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Palladium-109,

a beta-emitting

radionuclide,

was chelated

to the monoclonal

antibody 225.28S to the high molecular weight antigen associated with human
melanoma. The radiolabeled antibody maintained its specific in vitro reactivity
with cultured human melanoma cells. Injection of the radiolabeled monoclonal
antibody into nude mice bearing human melanoma resulted in significant accumu
lation of the radiolabel in the tumors: 19% injected dose/g; 38:1 and 61:1 tumorto-blood ratios at 24 and 48 hr, respectively. The localization of the radiolabeled
antibody in liver and kidney also was high, but appreciably lower than that
achieved in tumor. These results suggest that Pd-109-labeled monoclonal antibody
to tumor-associated antigens may have potential applications in tumor immunotherapy.
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Hybridoma technology has been used to develop
monoclonal antibodies to a variety of human tumorassociated antigens (1-10). The high degree of speci
ficity of these reagents has rekindled interest in the ap
plication of immunotherapy to malignant diseases. In
vitro studies and animal model systems have shown that
monoclonal antibodies are, in general, ineffective in
mediating lysis of tumor cells. Therefore, the emphasis
of current studies has focused on the use of antibodies
as carriers to deliver toxins, chemotherapeutic agents,
and/or radionuclides to tumors. Preliminary studies
(11,12) have evaluated the use of iodine-131-labeled
antibodies for tumor therapy in patients with melanoma.
Although the results have been encouraging, labeling of
antibodies with 1-131 has several limitations, such as in
vivo dciodination and possible inactivation of the anti
body by attachment of the iodine at or near the antiReceived Oct. 3; revision accepted Mar. 5, 1984.
For reprints contact: Rashid Fawwaz, MD, PhD, Division of Nu
clear Medicine. Columbia-Presbyterian Medical Center, 622 West
168th St., New York, NY 10032.
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gen-binding site. These limitations have stimulated in
terest in the utilization of other radionuclides for therapy
of malignant diseases.
Monoclonal antibodies to a human melanoma-asso
ciated antigen of high molecular weight (HMW-MAA)
have been developed recently (/3), and they have suffi
cient accumulation and specificity to offer an appropriate
carrier for immunotherapy in patients with melanoma.
This investigation was designed to determine the feasi
bility and potential utility of labeling such an antimelanoma monoclonal antibody with palladium-109 (Pd109), a predominantly beta-emitting radionuclide (Emax
= lMeV;Tl/2=
13.4 hr), available in curie quantities
and theoretically obtainable in carrier-free form for
radiotherapy.
MATERIALS

AND

METHODS

Monoclonal antibody. The anti-H MW-MAA mono
clonal antibody (MoAb) 225.28S, an IgG 2a immunoglobulin, was prepared and characterized as previously
described (13). It was purified from ascites fluid by the
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FIG. 1. In vitro binding of Pd-109-labeled anti-HMW-MAA

MoAb

225.28S to human Colo 38 melanoma cells (O) and to human B
lymphoid cells LG-2 (â€¢).Binding to melanoma is significantly higher
(p <0.001) at all antibody concentrations.
standard deviation.

caprylic acid method (unpublished

Error bars represent

data, Russo C, Cal-

legaro L, Lanza E, Ferrane S).
Preparation of 109PdCl2. Neutron bombardment of
enriched 108PdCl2-2H2O (2.03 mg) in a sealed quartz
ampule for 16 hr in the Brookhaven High F\u\ Reactor
(5.5 X IO14n/cm2-sec) produced 1.82 Ci of Pd-109. The
material was dissolved in 1.6 ml DMSO by gently
heating and stirring the solution. An aliquot of this so
lution containing 45 mCi of Pd-109 was transferred into
a 30-ml multi-injection bottle containing 5 ml of a 0.1
M acetate buffer, pH 3.95.
Radiometallic labeling. Coupling of DTPA to antibody
was accomplished by the cyclic anhydride method (14).
The anhydride-to-protein ratio was 1:1. The reaction was
carried out in HEPES-HC1 buffer (pH 7.0). Complexing
of the antibody-DTPA conjugate (200 /*g) to l09PdCl2
(1.8 mCi, 2.5 Mg) was accomplished at pH 5-6. The
radiometallic antibody was purified on a G-150 Sepha-

TABLE

1. BIODISTRIBUTION CONTROL*Pd-109
OF Pd-109 MoAb

dex column and eluted with HEPES-HC1 buffer (pH
7.0). Characterization of the radiolabeled antibody was
accomplished using TCA precipitation and polyacrylamide gel electrophoresis. The radiolabeling yield was
10%, the low yield due probably to the low specific ac
tivity of Pd-109 used in these experiments. The specific
activity of the radiolabeled antibody at the time of ex
perimentation was 1.4 Â¿iCiPd-109 per ng antibody.
In vitro binding assay. Cultured human melanoma
cells Colo 38, and cultured human B lymphoid cells
LG-2 (100,000 each) were incubated for 1 hr at room
temperature with sequential 50% dilutions of the ra
diolabeled antibody preparation in triplicate. The cells
then were washed three times and the binding of anti
body to cells was measured in a conventional well
counter.
Tumor cell lines. The human melanoma cell line Colo
38 and the human B lymphoid cell line LG2 were cul
tured in RPMI-1640 medium with L-glutamine. Solid
tumors were produced in athymic nude mice (Swiss/
Webster, nu/nu)* by injection of 10 million melanoma
cells in the flank. Tumors were allowed to reach ~5 mm
in diameter before experimentation.
Experimental designs and results. /// vitro binding of
Pd-109 MoAb 225.28S to melanoma. Figure 1 dem
onstrates that Pd-109 MoAb 225.28S achieved signifi
cantly higher (p <0.001 ) in vitro binding (41.3% in the
plateau region) to cultured human melanoma cells Colo
38 than to control lymphoid cells LG-2 (3.1%).
In vivo binding of Pd-109 MoAb 225.28S to mela
noma tumors. Three groups of athymic nude mice
bearing Colo 38 human melanoma tumor (n = 3-6/
group) were injected with 10 pCt of Pd-109 MoAb
225.28S and killed 13,24, and 48 hours later for deter
mination of radioctivity (% ID/g). As shown in Table
1, the concentration of Pd-109 MoAb 225.28S in mel
anoma at 13 hr after tracer administration ( 19.99%/g)
was significantly higher (p <0.001 ) than that achieved
in control studies using melanoma-bearing
animals in-

COMPARED

225.28STissueBloodTumorLungLiverSpleenKidneyMuscleBoneMean%
MoAb
ID/g0.5019.991.465.042.6913.670.511.35*

WITH

Pd-109

CITRATE

CitrateRange0.36-0.371.69-1.771.94-2.023.06-5.812.12-2.
ID/g0.371.731.984.362.7224.820.771.06injection.Pd-109

!20.70-28.400.75-0.790.93-1.23

Results given as percent injected doseRange0.43-0.5818.99-21.261.30-1.594.29-6.002.48-2.8912.72-14.360.42-0.601.19-1.45per
gram (% ID/g) 13 hr afterMean%
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TABLE 2. CHANGE IN BIODISTRIBUTION
TIME*Hours
OF Pd-109 MoAb OVER

injectionTissueBloodTumorLungLiverSpleenKidneyMuscleBoneMean%
after
hrRange0.43-0.5818.99-21.261.30-1.594.28-6.002.48-2.8912.72-14.360.42-0.601.19-1.45*
hrRange0.44-0.5916.66-20.130.67-1.173.60-5.472.28-3.898.34-14.610.41
hrRange0.21-0.4114.79-23.490.51-0.7
ID/g0.5019.991.465.042.6913.670.511.3513
ID/g0.5119.510.944.543.1511.150.551.48ID/g).24
ID/g0.3018.510.644.263.0110.050.321.3148

Results given as percent injected dose per gram (%Mean%

jcctcd with Pd-I09 citrate (1.73%/g). Table 2 demon
strates that the concentration of Pd-109 MoAb 225.28S
in melanoma at 13, 24, and 48 hr after administration
of radioactivity was uniformly higher (p <0.001) than
that achieved in other tissues. Tumor-to-blood
ratios
were very high (38:1 to 61:1 at 13 and 48 hr, respec
tively), but there also was moderate accumulation of the
radiolabel in liver and kidney.
DISCUSSION
Tumor therapy with I-131-labeled antibodies has been
reported (/1,12). However, the affinity of some anti
bodies for tumor may be diminished or lost with radioiodination, presumably due to the attachment of the
label at or near a critical antigen-binding site. The ability
to use bifunctional chelation to conjugate monoclonal
antibodies with a variety of radioactive metals, including
beta emitters, obviates the need to rely solely on radiolabeling with 1-131 for tumor therapy. We found rela
tively high uptake of Pd-109 anti-HMW-MAA
MoAb
225.28S in human melanoma implanted in athymic nude
mice. Thus Pd-109â€”a predominantly
beta-emitting
nuclidc with a relatively short half-lifeâ€”may be a useful
agent for treatment of melanoma when bound to antiMAA monoclonal antibody. Although the concentra
tions of Pd-109-labelcd anti-MAA monoclonal antibody
in kidney and liver also were high, these tissues are rel
atively radioresistant and can withstand much greater
radiation doses than the more radiosensitive tumor.
The finding that 60% of the radiolabeled antibody
preparation failed to bind to melanoma cells in vitro may
reflect the co-purification of IgG without antibody ac
tivity from ascites fluid, and/or inactivation of antibody
during purification, storage, or radiolabeling. The low
binding efficiency of Pd-109 to antibody may be due to
presence of carrier Pd-108 in the Pd-109 preparation.
Thus, the potential of Pd-109-labcled anti-HMW-MAA
798

MoAb 225.28s for tumor therapy might be substantially
enhanced by improving the method of labeling and/or
purification of antibody in order to decrease renal and
hepatic activity, and by using carrier-free Pd-109 for
labeling in order to increase the binding efficiency of
Pd-109 to antibody. The results of this study suggest
further investigation of the potential of tumor therapy
using antibody labeled with radiometallic beta emit
ters.
* Memorial Sloan Kettering Cancer Center,
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