m
lanreotide was 1.0 for a mass of lanreotide and a mass of stannous above 50 jig (Table 3).

Table 3 - Radiochemical purity of 99mTc-lanreotide
lanreot
ide
mOig)

10
20
50
100

SnCl2.H2O
m(jxg)

30
20
50
100

ratio

3
1
1
1

%yymTcO4

93.65
44.67
0.60
0.18

% yyraTcO2

1.05
1.30
1.51
3.09

% yyraTc-
lanreotide

5.30
53.96
97.89
96.73

Both, 99mTc-octreotide or 99mTc-lanreotide were radiochemically stable for 6 hours
(Table 4). However, 99mTc-octreotide had a loss in the radiochemical purity of 5.6 %.
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Table 4 - Radiochemical stability
Time (hours)

t=0
t=2
t=4
t=6

yyraTc-octreotide
97.59
92.10
91.89
91.24

yymTc-lanreotide
96.25
97.86
98.35
96.73

Cysteine Challenge
Transchelation to cysteine was studied at five molar ratios (Fig. 7). We can observe that

"^Tc-octreotide was relatively more susceptible to Cys challenge than 99mTc-lanreotide.
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Fig. 7' — Percent dissociation of"mTcfrom lanreotide and Octreotide vs
Cysteine Concentration Duringlncubation for lh and4h at 37 °C.

Biodistribution with 99mTc-Labeling Peptides
The biodistribution of 99mTc-lanreotide and 99mTc-octreotide was evaluated in normal

Wistar rats by dynamic imaging techniques during the first 10 minutes after injection, and by
static imaging at 15 min, 1, 2 and 4 hours post injection, and also by invasive method.

99mTc-labeling peptides were localized in the gastrointestinal tract or in the kidney . For
99mTc-octreotide the uptake by the kidneys increased for 6 hours p.i. (Fig. 9). The small
intestine had the highest uptake. With 99mTc-lanreotide the greatest uptake of the drug was by
the liver in the first 15 min p.i., and we didn't observed the clearance of blood during 6 hours
(Figure 8). Other organs involved in uptake or clearance were kidney and stomach.
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Small peptides radiolabeled with 99mTc or m R e are being currently investigated as
potential radiopharmaceuticals, mainly for cancer diagnosis and therapy.

Rhenium chemistry is very similar to technetium chemistry due to the periodic table
relationship of the two elements15 and as such, rhenium also forms a stable anionic species
ReC>4 (perrhenate) and will not bind to organic ligands without reduction to a lower oxidation
state.

One of the radiolabeling techniques used for this purpose is the direct labeling.

The direct labeling of peptide with rhenium isotope can be done using the same
procedures as used for the direct-labeling with 99mTc but the labeling conditions for rhenium

28



must be more energic because of a lower redox potential and therefore a greater tendency to
reoxidize. So the reaction time is longer and the concentration of Sn (II) is higher.

The involvement of tin in protein labeling as a tin-protein intermediate was suggested
by Rhodes16. For a "pretinning" procedure, the reduction of native disulfide bridges is carried
out by incubating the protein with stannous ions.

It is known that in direct protein labeling with 188Re the best labeling yields are
achieved within a relatively narrow pH range: 4.0-5.5. When lower than 4.0 pH compromises
the immunoreactivity of the peptides, and a higher pH contributes to reoxidation of 88Re(V)
back to perrhenate. A final pH value of 4.0 was here used for labeling in tartrate/phatalate
buffer, but in acetate/acetic acid for 188Re-Octreotide the final pH was 3.0. For ""To-labeling
peptides the final pH was 5.0.

The assay of cysteine-challenge "in vitro" is made to evaluate its ability to rank
different 99mTc labeling methods according to the stability of the label towards transchelation
to cysteine, and to determine whether it is possible to predict the relative radioactivity levels
in organs and blood in normal animals.

Peptides labeled with 99mTc show different responses to the cysteine challenge assay.
Some 9 "Tc-peptides appear to undergo rearrangement over time, presumably to
thermodynamically stable states, which increases resistance to displacement with cysteine,
while other peptides show no change over time. 99mTc-octreotide showed no change in
resistance to cysteine after lh incubation while by 4 hours it became progressively more
resistant. The maximum concentration of cysteine that the peptide is expected to be exposed
in-vivo is 1 mM. So, the high molar ratio studied to cause displacemente suggests that the
bond strengh of 99rnTc-peptide is very high.

In biodistribution studies of 99mTc-labeled peptides it had been observed that the main
organic uptake of 99mTc-lanreotide was by liver cleared to small bowel and for 99mTc-
octreotide it was small bowel cleared to kidneys. The difference between both complexes is
due to the different structure (amino acid sequence) that influences the lipophilicity and
biodistribution. In addition to lipophilicity, the stability of the complex also seems to be an
important factor in influencing the biodistribution. Some 99raTc- labeled peptides have the
potential ability of passing the blood-brain barrier and they have been suggested as imaging
agents for brain tumours. In the current investigation, a significant uptake of 99mTc-lanreotide
by brain was observed. The peptide lanreotide is very similar to another well-studied peptide,
Vapreotide (RC-160), with differences in the extremes of the molecule. As 188Re-RC-16O has
been tested in treatment of small cell lung carcinoma, maybe this can explain some uptake of
99mTc-lanreotide by the lung.

CONCLUSIONS

The direct labeling of peptides by rhenium-188 isotope can be done using the same
general procedures as used for the direct-labeling by 99mTc. The labeling procedure was
simple and efficient, although the reaction time for 188Re- labeling of peptides was much
longer (2 hours) than for """To-labeling of peptides (30 minutes).

188Re-Lanreotide gave better radiochemical yields than 188Re-octreotide and it is stable
for 24 hours, but the mass of lanreotide has to be greater than for octreotide, and the ratio

29



between mass of stannous chloride and lanreotide was also greater than for the labeling of
octreotide.

As the products labeled with 188Re can be obtained with a high degree of radiochemical
purity, they may be used for in vivo studies to evaluate their efficacy in radioimmunotherapy,
as well as those prepared with 99mTc could be assayed for radiodiagnosis of cancer.In
summary, peptides can be directly labeled with Tc and Re if appropriate amino acid
sequences are available in the molecule and if the correct and individualized reaction
conditions are employed.

Future Plans

Within the next 12 months, the following activities will be developed:
Biodistribution of Re-Lanreotide and Re-Octreotide in normal rats as well as tumour-

bearing animals, depending on the availability of the isotope;

Alternatively, sudies of radiolabeling and biodistribution of DOTA-Lanreotide
employing Ytrium, including the same animal models.
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Labeling Lanreotide with 1251 and 188Re
Principal Investigator: Dr. Bai Hongsheng, China

DESCRIPTION OF RESEARCH CARRIED OUT

Lanreotide (D-{3-Nal-Cys-Try-D-Trp-Lys-Val-Cys-Thr-NH2) is a new somatostatin
analogue. It can bind to human somatostatin receptor (hSSTR) subtype 2 through 5 with high
affinity and to hSSTR subtype 1 with low affinity. We investigate labeling condition, quality
control and stability in vitro of 125I-Lanreotide and 188Re-lanreotide respectively.

(A) Lanreotide is labeled with 125I using Chloramine T. The effect of reaction condition
(such as reaction time, pH value, Lanreotide amount, quantity of Chloramine T and
reaction volume) on labeling yield is investigated in detail.

(B) The labeling yield and radiochemical purity (RP) is measured with paper
chromatography (PC) and Sep-Pak Cis Cartridge. For PC method, 1251-Lanreotide is
spotted on the Whatman No.l paper and developed in the mixture of
CH3CH2CH2CH2OH and CH3CH2OH and NH4OH (v/v/v=5:2:l), the Rf value of every
component in the mobile phase is given in the tablel. For Sep-Pak Cig Cartridge
methods. Each cartridge is washed with 10ml of ethanol followed by 10ml of iso-
CH3CH2CH2OH solution. Aliquots of 0.1ml sample is loaded onto the cartridge,
unbound peptide (sodium iodine-125) is eluted with 5mlof 0.5mol/L sodium acetate
solution, 1251 -Lanreotide is eluted with 5ml of 95% aqueous ethanol solution.

Table 1. The
Component
Rf value

Rf value of every component in
Na125I
0 5-0.6

the developing agent
125I-Lanreotide
0 9-1.0

(C) The stability of 125I-Lanreotide in vitro is investigated by labeling compound incubating
for 48 hours at 37°C in the 0.9% sodium chloride solution and RP is tested by PC at
specific time intervals.

(D) Lanreotide is labeled directly with 188Re via the mixture of citrate and tartate using
stannous chloride as reduced agent. The influence of reaction conditions such as pH,
temperature.amount of stannous chloride, amount of Lanreotide and reaction time on
labeling yield is investigated in detail. At the time, the stability in vitro quality control
and animal test are evaluated. The labeling routine is followed as:

Quality Control of mRe-Lanreotide

Thin layer chromatography (TLC) is used to monitor the quality of labeling yield and
radiochemical purity. In the TLC studies, TLC-SG (Geiman Sciences Inc. Ann Arbor, Mich)
chromatography paper is cut into 1.5xl5cm strip and activated by heating for 30min at 1100C
according to manufacture's instructions. After heating, the strips are stored dry at room
temperature until use. 0.005mL portion of sample is spotted at 2cm from lower end of the
TLC paper, dries in air. The strips are developed in the 85% acidic ethanol solution (pH3.5)
and 0.9% sodium chloride solution respectively until the solvent reaches up to 12cm of strip.
After drying, the strip is cut into lcm piece and radioactivity is measured in a Nal(Tl) well
detector. The Rf value of three components in different developing agent is seen in the
Table2.
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Table 2. Rf value of Three Components in Different Developing Agent
Component

Mobile phase
85% acidic ethanol (pH3.5)
0.9% sodium chloride

188ReO4-

0.8-1.0
0.8-1.0

188Re

o2
0.0-0.1
0.0-0.1

188Re-
Lanreotide
0.8-1.0
0.0-0.1

For Sep-Pak Cig Cartridge method, Sep-Pak Cig Cartridge is used for labeling yield and
purification of 188Re-Lanreotide. Each cartridge is washed with 10ml of ethanol followed by
10ml of O.OOlmol/L HC1 solution. Aliquots of 0.1ml sample is loaded onto the cartridge,
unbound peptide (188ReO4- or 188Re-ct/tt) is eluted with O.OOlmol/L HC1 solution, ls8Re-
Lanreotide is eluted with 80% aqueous ethanol solution, but radio-colloid is kept on the
cartridge.

Stability Study

Though labeling yield is 88%-94%, 188Re-Lanreotide must be purified before stability
study in order to get correct evaluation about stability in vitro. O.lmL of purified 188Re-
Lanreotide is added respectively to one vial contained lmL of normal saline solution and
other vial contained lmL mixed solution of normal saline and lmg ascorbic acid. Then two
vials are incubated for 24 hours at 370C and radiochemical purity (RP) is tested with TLC at
specific time intervals.

Animal Test

1 SS

Bio-distribution of Re-Lanreotide is performed in male Kunming white mice (weight:
20±2g). 20|lCi of purified 188Re-Lanreotide in 0.1ml volume is injected though tail vein and
these mice are sacrificed at specific time intervals. The tissues and organs are excised,
weighed and counted in a Nal(Tl) well detector. The uptake of activity in different organs is
calculated as percent injected dose per gram organ.

Results

The optimal labeling condition of 125I-Lanreotide is reaction volume IOOJIL, reaction
time lmin, quantity of peptide 2jig, Ch-T quantity 1.6fig and 37MBq of sodium iodine-125.
The labeling yield is more than 90%. The stability studies shows that 125I-Lanreotide in vitro
is stable.

The optimal labeling condition of 188Re-Lanreotide that lOjxg of Lanreotide reacts with
0.4 |iL of 188Re-CT/TT solution (3.2mCi) for 40min at pH 2-3 and 600C, the labeling yield is
at range of 88%-94%. The radiochemical purity of purified 188Re-Lanerotide on Sep-Pak Ci8

cartridge is more than 95%. The results of stability study demonstrate that the RP of 188Re-
Lanreotide is more that 95% within 2.5 hours without ascorbic acid, but RP keeps no change
for 6 hours with ascorbic acid. This shows that 188Re-Lanreotide is unstable in vitro and
ascorbic acid promotes stability of 188Re-Lanreotide. The biological behavior of 188Re-
Lanreotide is given in the Table3. Biodistribution studies with 188Re-Lanreotide shows about
2%I.D/g in the blood at 3hr post-injection, 188Re-Lanreotide is eliminated rapidly from the
blood and concentrates in the lung and intestine. The uptake of thyroid increases with time of
post-injection increasing, this indicates that dissociation of 188Re-Lanreotide occurs. Uptake
of adrenal gland is 3.05% ID/g at 3hr post-injection and uptake of muscle is very low.
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188TTable 1. Bio-distribution in vivo of Re-Lanreotide in rat n=3, %ID/g

Tissue

Blood
Liver
Spleen
Lung
Kidney
Heart
Muscle
Intestine
Thyroid

Adrenal gland

Time/h
0.5

3.52%
10.12%
3.18%
2.18%
1.54%
1.45%
0.64%
2.42%
0.87%
0.68%

1
2.11%
6.76%
4.50%
3.58%
2.52 %
1.09%
0.76%
4.58%
1.52%
2.87%

3
1.65%
3.48%
2.15%
1.91%
1.19%
0.86%
0.38%
5.69%
4.95%
3.02%

6
0.86%
1.58%
1.25%
1.03%
0.86%
0.53%
0.15%
2.89%
2.45%
2.53%

24
0.28%
0.98%
0.56%
0.37%
0.46%
0.13% :
0.07%
1.32%
0.65%
1.87%

Future Work Scheme

For Rhenium and Iodine labeling, we are planning to continue our investigation on the
HPLC analysis, animal test and animal imaging. Much attention are drawn recently to
Radiolabeling peptides for diagnosis and therapy of tumours in China. We will plan to do
some investigations about Labeling DOTA-Lanreotide with 90Y, 153Sm and m In . We request
the following aid from the Agency: 188W/188Re generator, 90Sr/90Y generator.
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188Re-IorCEAl as Radioimmunotherapeutical Agent: Preparation and Evaluation
Principal Investigator: Dr. Gilmara Pimentel, Cuba

INTRODUCTION

Effective immunotherapy of human malignancies requires the selective delivery of these
agents to relevant antigen-expressing tumour cells. A variety of strategies have been
investigated to achieve this objective (MILENIC 91, WELS 92).

It has very clearly established that ior-CEAl monoclonal antibody is an extremely good
agent for immunoscintigraphy with a high sensitivity (94%) and specificity (87%) (OLIVA
94, OLIVA 95).

Ior-CEAl is hence a good candidate for development as a therapeutic agent. Moreover,
it is an attractive novel protein, which conserves its biological properties, despite chemical
treatment.

Materials and Methods

- Generator: The 188Re-generator was supplied by IAEA from MAP Medical
Technologies Oy Finland with a total activity of 3,7 GBq.

- Monoclonal antibody (MAb): Murine IgG-1 antibody secreted by clone K3/J5,
highly specific against protein epitope on cell-bound CEA and included in the gold 1 group
according to Hedin's classification was obtained from our Institute (TORNO 89).

- Labelling: iorCEAl was reduced using 2ME at 1000:1 molar ratio as described
elsewhere (PIMENTEL 96, PIMENTEL 98). The reduced MAb was labelled after optimising
the reaction parameters, described in the following table using a factorial experimental design,
whose independent variable was radiolabelling yield.

MDP and citric acid were used as weak transchelator agents.
Studied variables
[MDP] (mg/ml)
[Cit. Ac] (mg/ml)
[SnF2] (mg/ml)
pH
Time (h)

Value
2, 8, 14
1.6, 5.6, 15, 30, 35
0.4,0.8, 1.2
3,5
0.5 - 24h

Quality Control

The yield of the labelled antibody was determined by a combination of Instant Thin
Layer Chromatography and paper Chromatography. The ITLC was performed on 10xl50mm
silicagel-impregnated glass strips, using Methylethylketone and saline as mobile phase. To
determine the colloid formation in the system, Sephadex G 25 microcolumn was used,
employing PBS as eluant.

Stability: The stability was tested by incubation at 37°C pH 7 for 1 hour with 0.63-6300-
fold excess of cysteine. Rhenium-188 activity that remained associated with the protein was
determined by ITLC using MEK and PBS as mobile phase.
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Animal biodistribution study: Balb/C male mice weighing 18 - 25 g were obtained from
CENPALAB (Havana). About 100 ul of labelled MAb, corresponding to ~ 3.7 MBq (100
(iCi), were injected intraperitoneally. The animals were sacrificed 4 and 24 hours after
administration. Radioactivity in each organ was counted in LKB Automatic Gamma Counter
and recorded as percentage of dose /g tissue.

Experimental Results

The radio labelled product obtained through MDP route showed great instability, as well
as precipitate formation. The best results were obtained with the use of citric acid, 0,4 mg
SnF2 at pH 3. Fig. 1 shows the different labelling yields, at varying citric acid amounts in the
system.

Labelling Kinetic using Citric Ac. as weak ligand

10 15 20 25

1,6 mg
—H— 5,6 mg

O 15 mg
—0—30 mg

mg

(h) time

Fig.l. Labelling yields of Re-188-ior-CEAI with 0,4 mg/ml SnF2 at pH 3.
(n= 3).

In order to enhance the stability of 188Re-iorCEAl, some additives that reduced that
prevented the reoxidation and colloid formation of Re (Fig. 2) were added after the labelling
reaction was completed, that is after 3h.
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11111-
ilUllI- —^—without additive

-H4-BSA + AA

10 20

F/g.2. RVW ofRe-188-iorCEAl Without and With addition of Ascorbic Acid and BSA,
at a Final Concentration of 0.03% and 0.5%,Respectively.

The in-vitro stability studies of 188Re-ior-CEAl at 37 °C in challenge media are shown
in Fig. 3. The activity associated with the protein decreases with the increment of cysteine
concentration. Nevertheless, the addition of AA and BSA guarantee the minimal
transchelation.

2 0 -

r5
« 10

-^-without additive
-®-AA + BSA

0:1 0,68;1 6,8:1 68:1

molar ratio Cys : Ac

1- 1

680:1 6800:1

Fig.3. In-vitro stability ofRe-188-ior-CEAl at 37 °Cfor 1 hr, after 3 hr Labelling
Reaction.

The biodistribution of Re-iorCEAl is shown in Fig.4. The radioactivity uptake in the
different organs are relatively low and similar to those obtained with 99mTc-ior-CEAl
(PIMENTEL 96), except the uptake in spleen which is slightly higher.
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Fig.4. Biodistribution ofRe-188-iorCEAl in BALB/C Mice at 4hr and24hr

Discussion

Radio labelling of iorCEAl is accomplished by a direct method using 2-mercaptoethanol
as the reducing agent. Two different weak chelating agents were employed, which had been
reported in other published works before (GRIFFITH 91, JOHN 93). All experiments carried
out with MDP showed low labelling yields and high precipitate formation, even while SnF2,
which has better redox properties. The best labelling yields were attained with low citric acid
concentration, as well as with 400 jig of SnF2 at pH 3.

As it can be observed from Fig.l, under the conditions specified earlier, relative high
labelling yields can be achieved, within 1 hour incubation (>80%). Likewise, we could
confirm that when the transfer ligand was formed "in situ" during the labelling reaction, better
results were attained, than in those experiments where Re-weak chelate had been already
obtained.

-t on

Re-iorCEAl was extremely stable when challenged with cysteine, if pre-protected
with addition of AA and BSA. At 6300:1 Cys: MAb molar ratio was, only a dissociation of
3,5% was observed. However, the dissociation was < 5% at low cystein concentrations (Fig.
3). These results were better than those obtained by John et al. (JOHN 93) at similar or lower
cysteine concentrations.

The biodistribution in BALB/C mice was similar to that of Tc-99m-iorCEAl, except
for spleen, where uptake was relatively high. This could be explained as due to the binding of
the Fc portion of the labelled murine Ab with the cytoplasmic membrane of the RBCs, which
could harmed the RBC, product of the radiolisis of the strong p emission from 188Re.
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CONCLUSIONS

The optimised method gave high labelling yields (~ 95 %). The best labelling yields
were attained with low citric acid concentration, which was used as a weak transchelation
ligand. Ascorbic acid and Albumin could be used as the stabilising agents in order to achieve
less than 3,5% dissociation.
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Development of Radioactively Labelled Cancer Seeking Biomolecules For
Targeted Radiotherapy

Principal Investigators: Alexandra D. Varvarigou & Spyridon C. Archimandritis,
Greece

INTRODUCTION

Within the framework of the above project we are studying the labelling of
biomolecules, peptides and antibodies, with radionuclides emitting (3~ and y radiation. More
specifically, for the time being, we have investigated the labelling of peptides with Re-188
and of antibodies with Sm-153 and Re-188. The radio labelled derivatives are further
evaluated in vivo for possible application in Oncology. For these radiobiological studies we
are trying to apply ectopic and orthotopic tumour animal models and to develop, in
collaboration with other national and foreign institutes, proper imaging devices for small
animal imaging.

mRe-LabeIled Peptides

INTRODUCTION

We have studied the preparation and evaluation of two Rhenium-188 labelled peptides.
The first was Lanreotide, a peptide, which, labelled with In- 111 and/or Y-90, is currently
investigated for the detection of a variety of human tumours. The second one was a
decapeptide, RGD derivative, which labelled with Tc-99m, has been already evaluated for the
localization of metastatic melanoma lesions in man and thrombi in experimental animals. In
the present study we are evaluating this peptide labelled also with Re-188. A brief description
of the studies performed till now is presented here.

Structure of the Peptides Studied
Lanreotide: P-(2-Naphthyl)-Ala-Cys-Tyr-Trp-Lys-Val-Cys-Thr-amide

RGD-derivative: Arg-Gly-Asp-Ser-Cys-Arg-Gly-Asp-Ser-Tyr-OH

Arg-Gly-Asp: RGD moiety

Experimental

Chemistry: Decapeptide-Rhenium Complex Formation (RGD derivative)
Initially the complexion of the above decapeptide with non radioactive Rhenium was

studied by reacting, at room temperature, a methanolic solution of the peptide with sodium
perrhenate, at a molar ratio 1:1, for three days. After evaporation of the solvent, the
supernatant was purified by HPLC. The HPLC fraction, corresponding to the Re-RGD
derivative was isolated and studied. The structure of the complex formed was investigated by
^-NMR and electron mass spectrometry.

}H-NMR Identification
ID and 2D (TOCSY, ROESY) NMR spectra were recorded in 90% H2O/10% D2O at 25

°C on a Bruker Avance DRX-400 spectrometer. Suppression of the water peak was achieved
by employing the Bruker Watergate pulse sequence. DSS was used as an external reference.
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Electrospray Ionization Mass Spectrometry (ESI-MS)
A solution of 20 ul of the peptide in water of analytical grade was inserted into the

electrospray source. The temperature was arranged at 70°C. A solution of 5% of acetic acid in
acetonitrile was used for the elution. Positive electrospray conditions were applied, with 3.8
KVolts capillary voltage and 0.38 Kvolts lens voltage. The counter electrode potential was set
at 150 Volts, suitable for peptide detection.Both the synthetic peptide and its respective
Renium complex were identified by ESI-MS.

188Re-LabellingofthePeptides
Na mReO4 Reduction: Initially, perrhenate, obtained by a 188W/188Re generator, was

reduced to a lower oxidation state in order to get bound to the peptide, using an aqueous
solution of stannous chloride, ascorbic acid and citric acid. The reduction time was evaluated
from 15 to 120 min.

Peptides Labelling Procedure
Complexation of the reduced Rhenium to the peptide was studied according to a method

applied for the preparation of Technetium-peptide complexes. It comprises the following
steps:

• An intermediate labile Rhenium-188 complex was initially created by the addition of the
reduced Rhenium to a mixture of sodium gluconate, stannous chloride and sodium
bicarbonate. The 188Re-gluconate formation was followed by chromatographic methods.

• A quantity of 0.4 ml of the above Rhenium complex, containing 2.0-10.0 mCi of Re-188
was added to 0.5 ml of an aqueous peptide solution, containing 1.0 mg/ml of the
biomolecule.

• The mixture was left to react for a period, ranging from 15-60 min, at Room Temperature
and at 90°C. Peptide labelling was studied by HPLC.

According to the above method, no previous reduction of the peptide S-S bonds is
necessary, for Rhenium labelling.

Radiochemical Study

Evaluation of the Labelling System
• Na188ReO4 reduction was studied by Instant Thin Layer Chromatography on Silica Gel

(ITLC-SG) in acetone and in methylethylketone.
• The formation of the intermediate 188Re-gluconate complex was investigated by ITLC in

methylethylketone and by Reverse Phase HPLC using a gradient system with solvent A:
0.5% trifluoroacetic acid (TFA) in water and B:0.5% TFA in acetonitrile. We used an (x-
Bondapack Ci8 Reverse Phase column, 300 x 3.9 mm ID. The separation was tested by
both UV and radioactivity detectors, coupled in line.

« 188Re-peptide complexes formation was studied by HPLC analysis, with the solvent system
referred above.
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In-Vitro Stability Investigation
The in-vitro stability of the radio labelled species was studied at different temperatures,

for diverse time intervals.

ion

Radiobiological Evaluation of the Re-Labelled Peptides

Biodistribution Study
Evaluation of the in-vivo behaviour of the radiolabelled peptides was performed,

conventionally, by biodistribution in normal Swiss mice (average weight 25 g) after i.v.
injection in the tail vein. In-vivo studies were performed in compliance with the European
legislation. Animal protocols have been approved by the Hellenic authorities.

In-Vitro Cell Binding Study

Cell binding was studied according to well-established methods. For I88Re-Lanreotide
an epithelial-like Colo 205 cell line (CCL 222 of the American Type Culture Collection)
isolated from a human colon adenocarcinoma was used. For 188Re-RGD derivative an ARJ4
cell line was used.

In- Vivo Tumour Uptake
Tumour uptake was evaluated in female BALB/c nude mice, 5 weeks old. Scintigraphic

studies were performed with a Sopha y-camera, using a pin-hole collimator. Images were
obtained up to five hours, starting at one hour p.i. The animals were previously anaesthetized
by an intramuscular injection of diazepam (50.0 mg/kg). After imaging, the animals were
sacrificed by an injection of a lethal dose of diazepam. Biodistribution of the radiolabelled
peptide in the scintigraphed tumour-bearing animals was studied in the same manner as that
described for normal mice. The tumour was excised along with a muscle sample from a
corresponding point on the opposite side and the tumour to normal tissue ratio was calculated.

Results

Chemistry: Decapeptide-Rhenium Complex Formation (RGD-derivative)
The structure of the complex of the decapeptide with oxorhenium was elucidated with

NMR spectroscopy with the use of two-dimensional techniques (publication in preparation).
Spectra were obtained at 25 °C in 90% H2O-10% D2O. Only one isomer was present in
solution and it remained stable for a period of weeks. Analysis of the NMR peaks, especially
in the amide proton region, revealed that the peptide coordinates to the oxorhenium core
through the Namide of aspartic acid (Asp-3), the Namide of serine (Ser-4), the Namide and S^iate
atoms of cysteine (Cys-5) to form a complex of the ReO[N3S] type (Fig. I).

The proposed structure based on the !H-NMR is in agreement with the mass spectral
data on the complex that gives a MH+peak of m/z 1312.2, consistent with the formation of a
mononuclear, monoligand complex.
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Fig.l: Proposed Rhenium-Decapeptide Structure
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By comparison of the NMR chemical shifts to existing data in the literature on related
complexes, it is proposed that the configuration of the side chain of serine is syn with respect
to the oxygen of the oxorhenium core while the configuration of the peptide chain Arg-Gly-
Asp-Ser-Tyr is anti.

Radiochemical Study of mRe-Labelled Peptides
Both in aceton and in methylethylcetone reduced Re-188 remained at the origin, while

perrhenate had an Rf =0.9-1.0. Rhenium reduction was completed within 90 min.

In ITLC the gluconate complex had an Rf=0.00, while HPLC studies showed the
ition of a species with Rt= 2.7 n

complex was achieved within 15.0 min.
formation of a species with Rt= 2.7 min. Quantitative formation of the 188Re-gluconate

Chromatographic (HPLC) studies of 188Re-Lanreotide indicated the formation of a
single derivative with Rt=17.0-17.5. It was found that its formation was influenced by the
experimental conditions applied, namely by the reaction time and the temperature. Fifteen
minutes after the addition of 188Re-gluconate to the peptide solution, a radioactive species
with Rt=17.2 min starts to form, in a yield of about 15%. The yield increased to 80% twenty
hours later. Complex formation is accelerated by increasing the temperature. Thus a 92%
yield is obtained by heating the reaction mixture at 90° for 60 min. The stability study showed
that 188Re-Lanreotide remained practically stable at 4°, for at least 48 hrs.

Similar studies of the 188Re-RGD derivative showed also the formation of a single
derivative with Rt=10.5-11.0. Also in this case it was found that the experimental conditions
influenced the formation of 188Re-complex. Highest yield of labelling was obtained by
warming the reaction mixture at 80°C, for 60 min. The 188Re-RGD complex was stable at 4°C,
for 64 hrs.
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Radiobiological Evaluation Of The Re-Labelled Peptides Biodistribution Study
188Results of the in-vivo evaluation of Re-Lanreotide are presented in the following

Table I.

Table I
% DOSE PER ORGAN

Blood
Liver
Lungs
Stomach
Kidneys
Intestine
Muscles

lHour
3.90±0.7
17.80±5,5
0.71±0.3
1.3310.5
0.96±0.6

74.10±23.6
17.60112.3

2 Hours
2.08±0.6
17.50±4.6
0.45±0.2
1.4010.4
1.00+0.3

63.30±19.8
3.43+1.8

4 Hours
0.88±0.2
2.3911.2
0.2110.0
1.5110.5
0.54±0.0

46.90±9.0
1.8310.9

24 Hours
0.35±0.5
0.60±0.2
0.02±0.0
1.9710.4
0.22±0.0

42.90±14.4
0.0

As it can be observed the radiolabelled biomolecule presents fast blood clearance and,
practically, absolute hepatobiliary elimination. Thus, blood value ranges from 3.90+0.7, 60
min p.i. to 0.35 ±0.5 at twenty four hours, liver uptake is 17.815.5 in one hour and becomes
0.6±0.2 in twenty four hours p.i., while intestine values range from 74.1±23.6 in one hour p.i. to
42.9±14.4 at twenty four hours. Kidney uptake was found less than 1.0 even one hr p.i. Urine
elimination was negligible.

The biodistribution study of 188Re-RGD derivative is presented in Table II.

Table II
% DOSE PER ORGAN

Blood
Liver
Lungs
Stomach
Kidneys

Intestines
Muscle
Urine

15 min
3.13 ±1.0
0.62 ± 0.2
0.15 ±0.0
0.16 ±0.0
2.94 ±1.3
0.71 ±0.2
5.47 11.8
13.09 ±4.3

30 min
1.71 ±0.6

0.59 ±0.1
0.0810.0
1.07 ±0.4
1.64 ±0.7

1.09 ±0.5
2.67 1 0.7
19.08 ±8.1

60 min
0.56 + 0.2
0.34 + 0.1
0.06 + 0.0
0.55 ± 0.3
0.9810.5
0.9610.4
2.80 ±1.7

31.09+11.3

120 min
0.19 ±0.1
0.12 ±0.1
0.07 10.0
0.5510.4
0.19 ±0.0
1.54 ±0.8
0.4210.3

38.31 ±11.0

It can be observed that this 188Renium-labelled decapeptide presents fast blood
clearance, since only 0.19% of the injected dose remains in the circulation within 120 min p.i.
There is not any gastrointestinal accumulation and practically the radiolabelled biomolecule
is completely eliminated by the urinary tract. This in-vivo behaviour is in perfect accordance
with the biodistribution of the 99mTc-labelled species.

In-Vitro Cell Binding Assay
Preliminary in vitro cell binding studies did not show specificity of 188Re-Lanreotide

for the cell line tested. Further experimentation is in progress, for both 188Re-labelled
peptides.
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In-Vivo Tumour Uptake
Tumour uptake of the 188Re-labelled Lanreotide is presented in Picture 1. The

experimentally induced gastrointestinal tumour is clearly delinated, two hours after the
intravenous injection of the radiolabelled peptide, although Lanreotide is not known to be
specific for this particular type of cancer. Tumour to normal tissue ratio was found equal to
4.3.

Picture 1

Conclusions-Future Steps

Lanreotide has been succesfully labelled with Re-188, with the methodology reported.
The radioactive species was found stable in refrigerator. Biodistribution studies showed fast
blood clearance and high gastrointestinal uptake. Cancer cell binding showed no specificity of

Re-Lanreotide for the Colo 205 cell line. However colon cancer, created in experimental188

animals by this cell line, was clearly depicted 2.0 hr after the i.v. injection of
Lanreotide.

188Re-labelled

The other peptide under study, the decapeptide-RGD derivative, has been also
succesfully labelled with Re-188, with the above referred methodology, yielding a single,
stable radiolabelled species. Biodistribution studies showed very fast blood clearance and
complete urine elimination. Cancer cell binding studies are in progress.
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Our future plans are:
• To evaluate in normal mice and rats possible receptor competition of 188Re-

Lanreotide to cold peptide. This will be performed as soon as we receive a new batch
of the peptide.

® To investigate the in-vitro binding in other types of cancer cells and the in-vivo
tumour uptake of 188Re-labelled Lanreotide in other types of gastroenteropancreatic
(GEP) and breast tumours.

® To expand stability studies to incubation of 188Re-Lanreotide with human serum and
to the cystein challenge test.

® To study further the in-vitro binding of 188Re-Lanreotide to several, proper cancer
cell lines.

® Similar in-vitro and in vivo studies as those referred for i88Re-Lanreotide are
planned for the 188Re-RGD derivative.

153Sm-LabelIed Monoclonal Antibodies

Introduction
The radiolanthanide Samarium-153 has physical characteristics, which render it proper

for Radioimmunotherapy, so it has been proposed for MoAbs labelling. It is a beta-emitter
[Emax=640(30%), 710 (50%) and 810 (20%) KeV], emitting also gamma rays of 103.2 KeV
and has a half-life of 1.95 days. In literature MoAbs have been labelled with Sm-153 using
aliphatic or cyclic DTPA derivatives as bifunctional chelates to bind the radionuclide onto
the antibody. In our study till now we have investigated MoAbs labelling, by using DOTA for
the conjugation of the radio lanthanide onto the biomolecule.

Radionuclide Preparation: Samarium-153 was produced in the reactor by irradiation
of enriched 152SmO3, by a neutron flux of 4.81 x 1013 neutrons/cm"2, sec, for five hours. The
radionuclide produced was converted to the respective chloride salt by the addition of a 5.0 N
HC1 solution.

MoAbs Investigated: We have performed our initial labelling studies using the
commercially available polyclonal antibody "Sandoglobuline". Further on, we plan to work
with the MoAb antiCEA, kindly offered by Cuba.

Steps for the labelling of MoAbs with Sm-153:
Synthesis of 1,4,7,10-tetraazacyclododecano-1,4,7,10 tetraacetic acid (DOTA):
DOTA was synthesized by the reaction of chloracetic acid on the sulphuric salt of

1,4,7,10-tetraazocyclododecane, at 5°C, at pH=9-10. The reaction was completed in 24 hr and
after adjusting the pH=2-3 a precipitate was obtained at a final yield of 80-85%.The product
was purified by recrystallization and isolated by filtration.

Study of the labelling of DOTA with Sm-153
Labelling of DOTA with radioactive Samarium was initially investigated for

comparison. In an aqueous solution of the ligand (15mg/ml) at pH=7.0, 153SmCl3 (0.1-1.0
mCi) was added. The reaction mixture was incubated at 80°C for one hour and the pH of the
final solution was adjusted to 7.0 by Phosphate Buffer. Labelling was studied by ITLC-SG, in
NH4OH : H2O.
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Conjugation of DOTA to the Antibodies
For the complexation of DOTA with the antibody one carboxylic group was activated

through N-succinic ester. The ester was formed in 24 h, by reacting DOTA to N-succinic ester
at room temperature and at a ratio of 1:1.

A quantity of the above solution was added to an antibody solution (3mg/ml) in
phosphate buffer pH:8.0, so that the molar ratio of Ab:DOTA is 1:15. The mixture was stirred
at room temperature for two hours and was purified from unreacted DOTA by gel filtration
(on a Bio-Gel P30 column), using 0.9% NaCl with 0.02% NaN3, for the elution. Spectroscopic
examination of all the eluted fractions at 280nm permitted antibody monitoring. For further
elimination from any DOTA excess, the fractions containing the antibody were mixed
together and dialysed for 24 hr at 4°C against 3 changes of 0.9% NaCl with 0.02% NaN3 and
further for other 24 hr against sodium citrate buffer, pH:5.0. The final solution, containing
congugated DOTA-Ab was aliquoted to 1.0 mg fractions and freezed.

Samarium-153 labelling of theConjugate DOTA-Ab
To a fraction of DOTA-Ab a solution of 153SmCl3 (5-20 mCi) was added. pH was

adjusted to 7.0 and the mixture was left to react at room temperature for a period from 3.0 to
48 hours, in order to find out the optimum labelling conditions. Purification of the 153Sm-
labelled conjugate was performed by gel filtration, on a Bio Gel 30 column, eluted with NaCl
0.9%. One ml fractions were collected and counted in a gamma counter. By this purification
procedure the % yield in labelled antibody can be calculated as well.

In-vivo Evaluation
Initial, comparative bio distribution experiments were performed in normal, female

Swiss mice weighting 25-30 gr. In three different animal groups, of five mice each, 153Sm-
DOTA, 153Sm-DOTA-Ab and 153SmCl3 were injected intraveniously in the tail vein. Animals
were sacrificed four hours p.LThe study was performed as reported above for the ! ̂ Re-
labelled peptides.

Results
Synthesis of DOTA
The ligand was synthesized with an overall yield 80-85%. The product synthesized was

identified by its melting point (280-282°C), as well as by spectroscopic methods, as follows:

Infra Red Spectroscopy (KBr): Absorption at: 3429.1, 1709.8,1154.3, 619.5 cm-1
}H-NMR (D2O): 3.72, 3.25 ppm

Study of theLabeling of DOTA with Sm-153
Labelling of DOTA was evaluated by Instant Thin Layer Chromatography on Silica Gel

(ITLC-SG) using NH4OH :H2O, 1:25, as solvent system. Rf values were 0.0 for 153SmCl3 and
0.9-1.0 for 153Sm-DOT A.

Conjugation of DOTA to the Antibodies
Gel filtration lead to isolation of the conjugate Ab-DOTA from any excess of the ligand,

as presented in Fig.2.

46



s
a

©

are

o

0

-0,2
(I 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Fraction No

Fig 2: Ab-DOTA Elution Profile

Samarium-153 labelling of The Conjugate DOTA-Ab
Studying the labelling conditions we have found that the pH of the final solution plays

an important role to the yield of labeling. At pH values lower than 5.0 we have no labelling.
Also, the incubation period of the conjugate of DOTA-Ab with 153Sm is an important factor
for good labelling. Thus, a labelling yield of 40% was obtained three hours after the addition
of the radionuclide to the conjugate. This value increased to 60%, for the time interval of 24
hours to reach the 75-85% at 48 hours. Column purification was very efficient, as presented in
Fig.3. So even at the 24 hours period the
isolated and used.

153Sm-DOTA-Ab, more than 95% pure, can be
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Fig. 3:i53 Sm-DOTA-Ab Elution Profile

Instant Thin Layer Chromatography (ITLC), by the system referred before, showed that
153SmCl3 and the conjugate153Sm-DOTA-Ab remain at the origin of the chromatogram, while
153Srn-DOTA has Rf=1.0. Non unconjugated 153Srn-DOTA was detected in the final solution,
even before column purification.

Preliminary results of the comparative in-vivo evaluation study are presented in Fig. 4,
for lidSmCl3, 15JSm-DOTA and I3jSm-DOTA-IgG.
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As it can be observed153Sm-DOTA is mainly eliminated by the renal system, while the
radiolabelled antibody presents liver accumulation. We are trying to evaluate if this high
reticuloendothelial (RES) uptake is the normal antibody behaviour or it is due to in vivo
formation of Sm colloids. Other investigators, having observed similar in-vivo behaviour of
153Sm-labelled antibodies, consider it as a combination of both antibody binding and in-vivo
dissociation effects.
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Conclusions-Future Steps

The method applied and presented above seems to give satisfactory results for the
radio labelling of antibodies with Samarium-153. However some points have still to be
clarified. So the following experiments are planned:

1. To examine by Polyacrylamide Gel Electrophoresis (PAGE) the protein, for possible
damage due to the labelling conditions.

2. To identify the obtained radioactive species and examine the purity of the final product
also by High Performance Liquid Chromatography.

3. To check the stability of the 153Sm-labelled IgG at different temperatures, as well as in the
presence of human serum and of cystein.

4. To study, in a similar way, the preparation of 153Sm-antiCEA or of any other MoAb
available.

5. To investigate the biodistribution of 153Sm-antiCEA in tumour bearing nude mice, in
comparison to ""Tc-antiCEA, already studied for radiodiagnosis.

We also plan to study comparatively 153Sm-labelling of antibodies using DTPA as
indermediate exchange ligand.
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mRe-LabeIled Monoclonal Antibodies

Introduction
For the labelling of antibodies with Re-188 we have worked till now with IgG

commercially available. Both perrhenate and the antibody were reduced, according to
literature procedures.

Experimental
Na 188ReO4 Reduction: Metal reduction was performed as reported for the peptides

labelling and it was complete within 90 min.

Antibody Reduction and Labelling: For the partial reduction of MoAbs and the
formation of some sulphydryl groups the antibody was reduced by ascorbic acid, as follows:
• To one ml of an antibody solution (1.0 mg/ml) an ascorbic acid (AA) solution was added,

containing 4.0 mg AA in 100 ul water. pH=3.0-3.5.
« Incubation at Room Temperature for 60 min.
• To the reduced antibody 1.0 ml of the reduced perrhenate was added.
• Incubation for 3 to 5 hrs at 37°C.

• Staying overnight at Room Temperature.

Radiochemical Study: Antibody labelling was followed by ITLC-SG in 2M urea.

Results
The above reported procedure resulted in high yield (> 93%) of 188Re-labelled IgG. In

the chromatographic system tried mRe-IgG had Rf=0.0 while for 188Re-perhenate the Rf
value was 0.9-1.0. Increasing the incubation period from 3 to 5 hours, at 37°C, did not
increase further the yield.

Future Steps

• Chromatographic (HPLC) study of 188Re-IgG, to evaluate further the labelling
procedure.

• Preparation of 188Re-antiCEA.
• PAGE studies of the 188Re-labelled antibodies, to evaluate possible protein damage,

by the labelling system.
• Biodistribution evaluation of the 188Re-labelled antibodies
• Investigation of tumour uptake of 188Re-antiCEA in tumour-bearing animals.

Animal Models- Small Animals Imaging Devices

For bringing forward our studies, we have started to evaluate the radiolabelled
derivatives to be used in Oncology, in tumour-bearing animals. Although similar studies are
widespread abroad, it is the first time that they take place in Greece. Thus, making use of an
already existing colony of nude mice, we have created ectopic animal models for colon cancer
and small cell lung carcinoma as well as for epithelial cancers. In these models we have
evaluated, successfully, 99mTc- and 188Re-labelled peptides and antibodies. Presently, we are
trying to develop and evaluate, comparatively, orthotopic tumour models as well.

For the time being our scintigraphic studies are performed using the pinhole collimator
of the Sopha gamma camera of "Alexandra" University Hospital. At the same time and in

50



collaboration with the Accelerators Institute of Athens University, we are trying to develop an
experimental gamma camera, for small animals imaging. In Picture 2 we report, for

188Tcomparison with Picture 1, the image of the same nude mouse injected with Re-Lanreotide.
This image was obtained in the experimental ganima camera of Athens University.

200

150

100

50

Picture 2

51



REFERENCES

1. "Mauritius": Animal and human biodistribution and tumour localization" I.Virgolini,
LSzilvasi, P.Smith-Jones et al EurJNuclMed 24: 874(1997)

2. "DOTA-lanreotide: a novel somatostatin analog for tumour diagnosis and therapy" P.M.
Smith-Jones, Bischop C , Leimer M et al. Endocrinology 140:5136-5148 (1999)

3. 'Treatment of advanced pancreatic cancer with the long-acting somatostatin analogue
lanreotide: in vitro and in vivo results" Raderer M., Hamilton G., Kurtaran A. et al. Br J
Cancer 19: 535-537 (1999) :

4. "Successful treatment of an advanced hepatocellular carcinoma with the long-acting
somatostatin analog lanreotide" Raderer M., Heijna M.H., Kurtaran A. et al Am J
Gasreoenterol 94: 278-279 (1999)

5. "Response to treatment with yttrium-90 DOTA-lanreotide of a patient with metastatic
gastrinoma" Leimer ML, Kurtaran A., Smith-Jones P. et al. J Nucl Med 39: 2090-2094
(1998)

6. "Indium- 111-DOTA-lanreotide: biodistribution, safety and radiation absorbed dose in
tumour patients" Virgolini I., Szilvasi I., Kurtaran A. et al J Nucl Med 39: 1928-1936
(1998)

7. "Rhenium-186-Labelled Monoclonal Antibodies for Radioimmunotherapy: Preparation
and Evaluation" E.John, M.L.Thakur, J. DeFulvio et aljNMed 34:260-267 (1993)

8. "Direct radiolaleling of Monoclonal Antibodies with generator-produced Rhemium-188 for
Radioimmunotherapy: labelling and animal biodistribution studies" G.L Griffiths,
D.M.Goldenberg, F.F.Knapp, Jr, et al Cancer Research 51: 4594-4602 (1991)

9. "Breast cancer imaging with radiolabelled peptide from complementary determining
region of antitumour antibody" G.B. Sivolapenko, V. Douli, D.Pectasides et al The Lancet
346:1662-1666(1995)

10."Radiochemical and radiobiological evaluation of a synthetic peptide labelled with 99nTc"
B.Costopoulos, A.D.Varvarigou, G.Sivolapenko et al, 8th International Congress of
ISORBE, Nucl Med Com 18: 474(1997)

11.KEvaluation of a decapeptide labelled with Tc-99m in experimental thrombi detection* B.
Costopoulos, A.D. Varvarigou, L. Leontiades, G. Evangelatos, G. Sivolapenko, A.
Epenetos and S.C. Archimandritis, Norway (1999)

12."Labeling of Monoclonal Antibodies with Samarium-153 for combined
radioimmunoscintigraphy and radioimmunotherapy" G.R.Boniface, M.E.Izard,
K.Z. Walker, et al J N Med 30:683-691 (1989)

13."Pharmacokinetics and biodistribution of Samarium- 153-labelled OC125 antibody coupled
to CITCDTPA in a xenograft model of ovarian cancer" F. Kraeber-Bodere, A. Mishra, Ph.
Thedrez etal, EurJNuclMed 23: 560-567 (1996)

14."Chelating agents for the binding of metal ions to antibodies" C.F.Meares / Nucl Med
Biol 13:311-318 (1986)

15."Nuclear Magnetic Resonance Spectroscopy of lanthanide complexes with tetraacetic
tetraaza macrocycle. Unsual conformation properties" J.F. Desreux Inorganic Chemistry
19: 1319-1324(1980)

^."Samarium-153 chelate localization in malignant melanoma8 J.H.Turner, S.A.Martindale
G.Charmaine de Witt et al Eur J Nucl Med 13: 432-438 (1987)

52



XA0054815

Development of Radioactively Labelled Cancer Seeking
Biomolecules for Targeted Therapy
Principal Investigator: M.R.A. Pillai, India

INTRODUCTION

The work done towards the development of bifunctional chelating agents, modified
peptide and their radiolabelling studies with 90Y and 188Re are reported. Bifunctional chelating
agents DOTA, TETA and DAHPES were synthesised. DOTA-Lanreotide (Mauritius) was
synthesised from lanreotide. 90Y and 188Re used in the studies were obtained from 90Sr-90Y
and 188W-188Re generators. Complexation studies of DOTA and Mauritius with 90Y and that
of DAHPES and EC with 188Re were carried out. Cell labelling of 90Y-DOTA-Lanreotide with
a cell line expressing somatostatin receptors was also carried out.

Experiments and Results

Synthesis of DOTA
I,4,7,10-Tetraazacyclododecane-N,N',N",N"' tetraacetic acid (DOTA) was

synthesised in four steps (1). The synthetic route involved the use of inexpensive starting
materials. The first step involved the tetra-tosylation of triethylene tetramine by using p-
toluene sulphonic acid in acetonitrile in the presence of triethylamine. The tetratosylate was
condensed with dibromoethane in dimethyl formamide as the solvent and K2CO3 as the base,
to yield the tetratosylated cyclen. Following the cyclisation reaction, detosylation was effected
by using cone. H2SO4 to yield 1,4,7,10-tetrazacyclododecane, (cyclen) the key synthon. In the
fourth and final step, cyclen was derivatized to DOTA using chloroacetic acid. The yield of
the reaction was about 20%. In another procedure, cyclen disulphate was converted to DOTA
via a one step reaction involving the liberation of cyclen in alkaline medium and its
subsequent conversion to DOTA with chloroacetic acid. All the reaction conditions have been
standardized and the intermediates were identified with the help of TLC in suitable solvents.
The intermediates and the final products were characterized by FT-IR and high-resolution 1H-
NMR spectroscopy. *H-NMR, D2O, 8 ppm) 2.44, 2.67 (16 H, broad singlet, -CH2 of cyclen)
3.12 (8H, singlet, -CH2COOH)

Synthesis of TETA
1,4,8,11-tetraazacyclotetradecane (cyclam) was derivatized to the tetracarboxylic acid

derivative, 1,4,8,1 l-tetraazacyclotetradecane-N,N',N",N'"-tetraceticacid (TETA) in a single
step (2). The procedure involved the reaction of cyclam with five equivalents of chloroacetic
acid in aqueous NaOH (pH 10) at 70°C for 48 h. Monitoring the progress of the reaction was
done using TLC in 40% NH4OH in methanol wherein the product appeared at Rf -0.9. The
pH of the reaction was also checked from time to time and was maintained at 10 by addition
of 1 N NaOH solution. On completion of the reaction, the reaction mixture was concentrated
in vacuum. Neutralization of the reaction mixture was done with concentrated HC1 and further
concentration afforded the product as a semi-solid residue. The *H-NMR spectrum of the
product confirmed the formation of the N-substituted tetraacetic acid. ^-NMR (D2O, 8 ppm)
1.94 [4H, broad quintet, >N-CH2-CH2-CH2N<], 3.16 [8H triplet, J= 6.02Hz, >N-CH2-CH2],
3.23 [8H singlet, >N-CH2-CH2-N<], 3.49 [8H, singlet, -CH2COOHJ.
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Synthesis of DOTA-Lanreotide (Mauritius)
The synthesis of Mauritius was carried out in a 3-step reaction using Lanreotide

(Pichem) and locally synthesised DOTA (3). The reaction in the first step involved the
protection of the free amino residue of lysine with di-t-butyl dicarbonate (BOC-anhydride) to
yield BOC-LAN. In the second step, the peptide bond formation was effected via the
formation of the N-hydroxy succinimide ester of DOTA in the presence of DCC as the
condensing agent. The BOC-LAN-DOTA conjugate was formed at the fJ-naphthyl amino
residue of terminal alanine moiety. The final step involved the de-blocking of the BOC
protected -NH2 group to yield the product LAN-DOTA. The deprotection was carried out in
methylene chloride using trifluoroacetic acid. TLC in 40% NH4OH in methanol and
CH2Cl2:MeOH:CH3COOH (18:1.8:0.2) provided indication of the formation of the target
molecule.

Synthesis ofN2S2 Ligand
A novel tetradentate ligand 5-hydroxy-3,7-diazanonan-l,9-dithiol with N2S2 donor atom

sets and a derivatizable substituent in the form of hydroxyl group in the backbone were
synthesized. The designing of this ligand was envisaged bearing in mind that the
incorporation of the hydroxyl group would enable covalent coupling with receptor specific
molecules. The synthesis was achieved via a mercaptoethylation procedure involving
nucleophilic opening of ethylene sulphide using l,3-diamino-2-hydroxypropane in refluxing
toluene under nitrogen atmosphere for 24h (4). The reaction mixture after work up was
purified over silica gel using 2.5% ammonium hydroxide in methanol as eluent. !H-NMR
(CD3OD, 8 ppm) 2.64-2.71 [2H, dd, -NH-CHAHB-(CHOH)], 2.79-2.93 [6H, multiplet, NH-
CHAHB-(CHOH) and NH-CH2-(CH2SH)j, 3.16 [4H,triplet, J=5.4Hz, -CH2SH], 3.65-3.80 [1H
multiplet, -CH(OH)]; IR (KBr) v cm"1 3364 (-NH), 2960 (-SH); MS (El) m/z 210 (M+)

Complexation Studies With 90Y
90Y used for radiolabelling was obtained from a 90Sr-9OY generator system working on a

supported liquid membrane technology. 90Y was obtained as 90YCl3 (2 mCi in 5 ml) in 0.5 N
HC1. 90Y obtained was evaluated for Sr impurity by following its decay over 10 half lives
(~30d). No detectable 90Sr were found. 0.5 ml (0.2 mCi) of 9OYC13 was mixed with 0.1 ml of 5
M sodium acetate solution to convert 9OYC13 to

 90Y(CH3COO)3

Preparation of^Y-DOTA Complex
One mg/ml (2.54 mM) solution of DOTA was prepared by dissolving DOTA in DDW.

100 \xL of 90Y(CH3COO)3, and 25 piL (25 (ig) of DOTA solution was mixed together and the
pH of the solution was adjusted to 6-7.5 using either NaOH or NaHCO3 buffer. The reaction
volume was adjusted to 300 JLLL and incubated at 3 h at 37 °C or for 4 h at room temperature.
Complex yield was estimated by PC by using pyridine:ethanol:water (1:2:4) system, in which
uncomplexed 90Y remained at the point of spotting whereas, 90Y-DOTA complex moved
towards the solvent front.

Complexation studies were carried out with different amounts of DOTA and at different
pH. ^ was used as acetate for complexation. Complexation yields of >90% were obtained
with 25 (ig of DOTA and at pH 6-7.5.

Preparation of^Y-DOTA-Lanreotide
DOTA-Lanreotide (Mauritius) synthesized locally, was used for the present studies. To

25 \xg of DOTA-lanreotide (in dried form) 100 \xh of 90Y(CH3COO)3 was added and the pH
was adjusted to 6 by the addition of NaHCO3 buffer. The reaction mixture was incubated for
3h at room temperature. PC using pyridine:ethanol:water (1:2:4) and ITLC using 4 mM
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EDTA solution were carried out. 90Y-acetate remains at the point of spotting in PC whereas it
is expected to move towards the solvent front in ITLC. 90Y-DOTA moved to solvent-front in
both PC and ITLC. 90Y-DOTA-lanreotide is expected to remain at the point of application in
both the chromatography system. Hence, the activity, which remained at the point of spotting
in ITLC should correspond to 90Y-DOTA lanreotide. The labelling yield calculated by this
method for DOT A-lanreotide in one of the batches was about 70%.

Cell Labelling Studies
The cell line A-431, an epidermal mammary carcinoma cell line, was obtained from

Cancer Research Institute, Mumbai. This cell line expresses somatostatin receptors (5). The
cells were grown in DMEM supplemented with glutamine, antibiotics and 10% heat
inactivated FCS. Cell cultures were maintained in 5% CO2 in air. The cells were fed 3 times
per week and split 1:3 ratio using 1 ml of 1:10 diluted trypsin solution.

A twenty four well plate was coated with 104 cells per well 20 h prior to the experiment.
On the day of the experiment, the medium was removed and the wells were washed twice
with binding buffer (DMEM containing 1 mg/ml BSA). Cells were fixed in 10%
formaldehyde solution (prepared by dilution of 30 % formaldehyde in PBS), 1 ml/well was
added, kept for ten minutes, aspirated, washed twice with binding buffer). All the dilutions of
reagent solutions were prepared in binding buffer. 0.2 ml ( ~1 kBq) of 90Y-DOTA-lanreotide
was incubated for 1 h at 37°C with the cells. After incubation, the supernatant was discarded,
wells were washed twice with binding buffer. Cells were lysed with 0.3 ml lysis buffer (0.01
M tris HC1 containing 0.05% EDTA and 0.5% SDS pH 6 to 7). The amount of activity
associated with the cells was counted in a liquid scintillation counter and compared with the
total activity.

35% of the 90Y-DOTA Lanreotide was taken up by the cells, whereas only 3.6% of 90Y-
DOTA was taken by the cells under identical conditions. However, when 90Y-acetate was
incubated with the cells about 36% of the activity was taken up by the cells. Hence, the results
will be conclusive only when it is proved that the 90Y-DOTA-Lanreotide was free of any 90Y-
acetate.

Preparation ofTETA with 90Y
Complexation studies of 90Y with TETA were unsuccessful, despite studying different

reaction conditions. This is not altogether unexpected, as matching of the cavity size of the
macro molecule with that of the ionic size of the complexing metal is essential to get good
complexation yields. Complexation of TETA with 64Cu/67Cu will be pursued.

mW-mRe Generator
A 188W-188Re generator (25 mCi at the time of receipt) was obtained from MAP

Technologies. The 188ReO<f eluted from this generator was used for labelling studies. The
initial activity as estimated by gamma ray spectrometry was -22 mCi. The generator was
eluted about 20 times during the three months period. Difficulty in elution was observed
towards the end of the studies.

mRe-DAHPES and mRe-EC
The 188ReO4" was used for labelling studies with DAHPES, Ethylene Cysteine and some

of the phosphonate ligands. Complexation yield of 94% could be obtained when 188ReO4~ (and
50 \ig of Re carrier) was reduced at pH 2 in the presence of 2.5 mg of DAHPES with 10 mg
of stannous chloride. The complexation reaction could be carried out at room temperature.
Labelling of EC was done by reducing 188ReO4" with 2 mg of SnCl2 in the presence of 4 mg of

55



EC at pH 2. The reaction could be completed (-98-99%) by heating the reaction mixture to
100°C for 30 min.

CONCLUSIONS

The synthesis of DOTA and TETA could be achieved. DOTA-Lanreotide was
synthesized, however, further work will be needed for ascertaining the purity of the product
and its utility for labelling with 90Y. Preliminary indications are that DOTA-Lanreotide can be
labelled with 90Y (70% yield). 36% of 90Y-DOTA-Lanreotide was taken up by the Cells,
A431. However, the results need more careful evaluation. The diamino-dithiol ligands,
DAHPES and EC, labelled 188Re (94% and 99%, respectively). Higher amounts of ligands (2-
4 mg) are needed for labelling studies and hence their utility in peptide labelling at very small
concentrations of peptide is doubtful.

Description of Future Tasks

One more batch of DOTA-Lanreotide will be attempted. The present 90Sr-90Y generator
is being scaled up. Labelling of DOTA-Lanreotide with 90Y, cell labelling studies and
possibly biodistribution in tumour induced mice will be attempted. Conjugation of DAHPES
ligand with carrier molecules will be attempted. Labelling of bio-molecules with 188Re will be
carried out.
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Development of Radioactively Labelled Cancer Seeking Biomolecules for Targeted
Therapy

Principal Investigator: Marco Chinol, Milan, Italy

Different tumours, classically defined as neuroendocrine, contain high concentrations of
type 2 somatostatin receptors (SSTR2) suitable to in-vivo localization of the tumours and
their metastases using In- 111 labeled somatostatin analogue scintigraphy. Besides
neuroendocrine tumours, somatostatin receptors have also been identified in tumours of the
central nervous system, breast, lung and lymphatic tissue. These observations served as the
biomolecular basis for the clinical use of radiolabeled somatostatin analogues, which, at
present, are of great interest in oncology for diagnostic and peptide receptor radionuclide
therapy applications. We have developed a new somatostatin analogue containing the metal
chelator DOTA, [DOTA-D-Phe'-Tyr^octreotide, named DOTATOC, which has shown
favourable characteristics for therapeutic use: high affinity for somatostatin subtype receptors
SSTR2 and SSTR5, high hydrophilicity and ease of labeling and stability with In- 111 and
with Y-90.

In fact, for trivalent metallic radionuclides such as n iIn and 90Y, the 12-membered ring
l,4,7,10-tetraazacyclododecane-N,N',N",N'"-tetraacetic acid (DOTA) macrocyclic chelating
agent has shown enhanced thermodynamic and kinetic stability relative to an open-chain
analogue. The metal complexes are remarkably stable, especially with yttrium, under
physiological conditions and conjugation reactions have been optimized for the linkage of
DOTA to monoclonal antibodies and peptides.

A preliminary clinical trial aimed at evaluating the biodistribution and dosimetry of
DOTATOC radiolabeled with 1HIn was undertaken in anticipation of therapy trials with °Y-
DOTATOC. Twenty patients with neuroendocrin tumours were injected with about 200 MBq
of mIn-DOTATOC. The patients were hospitalized for 3 days in order to collect all the
necessary data and perform the scintigraphic examinations. A complete urine collection and a
series of blood samples were withdrawn in order to study pharmacokinetics. The activity in
the samples was determined by a y-counter. Biodistribution was evaluated by scintigraphic
images: planar images with anterior and posterior views were acquired 1,3,24,48 h p.i., and
SPECT images were acquired 3 h p.i.

Whole body images were analyzed with the conjugate view method in order to evaluate
the biodistribution of the tracer. ROIs were drawn around source organs (namely spleen, liver
kidneys, lungs, tumours) and counts were corrected for background, attenuation and physical
decay and converted in %ID vs time, so that time-activity curves for source organs were
obtained.

The niIn-DOTATOC showed favorable pharmacokinetics (fast blood clearance and
urinary excretion) and biodistribution, and high affinity to tumours expressing somatostatin
receptors (thus a high residence time in tumour). These results have been considered very
promising for therapy trials with 90Y-DOTATOC, for which radiation dosimetry appears to be
acceptable for normal organs (including the red marrow).

The encouraging results of this dosimetric study have prompted us to explore the best
labeling conditions of DOTATOC with 90Y. The labeling procedure has now been optimized
as follows:
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- to 30 |ig of DOTATOC, 150 |il of 0.4 M Na Acetate/ Gentisic acid (6.0 mg) pH = 5.0
are added. Then, 1.15 GBq (31 mCi) of Y-90 (usually in a volume of 50 |il of 0.04 M HC1)
are added into the conical vial containing the peptide. The mixture is incubated for 25 min. at
90 °C.

An aliquot is then removed, added with 20 |il of 1.0 mM DTPA solution, and the
presence of free Y-90 determined by Sep-Pak Cis cartridge and HPLC analysis.

Using this method, we routinely achieve a labeling yield > 98% with a specific activity
> 60 GBq (1.6 Ci)/ jimol.

A phase I-II therapy trial has been initiated at the European Institute of Oncology in
Milan, recruiting twenty eligible patients referred to us after conventional treatments for
histologically confirmed malignant tumours.

The 90Y-DOTATOC in 100 ml of physiological saline was injected intravenously (i.v.)
over a period of 10-15 minutes.

A horizontal protocol, consisting of a sequence of three equal administrations in the
same patient, was followed. Briefly, the first 5 patients received 30 ug of DOTATOC labeled

90
with 1.1 GBq of Y for three cycles in a period of 6 months. A second group of 5 patients

90

received 40 |ig of DOTATOC labeled with 1.5 GBq of Y for the same number of cycles.
The other two groups of 5 patients were treated with 50 jig of DOTATOC labeled with 1.8

90 90

GBq of Y and 60 jig of DOTATOC labeled with 2.2 GBq of Y respectively.
The patients were hospitalized for 2-3 days after the therapeutic dose. Laboratory tests

were performed prior to therapy and thereafter every two weeks to evaluate haematological
changes, liver and renal function.

All of the patients tolerated all the three cycles of therapy at the intended dose. Patients
showed no acute or delayed major (grade 3 and 4) adverse reactions after the intravenous
injection of 90Y-DOTATOC up to a maximum dose of 2.2 GBq per cycle.

No major haematological toxicity (grade 3 and 4) was reported; in the range of 3.3 and
4.4 GBq, the majority of patients were in the grade 0-1 range. The majority of patients had no
acute kidney toxicity, although two patients showed grade 1 and one had delayed grade 2
toxicity.

The overall therapeutic results, according to WHO evaluation, showed that five patients
(25%) did not respond to therapy, eleven (55%) had minor or stable disease and four (20%)
showed substantial tumour regression (CR/PR) for a follow-up period of 2-6 months.

In conclusion, the results of this pilot therapeutic study confirmed the possibility of
delivering high radiation doses to the tumour using Y-DOTATOC and objective therapeutic
responses were observed. Promising methods of reducing uptake in some organs (specifically
kidneys) are under study and will probably allow to further increase the administered 90Y-
DOTATOC dose.
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Development of Labelled Biomolecules for Targeted Radiotherapy
Principal Investigator: Consuelo Arteaga de Murphy, Mexico

INTRODUCTION AND OBJECTIVES

The scope of the co-ordinated research project (Dec 15 1997) included the following
activities: 1) develop coupling techniques using bifunctional chelating agents for monoclonal
antibodies and peptides, 2) optimised radio labelling procedures and reaction parameters using
Sm-153 and Re-188, 3) investigate direct methods of labelling monoclonal antibodies and
peptides with Re-188. 4) initiate animal distribution studies.

The modifications specified for the period 1999/02/15 to 2000/02/14 are as follows: a)
continue with the optimisation of Re-188-peptide labelling, b) continue with the work to
prepare a kit, c) in-vivo and in-vitro studies, d) lanreotide labelling.

The group formed by researchers from several Mexican Institutions have worked
together and in different aspects of the CRP in order to fulfil the proposed aims (our published
work listed).

Work Fulfilled

I. Antibody labelling:
a) A freeze-dried kit formulation for the preparation of Tc-99m-monoclonal antibody

against human colorectal cancer was developed Nucl Med Biol. 1994; 21:1013-
1016.

b) A new Tc-99m method for labelling human IgG using phosphine reduced
Sandoglobulin was reported. J Radioanal Nucl Chem 1997; 220:41-45.

II. Rhenium labelling of antibody, antibody fragments and peptide was reported:
a) Different kit formulations for the direct labelling of a monoclonal anti

body(MoAb IOR CEA1) were prepared using EHDP as a weak coupling agent.
The work was done also with antibody-fragments. The published paper describes
the formulation conditions and the radiochemical purity of a useful procedure.
RadiochimicaActa 1997;79:63-70.

b) Work on a specific monoclonal antibody (MoAb ior cea 1 from Cuba) and its
F(ab)2 fragments by the avidin-biotin strategy has been published in Nucl Med
Biology 1999; 26:57-62.

c) Complete information about direct Re-188 labelling methodology for a • -
naphthyl peptide are found in IntJPharm. 1999; 182:163-172.

d) Work on rhenium labelling of lanreotide, chosen at the first RCM, and animal
biodistribution is detailed in the paper "Uptake of 188Re-lanreotide in cervical
carcinoma tumours in athymic mice", mentioned below.

e) Animal studies have been performed with the labelled antibodies, antibody
fragments and with the Re-188-lanreotide.
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III. Samarium-153 Labelling
a) Sm-153 radio labelling procedures and reaction parameters using DTP A (cyclic

anhydride), used as a bifunctional chelating agent, with biotin were reported in
Bioconjugate Chemistry 1999; 10:726-734.

b) Biodistribution and pharmacokinetic studies in normal mice are also reported in
in the Bioconjugate Chemistry paper above mentioned.

The activities fulfilled have been published in scientific journals (reprints are enclosed).

Report on Work Carried Out on "Uptake Of 188re-Lanreotide in Cervical
Carcinoma Tumours In Athymic Mice"

Abstract

Radiolabelled somatostatin analogues have been used in diagnostic and therapeutic
nuclear medicine to treat cancerous tumours. A 188Re-peptide was formulated and
characterized. The biodistribution of the labelled Lanreotide, a cyclic octapeptide, D-D-Nal-
Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-amine, was studied in Balb-C mice and in tumour bearing
nude mice. The microscopic study of the implanted tumour indicated that the cervical tumour
of human origin was malignant and of epidermoid origin. The immuno-histo-chemical study
was positive for cytokeratins and Vimentin. Mean uptake of m R e labelled peptide in the
implanted cancer tumour was 5.8% + 5.4% and was cleared via the hepato-biliary system.
The MRT was 2.49 h, rapid distribution constant • was 2.1 1/h, slow elimination constant D
was 0.28 1/h and an apparent volume of distribution of 21.5 mL. The estimated internal dose
is 9.67 ± 7.7 Sv/g/37MBq.

INTRODUCTION

The proposed work, outlined by IAEA in february 1999, for our research project was to
continue with the optimisation of radio labelling conditions of peptides with rhenium-188, to
label lanreotide and carry out in-vivo and in-vitro studies with this new radiopharmaceuticaL

Taylor et al in 1988 reported that the somatostatin receptor analogue peptide D-(2-
naphthyl)-d-ak-cys-tyr-d-trp-rys-val-cys-thr-amide, (D-naphthyl), can inhibit, in vitro and in
vivo, growth of the human small cell lung carcinoma. Recently, it was reported that
radiolabelled lanreotide, 9°y-dota-lanreotide, has been used for treatment of somatostatin
receptor expressing tumours.

The human papillomavirus, HPV proteins are tumour specific antigens strongly
associated with cervical cancer. The HPV 18 DNA is a high-risk cancer associated type and
has been detected in cell lines like HeLa cells. HeLa cells, of epithelial origin and originally
derived from an epidermoid carcinoma of the uterine cervix, progress uninterruptedly through
the cell cycle.

If the D-naphthyl peptide has affinity for epidermoid poorly differentiated small lung
cells it could have affinity for cervical cancer cells which are also epidermoid of the poorly
differentiated variety. Therefore, the object of this work was to label lanreotide with 188Re, by
a direct method, and to study its biodistribution in normal and tumour bearing nude mice.
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Materials and Methods

Peptide Labelling
The DD-D-Nal-Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-amide, (lanreotide) (pi-Chem) was

rhenium labelled by a direct method using stannous chloride to reduce rhenium(VII) and 1-
hydroxyethylidene-l,l-diphosphonate HEDP as a weak competing ligand. The 188W-188Re
generator (MAP Medical Technologies Oy) was eluted with 0.9% sterile saline and the
radioactivity was assayed in a CAPINTEC dose calibrator. Approximately 225 MBq 188Re(V
were added to the vial containing the peptide mixture. The reaction was carried out at pH 1.7-
3 and 1.5 h incubation in a boiling water bath (92°C). Quality control was determined by a
combination of instant thin layer chromatography (ITLC) and high performance liquid
chromatography (HPLC). The ITLC-SG systems, in 1 x 10 cm strips, were 0.9% NaCl,
acetone and, acidified ethanol (10% HC1 0.001 N). Size exclusion (HPLC) employing a
ProteinPak 125 gel filtration column (Waters) with photodiode array detector and the mobile
phase was 0.1 M phosphate pH 7.4 at a low rate 1.5 mL1 was used. Reverse phase HPLC
with a DBondapak C-18 column with 0.1% TFA-H2O and 0.1 % TFA CH3-Cn/H2O pH 2 was
also used.

Cell Culture
HeLa cells were routinely grown by incubation at 37°C and with 5% CO2 atmosphere

and 100% humidity in Dulbecco's modified Eagle's medium (DMEM) supplemented with
10% newborn calf serum and antibiotics: 100 units/mL penicillin and 100 Dg/mL
streptomycin.

Assay of Tumour-Forming Susceptibility in Athymic Mice
Tumour forming ability of the HeLa cells was determined by subcutaneous injection of

lxlO6 cells resuspended in 0.2 mL of phosphate buffered saline, into the flanks of 4-6 week
old nude mice. The sites of injection were observed at regular intervals for the appearance of
tumour formation and progression.

Indirect Immunoperoxidase Studies
Formalin-fixed and paraffin-embedded sections of tumour, taken from one mouse were

prepared for immunohistochemical study according to the labelled streptavidin-biotin method.
Primary antibodies were Chromogranine (CGr), Neuron Specific Enolase (NSE),
Somatostatin (Som) Synaptophysin (Syn), Gastric Releasing Peptide (GRP), Serotonin (Ser),
Vimentin (Vim), Cytokeratin cocktail (CKHG) and Cytokeratin AE1-AE3. Sections were
stained for colloidal iron, Periodic Acid Schiff, Grimelius and Churukian Schenck. Negative
and positive controls were used.

Animal Studies
Tumour uptake, biodistribution, radiopharmacokinetic studies and dosimetry estimates

in male mice were done according to the rules and regulations of the Institute for handling
experimental animals.

Three 4-6 week old athymic tumour bearing mice with an average weight of 25 g were
compared with 7-8 week old, 25 g, normal Balb-C mice (n=21). The animals were maintained
at constant temperature, humidity and light until the dose was injected and were fed ad
libitum before and after the study. The 3.7 kBq (0.1 mL) dose of the 188Re- lanreotide was
injected into the tail vein of the mice. Twenty four hours later the mice were anaesthetized in
a gas chamber with CO2. While tied on a surgical board blood was taken from the heart by
cardiac punction with a disposable syringe and a midline cut exposed the organs. Heart, lung,
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liver, spleen, kidneys, muscle, the femur from the right hind leg and the whole tumour were
extracted. The organs were saline washed, blot dried, placed in pre-weighed test tubes and
then weighed again. The radioactivity was determined in a well type scintillation detector and
the net counts per minute were used to calculate %/g tissue. Pharmacokinetic parameters for a
two open compartment were determined in the Bal-C mice and internal dosimetry was
estimated with the MIRD software.

Theoretical Methodology
The computational analysis was made on an Indigo 2 workstation with R10000

processor of Silicon Graphic Inc. And applying the Cerius software of Molecular Simulation
Inc. A model was generated with all the corresponding conditions of hybridization bonding
and atomic distribution for the complex. A geometric analysis was done on the labelled
lanreotide molecule by energetic principles using the classic molecule mechanics (MM)
method of force field (FF) and generated 3 configurations.

The most stable and with the minimun potential energy was used to apply a quantum
mechanics calculation and ab initio analysis to optimise the geometry configuration and to
identify charge density distribution.

Results and Discussion

Peptide Labelling
The final formulation included 2.1 mg of SnCl2; 18 mg HEDP; and lanreotide 0.27 mg.

The radiochemical purity of the 188Re-lanreotide determined by ITLC was 91 % ± 2% at pH
2.5-3.0 and 95% - 98% at pH 1.7-1.8.

The complex was stable in vitro for 24 h and no radiolytic degradation was observed
with HPLC. Retention time for the complex was 20-21 min in the size exclusion column and
25.8 min with the DBondapak column.

Assay of Tumour-Forming Susceptibility in Athymic Mice
The mice developed growth at the site of the cell injection from the sixth day after the

cell injection. FIGURE 1. Tumour consistency was firm. One tumour was sub epidermal and
the other two penetrated the muscle and one even was attached to the kidney. The mice were
otherwise healthy and behaved normally.

Indirect Immunoperoxidase Studies
The tumour cells from the athymic mouse were positive for CKHG and Vim. These

results indicate that the cervical tumour from human origin implanted in the athymic mice is a
malignant tumour not classified but consistent with undifferentiated carcinoma.

Animal Studies
The 0.083-24 h biodistribution shows hepato-biliary elimination of the I88Re-lanreotide

in both Balb-C and athymic mice FIGURES 2-3. This finding agrees with Zamora's report of
hepato-biliary elimination of RC160 in tumour bearing nude mice. The mean tumour uptake
was 5.8 + 5.4 % per g tumour tissue in the athymic mice FIGURE 4. Tumour/muscle ratio
was 2.7. Implanted tumour cells of epidermoid origin might have some common antigens
with lung tissue. Radiopharmacokinetic parameters were: The MRT was 2.49 h, rapid
distribution constant was 2.1 h, slow elimination constant was 0.28 h and an apparent volume
of distribution of 21.5 mL The estimated internal dose is 9.67 + 7.7 Sv/g/37MBq.

62



Theoretical Methodology
A figure representing the atoms of the molecule is presented. The rhenium lanreotide is

probably a penta coordinated oxo-rhenium(V) complex.

CONCLUSION

The direct stannous chloride 188Re-peptide labelling method is an easy and reliable
method that can be carried out in a hospital radiopharmacy. The labelling efficiency was >
95% at pH 1.7, with a specific activity of 1.8 GBq mg"1. The preparation, for a multidose vial,
consisted of 0.27 mg/mL of lanreotide; 18 mg/mL HEDP; 2.1 mg/mL SnCl2; incubation
period of 90 min at 92°C. Biodistribution in Balb-C mice show entero-hepatic elimination.
Radiopharmacokinetic parameters fit a single dose two open compartment model. The
rhenium-lanreotide seems to be a pentacoordinated oxo-rhenium(V) complex.

Work Proposed for Future

1) Formulation of individual doses.
2) Preparation of a freeze-dried kit for a one single step formulation of the

radiopharmaceutical.
3) Comparison of the biodistribution in normal and in tumour-bearing athymic mice.

Determination of statistically significant differences.
4) Biodistribution studies in, at least 10 tumour bearing athymic mice in order to obtain

statistically significant differences of the tumour uptake.
1) Clinical studies with cancer patients.
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Labelled Biomolecules with Sm-153, Re-188 and Y-90 for Targeted Radiotherapy

Principal Investigator: Dr. Mushtaq Ahmad, Co-Investigator: Shahid Pervez, Pakistan

Radiolabeling of Lanreotide Peptide with Re-188

INTRODUCTION
Direct labeling of Lanreotide with Rhenium-188 was studied. Reduction of cysteine

bridge was porformed by reducing agents (ascorbic acid, 2ME). The perrhenate eluted from
the generator was reduced with stannous chloride. Tartarate was used as transchelating agent.
After pH adjustment, shaking and incubation for various time intervals were carried out. Thin
Layer chromatography and reverse phase chromatography were used to monitor the
radio labelling yield. Stability of radio labelled Lanreotide was also checked.

Experimental

Materials

Lanreotide (8-mer, Cys 2"7 cyclo) was a product of piCHEM Austria, while 188W/188Re
generator was fabricated by MAP Finland. Both peptide and generator were supplied by
International Atomic Energy Agency Vienna. Ascorbic acid, tartaric acid, 2-ME were
obtained from E.Merck Germany. Other chemicals and reagents were purchased from
commercial suppliers.

Labelling of Lanreotide
(i) Lanreotide Reduction with 2-ME
(a) 25 j^g Lanreotide (0.25 ml pH ~ 7)
(b) Incubation of Lanreotide with 2-ME at different molar ratio of 2-ME:

Lanreotide. 1000: 1 to 5000 : 1 at 22 ± 2 °C for 30 minutes.
(c) Addition of SnCl2 solution (2.5 mg - lOmg) and tartaric acid (2mg - 10 mg).
(d) Mixing of Na188ReO4(l-1.5ml)
(e) Monitoring of pH (1.5-3)
(f) Agitation or incubation in boiling water for 30 min - one hr.

(ii) Lanreotide Reduction with Ascorbic Acid
(a) 25 M-g Lanreotide (0.25 ml pH ~ 7).
(b) Incubation/agitation with Ascorbic acid (20 - 60 mg ) at room temperature of 30

min - one hr.
(c) Addition of SnCl2 solution (2.5 - 5 mg) and tartaric acid (10-15 mg).
(d) Mixing of Na188 ReO4 (1-1.5 ml).
(e) Monitoring of pH (1.5 - 3).
(f) Incubation in boiling water for one hr.
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(Hi) Lanreotide Reduction with Stannous Chloride
(a) 25 or 50 (ig Lanreotide (0.25 or 0.5 ml pH ~ 7).
(b) Agitation of Lanreotide with Tin Tartrate [SnCl2 2.5 - 5 mg / Tartaric acid 7- 15

mg] after addion of188 Re for 15 min.
(c) Addition ofNa188ReO4 (1-1.5 ml)
(d) pH was 2±0.2
(e) Incubation in boiling water for one hr.

The amount of radioactivity of188 Re added varied from 3-10 mCi.

Radiochemical Analysis
To determine the amount of unbound 188 Re, the sample was chromatographed on

ITLC-SG (Gelman Sciences Inc USA) using 0.9% saline as a mobile phase. Unbound I88Re
migrated with the solvent front. The radioactivity was determined by cutting the strips (1.5 x
10 cm) into lcm pieces and counting in a well type gamma counter. Sometimes 2n scanner
(Berthold Germany) was used for scanning the radioactivity on strips. The amount of
radiocolloid was determined using 85% acidified ethanol (pH 3.5) to develop the ITLC strip.
In this system, colloidal material was retained at the origin.

For reverse- phase analysis, Cis cartridges (SepPak, Millipore Inc, USA) were used as
reverse- phase adsorbents to evaluate the binding of the radionuclide to the lanreotide. Each
cartridge was washed with 100 % ethanol followed by 0.001 N HCL Aliquots of 100 (il of the
test sample were loaded onto the cartridge and the unbound material eluted with 10 ml of
0.001 N HC1. The cartridge was then serially eluted with a graded series of acidified ethanol
solutions (10 ml of each). The radioactivity in each eluant fraction (0.001N HC1; ethanol
solutions of 20,40,60,80, and 100 % ethanol) was determined by gamma counting.

Conditions for analytical reverse- phase HPLC analysis are given below:

Instrument: Hitachi L-6200 Inteligent pump, L-4200 UV-VIS detector. Eluted activity
was monitored on Line using a Nal probe (raytest- Steffi), collected fractions were measured
by well type gamma counter.

Column: RP-18 (5}im) Lichrosorb 25x0.45 cm
Gradient: Continuous gradient of acetonitrile (10-90%) and 0.1 % aqueous

trifluoro aceticacid
How: lml/min
Inj.VoI: 20^1

Cysteine Challenge
Cysteine solutions were prepared fresh in phosphate buffer saline (PBS) and the pH

adjusted to 7.4 with 1.0 M NaOH. Aliquots of 0.5 ml were diluted into separate vials to result
in 6 dilutions. One vial contained only saline. To each vial was added 100 pi of 188Re -
Lanreotide. Samples were incubated for 45 min at 37°C . At the end of incubation period each
sample was spotted on 1TLC strip and chromatographed in PBS, pH 7.4. The chromatogram
was developed, each strip was cut in half, and the radioactivity in each half determined. The
amount of displacement was expressed as the percentage of total radioactivity associated with
the solvent front. 188Re displaced by cysteine migrated near the solvent front.
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Stability of188Re- Lanreotide
Radiolabelled peptide was kept at room temperature upto 24 h and the stability was

checked by HPLC. Pre and post. Labelling addition of ascorbic acid effect was noted.

Results and Discussion

i. Labelling of Lanreotide with 188Re varied from 30-70% when peptide was reduced
with 2 -ME

ii. Labelling of lanreotide with 188Re varied from 20-50% when peptide was reduced
with Ascorbic acid,

iii. Upto 96% labelling was achieved when peptide was only subjected with stannous
tartrate.

Some details relating to stannous tartrate method are:

A typical elution profile of 188Re - lanreotide from an analytical HPLC at 30 min post
labelling is shown in Fig. 1. The overall RP-HPLC elution profile did not change at 24 hr post
labelling. Step gradient elutions of 188Re - Lanredide on Qg cartridges were used to confirm
the results obtained by analytical HPLC (Fig. 2). Results from ITLC with saline or ethanol as
the mobile phases also indicated a high radio labelling yield. Less than 1% of the 188Re was
found to migrate in saline with the solvent front. The amount of radiocolloid was examined by
ITLC using 85% acidified ethanol (pH 3.5) as a mobile phase and were frequently less than
4%. The stability of the Re-peptide bond was evaluated by cysteine challenge studies (Fig. 3).
The amount of cysteine required to displace 50 % of the 188Re from the radiolabelled peptide
was approximately 40 mM.

Once radiolabelled the preparations were reasonably stable for periods of time upto 24 h
post labelling. The order of addition of the ascorbic acid solution in the labelling procedure
was found to be critical. Addition of ascorbic acid (40 mg) after labelling may result in
stabilization. Effect of addition of ascorbic acid could not bne studied. Because preparations
were found stable upto 24 h without addition of ascorbic acid. When the same amount of
ascorbic acid was added prior to addition of the 188Re , the lanreotide was not effectively
radiolabelled as determined by RP-HPLC, TLC studies.

CONCLUSION

Direct labelling of Lanreotide using SnCl2 as a reducing agent and tartrate as
transchelating agent results in > 95 % labelling of peptide with Re- 188. The method can be
employed for the formulation of an instant kit.

Future Tasks

(i) In-vitro receptor binding studies.
(ii) Radio labelling of the lanreotide peptide with Re-188 using bifunctional chelating

agent,
(iii) Quality control of the radiolabelled biomnolecules using ITLC and HPLC

techniques,
(iv) Labelling of peptide with Tc-99m and its quality control.
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Preparation and Evaluation of Sr-90 Generator

INTRODUCTION

The comparative distribution coefficients of Sr and Y on various adsorbents are being
determined at different pH values in order to choose the most suitable exchanger for a reliable
medical use of a90 Sr-90Y generator.

Experimental

Material

- Aluminium oxide 90 active basic, particle size 70-230 mesh ASTM (Merck).
- Silica gel 70-230 mesh, 60 Angstrom for column chromatography (Aldrich).

SnO2 (hydrous) was prepared by the reaction of high purity tin metal with hot 35%
WAV HNO3. The precipitate obtained was insoluble in dilute solutions of H2SO4 and HC1, a
property typical of the material called |3-stammic acid. This precipitate was filtered and
washed throughly with distilled water until the pH of washings was about 5-6. The product
was air dried at 30°C to constant weight.

SnO2 powder (Merck).
- MnC>2 (hydrous) was prepared by adding a hot solution (-90 °C) of manganese

sulphate (71.4 g /I) to a potassium permanganate solution (21.3 g/1). The resulting manganese
dioxide was washed with distilled water, dried at 60 °C and sieved. The faction of 200-400
mesh was used in the experiments.

- Celluose for column chromatography (Merck).
- Charcoal activated, 0.5 - 0.8 mm particle size (BDH).
- Hydrous zirconium oxide (HZO) ion exchange crystals, 100-200 mesh (Bio-Rad)
- Titanium molybdate (TIM) was prepared by mixing an aqueous solution of TiCU

with a solution of ammonium molybdate with stiring. Precipitate was filtered, washed and
dried. Dried TIM was ground and sieved. 100-200 mesh TIM was used.

- 85 Sr and 90 Y tracers were prepared by irradiation of Sr(NO3)2 and Y2O3 targets in
the core of Pakistan research Reactor - 1 .

Method

Distribution coefficients (Kd) are being measured by means of a bach equilibrium
method using 85Sr and Y90 as radioracers at room temperature. 100 mg adsorbent is added to 6
ml solution containing the tracer. The pH of the solutions is adjusted to the desired value by
adding HC1 or NaOH solution.

After one hour of continuous agitation, the solutions are centrifuged and the activities
are measured by means of a well type gamma counter, the distribution coefficient was
calculated by using the following formula:

Kd = / o
7
 Ie x^-(ml I g)
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Where
Io = net counting rate of the initial solution .
Ie = net counting rate of the solution after agitation
V = volume of the solution (ml)
A = amount of exchanger, (g)

Results and Discussion

Table. 1 summarizer the Kd values of Y on various adsorbents at different pH values.
Similarly Kd values of Sr on same adsorbents under similar conditions will also be studied for
development of90 Sr ->90 Y generator.

Table 1 Distribution coefficient [ml/g] of85 Sr on various adsorbent at different pH.

pH ->
Exchanger
AI2O3 basic
Silica gel
SnO2

SnO2
(hydrous).
MnO2

Cellulose
Charcoal
HZO
TIM

1

-
-
-
-

<1
4
4
2
<1

2

<1
<1
<1
2

16
4
3
2
5

4

1751
2
7
96

174
4
15
49
40

6

261
40
8
40

213
15
20
50
43

7

219
54
9
50

213
28
27
50
60

8

213
57
9
45

213
28
20
50
50

9

260
53
9
50

213
146
10
50
98

10

-
-
-
-

470
478
-
50
178

Future Tasks

(i) Measurement of distribution coefficients of Sr and Y on various ion exchangers,
(ii) Selection of best ion exchanger.
(iii) Studies relating to elution profile, Y-90 yield, Sr-90 breakthrough etc. will be

carried out.
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Development of Re-188 Radiolabelling Procedures of Peptides and Monoclonal
Antibodies

Principal Investigator: V.V. Lungu, Co-Investigator: G. Mihailescu, Romania

INTRODUCTION

The goal of this work was to study and select the parameters to label biomolecules
directly with 188Re.

The concrete objectives pursued were:
• Labelling h-IgG with 188Re
® Radiolabelling Lanreotide and anti-CEA monoclonal antibody with 188Re;

investigation of chromatography based quality control techniques.
® Biodistribution studies in tumour bearing rats

Materials

® Radioisotope: 188Re was obtained from a 188W-188Re generator system (MAP
Medical Technologies Oy, Finland)

® Biomolecules: Human Immunoglobulin-G Polyclonal Antibody (h-IgG)
(Cantacuzino Biological Institute, Bucharest), AntiCEA Mab C6G9 (Sigma-
Aldrich), Lanreotide 8 mer, Cys2-7, cyclo (piChem Research & Development,
Austria)

• Chemicals: SnCb .2H2O, ascorbic acid, citric acid and other reagents from Sigma
Aldrich.

Experimental

Direct Radiolabelling of h-IgG with mRe
The h-IgG solution was prepared as follows: lmg of h-IgG was dissolved in 1 ml

double distilled water and divided into 100 \x\ portions. For the prereduction of the bonds
—S—S— to —SH groups 2.5 mg/mL ascorbic acid solution in water was used. h-IgG with
free —SH groups was obtained by adding 0.2 mL ascorbic acid solution in each h-IgG
sample. The samples were purged with pure N2 to eliminate the air from the system and
incubated at 37°C for 21 h. The pH of the sample was adjusted to 5 after incubation by
addition of 0.1M sodium citrate buffer. Then in each sample were added 0.2 mL SnCl2
solution prepared by dissolving 0.2 g SnCl2 -2H2O and 2 g citric acid mixture in 100 mL
double distilled water.

The samples were lyophilized after slowly purging N2 for 30 minutes. The lyophilized
samples were reconstituted in 1 mL freshly eluted NaI88ReO4 at radioactive concentrations of
555 MBq/mL (15 mCi/mL), 259 MBq/mL (7 mCi/mL) and 74 MBq/mL (2 mCi/mL). The
radioactive samples were incubated at 37°C for 1 h. pH of the samples was always raised to 7
with 0.1 M sodium bicarbonate after the completion of the reaction.
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Quality Control

•188The samples of Re-HIgG were analysed by Whatmann 1 paper radiochromatography
and colorimetric estimation of proteins with 2% ninhydrin. The chromatographic behavior
(Rf) of each form of Re in the various solvent systems studied are presented in Table 1:

Table 1.

Solvent

acetone
ethanol
ethanol:NH3:H2O (2:1:5)

Rj(18sReO4")

0.84 -1.00
0.30 -0.50
0.77 - 0.84

0.00 -0.05
0.00- 0.00
0.00 -0.08

RK188Re-fflgG)

0.00-0.10
0.00 -0.08
0.84 -0.90

The mRe-HIgG was analysed by gel chromatography (Sephadex G-25 columns (0.3 x
15 cm) and elution buffer 0.1 M NaHCO3 in 0.15 M NaCl) coupled with UV
spectrophotometric method. 100 |nl 188Re-EHgG solution was loaded on each gel column and
eluted with buffer. Fractions of 0.2 mL were collected and monitored spectrophotometrically
at 280 nm. Concomitant radioactive measurements were effected to a gamma counter (Fig. 1).
The radioactive purity determined by this method was 90 -92%.

Fig.l. The radioactive ( B ,xl(f counts) and 280 nm UV absorption (—*—C)
measurements of gel chromatography fractions

6 8
Fraction

16

Directradiolabelling of 8 mer Lanreotide with Re
2500 |ig lyophilized 8 mer Lanreotide was dissolved in 1000 jo,L sterile water. The

obtained solution was divided into 100 (iL portions each containing 250 jig Lanreotide and
lyophilized.

An aliquot of the lyophilized peptide was dissolved in 200 jil 0.1.M CH3-COONa. 40
|i.L SnCl2x2H2O solution prepared by dissolving 400 mg SnCl2x2H2O in 5 mL 3.5.M CH3-
COOH was added to the peptide sample. The Lanreotide-Sn(U) solution was kept at room
temperature for lh under inert atmosphere. 0.8 GBq Na188ReO4 (aprox. 22 mCi) in 3 mL
volume was added to the peptide and the pH of the solution was 3.5. After 22 h incubation at -
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10°C, the pH of labeled Lanreotide was adjusted to 5.5 with 0.1. M NaHCO3 in 0.15M NaCl
buffer. These parameters were evaluated and selected during the optimisation of the reaction.

Quality Control

Radiochemical Purity
Radiochemical purity was assayed by:
« Whatmann 1 paper chromatography in different solvents: Et-OH:NH3:H2O(2:1:5),

Acetone, Bu-OH:CH3-COOH:H2O (4:2:1)
a Sephadex G-25 gel elution chromatography (0.3x15 cm); 0.1 M NaHCO3 in 0.15 M

NaCl eluent; 0.2 mL fractions. Each fraction was analysed for radioactive content
and optical density.

Table 2.
Solvent

Et-OH:NH3:H20 (2:1:5)
Acetone
Bu-OH:CH3-COOH:H2O
(4:2:1)

mRe(V
0.70-0.80
0.90-1.00
0.35-0.45

Rf

1S8Refre<n

0.00-0.05
0.00-0.03
0.00-0.10

l s sRe-Lanreotide
0.90-1.00
0.00-0.14
0.30-0.50

Radiochemical
purity %

89-92
90-95
90-92

The radiochemical purity determined by these methods was 89-92%.

Fig. 2. Sephadex G-25 gel elution Uhromatography ( B) coupled with
spectrophotometric method (—«— C) for Re-Lanreotide

0.30

CO

cr

12
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10°C, the pH of labeled Lanreotide was adjusted to 5.5 with 0.1. M NaHCO3 in 0.15M
NaCl buffer. These parameters were evaluated and selected during the optimisation of the
reaction.

Quality Control

Radiochemical Purity
Radiochemical purity was assayed by:
• Whatmann 1 paper chromatography in different solvents: Et-OH:NH3:H2O(2:1:5),

Acetone, Bu-OH:CH3-COOH:H2O (4:2:1)
« Sephadex G-25 gel elution chromatography (0.3x15 cm); 0.1 M NaHCO3 in 0.15 M

NaCl eluent; 0.2 mL fractions. Each fraction was analysed for radioactive content
and optical density.

Table 2.
Solvent

Et-OH:NH3:H2O (2:1:5)
Acetone
Bu-OH:CH3-COOH:H2O
(4:2:1)

lssReO4"
0.70-0.80
0.90-1.00
0.35-0.45

Rf

188Re(red)
0.00-0.05
0.00-0.03
0.00-0.10

1S8Re-Lanreotide
0.90-1.00
0.00-0.14
0.30-0.50

Radiochemical
purity %

89-92
90-95
90-92

The radiochemical purity determined by these methods was 89-92%.

Fig. 2. Sephadex G-25 gel elution Phromatography (—
spectrophotometric method (—•—C)for 188Re-Lanreotide

B) coupled with

-, 0 30
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Biodistribution

188TFor biodistribution studies we used the Re-Lanreotide samples purified by Sephadex
G-25. The results of biodistribution using tumour bearing rats are shown in Table 3. The
radiollabeled peptide was i.v. injected into Walker solid tumour bearing rats. We used 0.15
mL injected volumes with 0.8 mCi radioactivity and 3-5 jig in Lxinreotide content.

Table 3.
Biodistribution oflsaRe-Lanreotide (3 animals/group) expressed in % dose/g. organ• 188,

Organ

Bone
Tumour
Blood
Small intestine
Large intestine
Kidney
Spleen
Pituitary
Liver

4
0.71
5.60
5.41
2.13
2.32
1.18
1.16
2.83
3.16

Time (h) post injection
24

0.16
4.04
1.72
1.32
0.26
0.62
1.68
4.54
0.25

48
0.41
3.91
0.29
0.46
0.13
1.38
3.75
3.25
0.20

Scintigrams for different uptake times are shown in Fig. 3.

Fig. 3. Gamma camera Images Obtained With Re-Lanreotide after A) 4h, B)24 h and
C) 48 h Post Administration

Imaging and biodistribution results show preferential uptake in tumour and
pituitary. The per cent accumulated radioactivity in tumour at 24 h and 48 h p.i. are
very similar.
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Direct Labeling ofAntiCEA -Mab with !88Re
100 jig anti-CEA'Mab in 50 jiL H2O free of sodium azide and 400 \lg ascorbic acid in

200 (0,L water were incubated for 2h at 22 C. The anti-CEA Mab with free —SH groups was
mixed with 200 |J.L stannous chloride dihydrate solution (0.2g SnCl2x2H2O and 2 g citric acid
in 100 mL water; pH=5 adjusted with 0.1 M sodium citrate) and incubated 1 h at 22 C under
N2 atmosphere. 50 pJL (4 mg/mL) inositol solution was then added to the samples. The
samples were lyophilized.

For radiolabelling, 0.8 GBq (21 mCi) Na188ReO4 in 3.5 mL was added to the
lyophilised Mab and incubated for 24 h at 37C. The pH of the mixture was 5. At the end of
the reaction the pH was adjusted to 7 with 0.1 M NaHCO3. These parameters were optimised
during development.

Quality Control

Radiochemical Purity
® The mRe-antiCEA Mab was analyzed by Whatmann 1 paper chromatography in

ButanoLEbOiNHtOH (2:5:1). The bound radioactivity to antibody migrated with Rf
= 0.84-0.90 and the radiochemical purity determined was 93-96%.

9 Sephadex G-25 chromatography was also performed to determine the amount of
188Re activity associated with antibody. The radiolabelled antibody was loaded on a
0.3x15 cm Sephadex G-25 and eluted with 0.1 M NaHCO3 containing 0.15 M
NaCl. Fractions of 200 (J,l volumes, were collected and monitored
spectrophotometrically at 280 nm; concomitantly radioactivity was measured using
multichannel analyzer. It can be seen from Fig. 4 that both radioactive and O.D.
peaks coincide in the fraction 6.

Fig. 4 The radioactive xl(f counts (B) and UV absorption (C) measurements of gel
chromatography fractions

8 10

Fraction

12 14

- o,o
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Biodistribution

Wistar London rats with 256 Walker tumour induced in breast (mammalian gland)
were used for the biodistribution studies. After 15 days the size of tumours reached
approximately 1.5-5 cm in diameter. 10 jug of anti-CEA Mab with 26 MBq (0.7 mCi) of 188Re
was Lv. administrated to the tumour bearing rats. The uptake of
expressed in % injected dose/gram tissue is shown in Table 4.

mRe-anti-CEA Mab

188Table 4. Biodistribution of Re~antiCEA Mab (3 animals/group) expressed in %
dose/g.organ

Organ

Bone
Tumour
Blood
Small intestine
Large intestine
Kidney
Spleen
Liver
Lung

1 ~ 4
0.50
18.73
0.85
1.66
0.73
7.18
0.42
0.56
0.10

Time (h) post injection
24

0.70
23.32
0.10
0.37
2.65
1.39

<0.01
<0.01
0.43

48
<0.01
17.69
<0.01
<0.01
3.12
1.08

<0.01
<0.01
<0.01

188ZFig. 5. Gamma Camera Images Obtained With Re-antiCEA Mab

Colour scale

It is noticed that the radioactivity clears from the healthy organs within 24 h and the
accumulation in tumour is adequately high at 48 h p.i.. This suggests that good results could
be obtained in the case of tumours that express CEA and bind to anti-CEA Mab.
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Discussion and Conclusions

In summary, direct labelling of h-IgG, antiCEA Mab and 8-mer Lanreotide with 188Re
(beta, Emax 2.12 MeV; gamma, 155 KeV, 10%, Tm = 16.7 h) have been studied.

Reduction reaction of perrhenate is a controlled reaction of pH, temperature, time and
Sn2+ concentration . During the Lanreotide labelling, it has been noticed that Sn2+ tends to
undergo hydrolysis and the reduced rhenium tends to get reoxidised. Incubation at -10°C and

1 SS

pH = 3.5 acetate buffer eliminated the hydrolysis effect to an extent, resulting in Re-
Lanreotide of 89-92% radiochemical purity. The biodistribution results and in vivo images

1 ftfi

obtained show Re-Lanreotide uptake both in tumour and pituitary gland. This may be due
to the interaction between - S - S - bridges of somatostatin and -SH free groups from cell
membrane.

Radio labelling was effected by the addition of perrhenate to pre-reduced h-IgG and
antiCEA-Mab in the presence of stannous ion. Radiochemical purity achieved was 92-96%. In

1RR

the case of Re-antiCEA-Mab, the biodistribution results and in vivo images obtained show
significant uptake in tumour as well as a good blood clearance. It indicates that direct
labelling would be suitable to label anti-CEA Mab with 188Re.

Future Work Proposal

Anti-CEA-Mab and Lanreotide would be radio labelled with 188Re by an indirect route.
The following aspects also will be studied.

• Conjugation of the Mab and peptide with DOTA as chelating agent
• Optimisation of labelling parameters such as pH, temperature, concentration of

radio ligand and reducing agent
• Biodistribution studies in experimental tumour bearing animals

Support from the Agency

A 188W/188Re generator
be supplied from the Agency.

A 188W/188Re generator, DOTA-Lanreotide, antiCEA-Mab and DOTA are requested to
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XA0054820

Radiolabelling of Monoclonal Antibodies for Radiotherapy
Principal Investigator: Jatupol Sangsuriyan, Thailand

INTRODUCTION

Nuclear medicine is now playing a great role not only in diagnostic application but also
in therapy of cancer patients. Under the concept of targeted radiotherapy, a number of
radiopharmaceuticals based on radiolabelled biomolecules had been evaluated for treatment
of cancer by many investigators. Of these, monoclonal antibodies and some small specific
peptides labelled with beta emitting radiometals such as Sm-153, Re-186, Re-188 or Y-90, are
being introduced into clinical trials. The objective of this project is to develop laboratory
procedures to label monoclonal antibodies, peptide or other proteins with beta emitting
radionuclides to prepare radiopharmaceuticals for therapeutic purpose.

Experimental

Goat IgG (sigma), Goat anti human IgG (sigma), anti human Prostate Specific Antigen
(anti PSA-MoAb, Fitzgerald, USA) and lanreotide (Pichem, Austria) were used as the model
antibodies and peptide. The radionuclides used were 1-125 (Amersham), Sm-153 (local
production) and ts8W / 188Re generator (MAP Finland).

Sm-153 Antibody Labelling

The antibody was conjugated to DTPA ligand at molar ratio cDTPAa: Ab 10-20:1 in 0.1
M NaHCO3 and the conjugated antibody was purified by dialysis. The DTPA-Ab conjugate
was labelled with excess Sm-153 in acetate buffer pH 4.6-4.8 and subsequently purified by
Sephadex G-50 column using 0.9% NaCl as eluent. The labelling yield of 153Srn-Ab by ITLC
were 539 flCi/mg, 1,163 jlCi/mg and 1,518 p.Ci/mg for 5, 50 and 100 fold excess of Sm-153
respectively and the recovery yield after purification were in the range of 41.3-58.15 |iCi/mg
with 94% radiochemical purity. HPLC gave a peak at retention time 5.28 min.

Re-188 Antibody Labelling

Antibodies were labelled with Re-188 by both direct and indirect method. For direct
labelling, the antibodies were reduced with 3500-fold excess of ascorbic acid (AA) at pH 5.0
for 1 hour or modified by 2-iminothiolane (2IT) at molar ratio 2IT: Ab = 100 : 1 for 30
minute and then labelled with Re-188 by transchelation with pre-formed 188Re(V) - gluconate
or 188Re(V)-citrate at room temperature for lhr. By indirect labelling, MAG3-ligand was
labelled with Re-188 in the first step by solid phase synthesis of 188Re-MAG3 which was
converted to 188Re-MAG3-TFP active ester before being conjugated to antibodies. The Re-188
labelled antibodies were purified by Sephadex G-50 using 0.9% NaCl as eluent or by dialysis
against 1 1. of 0.9% NaCl for 2-6 hr. with 2-3 change. Quality control was determined by
ITLC, HPLC (Table 1) and SDS-PAGE.
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gluconic acid or citric acid + ReO4" , pH 5.5-5.6

70 °C, fhr.
Re-gluconate or Re-citrate

Table 1. Labelling Yield and Radiochemical Purity by ITLG and HPLC of Re-188
Labelled Antibodies.

1 8 SRe-2IT-Ab
1 8 8 Re-AA-Ab
188Re - MAG3 - Ab

Labelling yield
(ITLC)

79.64 %
27.31%'

10-79%

Radiochemical purity
ITLC

80.5-95.6%
90.05 - 97.43%

87.0-98.6%

HPLC
94.19%
94.01%
95.25%

In-vitro Stability Studies and Immunoreactivity Test
In-vitro stability of Re-labelled antibodies were checked by cysteine challenge (mole

ratio cysteine: Ab = 0-500 : 1 in 0.4 M phosphate buffer pH 7.0) and by incubation in fresh
human serum (~ 10 mg Ab /ml) using PBS as controlled (Table 2).

Table 2. In-vitro
bounded

mole Cys : Ab

Direct
labelling
188Re-AA-Ab
(95%)

Ab
conjugate
188Re-MAG3-Ab
(87%)

0

90.0

82.4

stability
Re-188

Cysteine

0.5

91.3

81.9

of

(37

: 1

looRe - Labelled

Challenging agent
UC, 1 hr.)

5 : 1 50 : 1

92.5 86.3

81.5 79.8

Antibody

500: 1

88.4

77.4

Express as %

Fresh h.
serum
(37 °C, 24

hr.)

58.6

61.1

Protein -

PBS

(37 °C, 24
hr.)

51.1

65.2

Immunoreactivity of labelled antibodies was determined as the method described by T.
Lindmo. The tests were performed with model antibody labelled by three different techniques
and compared to its immunoreactivity after labelling by 1-125 (Chloramine - T technique).
The results were shown in Figure 1.

Peptide (Lanreotide) Labelling and Quality Control

188Re -Direct Labelling of Lanreotide
Lanreotide Peptide was labelled directly with Re-188 (188ReO4) using SnCl2 (0.5-2 mg.)

as reducing agent in the presence of gluconate (15-60 mg.) in aqueous solution pH 5.5-5.6 at
70 °C or 90 °C for 10 to 60 min. and purified by Sep-pac. Labelling yields and radiochemical
purity by ITLC were 94.63% (87.08 - 98.74%) and 99.8% (97.8 - 99.18%) respectively and
showed in-vitro stability up to 4 hr. (RCP > 97%) in 0.9% NaCl plus ascorbic acid as
stabilizer.

Preparation of Boc-Lanreotide, MAGrLanreotide and I88Re-MAG3-Lanreotide
The [e-Boc-Lys5] lanreotide was prepared as the method described by Peter Smith -

Jones (1994) and conjugated to MAG3 using HATU/DIEA in DMF as activator. The product
was purified, after deprotection with TFA, by HPLC, dispensed and freeze-dried. The yield
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were 54.2% for Boc-lanreotide and 13.6 - 16.49% for MAG3-lanreotide respectively. Re-188
radio labelling of MAG3-lanreotide was prepared by exchange with pre-formed l 8Re(V) -
gluconate at 90 °C for 10 min and cooled down for 5 min.

Labelling yield determination by ITLC/0.9% NaCl was about 70%. HPLC analysis
indicated a peak retention time 17.2 min. that clearly differed form ' Re-lanreotide (direct
labelling, retention time 21.5 min.).

Biodistribution Studies

Biodistribution of Re-labelled antibodies (anti PSA. MoAb) were evaluated in normal
mice at 4, 24 (Figure 2) and 48 hr. post injection.

Conclusion and Discussion

Sm-153 antibody labelling has been investigated and gave low yields after purification
by Sephadex-G 50 gel due to low specific activity of Sm-153 and instability of products.

Re-188 antibody labelling was perfomed with three labelling techniques as well as their
quality control. The labelling by addition of 188Re-MAG3 chelate to form mRe-MAG3-
antibody conjugate lead to loss of its immunoreactivity and required several steps of
formulation more than the labelling by direct approach. Biodistribution of model MoAb (anti
PSA) showed low uptake in most organs and main excretion by liver and kidney. Re-188
direct labelling of lanreotide had been evaluated which showed high labelling yield and high
radiochemical purity. Labelling of Re-188 MAG3-lanreotide is in experiment as well as
receptor binding and biodistribution studies.

Future Work

Our future works will be as follows:
1. Preparation of 90Sr-90Y generator
2. Y-90 antibody labelling, may be by avidin-biotin system
3. Y-90 DOTA-lanreotide labelling
4. Receptor binding and biodistribution studies.
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XA0054821

Development of Radioactively Labelled Cancer Seeking Biomolecules for Targeted
Radiotherapy

Principal Investigator: H. Baiter, S. Verdera, Uruguay

INTRODUCTION

The main objective of this project is the labelling and quality control of biomolecules
with radionuclides beta emmiters with high purity and stability. Techniques and methodology

1 QO 1 CO 1 7 S ' - ' • '

for labelling with Re, Sm, and I as well as quality controls were done according the
recomendations of the first research coordination meeting of this CRP. Also some usefull
chelators reported in the literature were synthetized in our laboratory.

Experimental Results

Labelling and Quality Control of Biomolecules With I88Re
1 ftfi 1 S ft

For this purpose W/ Re generators were received from MAP, Finland and evaluated
until six month after calibration, considering the quality parameters for its use in therapy. The
results indicate that elution yield was 72±4% for 10/98 generator and 70±l% for 06/99
generator, elution profile showed the maximum of activity in the first three mililliters (88% of
total activity). The pH was according with specifications and chromatography in saline and
methylethylketone (MEK) as solvents on Whatman N°l as support showed a radiochemical
purity (RQ.P) higher than 99%. Level of radionuclidic impurities was investigated with a
multichannel analyzer coupled with a Nal(Tl) 3 " detector with an efficiency of 1,76% for
photons of 290 keV and 8,8% for photons of 155 keV. The presence of low amounts of 60Co
(2,3x10^ uCi/mL of eluate; l,6xlO"5%) and 134Cs (2,5xlO5 to 1,4x10^ uCi/mL of eluate;
4,3xlO"6 to 5.9xlO"6%) were detected altough these values remains under the levels admited
according to the generator specifications. The presence of 188W ranged from 5,2 to 9,6x10 3 %.
Chemical controls showed that levels of Al3+ were in all cases lower than 5 ppm.

Lanreotide provided by the IAEA, a peptide with excellent characteristics for uptake by
somastotatin receptors was labelled by direct method with 188Re in the form of perrenate
obtained from a generator previously eluted two days earlier. Different methodologies were
used. Of them the most promising in our laboratory conditions was with the use of SnF2 as
reducing agent and HEDP as transchelating agent at pH 2-3. For molar ratios
HEDP/lanreotide and SnF2/lanreotide of 260 and 40 respectively, the labelling yield
determined by different chromatography systems were more than 90%. Sep-pak (C18)
purification allow the separation of 188ReO4~ and 188Re colloid with good yield. Stability of the
purified peptide at room temperature revealed that after 24 hours the RQ.P is in the order of
90%. In the case of non purified peptide the decrease of RQ.P is to about 80%. Specific
activity of labelled lanreotide was about l,74xlO14 Bq/mol.

During the expertise of Dr. Chinol, experiences for labelling IgG bovine (Sigma
Chemical Co.) were also carried out. The immunoglobulin was reduced with 2-
mercaptoethanol (equal volume of 10% solution) by incubation at room temperature during
30 minutes and purification by PD-10 column (Sephadex G-25) eluting with acetate saline
buffer 0,05N pH: 5,3. Reduced IgG (40ug/mL) was added to 1 mL t88ReO4' (OAK Ridge) in
the presence of Sn.Cl2.H2O (17umoles) in a final pH=3,5. Different incubation conditions
were tested but ITLC-SG chromatography control systems indicated very low yield of
labelling (less than 20%) and very poor stability of the labelled compound.
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Labelling and Quality Control of Biomolecules with 153Sm
Samarium chloride (153SmCl3) in HC1 IN with specific activity: 159,94 mCi/mg Sm3+,

was received from IPEN, Peru, in the scope of ARCAL programme. The different
biomolecules investigated were:

a) Biotin: Based on the strategy of administration of biotin conjugated Mabs followed
by avidin and final addition of biotin labelled with a beta emiter, the labelling of
EDTA-Biotin (EBl) (gift from Silvia Castiglia, CNEA, Argentina) was
investigated. Different ratios of reagents, incubation conditions and thin layer
chromatography as well as HPLC (radiometric and UV detection at 280 nm) were
evaluated.

The labelling yield
Molar ratio
EBl:153Sm
% Labelled
molecule

for heating at 80c

1,4:1

51±2

'C during 10 minutes
10:1

82+8

was determined as:
20:1

92±2

The influence of temperature for molar ratio EBl:
incubation time was:

153Sm 20:1 and 10 minutes

Temperature
(°C)
% Labelled
molecule

20

86±4

37

88±2

80

92±2

100

88±2

ITLC-SG chromatography in the different solvent systems assay: a)
ethanol:amoniac:water (3:1:5), b) methanol:amoniac:water (10:1:20) and c) saline allowed to

153resolve the labelling yield of 1D'Sm-EBl. HPLC in TSK-Gel column, Type G3000SWXL 7,8
mm x 300 mm with isocratic program, flow 1 mL/min with phosphate buffer 0,lM, pH 6.9,
sodium azide 0,01% with and without EDTA 0,002M permits to resolve the species Sm-
acetate from 153Sm-EBl and complex 153Sm-EBl-avidine.

Considering all the conditions analyzed, the best yield for the labelling of 153Srn-EBl
was obtained at 80°C incubation temperature during 10 minutes in a molar ratio of EBl-153Sm

153 153<20:1. Up to 5 mCi of Sm was used in the labellings. The incorporation of Sm does not
affect the binding site for avidin-biotin complex.

b) Anti-Tn Mab 83D4 (IgM) provided by LOBBM, Faculty of Medicine and IgG
bovine previously conjugated to cDTPAa.

For that purpose the synthesis of cDTPA was peformed using as starting material DTPA
according with Hnatowich procedure (J.Nucl.Med,1985, 26: 503). The reaction yield was
more than 80% and the decomposition point of the product was 172,3 - 179,7°C. Conjugation
to Immunoglobulins was done as follows: 5 mg of cDTPAa were disolved in 10 mL
Chloroform, different volumes of this solution were added to 47 or lOOuL of Mab83D4 1,1
mg/mL (l,2uM) to achieve a molar ratio of cDTPAa to Mab83D4 20:1, 100:1 and 2500:1. For
preparation of IgG conjugate, the solution of cDTPAa in CHCL3 was added to lmg of IgG
bovine inlOOuL (69 mM). In both cases pH reaction was adjusted to 8,3 by adding NaHCC>3
0,lM and incubated 30' at room temperature. After this, purification was done by gel
filtration on PD10 column (Sephadex G-25) eluting with acetate buffer 0,2M, pH 5,5 and
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measuring protein concentration by Lowry method. For IgG the protein peak was eluted in
one 0,5 mL fraction after 3,5 mL of eluent were passed trough the column and corresponded
to a mass of 0,5 mg of IgG (recovery 50%). HPLC profile on 1-250 Waters (protein
separation) column eluting with PBS O,1M with EDTA 0,002M showed a main peak with Tr
3,69 min.

Labelling was attempted by mixing equal volumes of 153Sm-acetate and protein solution
obtained with the different conjugation conditions. Evaluation of labelling yield was done by
ITLC in NaCl 0,9%, Methanol 85%, trichloroacetic acid (TCA) 10% and gel filtration in
PD10 column. Low yields (less than 10%) were obtained in all cases.

Labelling andQuality Control of Biomolecules With 125I
Breast and other kind of tumours have the characteristic of an aberrant glycosilation in

the cancerous cells with important expression of Tn (N-acetylgalactosamine) structures.
Mab83D4 (15 ug; 1.7xlO'n mol) was labelled with 227 to 540 uCi 125I (CIS, France;
lOOmCi/mL; 17.400 Ci/g without reducing agents) by means of chloramine-T limiting
method and evaluated in vitro against Tn structures immobilized to solid phase in order to
verify its capability to recognize tham after labelling. The yield was higher than 50%,
purification was done by gel filtration (PD-10) obtaining a product with RC.P higher than
90%. Specific activity was 368 Bq/fmol according to an incorporation of 5 atoms of 125I per
molecule of Mab. Binding studies with coated tubes with aOSM (5ug/mL), a Tn rich mucin,
were done giving 28 % B/T. Biodistribution studies were performed in rats with breast
tumours induced with N-nitroso methyl urea as well as in normal rats.

Biodistribution pattern

%Activity in tumour
% Act/g in tumour
% Act/g in muscle
% Act/g in blood
% Act/g in thyroid
Tumour/muscle ratio

Tumour 2 hs
5.65
4.50
0.60
4.64
1.90
7.5

Tumour 24 hs
1.19
1.08
0.26
1.24
0.45
4.2

Normal 2hs
—

0.30
4.80
1.22

Synthesis of TETA
Direct labelling of peptides or other biomolecules is not always possible so it its needed

the coupling of a chelating molecule capable to be labelled with the radionuclide of interest.
Due to the adequate properties of 1,4,8,1 l-tetraazacyclodecane-N,N',N",N'"-tetraacetic acid
(TETA). Its synthesis and control was performed according technique for DOTA synthesis
reported by Desreux (Inorg. Chem., 1980, 19:1319-1324) and the advise of Dr. Varvarighou,
Greece. Briefly lg of 1,4,8,11-tetracyclo-tetradecane (cyclam) was suspended in cold water.
In a three mouth balon, a solution of 2,2g of chloroacetic acetic was prepared (10% excess
respect to cyclam), and neutralized with NaOH 10M in an ice bath. Cyclam is added to the
balon and then heated at 80°C with stirring during 24 hs mantaining pH range between 9 and
10. After this time, mixture is cooled and acidified with HC1 12N until pH:2,5. A white
precipitate is formed. Purification was carried out by cationic exchange (Dowex). The
obtained precipitate is dissolved in NaOH and incubated for 1 hour with stirring in a beaker
with ten-fold resin excess. Solution is then filtered and evaporated in a rotavapor. After this
the product is dryed in phosphorus penthoxid desicator and analyzed by melting point IR and
NMR spectra.
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The synthesis of TETA was performed with 95% yield obtaining a product with melting
point of 211-214°C. IR spectra showed an intense band in 1735cm1 and 3413cm"1

corresponding to the functional groups C=O and O-H respectively. NMR peaks correspond to
the structure proposed with four carboxylic groups.

Discussion and Conclusions

During this period, it could be possible to carry out different techniques and
methodology for labelling molecules with three radionuclides with potential value in therapy,
gaining experience in laboratory work as well as increasing national interdisciplinary
collaboration, regional co-operation and expertise from other participants of the CRP. Also,
synthesis of some chelating agents like cDTPAa and TETA was succesfully achieved. The
preliminary results obtained in labelling mRe-lanreotide, 153Sm-EBl and 125I-Mab83D4
encourage further work in this field.

Other Activities

Participation of Dr. H. Baiter and Dr. S.Verdera in the laboratory work done at CNEA
Argentina during in the expertise of Dr. M.Chinol by invitation of Dr. S.Castiglia. Labelling
of biotin with u In and radiochemical and biological controls were performed.

List of Publications

* 153Sm-biotin as a potential radiotherapy radiopharmaceutical. B. Souto, H. Baiter,
G. Rodriguez, A. Lopez, Z. Goncalvez, J. Berbejillo, S. Verdera. Nucl. Med.
Comm. 1999, 20, 969 (abstract).

• Interacciones protema carbohidrato: estudio de la estructura Tn. Tesis de doctorado
en Qufmica, Henia Baiter, Montevideo, Uruguay, 1999.

Description of Future Tasks

Development and improvement of direct and indirect radiolabelling methods of peptides
with 18ifRe.
Standardisation of quality control methods such as ITLC, HPLC, PAA-SDS.
Biodistribution studies in tumour bearing experimental animals.
Stability studies in-vitro and in-vivo.
Start up of studies to conjugated small peptides such as lanreotide with prosthetic
groups eg TETA and DOTA to be labelled.
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AGENDA

Monday, 31 January

09:30 - 10:30 Opening of the RCM

Welcome address: Dr. N. Ramamoorthy, Head, Radiopharmaceuticals
Division, BARC

Remarks: Dr. S.M. Rao, Assoc. Director, Isotope Group,
BARC

Dr. J.P. Mittal, Director, Chemistry & Isotope
Group

Dr. H. Vera Ruiz, IAEA
Inaugural address: Dr. A. Kakodkar, Director, BARC
Vote of thanks: Dr. M.R.A. Pillai

11:30-17:00 Session I
Adoption of the Agenda
Election of Chairman
Administrative Matters

Presentation of progress reports by Research Contract and Agreement
Holders:

Argentina, Dr. Gomez de Castiglia
Austria, Dr. Andreae
Brazil, Dr. Faintuch
Cuba, Dr. Pimentel
China, Dr. Bai
Greece, Dr. Varvarigou
Finland, Dr. Hiltunen,
India, Dr. Pillai
Italy, Dr. Chinol
Hungary, Dr. Janoki
Mexico, Dr. de Murphy
Romania, Dr. Lungu
Thailand, Dr. Sangsuriyan
Uruguay, Dr. Baiter
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Tuesday, 1 February

09:00 - 09:45 Session II.
Scientific presentation
"The use of peptides, especially somatostatin analogues, as potential
radiopharmaceutical for therapy"
F. Andreae, Austria

09:45 - 12:30 Cont. Session I
Presentation of progress reports by Research Contract and
Agreement Holders

14:00 -14:45 Cont. Session II
Scientific presentation
"Radionuclides and radiopharmaceuticals for targeted radiotherapy.
Current status"
J. Hiltunen, Finland

14:45 - 17:00 Session III
General discussion/comments of/on the research results reported by the
participants

Wednesday, 2 February

08:30-09:15 Cont. Session II
Scientific presentation
"The role of animal models in the development of therapeutic
radiopharmaceuticals"
G. Janoki, Hungary

09:15-12:30 Session III
General discussion/comments of/on the research results reported by the
participants

14:00 - 17:00 Session IV
General discussion on the future work programme and standardized
laboratory protocols.
Networking and collaboration among the participants.
Other issues of interest to the CRP.
Organisation of Working Groups for the preparation of the final report.

Thursday, 3 February

08:30 - 09:45 Cont. Session II
Scientific presentation
"Yttrium and Rhenium chemistry applied to the preparation of
therapeutic radiopharmaceuticals"
M. Chinol, Italy
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09:45 - 12:30 Cont. Session IV

12:30 - 17:00 Drafting of the final report by the Working Groups

Friday, 4 February

08:30 -17:00 SESSION VI
General Discussions
Conclusion and recommendations
Drafting of the final report
Approval of the final report
Closing of the meeting
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