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ABSTRACT

3F8 is a murine IgG3 monoclonal antibody specific for the antigen
disialoganglioside (.,.:- Immunofluorescence staining showed strong bind
ing of 3F8 to 15 of 17 human osteosarcomas, including primary and
metastatic tumors. The targeting potentials of the native monoclonal
antibody (3F8) and the Hab'h fragment (p-3F8) were tested in BALB/c

athymic nude mice xenografted with human osteosarcomas. After radio-
labeling with iodine using the chloramine T method, both 3F8 and p-3F8
retained immunoreactivities. The irrelevant IgG3 antibody TIBÃ•14 and
its Hah'); fragment were used as negative controls. A Ewing's sarcoma

xenograft, which was low in Go: antigen, was also studied for comparison.
Mice were sacrificed 1 day and 4 days after i.v. antibody injection. 3F8
and P-3F8 showed preferential accumulation in osteosarcoma over normal
tissues with tumommi iunior ratios of 2.7-58:1 and 1.4-82:1, respec
tively, on Day 1. These ratios improved to 10-163:1 and 6.0-75:1 on Day
4. The intact antibody 3F8 showed selective tumor uptake with a much
higher percentage of injected dose per g than the fragment p-3F8 and
exhibited a longer tissue half-life than p-3F8. These data indicate that
anti-GD2 monoclonal antibodies may be useful for imaging and targeted
therapy of human osteogenic sarcoma. The Hah'); fragment has the

advantage of achieving favorable tumor:nontumor ratios sooner after
antibody injection while the intact antibody shows better retention by
tumor tissues.

INTRODUCTION

Osteogenic sarcoma is the most common primary malignancy
of bone. Despite aggressive surgery and innovative combination
chemotherapy, long-term disease-free survival for affected pa
tients has remained less than 60% (1-3). The optimal adjuvant
therapy for the definitive treatment of osteosarcoma is currently
still being evaluated. We recently described a monoclonal anti
body 3F8S that is specific for the ganglioside ( Â¡,,.-.a cell surface
antigen that is found in human neuroblastoma (4-7). This
antigen has also been found in melanoma (4, 8), small cell lung
carcinoma (9), and certain brain tumors. The antibody 3F8 can
activate human complement and antibody-dependent cell-me
diated cytotoxicity (10-12). Both of these cytotoxic mecha
nisms are effective in killing neuroblastomas and melanomas
and may have therapeutic potential in vivo (5, 10-13). When
radiolabeled with iodine, 3F8 can selectively target radioactivity
to human neuroblastoma for diagnostic imaging (14) as well as
for ablating established tumors (IS). Preliminary studies have
shown that the native antibody 3F8 can be safely infused into
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patients. In addition, major antitumor effects have been ob
served (16). In this paper, we describe the reactivity in vitro of
human osteogenic sarcomas with the antibody 3F8, as well as
the targeting potential of 3F8 for osteosarcoma in nude mice
xenografts. Previous reports on other antitumor antibodies have
shown that the F(ab')z fragment can achieve better tumor to

nontumor differentials (17). We therefore compare the biodis-
tributions of the intact 3F8 and its F(ab'); fragment in order to

optimize the uptake of radioactivity by osteosarcoma.

MATERIALS AND METHODS

Antibodies. The murine IgG3 monoclonal antibody 3F8 was purified
from ascites as previously described (4). Sodium dodecyl sulfate gel
electrophoresis of the purified antibody showed only two protein bands,
corresponding to the heavy and light chains of 50,000 and 25,000
molecular weights (data not shown). The p-3F8 was prepared by limited
pepsin digestion (17). 3F8 was dissolved in 0.1 M sodium acetate buffer
(pH 4) at 4 mg/ml and incubated with 1% (w/w) pepsin (Sigma
Chemical Co., St. Louis, MO) at 37'C for 4 h. The digest was neutral

ized with 2 MTris base solution to pH 7.5 and separated on a Superose-
12 column using the FPLC (Pharmacia, Piscataway, NJ). The calcu
lated molecular weight based on SuperÃ³se-12chromatography for intact
3F8 was 150,000, and for p-3F8 was 108,000 (data not shown). The
l-'(air )..fragment was pooled and dialyzed in 0.3 M sodium phosphate
buffer (pH 7.5) and then frozen at -70Â°C. Protein concentration was

estimated by absorbance at 280 nm. On sodium dodecyl sulfate gel
electrophoresis, only two bands were seen corresponding to the I (ab' i

with a molecular weight estimate of 29,000 and the K light chain of
25,000. The negative control antibody was prepared under similar
conditions from ascites fluid induced with the hybridoma TIBÃ•14 which
was obtained from American Type Culture Collection, Rockville, MD.
This IgG3x monoclonal antibody is specific for sheep red cells. The
method of preparation of its I (ah'I. fragment was similar to that of p-

3F8.
Immunofluorescent Staining of Tissue Sections. Seventeen fresh-fro

zen osteogenic sarcomas and 14 other sarcomas were studied for
reactivity with 3F8 by immunofluorescent staining. Normal human
tissues were used as negative controls. Tissue sections (5 //m thick)
were placed on glass microscope slides and were fixed in â€”20'Cacetone

for 10 min and allowed to air dry. The sections were overlaid with 10%
NGS in 0.02 M TBS, pH 7.5, for 10 min. After the NGS was rinsed,
monoclonal antibody (3F8 or 114) diluted to 5 mi/m\ in 1% NGS-TBS
was added. Slides were incubated in a humid chamber for 1 h and then
rinsed with 0.02 M Tris-HCl, pH 7.5. The slides were then overlaid
with fluorescein-conjugated, affinity column-purified, goat anti-mouse
antibody (Tago, Burlingame, CA) diluted 1:25 in TBS. To avoid aggre
gates causing nonspecific staining, the fluorescent antibody was centri-
fuged at 10,000 x g immediately before use. After incubation for 30
min in a humid chamber the slides were rinsed with Tris-HCl and
mounted in 90% glycerol. Using the fluorescence microscopy, intensity
of the reaction of 3F8 with osteosarcoma was scored as follows: 1+,
faint staining of cell membrane; 2+, faint staining of membrane and
cytoplasm; 3+, strong staining of membrane; and 4+, strong staining
of membrane and cytoplasm.

Radioiodination. The intact antibody 3F8 and p-3F8 were labeled
with '"I, and the intact antibody 114 and p-114, with 1JII by the

chloramine T method. Their immunoreactivities were tested using a
microtiter solid phase radioimmunoassay (15). The average specific
activity for 3F8 was 3 /Â»Ci/jigand for p-3F8 was 6 Â¿iCi/Mg.All radio-
labeled proteins were >95% precipitable by 5% trichloroacetic acid.
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Mice and Tumors. BALB/c athymic nude mice were purchased from
HarÃanSprague-Dawley, Inc., (Indianapolis, IN), fed with autoclaved
mouse diet, and kept in sterile cages under pathogen-free conditions.
Tumor passage was carried out as previously described (18). The
Ewing's sarcoma cell lines A4572 and 5838 were provided by Dr. T.

Triche of the National Cancer Institute, Bethesda, MD. These tumors
and cell lines retained the pathological features of their primary tumors
after serial xenograft passages.

Biodistribution. After the tumor xenografts were established (average
size, between 0.5 and 1.5 cm3), the mice were given i.v. injections of
iodine-labeled antibodies through the lateral tail vein. The groups of
mice studied are shown in Table 1. The mice were bled from the
retroorbital veins before they were sacrificed. Individual organs and
tumors were weighed, and the radioactivity was counted in a gamma
counter. Tissue uptake was determined (Â¿iCi/g).The percentage of
injected dose per gram and the tumonnontumor ratios were calculated
for individual organs in each group and their arithmetic means com
puted. In order to correct for nonspecific blood pooling or increased
extravasation of radiolabeled antibody in these tumors, the SI for 3F8
was calculated for each organ of each mouse as follows

SI =
'"I-3F8 cpm/g in tumor/'3'I-114 cpm/g in tumor
I25I-3F8 cpm/g in tissue/131!-! 14 cpm/g in tissue

Similarly, the selective indices for p SI were calculated. The arithmetic
means of the SI for each tissue or tumor in each group of mice were
then computed.

RESULTS

In Vitro Reactivity of 3F8 with Sarcomas. Fresh-frozen sam
ples of osteosarcomas from 17 patients were tested for the
presence of Go2 by immunofluorescence. Fifteen of 17 reacted
strongly (3+ to 4+ and more than 95% cells stained) with the
monoclonal antibody 3F8 and not with the irrelevant antibody
114. Two of the 17 were weakly positive and they were both
malignant fibrous histiocytoma variants (19). Nevertheless,
both showed intense staining of cells in area of neoplastic bone.
Two patients had both primary tumors as well as lung mÃ©tas
tases studied, with all specimens showing strong reactivity with
the antibody. Two other patients also had metastatic specimens
tested. Their primary tumors were unavailable for analysis.
Both tissues, skin and lung mÃ©tastases,showed intense binding
of 3F8. In specimens where tumor matrix predominated, we
correlated the immunofluorescent patterns of 3F8 binding with
the hematoxylin-eosin staining of identically cut frozen sec
tions. More than 95% of the malignant cells bound the anti-

Table1 Studyofmicegiveni.v.injectionsofiodine-labeledantibodies

Total
no. of

Groupmice1

122

123

34

85

46

4TumorOsteosarcoma

OsteoblasticOsteosarcoma

OsteoblasticEwingsEwingsOsteosarcoma

ChondroblasticOsteosarcoma

ChondroblasticAntibodies125I-3F8125I-p-3F8I2!I-p-3F8125I-3F8

131M14'"I-3F8125I-p-3F8Dose

G-Ci)25

2550

SO50

SO25

2525

255050Time

ofassayDay4Â°43NDNDND1

Day488ND*844

body. The tumor matrix, whether it was osteoid, cartilage, or
fibrous tissue, showed scant uptake of the antibody, while
isolated malignant cells within the matrix were easily identified
because of their strong binding of 3F8.

Fourteen other tumors were tested for reactivity with 3F8 by
immunofluorescence staining (Table 2). The adult neuroblas
toma and alveolar rhabdomyosarcoma were both positive, while
an unclifferont iated sarcoma, a well-differentiated fibrosarcoma,
and 2 Ewings sarcomas tested were weakly positive. One of the
latter (D. L.) was used for nude mice xenograft experiments.
Control tissues (muscle, intestines, kidney, lung, heart, and
thyroid) were all unreactive with 3F8.

Immunoreactivity of Iodine-labeled 3F8 and p-3F8. Radioim-
munoassay was performed as described in "Materials and Meth
ods." A representative experiment is shown in Fig. 1. The

percentage of antibody binding increased with antigen concen
tration. At each antigen concentration, the maximal binding
increased with the dilution of the radiolabeled antibody. This
is probably because of limiting amounts of the antigen G,,2 on
the assay plates. The maximal binding averaged 70% for 3F8
and 50% for p-3F8. The irrelevant antibody 114 and its F(ab')2
fragment showed essentially no binding (<2%) to GD2at all
antigen and antibody dilutions (data not shown).

Biodistribution. Mice were sacrificed at either 24 h or 4 days
after antibody injection. Data are tabulated in Tables 3 and 4.
The T/NT ratios were higher on Day 4 for osteosarcoma
irrespective of 3F8 or p-3F8. The highest ratios (e.g., 163:1 for
3F8 on Day 4) were found for the brain. This is probably due
to the blood-brain barrier which limited the diffusion of anti
body proteins into the central nervous system. The ratio of

Table 2 Immunofluorescent staining in sarcomas

TumorRhabdomyosarcomaUndifferentiated

sarcomaEwingsEwingsEwingsEwingsFibrosarcomaSynovial

sarcomaGiant
celltumorChondrosarcomaChondrosarcomaHemangiosarcomaMalignant

schwannomaNeuroblastoma
(adult)IdentificationT.

K.E.S.D.

L.S.
M.A45725838L.

S.R.
K.R.
T.M.
A.M.
K.A.
W.G.A.M.

F.Staining'3+

Positive1+
Positive1+
Positive1+
PositiveNegativeNegative1+

PositiveNegativeNegativeNegativeNegativeNegativeNegative3+

Positive
" Staining was scored as follows: I+. faint uptake in cell membrane; 2-1-,faint

uptake in membrane and cytoplasm; 3+, strong uptake in membrane; 4+, strong
uptake in membrane and cytoplasm.

' Number of mice sacrificed on given day of assay.
1ND, not done.

1000

GD2 CONCENTRATION (ng/ml)

Fig. 1. Radioimmunoassay binding curves for 3F8 and p-3F8. Percentage of
antibody binding is shown as a function of antigen G,,.- concentration. Antibodies
were diluted as follows: left, 3F8:6 (Â¿g/ml(D); 1.5 fig/ml (O); 0.4 ng/ml (â€¢);right,
P-3F8: 3 Mg/ml (O); 0.8 Â«ig/ml(O); 0.2 im/ml (â€¢).Maximal binding averaged
70% for 3F8 and 50% for p-3F8. The binding increased with antigen concentra
tion as well as antibody dilution. The irrelevant antibody 114 and p-114 showed
no detectable binding (<2%) and are not shown.
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ANTIBODY IN OSTEOSARCOMA

Table 3 Day I tumornontumor ratios

Osteoblastic osteosarcoma Ewings sarcoma

OrganBloodHeartLungLiverSpleenKidneyAdrenalsOvariesBladderStomachStomachcontentsSmall

bowelLarge
bowelMuscleFemurSpineBrainSkin3F82.7*6.03.67.56.04.58.05.65.84.87.48.37.99.89.28.9584.51140.51.81.02.02.01.72.01.73.13.18.33.23.13.63.02.5151.8SI"5.54.03.44.72.73.13.83.11.81.80.92.82.83.73.53.94.32.5p3F86.0125.9129.69.9118.47.33.0141514221614826.2p-1141.02.21.22.11.90.11.81.81.60.70.33.13.14.53.32.6161.6p-SI6.86.25.66.16.093115.55.25.25.25.56.05.35.76.05.45.1P-3F83.48.02.93.02.15.76.48.36.91.10.37.07.8179.48.3363.4p-1140.92.41.11.10.70.12.12.62.10.40.12.93.05.63.02.7131.4p-SI4.13.42.92.92.9503.03.43.22.52.72.42.73.03.23.22.82.6

% ID/gc 12.7 1.6 0.35
" The values of SI are the arithmetic means of individual SI values for each

organ for the mice in each experimental group.
Each number represents the arithmetic mean of T/NT ratios for each organ

of the mice in the experimental group.
' Percentage of injected dose per gram of tumor.

Table 4 Day 4 lumornontumor ratios

Osteoblastic osteosarcoma Ewings sarcoma

OrganBloodHeartLungLiverSpleenKidneyAdrenalsOvariesBladderStomachStomachcontentsS.

B.L.
B.MuscleFemurSpineBrainSkin3F810311536182029271421143641635035163171140.62.71.53.63.22.82.52.32.04.9105.36.27.35.33.2191.9se1713119.75.57.611117.54.01.36.76.88.89.7129.69.5p3F8122412119.06.0101216141225255124277512p-1140.82.31.31.41.20.81.31.72.42.02.23.23.46.13.33.19.61.5p-SI129.39.06.78.87.49.07.68.35.44.46.66.87.97.78.07.37.53F81.44.83.17.85.74.75.43.92.87.1139.41314128.1363.51140.31.10.81.81.61.11.30.90.72.37.12.93.52.92.91.7150.9SI5.84.74.54.73.64.74.64.24.33.21.83.73.54.54.54.73.83.9

%ID/g 8.3 0.4 3.7
" For explanation of values, numbers, and abbreviations, see Footnotes a to r

of Table 3.

osteosarcoma to blood increased 2-4 times for both 3F8 (2.7
to 10) and p-3F8 (6.0 to 12) between Days 1 and 4. Similar
increases were seen in all of the organs tested with the exception
of five organs for p-3F8 (brain, liver, kidney, adrenals, and
spleen). In order to correct for nonspecific blood pooling or
extravasation of radiolabeled proteins in osteosarcoma, biodis-
tributions of 3F8 and p-3F8 were compared to those of the
intact irrelevant antibody 114 and its fragment p-114, and the
selective indices (SI and p-SI) were calculated (see "Materials
and Methods"). Osteosarcoma selectively absorbed p-3F8 with

a p-SI of 6 Â±1.3 (SD) on Day 1 with the exception of a value
of 93 for the kidney. On Day 4 the p-SI improved to 7.8 Â±1.6.
In contrast, osteosarcoma absorbed the intact antibody 3F8 on
Day 1 with a lower SI of 3.2 Â±1.1. However, by Day 4 the
mean SI had improved to 9 Â±3.5.

Since the stomach and the kidney represent two organs where
free iodine is trapped or excreted, the kinetic values of T/NT
ratios of these organs were analyzed. For p-3F8, the tu-
monkidney ratio (9.9) on Day 1 was comparable to the ratios

of other tissues (which were higher than those for the intact
antibody 3F8). This ratio is consistent with the interpretation
that free iodine from the deiodination of radiolabeled p-3F8
was rapidly excreted from the kidney. On the other hand, the
control antibody p-114, since it could not bind to the tumor,
continued to circulate in the blood with deiodination resulting
in the continued excretion of free iodine at 24 h in the kidney.
This could account for the high kidney p-SI of 93 (Table 3).

On Day 1 the T/NT ratios for the stomach and stomach
contents were lower for p-3F8 (3.0,1.4) than for 3F8 (4.8, 7.4).
A more rapid deiodination of radiolabeled p-3F8 with trapping
of free iodine in the gastric mucosa could account for these
ratios. With p-3F8 as the radiolabeled antibody, the lower ratio
found for the stomach contents, compared to that of the stom
ach, suggested prompt excretion of free iodine into the stomach
cavity during the first 24 h. By Day 4, this difference in densities
of radioactive iodine between stomach and stomach contents
has become less evident, probably secondary to the emptying
of gastric contents into the intestines.

Since a significant portion of radioactivity found in normal
tissues is due to the blood content or trapping by the reticulo-
endothelial system, an analysis of those tissues was carried out.
Among the vascular and reticuloendothelial organs studied
(heart, lung, liver, and spleen), values of T/NT ratios increased
from 3.6-7.5 on Day 1 to 15-36 on Day 4 for 3F8. After
correction for blood pooling in the tumor and these organs, the
indices (SI, see Tables 3 and 4) were 2.7-4.7 on Day 1 and 5.5-
13 on Day 4, respectively. The lower index after correction with
the irrelevant antibody suggested two likely mechanisms: (a)
either there was nonspecific binding of antibody proteins in the
tumor or (/>)preferential blood pooling or capillary leakage in
tumor versus normal tissues had occurred. Since the in vitro
studies (see "Results") did not show binding of 114 to tumor

specimens, the second mechanism would be the more likely
explanation. T/NT values for p-3F8 did not rise as much as for
3F8 between Day 1 (5.9-12) and Day 4 (9-24). Similarly after
the blood pool correction, the SI values were 5.6-6.2 and 6.7-
9.3, respectively.

Since osteosarcoma arises from bone, the differential binding
of antibodies to normal bone elements was analyzed. In the
spine and the femur, both of which contained primarily cortical
bone and marrow, we found that the tumonnontumor ratios
were high for both 3F8 and p-3F8. Similar to other organs, the
T/NT ratios were higher on Day 4, with a range of 24-50.

Both 3F8 and p-3F8 selectively concentrated in osteosar
coma, reaching good tumonnontumor ratios on Day 4. How
ever, the percentage of injected dose per gram of tissue is 8
times higher for 3F8 than p-3F8 on Day 1 (Table 2) and 21
times on Day 4 (Table 3). This is secondary to a shorter
biological half-life in the tumor for the fragment p-3F8 versus
the intact antibody 3F8.

The osteosarcoma xenograft tested in the above studies was
of the Osteoblastic type. We repeated these studies in another
osteosarcoma that was a chondroblastic variant. The mice were
given injections of radiolabeled intact antibodies or their frag
ments and then sacrificed on Day 4 for biodistribution studies.
The tumonnontumor ratios for the chondroblastic osteosar
coma were lower than in the Osteoblastic variant (Table 5). The
SI values for 3F8 were 5.2 Â±2 and for p-3F8, 4.2 Â±1.3 in the
chondroblastic type. One possible explanation for the lower SI
in the chondroblastic variant is that GDz was not expressed in
high concentrations in the chondroblastic portions of the tumor.
This explanation Â¡cÂ¿-jpportedby the absence of GD: expression
in chondrosarcomas (see "Results"). Nevertheless, when the
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Table 5 Day 4 tumor-.nontumor ratios

Chondroblastic osteosarcoma

OrganBloodHeartLungLiverSpleenKidneyAdrenalsOvariesBladderStomachStomach

contentsS.
B.L.
B.MuscleFemurSpineBrainSkin%

ID/g3F85.5156.5136.5121210147.26.71520312220935.58.71140.542.11.02.52.62.32.21.82.73.24.93.74.55.65.03.1151.5SI"107.26.45.72.55.96.25.34.32.51.64.44.65.74.96.56.53.7P-3F84.0105.53.38.04.3109.47.55.51.97.69.2201412295.80.6p-1140.582.31.21.21.50.82.22.41.71.91.12.43.05.33.12.78.81.6p-SI6.54.34.63.26.56.05.04.54.32.62.03.23.03.74.74.53.33.9
" For explanation of values, numbers, and abbreviations, see Footnotes a to c

of Table 3.

chondroblastic osteosarcoma xenograft was studied by scintig-
raphy, excellent images were obtained with minimal back
ground uptake.

In comparison, Ewings sarcoma had a tumonblood ratio of
3.4 (for P-3F8) on Day 1 and 1.4 (for 3F8) on Day 4. The range
of SI for P-3F8 was found to be 2.4-4.1 (3 Â±0.4, excluding
kidney) for Day 1 and for 3F8, 1.8-5.8 (4.2 Â±0.8) on Day 4.
These ratios were in general lower than those found for osteo-
genic sarcoma. This is probably due to the lower GD2 antigen
density in Ewings sarcoma.

Scintigraphy of Xenografts. Using methods previously de
scribed (14), mice with Ewings or osteosarcoma xenografts
were studied using a 7-camera. Fig. 2A shows the osteoblastic
osteogenic sarcoma as a single subcutaneous tumor 48 h after
injection with I3II-3F8. The -y-image showed high uptake of the

intact antibody in the tumor mass. Fig. IB shows bilateral
subcutaneous chondroblastic osteosarcomas 48 h after injection
with the intact 3F8. Although the tumonbackground ratio was
less than in osteoblastic osteosarcoma, the images obtained
showed obvious uptake in the tumors similar to the unblocked

thyroid gland. Comparable tumor images were obtained with
P-3F8, but there was a more rapid clearance of radioactivity
over time with the antibody fragment (data not shown). Fig. 2C
shows two subcutaneous Ewings tumors. Some uptake can be
seen in the area of the tumors, but much less than the uptake
observed in the osteogenic sarcomas. This uptake in Ewings
Sarcoma is consistent with the low levels of GD2present in this
tumor (see "Materials and Methods").

DISCUSSION

We have shown that human osteosarcoma reacted with 3F8,
an IgG3 murine monoclonal antibody specific for the ganglio-
side GD2-However, the malignant fibrous histiocytoma variants
were not as reactive as the osteoblastic or the chondroblastic
variants. Biodistribution studies using nude mice xenografted
with human sarcomas showed selective uptake of both the intact
3F8 and p-3F8 in osteosarcomas. These studies revealed that
tumonnontumor ratios in general were higher on Day 4 for
both 3F8 and p-3F8. Osteosarcoma:blood ratios on Day 4 were
2-4 times the ratios found on Day 1, indicating that more than
24 h were required for equilibration of the radiolabeled antibody
in human osteosarcoma. The intact blood-brain barrier was
effective in preventing the entry of antibody protein into the
brain. The selective localization of the antibody 3F8 in osteo
genic sarcoma was faster for the pepsin fragment p-3F8, but
the percentage of injected dose per gram was higher for the
native antibody 3F8. For imaging, p-3F8 has the advantage
that it could reach favorable tumonnontumor ratios earlier and
may allow lower radiation dose to normal tissues. On the other
hand, 3F8 will deliver much higher tumor doses since its tissue
uptake is higher and the tumor half-life is longer. However,
normal tissues may receive more bystander radiation.

Several monoclonal antibodies to human osteosarcoma have
been described (20-24). A comparison of these antibodies is
presented in Table 6. 3F8, being an IgG3, differs from the other
antibodies in that it can activate human complement and me
diate antibody-dependent cell-mediated cytotoxicity (11, 12).
3F8 reacted strongly with 15 of 17 osteosarcomas. Antibody
79It/36 reacted with 15 of 22 (25), while Ost 6 and Ost 7
bound 5 of 7 osteosarcomas (21). The percentage of injected
dose per gram of tumor for 3F8 was 8.3%, comparable to the

Fig. 2. Scintigraphy of xenografts with I3II-3F8 48 h after antibody injection. /, thyroid; Tu, tumor. A, osteoblastic osteosarcoma; B, bilateral chondroblastic

osteosarcomas; C, bilateral Ewings sarcomas.
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Table 6 Comparison of monoclonal antibodies to human osteosarcomas

79U/36 OST 6 OST 7 3F8

IgG subclass

Tumonnontumor ratios
Blood
Spleen
Brain
Muscle
Kidney
Liver
Lung

% ID/g

Antigen

No. of positive osteogenic
sarcomas

IgG2b

2.1
7.8

19
7.0
8.1
3.8

9.0Â°

Glycoprotein

15/22C

IgGl IgGl IgG3

innovative adjuvant therapeutic methods for this tumor, 3F8
may potentially be clinically useful.

REFERENCES
4.4

10.0
108

14.9
I.g
4.5
5.7

4.4Â»

5/7*

4.4
29.5
96
47.3
19.2
21.4

6.0

4.6Â»

10
18

163
63
20
37
15

8.3

â€¢Day 3 data only (Ref. 23).
* The percentage of injected dose per gram was obtained on day 5. The two

nonreactive osteosarcomas was Ost 6 and Ost 7 were both cell lines (Ref. 21).
c Ref. 25.

9% found with 7911/36 on Day 3, but higher than the 4.4%
seen for Ost 6 and the 4.6% seen with Ost 7. The tumorblood
ratios seen with 3F8 were higher than those seen in 79It/36,
Ost 6, and Ost 7. These differences among the tumorblood
ratios may be secondary to the differences in tumor sizes among
these studies. Nevertheless, an improved ratio will undoubtedly
reduce nonspecific toxicities to the bone marrow and other
vascular organs. Finally, like 79It/36, 3F8 has been studied in
a phase I clinical trial, and side effects observed have been
tolerable and reversible (16). No long-term complications have
been observed.

The percentage of injected dose per gram of tissue was much
higher (about 21-fold) with 3F8 than with p-3F8. This was
probably due to a more rapid clearance or deiodination of the
F(ab')2 fragment in vivo (17). Although the 3F8 F(ab')2 frag

ment retained adequate binding activity in radioimmunoassay
in vitro, it did not improve the peak tumonnontumor ratios
(Tables 3 and 4) when compared to intact antibody 3F8. How
ever, the time to achieve peak ratios appeared sooner than the
native 3F8. Although the kinetics of the biodistributions will
be required to accurately estimate the relative radiation dose
delivered to osteosarcoma versus normal tissues, it is unlikely,
based on the percentage of injected doses uptake and T/NT
ratios found (Tables 3 and 4), that there will be an advantage
of the fragment p-3F8 versus the intact antibody in targeting
radiotherapy.

Our data suggest that 3F8 will selectively bind and target
radioisotopes to osteosarcoma cells. These data also show that
3F8 and its fragment p-3F8 can be used to image osteosarcoma
of both the osteoblastic and chondroblastic types. Analysis of
fresh tumor samples suggests that 3F8 will bind to both primary
as well as metastatic osteosarcoma. The two malignant fibrous
histiocytoma variants of osteogenic sarcoma showed higher
binding of 3F8 in areas of neoplastic osteoid than in areas with
large amounts of spindle cells. When a larger series of osteo
sarcomas is analyzed, tumor heterogeneity with respect to 3F8
may become evident. In patients with osteosarcoma, bone scan
ning has not been effective for imaging soft tissue metastatic
disease. The iodine-labeled 3F8 may be potentially useful for
detecting occult metastatic disease in patients with osteosar
coma. In addition, the favorable tumonnontumor ratios may
also allow targeted therapy in vivo. In view of the need for

1. .lililÃ-,N. High-dose methotrexate in osteogenic sarcoma. Cancer Treat. Rep.,
62:259-274, 1978.

2. Link, M., Goorin, A., Miser, A., et al. Effect of adjuvant chemotherapy on
relapse-free survival in patients with osteogenic sarcoma of the extremities.
N. Engl. J. Med., 314: 1600-1606, 1986.

3. Simon, M., and Nachman, J. Clinical utility of preoperative therapy for
sarcomas. J. Bone Jt. Surg. Am., 68: 1458-1463, 1986.

4. Cheung, N. K., Saarinen, U., Neely, J., Landmeier, B., Donovan, D., and
Coccia, P. Monoclonal antibodies to a glycolipid antigen on human neuro-
blastoma cells. Cancer Res., 45: 2642-2649, 1985.

Glycolipid 5. Mujoo, K., Cheresh, D., Yang, H. M., and Reisfeld, R. Disialoganglioside
( i,,., on human neuroblastoma cells: target antigen for monoclonal antibody-

5/7* 15/17 mediated cytolysis and suppression of tumor growth. Cancer Res. 47: 1098-
1104, 1987.

6. Schulz, G., Cheresh, D. A., Varki, N. M., Yu, A., Staffileno, L. K., and
Reisfeld, R. A. Detection of ganglioside Â«i,,.-in tumor tissues and sera of
neuroblastoma patients. Cancer Res., 44: 5914-5920, 1984.

7. Wu, Z., Schwartz, E., Seeger, R., et al. Expression of GD2 ganglioside by
untreated primary human neuroblastomas. Cancer Res., 46: 440-443, 1986.

8. (iilian. L. D., Irie, R. F., Singh, R., et al. Identification of a human
neuroectodermal tumor antigen (OFA-1-2) as ganglioside GDÂ¡-Proc. Nati.
Acad. Sci. USA, 79: 7629-7633, 1982.

9. Cheresh, D. A., Rosenberg, J., Mujoo, K., Hirschowitz, L., and Reisfeld, R.
A. Disialoganglioside GDj on human melanoma serves as a relevant target
antigen on small cell lung carcinoma for monoclonal antibody-mediated
cytolysis. Cancer Res., 46: 5112-5118, 1986.

10. Saarinen, U.M., Coccia, P., Gerson, S., Pelley, R., Donovan, D., and Cheung,
N. K. Eradication of neuroblastoma cells in vitro by monoclonal antibody
and human complement: method for purging autologous bone marrow.
Cancer Res., 45: 5969-5975, 1985.

11. Munn, D., and Cheung, N. K. Interleukin-2 (IL-2) enhances monoclonal
antibody-mediated cellular cytotoxicity (ADCC) against human melanoma.
Proc. Am. Assoc. Cancer Res., 2S: 365, 1987.

12. Cheung, N. K., and Miraldi, F. Ganglioside (,,,_, specific antibodies in the
diagnosis and therapy of human neuroblastoma. /;/.- J. Kemshead (ed.).
Monoclonal Antibodies in the Diagnosis of Childhood Solid Tumors. Boca
Raton, FL: CRC Press, in press, 1987.

13. Honsik, C. J., Jung, G., and Reisfeld, R. A. Lymphokine-activated killer
(LAK) cells targeted by monoclonal antibodies to disialoganglioside <;,,., and
( .m specifically lyse human tumor cells of neuroectodermal origin. Proc.
Nati. Acad. Sci. USA, 83: 7893-7897, 1986.

14. Miraldi, F., Nelson, A., Kraly, C., Ellery, S., Landmeier, B., Coccia, P.,
Strandjord, S., and Cheung, N. K. Diagnostic imaging of human neuroblas
toma with radiolabeled antitumor antibody. Radiology, 161:413, 1986.

15. Cheung, N. K., Landmeier, B., Neely, J., Nelson, D., Abramowsky, C.,
Ellery, S., Adams, R., and Miraldi, F. Complete tumor ablation with iodine
131 radiolabeled <;,,.â€¢specific monoclonal antibody against human neuro
blastoma xenografted in nude mice. J. Nati. Cancer Inst., 77: 739, 1986.

16. Cheung, N. K., Lazarus, H., Miraldi, F., Abramowsky, C., Kallick, S.,
Saarinen, S., Spitzer, T., Strandjord, S., Coccia, P., and Berger, N. Ganglio
side ( â€¢â€ž;specific monoclonal antibody 3F8: a Phase I study in patients with
neuroblastoma and malignant melanoma. J. Clin. Oncol., in press, 1987.

17. Buchegger, F., Haskeil, C., Schreyer, M., Scazziga, B., Randin, S., Carrel,
S., and Mach, J. Radiolabeled fragments of monoclonal antibodies against
CEA for localization of human colon carcinoma grafted into nude mice. J.
Exp. Med., 158:413-427, 1983.

18. Neely, J., Ballard, E., Britt, A., and Workman, L. Characteristics of 85
pediatrie tumors hetero-transplanted into nude mice. Exp. Cell Biol., 51:
217-227, 1983.

19. Carter, J., and Abdul-Karim, F. Pathology of childhood osteosarcoma. Per-
spect. Pediatr. Pathol., 9: 133-170, 1987.

20. Hosoi, S., Nakamura, T., Higashi, S., Yamamuro, T.. Toyama, S., Kerouhe,
S., and Haruki, M. Detection of human osteosarcoma-associated antigens by
monoclonal antibodies. Cancer Res., 42: 654-659, 1982.

21. Nakamura, T., Sakahara, H., Hosoi, S.. Yamamuro. T., Higashi, S., Mikawa,
H., Endo, K., and Toyama, S. In vivo radiolocalization of antiosteogenic
sarcoma monoclonal antibodies in osteogenic sarcoma xenografts. Cancer
Res., 44: 2078-2083, 1984.

22. Pimm, M., Perkins, A., Armitage, N., and Baldwin, R. Localization of anti
osteogenic sarcoma monoclonal antibody 79It/36 and its subsequent xeno-
graft in immunodeprived mice. Cancer Immunol. Immunother, 19: 18-21,
1985.

23. Pimm, M., and Baldwin. R. Quantitative evaluation of the localization of a
monoclonal antibody 7911/36 in human osteogenic sarcoma xenografts. Eur.
J. Cancer, 20: 515-524, 1984.

24. Pimm, M., Embleton, M., Perkins, A., Price, M., Robins, R., Robinson, G.,
and Baldwin, R. In vivo localization of anti-osteogenic sarcoma 7911/36
monoclonal antibody in osteogenic sarcoma xenografts. Int. J. Cancer, 30:
75-85, 1982.

25. Roth, J., Restrepo, C., Scuderi, P., Baldwin, R., Reichert, C., and Hosoi, S.
Analysis of antigenic expression by primary and autologous metastatic human
sarcomas using murine monoclonal antibodies. Cancer Res., 44:5320-5325,
1984.

5381

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/20/5377/2429473/cr0470205377.pdf by guest on 19 M

ay 2023


