








188Re-IgM to melanin against metastatic melanoma

(4 and 4–20% tris-glycine non-re-
ducing gels). The other aliquot was 
radiolabeled with 188Re 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 Na188ReO4. 
Sodium gluconate (1.5 mL of a 0.5 g/
mL solution) and stannous chloride 
(0.1 mL of a 150 mg/mL solution in 
1 M HCl) were added sequentially to 
15 mL saline containing Na188ReO4 
eluted from the 188W/188Re 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 188Re 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 188Re was added to the 6D2/TCEP mixture 
and incubated at 37°C for 1 hr. The percentage of incorporation 
of 188Re into 6D2 was determined using SG-ITLC developed with 
saline (where radiolabeled 6D2 stays at the point of application while 
small molecular 188Re-containing species travel with the solvent 
front). The amount of radiocolloids in the preparation was quanti-

fied with SG-ITLC strips pre-saturated with BSA. When these strips 
are developed in ethanol:NH4OH:H2O (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 L-ascorbic and “cold” 6D2. 
Radiolabeled 188Re-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 188Re 
incorporation into 6D2 by SG-ITLC developed with saline and 
by size exclusion HPLC on a TSK4000 column with radioactivity 

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.
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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 188Re-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 106 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 
106 A2058 cells into the left flank and used for therapeutic experi-
ments 12 days after tumors reached the size of approximately 0.15 
cm3 (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 μCi 188Re-6D2 
(total amount of 6D2 150 μg/100 μL) and sacrificed at 5 min, 2 
hr, 4 and 24 hrs; or 120 μCi 188Re-6D2 (total amount of 6D2 150 
μg/100μL) and sacrificed at 48 hr. Blood clearance samples (2 μL) 
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 μCi 188Re-6D2 (total 
amount of 6D2 150 μg/300μL); two mice were sacrificed at 4 hr 
and two at 24 hr. Mice were anesthetized by intravenous injection of 
60 mg/100 μL 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 μm 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 

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;9 after administration of 188Re-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 μm, 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.
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