











188Re-IgM to melanin against metastatic melanoma

(4 and 4-20% tris-glycine non-re-
ducing gels). The other aliquot was
radiolabeled with '®Re to evaluate
the influence of TCEP molar excess
over 6D2 on radiolabeling yields.
The kinetics of generating -SH
groups on 6D2 via TCEP reduction
at constant TCEP to 6D2 molar ratio
was studied by incubating 6D2 at the
above concentration with 50 molar
excess of TCEP (1.5 mM solution
in PBS) over 6D2 for 5 min—4 hr
at room temperature. Each sample
was then split into two aliquots.
The first aliquot was labeled with
“cold” Sodium Perrhenate following
the radiolabeling procedure described
below and analyzed by non-reducing
SDS-PAGE and size exclusion HPLC
on a TSK4000 column (TosoHaas,
Japan) eluted with PBS at 1 mL/min.
The eluted protein was detected by
UV absorption at 280 nm wavelength.
The second aliquot was radiolabeled
with 188Re, and the influence of
reduction time with TCEP on radio-
labeling yields was determined.
Radiolabeling  with  188Re,
quality control and purification and

stabilization of the final product.

Reduction of perrhenate Nal88ReO,.

Sodium gluconate (1.5 mL of 2 0.5 g/
mL solution) and stannous chloride
(0.1 mL of a 150 mg/mL solution in
1 M HCI) were added sequentially to
15 mL saline containing NalggReO4
eluted from the 188W/!88Re generator.
The reaction mixture was incubated
at 37°C for 1 hr and the percentage
of 188Re reduction was determined

with 10 cm SG-ITLC strips (silica
gel instant thin layer chromatog-
raphy, Gelman Sciences) developed
with acetone. In this system, reduced
188Re stays at the point of application while unreduced perrhenate
moves with the solvent front. The strips were cut in half and counted
in a gamma counter.

Radiolabeling of TCEP-treated 6D2 mAb with 188Re, Thirty
min after the start of 88Re reduction, 0.1 mL of 5 mM TCEP (50:1
TCEP to 6D2 molar ratio) was added to the vial containing 10 mg (5
mg/mL) 6D2 and incubated at room temperature for 30 min. After
this hr of reduction, the '8 Re was added to the 6D2/TCEP mixture
and incubated at 37°C for 1 hr. The percentage of incorporation
of 88 Re into 6D2 was determined using SG-ITLC developed with
saline (where radiolabeled 6D2 stays at the point of application while
small molecular '88Re-containing species travel with the solvent
front). The amount of radiocolloids in the preparation was quanti-
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Figure 8. Platelet and white blood counts in A2058 human melanoma-bearing nude mice treated with various
doses of 188Re-6D2: (A) platelet; (B) white blood count.

fied with SG-ITLC strips pre-saturated with BSA. When these strips
are developed in ethanol:NH,OH:H,O (2:1:5), the radiolabeled
proteins move with the solvent front while radiocolloids stay at the
point of application. The strips were cut in half and counted in a
gamma counter.

Purification of 188Re-6D2 on a size exclusion column, melanin-
binding ELISA and stabilization with I-ascorbic and “cold” 6D2.
Radiolabeled '88Re-6D2 was loaded onto a pre-equilibrated HiPrep
size exclusion column (GE Healthcare, Sweden) with a peristaltic
pump and eluted with approximately 25 mL saline. The purified
188Re-6D2 was immediately analyzed for: (1) percentage of 38Re
incorporation into 6D2 by SG-ITLC developed with saline and
by size exclusion HPLC on a TSK4000 column with radioactivity
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detected by a Bioscan Flow Count detector; (2) ability to bind to
melanin by a melanin-binding ELISA (Huntington, NJ). The puri-
fied 88Re-6D2 was stabilized with 20 mg/mL L-ascorbic acid for a
final concentration of 0.2 mg/mL. In some experiments, “cold” 6D2
was added as well to bring the total amount of 6D2 up to 10 mg.
The influence of overnight freezing at -80°C on radiochemical purity
and immunoreactivity of radiolabeled mAb was evaluated by ITLC,
HPLC and melanin-binding ELISA.

Animal model of human metastatic melanoma. All animal studies
were carried out in accordance with the guidelines of the Institutes
for Animal Studies at the Albert Einstein College of Medicine and of
the University of California, Davis. For pharmacokinetics and whole
body autoradiography (WBAR) studies, forty 11-week old female
nude mice were implanted subcutaneously with 5 x 10° A2058 cells
in each of two abdominal sites and used for experiments 14 days
later. For therapy/acute hematologic toxicity evaluation studies, 5-6
week-old female nude mice were implanted subcutaneously with 8 x
10° A2058 cells into the left flank and used for therapeutic experi-
ments 12 days after tumors reached the size of approximately 0.15
cm? (0.02-0.4 cm3).

Pharmacokinetics and whole body autoradiography (WBAR).
For pharmacokinetic experiments, 36 nude mice bearing A2058
cell-derived melanoma tumors were given either 30 uCi '88Re-6D2
(total amount of 6D2 150 ug/100 pL) and sacrificed at 5 min, 2
hr, 4 and 24 hrs; or 120 uCi 'Re-6D2 (total amount of 6D2 150
Lg/100pL) and sacrificed at 48 hr. Blood clearance samples (2 L)
were collected at 5 min, 1 hr, 2, 4, 24 and 48 hr from the dorsal tail
vein and counted in a sodium iodide gamma well counter (Packard,
Downers Grove, IL). Decay-corrected radioactivity in the blood was
expressed as % ID, using a weight-based theoretical blood volume.
Whole body activity was measured at the time of injection, and at
2, 4, 24 and 48 hrs using the iso-responsive sodium iodide detector
system (Picker Nuclear, North Haven, CT); the counts were decay
corrected and expressed as % ID. Pharmacokinetic data for other
tissues were obtained by removing and weighing the tissues and
counting them in the same gamma well counter. The concentration
of radioactivity in each organ was expressed as % ID/g.

For WBAR, four mice were given 120 uCi '88Re-6D2 (total
amount of 6D2 150 pg/300uL); two mice were sacrificed at 4 hr
and two at 24 hr. Mice were anesthetized by intravenous injection of
60 mg/100 puL aqueous solution of sodium pentobarbital and flash
frozen in a hexane-dry ice bath. The frozen mice were embedded in
frozen 4% carboxymethylcellulose, and sagittal sections were taken
at -20°C with a Leica Polycut. Sections of 50 um thickness were
taken to show tumors, spleen, kidney, liver and the midline of the
vertebral column. The sections were desiccated, and autoradiograms
were prepared by exposing the sections to x-ray film (Kodak BioMax
MS, Rochester, NY).

Treatment of A2058 tumor-bearing mice with increasing doses
of 188Re-6D2 and evaluation of acute hematologic toxicity. The
nude mice bearing A2058 cell-derived melanoma tumors were
randomized into five groups of six mice. Groups 1-4 received IV
injections of 0.15, 0.5, 1.0 and 1.5 mCi 188Re-6D2. The control
group was untreated. Mice were weighed and tumor volumes were
measured immediately before administration of radiolabeled mAb
and weekly thereafter. Tumors were measured in three dimensions
with calipers, and tumor volume was calculated by multiplying the
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product of the three perpendicular diameters by 0.5, assuming an
elliptical geometry. To evaluate the acute hematologic toxicity of
RIT, platelet and WBC counts were measured on the day of therapy
and on days 3, 7, 14, 28;? after administration of '88Re-6D2. Blood
samples from each animal were collected from the tail vein and indi-
vidually diluted 1:200 into 25% (v/v) ammonium oxalate for platelet
counts, and 1:20 into 2% (v/v) acetic acid—for WBC counts. The
diluted blood cells were counted using a hemocytometer and light
microscopy at magnification X 100 (WBCs) or X 450 (platelets).

Tumor histology. To assess the effects of radiolabeled mAb on the
tumors, the tumors from the treated and control mice were removed
at the end of the therapy study and fixed in 10% neutral buffered
formalin. Tissues were routinely processed, paraffin embedded, cut
to 5 Um, and stained with hematoxylin and eosin (H&E) for histo-
logical evaluation.

Statistical analysis. The Wilcoxon rank sum test was used to
compare tumor sizes and platelet and WBC counts between different
treatment groups in therapy studies. Differences were considered
statistically significant when p values were <0.05.

Acknowledgements

The research was supported by Pain Therapeutics, Inc., and by the
Albert Einstein College of Medicine Comprehensive Cancer Center.
We thank Dr. Cheng-Yi (UC Davis) for help with the biodistribu-

tion experiments.

References

1. Srivastava SC, Dadachova E. Recent advances in radionuclide therapy. Semin Nucl Med
2001; 31:330-41.

2. Milenic DE, Brady ED, Brechbiel MW. Antibody-targeted radiation cancer therapy. Nature
Rev. Drug Discovery 2004; 3:488-98.

3. Sharkey RM, Goldenberg DM. Perspectives on cancer therapy with radiolabeled monoclo-
nal antibodies. ] Nucl Med 2005; 46:115.

4. Kaminski MS, Tuck M, Estes J, et al. 131I-tositumomab therapy as initial treatment for
follicular lymphoma. N Engl ] Med 2005; 352:441-9.

5. Dadachova E, Nosanchuk JD, Shi L, et al. Dead cells in melanoma tumors provide
abundant antigen for targeted delivery of ionizing radiation by a monoclonal antibody to
melanin. Proc Natl Acad Sci USA 2004; 101:14865-70.

6. Dadachova E, Moadel T, Schweitzer AD, Bryan RA, Zhang T, Mints L, Revskaya E, Huang X,
et al. Radiolabeled melanin-binding peptides are safe and effective in treatment of human
pigmented melanoma in a mouse model of disease. Cancer Biother Radiopharm 2006;
21:117-29.

7. Rosas AL, Nosanchuk JD, Feldmesser M, Cox GM, McDade HC, Casadevall A. Synthesis
of polymerized melanin by Cryptococcus neoformans in infected rodents. Infect Immun 2000;
68:2845-53.

8. Wakamatsu K, Ito S. Advanced chemical methods in melanin determination. Pigment Cell
Res 2002; 15:174-83.

9. BehrTM, Behe M, Lohr M, Sgouros G, Angerstein C, Wehrmann E, Nebendahl K, Becker W.
Therapeutic advantages of Auger electron-over beta-emitting radiometals or radioiodine
when conjugated to internalizing antibodies. Eur ] Nucl Med 2000; 27:753-65.

10. Blauenstein B, Locher JT, Seybold K, Koprivova H, Janoki GA, Macke HR, Hasler D, et al.
Experience with the iodine-123 and technetium-99m labelled anti-granulocyte antibody
MAD47: a comparison of labelling methods. Eur J Nucl Med 1995; 22:690-8.

11. Michaelsen TE, Naess LM, Aase A. Human IgG3 is decreased and IgG1, IgG2 and IgG4 are
unchanged in molecular size by mild reduction and reoxidation without any major change
in effector functions. Mol Immunol 1993; 30:35-45.

12. Seitz U, Neumaier B, Glatting G, Kotzerke J, Bunjes D, Reske SN. Preparation and evalua-
tion of the rhenium-188-labelled anti-NCA antigen monoclonal antibody BW 250/183 for
radioimmunotherapy of leukaemia. Eur ] Nucl Med 1999; 26:1265-73.

13. Zuckier LS, Dohan O, Li Y, Carrasco N, Dadachova E. Kinetics of perrhenate uptake and
comparative biodistribution of perrhenate, pertechnetate and iodide by NIS-expressing tis-
sues in vivo. ] Nucl Med 2004 45:500-7.

14. Dadachova E and Casadevall A. Renaissance of targeting molecules for melanoma. Cancer
Biother. Radiopharm 2006; 21:545-51.

15. Buchmann I, Bunjes D, Kotzerke J, Martin H, Glatting G, Seitz U, Rattat D, Buck A,
Dohner H, Reske SN. Myeloablative radioimmunotherapy with Re-188-anti-CD66-
antibody for conditioning of high-risk leukemia patients prior to stem cell transplantation:
biodistribution, biokinetics and immediate toxicities. Cancer Biother Radiopharm 2002;
17:151-63.

2008; Vol. 7 Issue 7



20.

21.

22.
23.

www.landesbioscience.com

188Re-IgM to melanin against metastatic melanoma

. Hearing V. The melanosome: the perfect model for cellular responses to the environment.

Pigment Cell Res 2000; 13:23-34.

. Cohen-Solal KA, Crespo-Carbone SM, Namkoong J, et al. Progressive appearance of pig-

mentation in amelanotic melanoma lesions. Pigment Cell Res 2002; 15:282-9.

. Busam KJ, Hester K, Charles C, et al. Detection of clinically amelanotic malignant mela-

noma and assessment of its margins by in vivo confocal scanning laser microscopy. Arch.

Dermatol 2001; 137:923-9.

. Chen FM, Taylor CR, Epstein AL. Tumor necrosis treatment of ME-180 human cervi-

cal carcinoma model with 131I-labeled TN'T-1 monoclonal antibody. Cancer Res 1989;
49:4578-85.

Schweitzer AD, Rakesh V, Revskaya E, Datta A, Casadevall A, Dadachova E. Computational
model predicts effective delivery of 188-Re-labeled melanin-binding antibody to the meta-
static melanoma tumors with wide range of melanin concentrations. Melanoma Res 2007;
17:291-303.

DeNardo GL, Schlom J, Buchsbaum DJ, Meredith RE O’Donoghue JA, Sgouros G,
Humm JL, DeNardo SJ. Rationales, evidence and design considerations for fractionated
radioimmunotherapy. Cancer 2002; 94:1332-48.

Sun W, Schuchter LM. Metastatic melanoma. Curr Treat Options Oncol 2001; 2:193-202.
DeNardo SJ, DeNardo GL, Natarajan A, Miers LA, Foreman AR, Gruettner C, Adamson GN,
Ivkov R. Thermal dosimetry predictive for efficacy of ''In-ChL6 nanoparticle AMF
induced thermoablative therapy for human breast cancer in mice. ] Nucl Med 2007;
48:437-44.

Cancer Biology & Therapy

1127



