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ABSTRACT

Monoclonal antibodies (MoAbs) against human osteosarcoma cells
were obtained by the fusion of NS/1 mouse myeloma cells with spleen
cells from the human osteosarcoma cell line-immunized BALB/c mice.
Two hybrid clones were established and designated as 2H10 and 2D3.
Both MoAbs reacted strongly with all osteosarcoma tissues but not with
other bone and soft tissue tumors such as chondrosarcoma, malignant
fibrous histiocytoma, liposarcoma, leiomyosarcoma, and rhabdo-
myosarcoma. In addition, neither MoAb reacted with tumor cell lines
and tissues obtained from other cancers. Immunohistochemical analysis
demonstrated that 2H10 and 2D3 reacted with endothelial cells in
sarcoma tissues, but not with those of other tumors and normal tissues.
2H10 also reacted with cells on the basal layer of epidermis of the skin.
2H10- and 2D3-defined antigen has an approximate molecular weight of
75,000 under nonreducing and reducing conditions, indicating that the
antigen has a single chain structure and there is no intramolecular
disulfide bond. 2H10- and 2D3-defined antigen has a pi value between
5.5 and 6.2. Sequential immunoprecipitation analysis clearly demon
strated that 2H10 and 2D3 recognized the same antigen molecule.
However, further analysis suggested the possibility that 2H10 and 2D3
MoAbs recognized the different antigenic determinants on the same
antigen molecule.

INTRODUCTION

Several MoAbs3 that react with a human osteosarcoma cell

have been prepared by immunizing mice with human osteosar
coma cell line 79IT (1), freshly resected osteosarcoma cells
from an untreated patient (2), osteosarcoma cells maintained
in athymic nude mice (3), and partially purified osteosarcoma
cell membrane antigen (4). However, practical use of MoAbs
has been hampered by broad reactivity of MoAbs and the lack
of the biochemical characterization of MoAb-defined antigen.
It has been possible to visualize and localize primary as well as
xenografted human osteosarcoma tissues by external gamma
camera imaging following administration of radiolabeled anti-
osteosarcoma MoAbs (5-7). However, the MoAb 79IT/36 used
in those experiments reacted with various tumor cells as well
as activated peripheral blood mononuclear cells (8). A solid-
phase radioimmunosandwich assay using MoAbs OST6, OST7,
and OST 15 was developed to detect a human osteosarcoma-
associated antigen in serum (9). These MoAbs reacted with
serum alkaline phosphatase. Thus the elevated level of antigen
defined by those MoAbs was found with obstructive jaundice
and even children without tumorous diseases (9). Some MoAbs
were used for the histopathological diagnosis of sarcomas.
However, the MoAbs used were not specific for human osteo-
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sarcoma, but reacted with various sarcoma tissues (3). There
fore, we attempted to develop a MoAb highly specific to human
osteosarcoma cells. Since the specificity of a MoAb is one of
the important factors for the practical application of MoAb, we
have screened the culture supernatant of hybridoma cells by
sensitive assays such as immunoperoxidase staining of various
normal and tumor tissues with the biotin-avidin method and
indirect immunofluorescence staining of various cell lines with
FACS analyzer. In this paper we report that two MoAbs, 2H10
and 2D3, recognized a human osteosarcoma-associated antigen.
These MoAbs may be useful for the differential diagnosis of
various sarcomas. The biochemical characterization of antigen
defined by the two MoAbs is also discussed.

MATERIALS AND METHODS

Cell Lines. Four human osteosarcoma cell lines, KIM . KIM ' M,

MG63 (10), and NY (11), and HuO-3N 1(12) were used. NY established
by Sekiguchi et al. and HuO-3Nl established by Yamane were obtained
from the Japanese Cancer Research Resources Bank. KIKI and KlKI
M were established at the Department of Orthopedic Surgery, Sapporo
Medical College (13). Osteosarcoma tissues were obtained from the
proximal end of a right tibial tumor (KIKU) and lung metastatic lesion
(KIKU-M) of a 27-yr-old female patient. Two cell lines (G-I and G-II)
derived from a giant cell tumor of the bone were established at the
Department of Orthopedic Surgery, Hokkaido University, School of
Medicine (14). Other cell lines used in this study included cervical
adenocarcinoma of the uterus, CAC-1 (15); lung carcinoma, Nos. 18
and 27 (16); breast carcinoma, HMC-1 and HMC-2 (17); colon carci
noma, M7609 (18); pancreas carcinoma, HPC-1 and HPC-4 (19); and
other well known cell lines, such as gastric carcinoma, Kato III; I -cell
lines, Jurkat, HSW, TALL, and Pear; B-cell lines, Daudi and RAMOS;
and macrophage-monocytic cell lines, U937 and HL60. Hematopoietic
cell lines were maintained in KI'M I 1640 medium supplemented with
2 x 10~3ML-glutamine, 10% fetal calf serum, 100 units/ml of penicillin,

and 100 Mg/ml of streptomycin (referred to as complete medium).
Other cell lines were maintained in Dulbecco's minimal essential me

dium containing 10% fetal calf serum. The mouse myeloma cell line,
NS/1, was used for cell fusion and was maintained in complete medium.

Normal and Tumor Tissues. Fresh tumor specimens were obtained
from patients undergoing surgery. Various normal tissues were obtained
at autopsy. Small pieces of viable tissues were snap-frozen in liquid
nitrogen and kept at â€”70Â°Cuntil cryostat sectioning. Several osteosar

coma and chondrosarcoma tissues were implanted in athymic BALB/c
nude mice s.c. and serially passaged as subcutaneous tumor lines in
nude mice for more than 3 yr (20, 21). Cryostat sections of those
xenografted tumor tissues were also used in this study.

Production of MoAb. BALB/c mice were immunized i.p. with 1 x10"viable cells of osteosarcoma cell line KIKU once a week for 5 times.

Four days after the last immunization, spleen cells from the immunized
mice were fused with NS/1 myeloma cells, according to the method of
KÃ¶hlerand Milstein (22). After fusion, cells were kept in 1 x IO"4 M
hypoxanthine/4 x IO"7 M aminopterin/1.6 x 10~* M thymidine-con-

taining complete medium until clones appeared. The hybridomas ob
tained were screened by indirect immunofluorescence using FACS
(Bc-eton Dickinson. Sunnyvale, CA). The initial screening was per
formed on a single cell suspension of KIKU and G-I cell lines. Cells
were incubated with supernatant from each hybridoma. After washing,
cells were further incubated with FITC-conjugated anti-mouse immu-
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PRODUCTION OF TWO MoAbs THAT DETECT OSTEOSARrOMA-ASSOCIATED ANTIGEN

noglobulin. Then cells were washed and analyzed by FACS. Hybrido-
mas producing antibodies that react with osteosarcoma cells, but not
to giant cell tumor cells, were recovered. Supernatants from these
hybridomas were again screened with the use of FACS. Hybridomas,
producing antibodies that react with osteosarcoma cells but not to the
cell mixture and consisting of TALL, HMC-1, and M7609, were
recovered. Those hybridomas were screened by immunoperoxidase
staining of frozen sections obtained from various tumor tissues. Hybri
domas producing antibodies of the restricted specificity were cloned by
the limiting dilution technique. Because of their reactivity to tissue
sections, two clones designated 2H10 and 2D3 were selected and
subjected to further study. Antibodies' subclass determination was by

Ouchterlony double immunodiffusion with anti-mouse subclass-specific
antisera (Miles Laboratories, Kankakee, IL). The 2H10 and 2D3 were
found to be IgM.

Cytofluorography. By cytofluorographic analysis, various human cell
lines were stained by indirect membrane immunofluorescence by using
2H10 and 2D3 and FITC-goat anti-mouse immunoglobulin. The cross-
reactivity of anti-mouse immunoglobulin with human immunoglobulin
was removed by passing the antibody through a Sepharose 4B column
coupled with human immunoglobulin. Ten thousands cells were
counted by FACS analyzer and the data were expressed as a histogram
in which the fluorescence intensity was plotted on the abscissa against
the relative number of cells on the ordinate.

Immunoperoxidase Staining. Cryostat sections of the various normal
tissues and tumor tissues fixed with cold acetone for IO min at 4 <
were incubated with 2HIO and 2D3 MoAb or control normal murine
IgM for l h at room temperature, were washed 3 times with PBS for
30 min, and were again reacted with biotinylated goat anti-mouse
immunoglobulin serum for I h. After washing with PBS, the sections
were stained by an avidin-biotin-peroxidase method by using avidin-
biotin-peroxidase complexes (Vector Laboratories, Inc.). On sections
of xenografts, sections were first incubated with biotinylated 2H10 or
2D3. After washing, sections were incubated with the avidin-peroxidase
complex.

Immunochemical Characterization of 21110-and 2D3-defined Antigen.
The osteosarcoma cell line KIKU cells were externally labeled with I25I

by using lactoperoxidase according to the method previously described
(23). After iodination, cells were washed 3 times with PBS by centrif-
ugation, and the cell membrane was disrupted by adding lysis buffer
(0.05 MTris-HCl buffer, pH 7.4, containing 0.14 MNaCI, 0.5% Nonidet
P-40,1 mM phenylmethyl sulfonyl fluoride, 1ng/ml of pepstatin, 0.05%
sodium azide, 0.2 Ill/ml of aprotinin, 8 mM iodoacetamide, and 5
mM EDTA for l h at 4Â°C.Aliquots of the labeled cell membrane were

then incubated with 1/10 (v/v) of 2H10 and 2D3 coupled to Affi-Gel.
The Affi-Gel beads were then washed with buffer containing 0.05 M
Tris HCI, pH 7.4,0.14 M NaCI, and 0.1 % Nonidet P-40. After extensive
washing, the beads were extracted with SDS-PAGE sample buffer (10%
SDS/10% glycerol/0.01% bromophenyl blue/62.5 mM Tris-HCl, pH
7.0) for 30 min at room temperature. The SDS-PAGE was performed
either under reducing conditions, where samples were boiled for 5 min
in SDS-PAGE sample buffer with 5% 2-mercaptoethanol, or under
nonreducing conditions without 2-mercaptoethanol. For the analysis
of 2H10- and 2D3-defined antigen in two-dimensional electrophoresis
(diagonal gel electrophoresis), the first and second dimension electro-
phoreses were carried out under nonreducing 7.5% and reducing 10%
Laemmli gels, respectively (24). In the same experiment, 2H10- and
2D3-defined antigen was analyzed by NEPHGE as described previously
(25). After electrophoresis, the gel was dehydrated by using a gel dryer
(Bio-Rad Laboratories, Richmond, CA). The radioactivity in the slab
gel was visualized by autoradiography with a Cornex intensifying screen
(Dupont Instruments. Wilmington, DE).

Sequential Immunoprecipitation and Binding Inhibition Assay. To
clarify whether 2H10-defined antigen and 21)3 defined antigen existed
on the same antigen molecule, a sequential immunoprecipitation study
was carried out. Thus, aliquots of labeled surface antigen, absorbed
with 2H10or 2D3 coupled to Affi-Gel, were again incubated with 2H10
or 2D3 coupled to Affi-Gel. The beads were then washed and extracted
as described above. The SDS-PAGE was performed under reducing
conditions. To determine if 2H10 and 2D3 recognize a different anti-

genie determinant, a cross-binding inhibition assay was carried out.
The affinity-purified 2H10 and 2D3 MoAbs were labeled with '"I by

the chloramine T method (21). Two hundred thousand KIKU cells
were incubated with an appropriate amount of '"I-2H10 (specific
activity, 50,000 cpm; 2,300 cpm/ng) or '"I-2D3 (specific activity,
50,000 cpm; 3,000 cpm/ng) at 4Â°Cfor 30 min in the presence or

absence of various amounts of cold 2H10 and 2D3. Cells were washed
by centrifugation at 1,000 rpm for 3 min on a layer of fetal calf serum,
and the cell-bound radioactivity was counted.

Enzyme Treatment. Type III trypsin was purchased from Sigma
Chemical Co., St. Louis, MO. KIKU cells were incubated with 0.05%
trypsin at 37'C for 25 min at a cell density of 1 x 106/ml. Neuramini-

dase (Streptococcus sp.) was purchased from Seikagaku Kogyo Co.,
Tokyo, Japan. KIKU cells were incubated with 0.25 unit/ml of neura-
minidase at 37Â°Cfor 30 min at a cell density of 1 x 106/ml. After

incubation, cells were washed extensively with cold PBS and stained by
2H10 and 2D3. The cells were stained by FITC-goat anti-mouse
immunoglobulin. After washing, cells were analyzed by FACS.

RESULTS

Cell and Tissue Distribution of Antigen Defined by 2H10 and
2D3. In order to determine which type of cells express the
antigenic determinant recognized by 2H10 and 2D3, the reac
tivity of MoAb with various cell lines was examined. The results
obtained from the cytofluorographic analysis of cell lines
stained with 2H10 and 2D3 are shown in Table 1. The results
demonstrated that the antigen was present on osteosarcoma
cell lines, KIKU and KIKU-M, and HuO-3Nl, whereas osteo
sarcoma cell lines, MG63 and NY, failed to react with 2H10
or 2D3 MoAb. Other cell lines tested including the giant cell
tumor, cervical cancer, lung cancer, colon cancer, pancreas
cancer, gastric cancer, T-cell line, B-cell line, and monocytic
cell line also failed to react with 2H10 and 2D3 as determined
by FACS.

Although 2H10 and 2D3 only reacted with human osteosar
coma cell lines, it is possible that other cell lines lost cell surface
antigen defined by 2H10 and 2D3 during in vitro culture.
Therefore, we next determined if 2H10 or 2D3 reacted with
bone and soft tissue tumors. The reactivity of MoAb with tumor
tissues was judged by immunoperoxidase staining. As shown in
Table 2, all frozen sections of freshly isolated osteosarcoma
tissues were strongly stained by 2H10 or 2D3 MoAb. The
representative results are shown in Fig. 1, A and B. It should
be noted that two rhabdomyosarcomas, five giant cell tumors
of bone, two malignant fibrous histiocytomas, two leiomyosar-
comas (Fig. 1C), one liposarcoma (Fig. ID), and four chondro-
sarcomas (Fig. IE) did not show any reactivity with 2H10 as
well as 2D3 MoAb. In addition, three human osteosarcoma-
xenografted tissues in nude mice showed strongly reactivity
with 2D3 as well as 2H10 MoAb, whereas one chondrosarcoma-
xenografted tissue failed to do so. Further, we analyzed the
reactivity of two MoAbs with various cancer tissues. As shown
in Table 3, the frozen sections of cancer tissues obtained from
various cancers did not show any reactivity with 2H10 or 2D3
MoAb. Collectively, it is conceivable that 2H10 and 2D3 rec
ognize osteosarcoma-associated cell surface antigen expressed
only on osteosarcoma cells. Since the cross-reactivity of MoAb
is critical for the clinical application of MoAb, next we carefully
examined the reactivity of normal human tissues with 2HIO
and 2D3 MoAb. As shown in Table 4, 2D3 and 2H10 MoAb
did not react with endothelial cells in normal tissues in spite of
their reactivity with capillary endothelial cells in some sarcoma
tissues. 2H10 also showed weak reactivity with cells on the
basal layer of epidermis of the skin. The representative results
are shown in Fig. 1, F and G.
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PRODUCTION OF TWO MoAbs THAT DETECT OSTEOSARCOMA-ASSOCIATED ANTIGEN

Table 1 Reactivity of2H10 and 2D3 to various human cell lines
Cells were stained by indirect membrane immunofluorescence with respective

antibodies and were analyzed by FACS.

Table 2 Reactivity oflHIO and 2D3 to various bone and soft tissue tumors
Cryostat sections of various tissues were fixed with acetone and were examined

by the immunoperoxidase technique as described in "Materials and Methods."

Cell lines 2H10 2D3

Osteosarcoma
KIKU
KIKU-M
MG63
NY
HuO-3Nl

Giant cell tumor
G-I
G-II

Cervical adenocarcinoma of the uterus
CAC-1

Lung cancer
No. 18
No. 27

Breast cancer
HMC-I
HMC-2

Colon cancer
M7609

Pancreas cancer
HPC-I
HPC4

Gastric cancer
KATO III

T-cell line
Jurkat
HSW
TALL
Pear

H cell line
Daudi
Radi

Monocyte cell line
U937
HL60
" Reactivity: ++, more than 50% of cells were positive; â€”,less than 1% of cells

were positive; +, when 1 to 50% of the cells were positive.

Irnmunochemical Characterization of 2H10- and 2D3-defined
Antigen. KIKU cells were labeled by 125I.The '"I-labeled cell

membrane was extracted and purified by immunoabsorption
with 2H10 or 2D3 MoAb coupled to Affi-Gel. The purified
antigen was analyzed by diagonal two-dimensional gel electro-
phoresis (Fig. 2). The 2H10- and 2D3-defined antigen was
found to have an approximate molecular weight of 75,000 under
nonreducing and reducing conditions, indicating that 21110-
and 2D3 defined antigen has a single chain structure and there
is no intramolecular disulfide bond. In the next experiment,
'"I-labeled cell surface antigen was subjected to NEPHGE
followed by SDS-PAGE. As shown in Fig. 2, 2H10- and 2D3-
defined antigen showed a pi value between 5.5 and 6.2. It
should be noted that there is no difference between 2H10- and
2D3-defined antigen in terms of molecular weight and pi value.
Therefore, the next experiment was designed to determine if
2H10- and 2D3-defined antigen is the same. Radiolabeled cell
lysate was first absorbed with 2H10 coupled to Affi-Gel at 4Â°C

for 24 h. The unbound fraction was recovered and further
incubated with 2H10 or 2D3 coupled to Affi-Gel. 2H10 and
2D3 failed to immunoprecipitate the M, 75,000 component.
The radiolabeled cell lysate was then absorbed with 2D3 cou
pled to Affi-Gel. 2H10 and 2D3 MoAb failed to immunopre
cipitate the Mr 75,000 component from the unbound fraction.

Tissues obtained from
Tumor tissues the following cases 2H102D3Osteosarcoma*Rhabdomyosarcoma*Leiomyosarcoma*Chondrosarcoma*Malignant

fibroushistiocytomaLiposarcomaGiant

celltumorOsteosarcoma

xenograftChondrosarcoma

xenograft1234567812121234121123412313+Â°

3+3+

3+2+
2+3+
3+2+
2+2+
2++
++
+_

_-
-_

_-_

_-
â€”â€”
â€”-
-_

_â€”
â€”-_

_â€”
â€”-

â€”-2+

2+2+
2+2+
2+-

" The average intensity of staining for each section was examined and was

scored on a scale of + to 3+, with 3+ being the most intense as described (26).
Negative reactivity was expressed as â€”.

The capillary endothelial cells of Osteosarcoma, rhabdomyosarcoma, k-iu
myosarcoma. and Chondrosarcoma tissues were stained with 2H10 and 2D3.

In contrast, 2H10 and 2D3 immunoprecipitated the M, 75,000
component from the unabsorbed lysate (data not shown). There
fore 2H10 and 2D3 recognize the same cell surface antigen
molecule.

Next we determined if 2H10 and 2D3 recognize the different
antigenic determinants on the same antigen molecule. KIKU
cells were incubated with '"I-2H10 or '"I-2D3 MoAb in the

presence or absence of various amounts of unlabeled 2H10,
2D3, or medium at 4Â°Cfor 40 min. After washing, the radio

activity bound to the cells was counted. As shown in Table 5,
binding of '"I-2H10 was completely inhibited by the unlabeled
2H10 as well as 2D3, and binding of ' "I-2D3 was also inhibited

by the unlabeled 2D3 as well as 2H10, indicating that 2D3 and
2H10 recognize the same antigenic determinant on the antigen
molecule. However, it is still possible that inhibition of binding
to the cells by a different antibody is due to the steric hindrance.
We next determined the sensitivity of the 2H10- and 2D3-
defined antigenic determinant to various enzymes. As shown in
Fig. 3, the antigenic determinant recognized by 2D3 was resist
ant to trypsin digestion, whereas that recognized by 2H10 was
sensitive to trypsin digestion. Neuraminidase treatment had
little effect on reactivity of 2H10 with KIKU cells, whereas the
reactivity of 2D3 was enhanced after neuraminidase treatment.
Taken together, it is possible that 2H10 and 2D3 recognize the
different antigenic determinants that existed on the same anti
gen molecule.

DISCUSSION

We have established two hybrid cell clones that produced
MoAbs specific to human Osteosarcoma cells. In order to ex-
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Fig. I. Immunoperoxidase staining of various tissues by 2H10 or 2D3 MoAb. In A and B (x 400), human ostcosarcoma tissues reacted with 2H10 MoAb. The

armÂ»'in A indicates that usteoid did not react with 2H10. In C (x 200), D (x 200). and E (x 200), leiomyosarcoma, liposarcoma, and chondrosarcoma tissue did not
react with 2HIO, respectively. In F(x 400) and O'(x 400), capillary endothelial cells (<â€”)in leiomyosarcoma tissue and cells on the basal layer of epidermis of normal

skin (<â€”)reacted with 2H10. respectively. In // (x 400). osteosarcoma tissues stained by normal mouse IgM were used as a negative control.
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PRODUCTION OF TWO MoAbs THAT DETECT OSTEOSARCOMA-ASSOC1ATED ANTIGEN

Table 3 Immunoreactivity of2H10 and 2D3 on human tumor tissues
Cryostat sections of freshly isolated tumor were examined by immunoperoxi-

dase technique.

No. of posi
tive cases

No. of cases
Organ Neoplasm tested 2H10 2D3

LungStomachColonPancreasEsophagusLiverOvaryUterusSkinAdenocarcinomaSquamous
cellcarcinomaAdenocarcinomaAdenocarcinomaAdenocarcinomaSquamous

cellcarcinomaHepatocellular
carcinomaSerous
cystadenocarcinomaMucinous
cystadenocarcinomaSquamous

cellcarcinomaSquamous
cellcarcinomaBowen's

disease4310833422211000000000000000000000000

Table 4 Immunoreactivity of2HIO and 2D3 on normal human tissues
Cryostat sections of isolated normal human tissues were examined by Â¡mum

noperoxidase technique.

OrganLungLiverSpleenAortaThymusTonsilBrainStomachColonPancreasHeartThyroidAdrenal

glandKidneySkeletal

muscleSkinNo.

of cases
tested3333343344323335No.2H100000000000000005"of

positive
cases2D30000000000000000

" Only cells on the basal layer of epidermis of the skin were stained by 2H10.

amine the specificity of MoAbs, we have used indirect immu-
nofluorescence using FACS analyzer and immunoperoxidase
staining using the avidin/biotin/peroxidase complex. The re
sults demonstrated that 2H10 and 2D3 reacted with osteosar-
coma cell lines and all osteosarcoma tissues tested. It should be
noted that 2H10 and 2D3 did not show any reactivity with
other soft tissue tumors tested in this study, such as rhabdo-
myosarcoma, leiomyosarcoma, malignant fibrous histiocytoma,
liposarcoma, giant cell tumor of bone, and chondrosarcoma.
Furthermore, 2H10 and 2D3 did not react with various tumor
cell lines and tissues. It is sometimes difficult for pathologists
to make differential diagnosis of bone and soft tissue malignan
cies in frozen sections. In this regard, 2H10 and 2D3 might be
useful for the differential diagnosis of bone and soft tissue
malignancies in frozen sections. Osteosarcoma cell lines MG63
and NY were not stained by 2H10 and 2D3. It is conceivable
that MG63 and NY cells lost tumor-associated antigen defined
by 2H10 and 2D3 during the in vitro culture. In fact, other
monoclonal antibodies to human osteosarcoma also failed to
react with MG63 cells (2, 4). We found that 2H10 and 2D3
reacted with HuO-3Nl cells.

Several MoAbs that react with human osteosarcoma cells
have been reported (1-5). MoAbs OST6, OST7, and OST 15
have been reported to be specific to osteosarcoma cells and
recognize an osteosarcoma-associated antigen (2, 5). However,
the biochemical nature of antigen has not been well character
ized. The recent report of Tanaka et al. (9) demonstrated that
the high level of antigens recognized by those MoAbs was

detected in sera of not only osteosarcoma patients but also
children with obstructive jaundice. Those MoAbs reacted with
serum alkaline phosphatase (9). The 2H10 and 2D3 recognize
an antigen of molecular weight very similar to that of alkaline
phosphatase. Although alkaline phosphatase activity was de
tected in human placenta, 2H10 and 2D3 did not react with
placenta! tissues. Furthermore, OST6, OST7, and OST 15 that
recognize human alkaline phosphatase reacted with sinusoidal
areas of liver tissues (9). In contrast, 2H10 and 2D3 did not
react with sinusoidal areas of liver tissues. Therefore, it is
unlikely that 2H10 and 2D3 recognize human alkaline phos
phatase. Baldwin et al. (1) reported that monoclonal antibody
79 IT/36 reacted with human osteosarcoma cells. Mo Ab 79 IT/
36 immunoprecipitated a M, 72,000 component from human
osteosarcoma cells. However, the reactivity of 79 IT/36 Mo Ab
was not restricted to human osteosarcoma cells, but also reacted
with mitogen-activated peripheral blood mononuclear cells and
other tumors such as colonie adenocarcinoma and medullary
cell carcinoma of thyroid (8). Therefore, 79IT/36 cannot be
used for the detection of osteosarcoma-associated antigen in
sera, differential diagnosis of bone and soft tissue sarcoma, or
the targeting of therapeutic agents in spite of the usefulness for
the localization of certain human tumor tissues (5-7). The
2H10 and 2D3 immunoprecipitated a M, 75,000 component
from human osteosarcoma cells. Although the molecular weight
of antigen defined by 2H10 and 2D3 and by 79IT/36 was
similar, the reactivity of MoAb with various tumor tissues was
entirely different. It is reasonable to state that 2H10- and 2D3-
defined antigen might be distinct from the 791T/36-defined
antigen. In addition, 2H10 and 2D3 offer the better means for
the characterization of osteosarcoma-associated antigen. Anti
gen defined by 2H10 and 2D3 showed a pi value at 5.5 to 6.2.
Some MoAbs are specific to the human sarcomas. TP-1 and
TP-3 reacted with osteosarcoma, chondrosarcoma, synovial
sarcoma, malignant fibrous histiocytoma, and fibrosarcoma (3).
TP-1 and TP-3 did not react with tissues of nonsarcomatous
malignancies. Although the biochemical nature of antigen de
fined by TP-1 and TP-3 was not reported, two MoAbs might
be useful for the identification of human sarcomas. Recently
Tsang et al. (4) reported the establishment of hybrid cell clones
that produced MoAbs that reacted with human osteosarcoma
cells. The reactivity of OSAI and OSA2 was restricted to
human osteosarcoma cells. However, the reactivity of OSAI
and OSA2 with various soft tissue malignancies was not well
examined. OSA3, OSA4, and OSA5 reacted with fibrosarcoma,
colon carcinoma, or melanoma. OSAI and OSA2 MoAbs im
munoprecipitated a M, 92,000 component from osteosarcoma
cells. However, the nature of antigens defined by OS A3, OSA4,
and OSA5 and the relationship among OSAI, OSA2, OSA3,
OSA4, and OSA5 was not well characterized. In order to
determine the relationship between 2H10- and 2D3-defined
antigen, we carried out a sequential immunoprecipitation study,
a cross-binding inhibition assay, and an enzyme treatment
study. Those studies collectively suggested the possibility that
2H10 and 2D3 recognized different antigenic determinants on
the same antigen molecule. This finding was further supported
by the fact that only 2H10 but not 2D3 showed weak reactivity
with cells on the basal layer of epidermis of the skin. Although
2H10 and 2D3 MoAbs specifically reacted with human osteo
sarcoma cells, they also reacted faintly with endothelial cells of
sarcoma tissues but not with endothelial cells of normal tissues.
It is unlikely that the antigen-antibody complex absorbed by Fc
receptors of endothelial cells was detected by 2H10 and 2D3,
because tumor tissues themselves other than osteosarcoma did
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Fig. 2. Immunochemical characterization of 211K) and 2D3-defined antigens. Antigens purifÃedby immunoabsorption with 2H10 coupled to AfTi-Gel (.11and
2D3 coupled to AfTi-Gel (//) were analyzed by two-dimensional diagonal gels, using nonreducing gels in the first dimension (top to bottom). 2111(1(C)- and 2D3 (In
defined antigens were also analyzed by NEPHGE (horizontal, left to right) followed by SDS-PAGE (vertical, top to bottom). The positions for molecular weight
marker proteins: phosphorylase b (M, 94,000); bovine serum albumin (M, 67,000); and ovalbumin (M, 43.000).

Table 5 Binding inhibition study with 2HIO and 2DÃŒ

Inhibitor (MoAb) Cells were incubated with"

Cold 2H10kg)1001010.1Cold2D3
(fg)10010i0.1'"I-2H1011,254Â±

1,025*354

Â±182,213
Â±828,025+

1241
0,396 Â±1,082420
Â±812,099

Â±988,068
Â±3011

0,203 Â±1,840'"I-2D31

0,780 Â±1,012550
Â±264,048
Â±10210,016
Â±24211,778Â±

1,684541
Â±133,534
Â±1089,123
Â±2419,963
Â±1,006

'The affinity-purified 2H10 and 2D3 were radiolabeled with I2'I by the

chloramine T method. Two hundred thousand KIM cells were incubated with
'"I-2H10 (specific activity, 50,000 cpm; 2.300 cpm/ng) or 12!I-2D3 (specific
activity, 50,000 cpm; 3,000 cpm/ng) for 40 min at 4Â°Cin the presence or absence

of various amounts of cold 2H10 or 2D3. Cells were washed by centrifugation at
1,000 rpm for 3 min on a layer of fetal calf serum, and cell-bound radioactivity
was counted.

* Mean Â±SEM (cpm) of three experiments.

Fig. 3. KIKU cells were treated with trypsin (A and C) or neuraminidase (B
and D) as described in "Materials and Methods." Then KIKU cells were stained
with 2D3 (A and B; <) or 2HIO (C and D; â€¢<)and were analyzed by FACS. The
medium-treated KIKU cells were also treated with 2D3 or 2H10 and were used
as a control (A).
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not express 2H10- and 2D3-defined antigen. It is possible that
endothelial cells in proliferating tissues express a unique cell
surface antigen (27) and that 2H10 and 2D3 cross-reacted with
this unique cell surface antigen. Although 2H10 and 2D3 did
not react with endothelial cells of normal tissues, the degree of
in vivo binding of antibody to endothelial cells should be ex
amined before the use of these MoAbs for the external imaging
of osteosarcoma tissues or targeting of therapeutic agents.
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