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ABSTRACT

The characteristics of a new osteosarcoma-associated cell surface
antigen were studied by means of two murine monoclonal antibodies, II'-
I and II'-.*. which were found to bind to two different epitopes on the

same antigen, a monomeric polypeptide with a molecular weight of
approximately 80,000. Immunohistochemical studies showed that the
antigen was present in all osteogenic sarcomas tested, in most cases of
malignant fibrous histiocytoma, in two malignant hemangiopericytomas
and in a few synovial sarcomas, but not in other main groups of sarcomas
and nonsarcomatous malignancies. In normal tissues it was detected only
in clusters of cells in the adrenal medulla and in proximal kidney tubules.
Also endothelial cells in proliferating capillaries in placenta and in most
tumors were stained. The antigen was absent in resting but present in
actively proliferating osteoblastic cells. The epitopes were resistant to
proteolytic and sugar-cleaving enzymes but sensitive to high temperatures
and could not be detected in paraffin-embedded specimens. The tissue
distribution and properties of the antigen show that it is different from
the sarcoma-associated antigens previously studied. In contrast to pre
vious findings with three other anti-sarcoma monoclonal antibodies, no
correlation was found between serum alkaline phosphatase activity and
the amount of TP-binding substances in the same sera. Nevertheless, an
apparently complex association between alkaline phosphatase and the
TP-binding antigen seems to exist. Thus, the M, 80,000 antigen extracted
from an osteosarcoma cell line showed enzyme activity, whereas TP-
binding molecules precipitated from patient sera contained alkaline phos
phatase activity only in a few of the cases studied. Altogether our data
suggest that the antigen defined by the TP antibodies may be a marker
of osteoblastic differentiation. The pattern of antigen expression in ma
lignant tumors is unique, inasmuch as the antigen is found selectively in
sarcomas and in all 31 osteosarcomas tested.

INTRODUCTION

Sarcomas, malignancies of mesoderma! origin, develop
mainly in bone and soft tissues. The biological relationship
between the different sarcoma subtypes is not well understood.
MoAbs' may become helpful tools in elucidating such relation

ships, particularly since many MoAbs are known to bind to
antigens related to cell differentiation (1, 2) or to a specific cell
lineage (3). Several proteins have been identified which seem to
emerge at different stages of bone development and maturation
(4-6), but their possible significance as markers in neoplastic
bone diseases is not clear. Relatively few sarcoma-associated
antigens recognized by MoAbs have been described, and these
MoAbs show either broad tissue and cell reactivity (7-9) or the
antigens are not well characterized (10, 11). Except for the
OST-MoAbs (12), no indications exist concerning the physio
logical role of such antigens. Whereas one anti-sarcoma anti
body (13) appears to bind to an antigen associated with libro-
blastic differentiation (14), none of the anti-sarcoma MoAbs

Received 2/9/88: revised 4/28/88; accepted 6/1/88.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' Supported by the Norwegian Cancer Society.
2To whom requests for reprints should be addressed.
' The abbreviations used are: MoAbs. monoclonal antibodies; IRMA, immu-

noradiometric assay; ALP, alkaline phosphatase; PBS, phosphate-buffered saline;
MSA. human serum albumin; MFH, malignant fibrous histiocytoma.

thus far produced bind to antigens restricted to primitive mes-
enchymal cells committed to differentiate along the osteoblastic
lineage.

We have previously developed 2 anti-sarcoma MoAbs, TP-1
and TP-3, which seemed to bind specifically to some subgroups
of human sarcomas, especially osteosarcomas (15). In the pre
sent extended study we confirm the restricted and unique spec
ificity of the TP antibodies, and we report data on the charac
teristics of the corresponding antigen and on our efforts to
define its relationship to other sarcoma-associated antigens.
The results suggest that TP-1 and TP-3 bind to 2 different
epitopes on a M, 80,000 antigen which is closely associated
with the differentiation of particular subtypes of mesenchymal
cells and fits the criteria for an osteoblastic differentiation
marker.

MATERIALS AND METHODS

Tissue Specimens. The tumor samples were obtained from biopsies
and from fresh surgical specimens. Some of the normal tissues were
taken from autopsy material 8-10 h postmortem, while most of them
came from larger surgical specimens. Small pieces were snap frozen in
liquid nitrogen and kept at â€”70Â°Cuntil cryostat sectioning. Some

specimens were immersed in cold ethanol and further processed for
paraffin embedding according to the method of Sainte-Marie (16).

Monoclonal Antibodies. The two osteosarcoma-associated MoAbs
TP-1 (IgG2a) and TP-3 (IgG2b) were produced as described previously
(15). They were purified from mouse ascites by affinity chromatography
using protein A-Sepharose (Pharmacia, Uppsala, Sweden). For innnii-
nohistochemical staining procedures, a final concentration of 10 Â¿ig/ml
was used. Fluorescein isothiocyanate-labeled goat anti-mouse IgG
(Tago, Burlingame, CA) was used for the immunofluorescence staining.
The staining of acetone-fixed frozen sections was performed with a
Vectastain ABC peroxidase kit (Vector, Burlingame, CA), following
the instructions given by the manufacturer. Isotype-matched irrelevant
mouse MoAbs were used as negative controls.

Radiolabeling of the two MoAbs was performed with I25Iusing the

lodogen method (17) as described previously ( 18). Briefly, 20 Mgof IgG
were incubated at 0Â°Cfor 10 min with an equimolar amount of I2*I

(Amersham, Little Chalfont, United Kingdom) in a plastic vial coated
with 2 jig of lodogen (Pierce Chemicals, Rockford, IL). The labeled
proteins were purified by gel filtration on Sephadex G-25 (Pharmacia).
The specific activity ranged from 10 to 30 mCi/mg protein in different
preparations.

Cell Lines. The osteosarcoma cell lines TPXM and KPDXM, as well
as the soft tissue sarcoma cell lines ALS, DEE, SE, were established in
our laboratory via spheroids as previously described (19). The osteosar
coma cell lines OHS (20) and the soft tissue sarcoma cell line MHM
were established from biopsies by expanding primary colonies from soft
agar, whereas U2-OS was kindly supplied by Dr. B. Westermark
(Uppsala, Sweden). The osteosarcoma line 788T was kindly supplied
by Dr. M. J. Embleton (Nottingham, England), and the rat osteosar
coma line UMR-106 (21) was obtained from Dr. K. Gautvik (Oslo,
Norway). The carcinoma cell lines HeLa S3 and HEp-2, as well as HT-
1080, derived from a human fibrosarcoma (22) were purchased from
Flow (Irvine, Scotland).

The Burkitt lines Raji and Daudi were obtained from Dr. G. Klein
(Stockholm, Sweden). The LOX and FEMX melanoma lines were
established in our laboratory (23).
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All cell lines were maintained as monolayer cultures, except Raji and
Daudi, which were grown in suspension. The medium used was RPMI
1640 (Gibco, Middlesex, United Kingdom) containing 10% fetal calf
serum.

Primary skin fibroblast cultures were prepared by an expiant tech
nique using small skin biopsies obtained from some of the sarcoma
patients.

Sarcoma xenografts were established and serially passaged in athymic
nude mice as described previously (24).

Biosynthetic Labeling and Immunoprecipitation. OHS osteosarcoma
cells and cultured skin fibroblasts were grown in semi-confluent mono-
layer cultures in 85-cm2 flasks (Nunc, Roskilde, Denmark) and meta-
bolically labeled for 20 h with either [14C]mannose (5 ^Ci/ml), "P (150
/Â¿Ci/ml),or [35S]methionine (50 MCi/ml) (Amersham). The labeled cells

were harvested using a cell scrape, washed in serum-free PBS, and
treated with 1% Triton X-100 in PBS for 30 min at room temperature.
The cell suspension was centrifuged at 10,000 x g for 20 min, and the
supernatant was diluted 5 times in PBS containing 1% HSA and 0.5%
Tween 20. In other experiments the cell surface proteins of OHS cells
were selectively labeled with 12!I using sulfosuccinimidyl-(hydroxy-

phenyl)propionate (25).
Immunoprecipitation was performed essentially as described by

Bumol and Reisfeld (26). MoAbs prebound to protein A-Sepharose
were mixed with the cell extract and incubated overnight at 4Â°C.The

precipitated, labeled material was analyzed by 7.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis in the presence and absence
of /3-mercaptoethanol (27). The High Molecular Weight Standard Kit
(Bio-Rad, Richmond, CA) was used as marker proteins. The gels were
autoradiographed at â€”70Â°C.

Binding and Blocking Assays. An IRMA was used to quantitate the
antigen. Triton X-100 extracts were prepared from unlabeled cells
grown in vitro. The TP-MoAbs were directly coupled to tosylated
monodisperse beads (Dynabeads CA-031-A; Dyno, Oslo, Norway) ac
cording to the method of Nustad et al. (28). The Immunobeads were
allowed to react with the different extracts at 4Â°Covernight and

pelleted. After a washing in PBS containing 0.5% Tween 20 and 1%
HSA, the particle-bound material was assayed by incubating the washed
beads with rad iolabeled TP-1 or TP-3 for 4 h. After washing, solid
phase bound radioactivity was measured in a multiwell-type gamma
counter (LKB-Wallac, Bromma, Sweden). Sera and spent culture me
dium from the different cell lines were tested for the presence of shedded
antigen using the same assay.

Sera from mice, rabbits, pigs, and humans were tested for possible
antibody binding activity in a cell-binding assay. The sera to be tested
were preincubated with small amounts of radiolabeled TP-1 or TP-3
and then with viable OHS cells (107/ml) and cell-bound radioactivity

was measured and compared to that found when the same amount of
antibodies was preincubated with buffer containing 1% HSA before
addition of the target cells. As positive controls, solubili/ed antigens
(Triton X-100 extracts from OHS cells) were used instead of serum.

Measurements of ALP activity were made by incubating cells or the
exposed Immunobeads in a pH 10.5 buffer (l M diethanolamine-0.5 M
MgCh) (Merck, Darmstadt, West Germany), containing 10 HIMp-
nitrophenylphosphate (Sigma, St. Louis, MO). The standard for enzy
matic activity was purchased from Sigma. After 10 min of incubation
at 37Â°C,the reaction was terminated by the addition of 0.1 M KOH,

the samples were cleared by centrifugation, and the absorbance at 405
nm was measured. The ALP activities in sera were measured as de
scribed previously (29).

Enzymatic and Chemical Treatment of Osteosarcoma Cells. Viable
OHS cells were treated at 37Â°Cfor 30 min with Pronase, papain,

trypsin (all 0.5 mg/ml in PBS), neuraminidase (0.2 unit/ml, pH 6.0),
collagenase type 1, and hyaluronidase, under conditions generally used
to disaggregate cells (19). The cells were also treated with periodate
(30). The effect of the treatment on the epitopes recognized by TP-1
and TP-3 was evaluated by indirect immunofluorescence staining using
untreated OHS cells as controls.

Heat resistance of the antigen was examined by preincubating OHS
cells for 5 min at 42, 55, 60, and 80Â°Cbefore immunofluorescence

staining. In other experiments the cells were exposed to denaturing

fixatives such as McDowell's solution, paraformaldehyde, and formal

dehyde. The subsequent staining intensity was read in a fluorescence
microscope.

RESULTS

The antigen distribution was assessed by observing the bind
ing of TP-1 and TP-3 to a wide variety of neoplastia and normal
cells and tissues using immunohistochemical methods. In all
cases studied, the 2 MoAbs showed identical binding profiles.

Sarcomas and Benign Mesenchymal Tumors. Table 1 shows
the binding data obtained on frozen sections from mesenchymal
neoplasms.

The 31 osteosarcomas tested all expressed the antigen, con
firming and extending our previous findings ( 15). In most cases,
especially in the osteoblastic subtype, the staining was strong
and homogeneous in all regions of the tumor (Fig. \A). The
osteoid substance produced by the tumor cells did not stain,
but the adjacent cells stained intensely. Three osteosarcomas of
the chondroblastic subtype were less well stained, and in some
areas the tumor cells appeared negative. Importantly, lung
mÃ©tastasesfrom 4 different patients were also strongly positive.

Of the three chondrosarcomas tested, only one, a clear cell
chondrosarcoma, stained intensely, whereas two well differen
tiated chondrosarcomas were negative. Interestingly, all seven
cases of Ewing's sarcoma were negative. One of these specimens

was an aspirate of a bone marrow that was heavily infiltrated
with tumor cells. In this case, none of the tumor cells was
stained, whereas some of the osteoblasts associated with clusters
of tumor cells were weakly positive.

The soft tissue sarcomas consist of a wide variety of subtypes,
of which MFH is one of the most common. Four of the 11
MFH specimens were strongly positive, 4 others were weakly
positive, and 3 were negative. Both hemangiopericytomas and
3 of the 4 synovial sarcomas bound the antibodies, whereas the
other sarcomas, including lipo-, leio-, and different subtypes of
rhabdomyosarcomas, were negative in all cases studied.

Sixteen benign neoplastic lesions derived from mesenchymal
tissues were examined (Table 1). The 2 cases of fibrous dysplasia
in bone were positive and stained homogeneously. One case of
dermatofibrosarcoma protuberans and one case of villonodular
synovitis, tumors that probably represent a histiocytic prolifer-

Table 1 Antigen expression in frozen tumor sections

No. positive/no,
tested

TumorMalignantOsteosarcomaChondrosarcomaMalignant

fibroushistiocytomaMalignant
hemangiopericytomaSynovial
sarcomaEwing's

sarcomaLiposarcomaRhabdomyosarcomaLeiomyosarcomaBenignFibrous

dysplasiaDermatofibrosarcoma
protuberansVillonodular
synovitisCystosarcoma

phyllodes"DesmoidNeurofibromaLipomaGiant

cell tumorTP-131/311/38/112/23/40/70/60/70/32/21/1I/I0/30/20/30/30/1TP-331/311/37/102/22/30/70/60/70/32/21/11/10/30/20/30/30/1
" Myoepithelial cells weakly stained in one of the specimens.
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ation, were positive, although only in certain regions. However,
12 of the 16 benign tumors were not stained by the MoAbs.
These included tumors believed to represent proliferation of
cells derived from fibroblast progenitor cells, such as cystosar-

coma phyllodes, desmoid, and neurofibroma, as well as lipomas
and a giant cell tumor of the bone.

Nonsarcomatous Malignancies. Previously we have reported
(15) that nonsarcomatous malignant tumors did not bind the
antibodies. Altogether, we have now studied 86 cases, repre
senting 23 different types of cancer, and still we have not
observed any binding to nonsarcomatous tumor cells. Parallel
to a study of the expression of neuroectodermal markers in 50
childhood malignancies (31), no binding of TP-1 and TP-3 was
found.4

Normal Tissues and Proliferating Normal Cells. Since the TP
antibodies are exceptionally specific for osteogenic sarcoma, it
was of interest to examine whether the antigen is expressed in
the normal counterparts of the sarcoma cells. It was found that
osteocytes and resting osteoblasts did not bind TP-1 or TP-3.

Cells present in the periosteal connective tissue were also neg
ative. In contrast, proliferating osteoblasts in callus tissue and
in epiphysial growth plates (Fig. IB) did stain. Also, osteoblasts
in regenerating spongious bone present in a biopsy from a
neuroblastoma-infiltrated bone marrow, successfully treated by
chemotherapy, bound the antibodies (not shown). However, the
staining was not as pronounced as in the osteosarcoma tissues.
Osteoclasts were not stained.

Normal cartilage and fibrous connective tissue were negative,
as were fibroblasts grown in monolayer cultures (15). Impor
tantly, budding capillaries present in sarcomas (Fig. 1C) and in
most of the nonsarcomatous tumors were positive. Endothelial
cells in normal tissues, except some of the endothelial lining
cells in placenta! capillaries did not stain.

Myoepithelial cells, present in one of the phylloides tumors
(Table 1), were weakly positive in the border area between the
epithelial and fibrous components but negative in a normal
submandibular gland where such cells are abundant.

Previously we found no significant binding in sections from
a number of parenchymatous tissues, except for the proximal
kidney tubules, in which a moderate staining of the cytoplasm
was seen (15). In the present study of a number of additional
normal tissues, binding was observed only in the adrenal me
dulla where clusters of positive cells were seen. However, the
major part of the medulla and the entire cortical region were
not stained.

Cell Lines. Several cell lines established in our laboratory, as
well as several commonly used sarcoma and nonsarcomatous
cell lines, were tested for antigen expression and the concomi
tant ALP activity. The results (Table 2) show that of 5 human
osteosarcoma lines tested, only 2 were antigen positive. Among
the negative were both the U20S and the 788T cell lines. Also
the rat U M R osteosarcoma line was negative, as were the soft
tissue sarcoma lines HT1080 and MHM. All the nonsarcoma
tous lines failed to stain. As seen in Table 2, the ALP activity
did not correlate with the antigen expression. Interestingly, the
highest enzyme activity was found in the antigen-negative os
teosarcoma cell line 788T.

Properties of the Antigen. The molecular weight of the antigen
recognized by TP-1 and TP-3 was estimated by autoradiography
of immunoprecipitates from labeled cell extracts after separa
tion on a 7.5% sodium dodecyl sulfate-polyacrylamide gel (Fig.
2). The immunoprecipitates obtained, with both TP-1 and TP-

Table 2 TP-MoAb reactivity and ALP activity in cell lines

CelllineOsteogenic

sarcomasOHSKPDXMTPXMU20S788TUMRfSoft

tissuesarcomasHT1080MHMAntibody

binding" ALP activity
(units/moTP-1

TP-3protein)*3+

3+3.922+
2+ 2.121.010.114.120.820.010.02

Carcinomas
HeLa S3
Hep-2

Melanomas
LOX
FEMX

Hematopoietic cells
Daudi
Raji

0.20
0.82

0.00
0.01

NT"

0.07
" Intensity of cell surface fluorescence staining.
* filimi /in in.
' Cell line of rat origin.
d NT, not tested.

1 23456
116
94

â€”67

45

32

Fig. 2. Autoradiogram of sodium dodecyl sulfate-polyacrylamide gel (7.5%).
Immunoprecipitated material of Triton X-100 extract of the osteosarcoma cell
line OHS (Lanes 4 and 5) and of growth medium from a confluent monolayer
culture of OHS cells, (Lanes 2 and 3) separated under nonreducing conditions.
Antibodies used: TP-1, Lanes 2 and 4; TP-3, Lanes 3 and 5; molecular weight
markers. Lanes I and 6.

' B. R. Oppedal. personal communication.

3, from extracts of OHS osteosarcoma cells, metabolically
labeled with [35S]methionine, gave one distinct band (Fig. 2,

Lanes 4 and 5) with an approximate molecular weight of
80,000. No such band was found in extracts from fibroblasts
(not shown). Similar results were obtained when the experiment
was carried out under reducing conditions, indicating that the
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antigen lacks intermolecular disillude bridges. When spent cul
ture medium from OHS cell cultures was immunoprecipitated,
only a very faint band was seen at this molecular weight (Fig.
2, Lanes 2 and 3), suggesting that the antigen is not shed by
these cells to any significant extent. No distinct band was found
in extracts from OHS cells labeled with either 32P or [I4C]-

mannose.
A faint band at ~M, 45,000 is also seen (Fig. 2) in the extracts

of the OHS cells. This band was hardly visible when we selec
tively labeled the cell surface proteins with I25Ias described by

Thompson et al. (25). However, the band was present in extracts
from antigen-negative fibroblasts, suggesting that it might be a
protein capable of binding unspecifically to the protein A-
Sepharose particles.

Immunoprecipitated material was also tested for ALP activity
by incubating the loaded Immunobeads as described in "Mate
rials and Methods." A significant enzyme activity was found,

with both TP-1 and TP-3, in the precipitates from OHS cells.
No such activity was seen in the precipitates from fibroblasts
or Raji cells.

The antigen seems to be rather resistant to proteolytic en
zymes, inasmuch as treatment of OHS cells with Pronase,
trypsin, and collagenase type 1 did not affect binding of the
Mo Abs. Moreover, hyaluronidase treatment of the cells did not
reduce the staining intensity. Since most membrane proteins
are glycoproteins, we studied the sensitivity of the antigen to
the sugar-cleaving enzyme neuraminidase, as well as to period-

ate treatment. None of these manipulations had any effect on
the antibody binding to OHS cells (not shown), indicating that
the epitopes probably do not involve sugar moieties. Since
carbohydrate epitopes usually are rather thermorÃ©sistant, the
above conclusion is further supported by the finding that bind
ing of the antibodies was abolished after incubating the cells
for 5 min at temperatures above 56Â°C.

Previous studies (15) showed that several fixation solvents,
including acetone and ethanol, could be used for immunohis-
tochemical studies without affecting the binding of the two
antibodies. It was found here, however, that although brief
fixation of frozen sections in formaldehyde did not destroy the
epitopes, fixation for 5 min or longer gradually denatured the
binding sites. This fact, together with the finding that the
epitopes are heat labile, explain why paraffin-embedded speci
mens did not bind the MoAbs. Also paraformaldehyde and
McDowell's solution commonly used for immunoelectron mi

croscopy, abolished the antibody binding.
The TP-binding Epitopes. The findings that the immunohis-

tochemical binding profiles obtained on neoplastic and normal
tissues were the same for TP-1 and TP-3 and that the molecular
weights appeared to be identical strongly indicated that the
antibodies recognize the same antigen. They also suggested that
the 2 MoAbs might bind to the same epitope. That this is not
the case, however, was revealed in subsequent competition
experiments in which OHS cells were saturated with unlabeled
TP-1 before addition of radiolabeled TP-3. Thus, it was found
that preincubation with unlabeled TP-1 did not affect the sub
sequent binding of the labeled TP-3. When the cells were
incubated first with unlabeled TP-3 before addition of labeled
TP-1, analogous results were obtained. These experiments in
dicate that the two monoclonal antibodies bind to two different
epitopes on the same or to 2 different M, 80,000 proteins.

To examine whether the two epitopes were indeed present
on the same molecule, Triton X-100 extracts of OHS cells were
incubated with TP-1-coated beads to bind the antigen carrying
the TP-1-binding epitope. The beads were centrifuged, washed.

and subsequently incubated with radiolabeled TP-3. It was
found that labeled TP-3 bound to the TP-1 binding antigen
thus isolated. The converse experiment gave similar results,
whereas when the same antibody was used on the beads and as
a tracer, no binding of the labeled antibody was seen. In control
experiments with extracts from HeLa and Raji cells, as ex
pected, no significant binding to the beads was found. Alto
gether, the results strongly indicate that TP-1 and TP-3 bind
to 2 different epitopes on the same protein.

To study whether the antigen might be identical to or share
epitopes with the osteoblastic marker osteocalcin (6), we incu
bated labeled antibodies in a buffer with and without the addi
tion of 10 M8/m' of purified osteocalcin before testing antibody
binding to OHS cells. No interfering effect of osteocalcin was
found, whereas Triton X-100 extracts from OHS cells used as
positive controls dramatically reduced the binding (not shown).

The Presence of TP-binding Species in Serum. To test whether
molecular species capable of binding the TP antibodies were
present in normal serum, we preincubated sera from mice,
rabbits, pigs, and humans for 2 h with small amounts of
radiolabeled TP-1 or TP-3 and then with viable OHS cells (IO7/

ml). Cell-bound radioactivity was measured and compared to
that found when the antibodies were preincubated with buffer
containing 1% HSA. As positive controls, solubili/ed antigen
(Triton X-100 extracts from OHS cells) was used instead of
serum. With this method no inhibition of TP binding was found
with any of the sera tested (not shown). When, however, the
IRMA (described in "Materials and Methods") was used, TP-

binding species were detected in sera from some patients with
metastatic osteosarcoma (Table 3).

Previously, Japanese authors have reported that the 3 osteo-
sarcoma-associated MoAbs, OST6, OST7, and OSTI5 (12), all
recognize epitopes on a protein present in serum and that the
level of this antigen was strongly correlated with the serum
ALP activity (32). To study whether our antibodies recognize
the same antigen, we attempted to correlate the total ALP level
of different sera with their ability to bind the TP antibodies.
Using the IRMA it was found (Table 3) that, in serum samples
diluted 1:10, no significant TP-binding activity could be de
tected, neither in normal sera nor in 4 icteric sera with very
high ALP activity (above 800 units/liter). Two of 4 sera from
patients with metastatic osteosarcoma contained detectable
amounts of TP-binding species, whereas the ALP level in these
sera was normal. The lack of correlation between the level of
TP-binding substances in serum and the concomitant ALP

Table 3 Serum cross-reactivity of the TP MoAbs

% of binding of the radiolabeled ligand to

TP-1 beads TP-3 beads

Sera-NormalOBBKGHIctericGKTBACABOsteosarcomaJVKPDALKT'"I-TP-1<1<1<11.11.2<11.118.512.11.31.6'"I-TP-31.21.11.03.01.01.81.23.83.11.11.21"I-TP-12.0<11.42.5<12.11.621.415.91.02.6'"l-TP-3<1<J<11.1<1<1<12.11.8<11.1

1All sera diluted 1/10 in PBS with 1% HSA.
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activity constitutes additional evidence that our MoAbs definÃ¬'

an antigen that is different from the one recognized by the OST
MoAbs.

Effect of Growth Conditions and of Modifying Agents on
Antigen Expression. It is well known that during serial passag
ing of tumor cells in vitro and in vivo, the expression of mem
brane antigens may change. We therefore compared the antigen
expression in tumor cells obtained directly from the patients,
from the corresponding tumors grown as xenografts in athymic
mice, and from monolayer cultures in vitro. The presence of
antigen expressed on the cell surface was tested by indirect
immunofluorescence on viable cells, and possible cytoplasmatic
antigen was tested on ethanol-fixed cell suspensions.

The 3 antigen-positive osteosarcomas studied expressed the
antigen also on cells obtained from the corresponding xeno
grafts (Table 4). However, one tumor (TP) showed a significant
increase in growth rate after 2 years of serial passaging in nude
mice, and immunohistochemical staining of cytospin prepara
tions (Fig. ID) showed that concurrently the antigen expression
had become heterogeneous with the appearance of some cells
that did not bind the antibodies. When permanent cell lines
were established from the patients' tumors (OHS) and from the

xenografts (KPDX and TPX), the TPXM monolayer cells lost
the antigen. The antigen was not reexpressed when these anti
gen-negative TPXM cells were injected back s.c. into nude mice
and serially passaged as xenografts.

Three antigen-positive soft tissue sarcomas were also exam
ined. Two of these, ALS and DEE, became negative when the
cells were grown both as xenografts and as in vitro cell lines. A
synovial sarcoma (SE) was continuously positive as xenograft,
but its initial antigen expression in vitro was lost during serial
passaging.

The effect on the antigen expression of hydrocortisone (10
Mg/ml), the retinoids Ro 13/7410 and tretionine (Hoffmann-
La Roche, Basel, Switzerland) at 10~6M, and indomethacin (10

ng/ml), substances known to affect cell surface ALP activity
(33), differentiation (34), and osteoblastic properties (35), re
spectively, was also tested. The different treatments did not
induce any significant changes in the expression of the TP-
binding antigen in either the antigen-positive cell line, OHS, or
the antigen-negative osteosarcoma cell line TPXM (not shown).

DISCUSSION

The present paper is part of an effort to study aspects of the
histogenesis, biology, and chemosensitivity of human sarcomas.
These tumors constitute an heterogeneous group with poorly
defined subtypes, characterized mainly on the basis of morpho
logical criteria. A supplementary new approach to the classifi
cation of tumors, shown to be particularly useful in lymphomas
(36), is to use monoclonal antibodies to define their phenotypes.

It is demonstrated here that the TP-1 and TP-3 antibodies

Table 4 Influence of growth conditions on antigen expression in sarcomas

Specimen Histology

Antigen expression in

Patient
tumor Xenograft Cell line

OHS Osteosarcoma
KPD Osteosarcoma
TP Osteosarcoma

ALS Unclassified
DEE Hemangiopcricytoma
SE Synovial

" Loss of antigen during serial passaging in vitro.

bind to 2 different epitopes on the same cell surface antigen, a
monomeric protein with a molecular weight of approximately
80,000. The biodistribution of this antigen seems to be very
restricted. Thus, the TP-1 and TP-3 MoAbs reacted with all 31
osteogenic sarcomas tested. Among other sarcoma subtypes,
antigen expression was observed only in MFH, in the 2 malig
nant hemangiopericytomas tested, and in a few synovial sarco
mas, but neither in nonsarcomatous malignancies nor in a wide
variety of normal tissues. To our knowledge the 100% reactivity
of osteosarcomas and the lack of cross-reactivity to any non
sarcomatous malignancy, demonstrate an unprecedented tumor
type-specific binding pattern.

The implication of the finding that 8 of 11 MFH express the
antigen is not clear and will be explored in further studies. The
positive staining of the malignant hemangiopericytomas is in
teresting in view of the fact that also proliferating endothelial
cells in placenta and budding capillaries in tumorous tissues
seem to express the antigen. These findings provide additional
evidence that hemangiopericytomas are of vascular origin.

The antigen defined by our TP antibodies is clearly different
from those recognized by the antibodies previously described.
The antigen defined by the MoAb 79IT/36 (8) is expressed also
in a variety of nonsarcomatous malignancies (37), as well as in
some normal tissues. Significantly, the antigen is strongly ex
pressed in 788T cells which did not bind the TP antibodies.
Similarly, the antigen recognized by the 19-24 antibody, devel
oped by Brown et al. (38), is strongly expressed in HT 1080
fibrosarcoma cells (39) which were unreactive with the TP
MoAbs (Table 2).

The OST MoAbs (12), initially believed to be quite specific
for osteosarcomas, define an antigen with properties that are
different from those of the antigen here studied. Thus, in
contrast to our case, it could be detected in routine paraffin-
embedded tissue sections (40), and it was also present in liver
(32).

The difference between the OST- and the TP-binding anti
gens is also demonstrated by their different relationships to
ALP. Thus, the presence of the antigen detected by the OST
MoAbs in serum samples diluted 1:10 showed a strong corre
lation with total ALP levels (32), whereas at the same serum
dilution, the content of the TP-binding antigen did not correlate
with the serum ALP activity. However, in undiluted samples,
TP-1-coated beads in 2 of the 4 icteric sera examined picked
up detectable amounts of a molecule that showed enzyme
activity (not shown), indicating that also our antigen may have
some relationship to ALP. The complexity of this relationship
is illustrated by the finding that the 2 other icteric sera, both
with very high total enzyme activities, did not contain TP-
binding substances, whereas the sera having the highest level of
antigen were obtained from 2 patients with metastatic osteo
sarcoma, both with normal levels of serum ALP.

In the latter 2 sera the molecules picked up by TP-1 beads
were able to bind not only labeled TP-3 but also labeled TP-1,
indicating that the TP-binding species present in these sera
might be different from the antigen extracted from OHS cells.

In contrast to the findings with the TP-1 beads, no significant
binding was seen with TP-3-coated beads in any of the icteric
sera tested. This was unexpected in view of the fact that the 2
TP-binding epitopes, when extracted from the OHS osteosar
coma cell line, seem to reside on the same M, 80,000 protein
possessing ALP activity.

The tissue distribution of the antigen, as revealed by the
immunohistochemical studies, shows that it is unrelated to the
placenta!, intestinal, leukocyte, biliary, and liver forms of ALP.
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Furthermore, in the adrenal medulla, which is devoid of ALP
activity (41), antigen-positive cells were found in clusters of
cells, while the entire cortical region, which does contain the
enzyme (41), did not bind the TP MoAbs. The attractive
possibility that it might be associated selectively with the bone
isoenzyme is not supported by the finding that 3 antigen-
negative osteogenic sarcoma cell lines showed high ALP activity
(Table 2).

Sarcomas are believed to represent clonal expansions of
connective and supportive tissue cells at different stages of
maturation, and it is a common experience that tumor-associ
ated antigens defined by MoAbs are linked to cell activation,
proliferation, and differentiation (1-3). The antigen defined by
our TP antibodies was absent in osteocytes, in resting osteo-
blasts, and in cells in periostea! connective tissue, but present
in callus tissue and in epiphysial growth and regenerating
spongious bone plates. The antigen therefore seems to be re
stricted predominantly to proliferating mesenchymal cells, sug
gesting that it may in fact be a marker of osteoblastic differen
tiation.

The well known osteoblastic marker osteocalcin (6) is re
ported to be derived from precursor proteins with molecular
weights in the range of 80,000 (42). Our competition experi
ments indicated, however, that the TP antigen is unrelated to
osteocalcin. Also another protein that is abundant in bone
tissue, osteonectin (43), seems to be unrelated to the antigen
here studied, since it has a lower molecular weight, and, in
contrast to the TP antigen, is predominantly located in the
perinuclear region (44) and is actively shed to the cell culture
medium (43).

As reported previously (18), the TP antibodies have been
successfully used to localize osteogenic sarcomas xenografted
in athymic, nude mice. The presence of the antigen in endothe-
lial cells of proliferating capillaries in tumors may conceivably
contribute to the tumor localization of labeled antibodies. The
high specificity of these antibodies confirmed here, with the
virtual absence of binding to normal tissues, warrants further
exploration of the use of these antibodies in patients for diag
nostic and therapeutic purposes.
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