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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. JRadioanal 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.
Radiochimica Acta 1991 \19:63,-1 Q .

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 DTPA (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 188Re 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-ala-cys-tyr-d-trp-lys-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 188ReO4~
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 mL/1 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 IHg/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 188Re-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.
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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 ing"1. The preparation, for a multidose vial,
consisted of 0.27 mg/mL of lanreotide; 18 mg/mL HEDP; 2.1 mg/mL SnCk; 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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MEAN BIODISTRIBUTION IN BALB-C MICE (0- 3 h) n=3

FIGURE 1

TUMOUR GROWTH IN 3 ATHYMIC MICE
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