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ABSTRACT Giant cell tumors of bone dissociated
by collagenase digestion were found to be composed
of four different cell types defined by morphology,
growth in culture, and pattern of staining with mono-
clonal antibodies. Giant cells comprised an average of
0.8% of the cells recovered, with the remainder con-
sisting of small stromal cells. Of the giant cells, 20-
57% expressed Ia antigens, while all lacked IgG Fc
receptors and five differentiation antigens associated
with mature members of the monocyte-macrophage
lineage (M¢S-1, M@P-9, M¢P-15, M¢S-39, and 63d3).
One antigen, M¢U-50, found on early monocytoid
forms was expressed on la+ giant cells. 6-36% of the
remaining stromal tumor cells formed a second sub-
population that assumed either a rounded or elongated
shape in culture. These cells bore 1a antigens, IgG Fc
receptors, and five antigens of the monocyte-macro-
phage lineage usually found on blood monocytes.
However, these cells differed from monocytes or mac-
rophages in that the antigen M@R-17 generally found
on tissue macrophages was absent, and the M¢U-50
antigen present on more primitive cells was well ex-
pressed. A very limited endocytic capacity was de-
monstrable. A third population of up to 24% of the
tumor cells was defined by the presence of intense
staining for Ia antigens but the absence of antigens of
mature monocytes. A proportion of these cells ex-
pressed M¢U-50 and a minority had IgG Fc receptors.
The two Ia(+) populations of stromal cells were not
identifiable after 2 wk of culture, nor did tumor cells
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selected for the presence of Ia antigens proliferate in
culture. A fourth population of cells lacked Ia and
monocyte lineage antigens, but showed pronounced
intracellular staining for acid phosphatase. These cells
had a distinctive plump epitheloid to fibroblastoid
morphology and were readily established in long-term
culture where they gave rise to large multinuclear
Ia(—) cells containing acid phosphatase. The possibility
is discussed that the cell types of these tumors relate
to various stages in the development of osteoclasts from
precursors in the mononuclear phagocyte lineage.

INTRODUCTION

The unusual morphological features of the giant cell
tumor of bone have made it the subject of numerous
studies since its classic description by Jaffe et al. (1).
The tumor is characterized by large multinucleated
cells distributed amongst numerous distinctive stromal
cells that are smaller and morphologically uniform.
The giant cells contain relatively large amounts of acid
phosphatase and other hydrolytic enzymes (2). Re-
cently, smaller amounts of acid phosphatase have been
identified in the stromal cells (3). The similarity of the
giant cell to an osteoclast both in morphology and en-
zyme content has given rise to the conjecture that the
cell is a neoplastic variant of an osteoclast, and the
tumor is sometimes termed an “osteoclastoma’ (2, 4,
5). However, other theories viewed the giant cell either
as a reactive cell similar to the macrophage-related
giant cell or to a normal osteoclast, or alternatively as
derived from the stromal cell, while the stromal cell
itself was considered to be the primary tumoral ele-
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ment (2, 3, 6). The general nature of the tumoral cells
and their relationship to normal cells remains rela-
tively obscure and information on the more specific
types of cell markers in the giant cell tumor is lacking.

Recently, a number of monoclonal antibodies have
been described that detect surface antigens exclusively
or predominantly expressed on the mononuclear
phagocyte lineage (7-9). The use of these reagents
provides a specific means of identifying cells related
to or derived from the mononuclear phagocyte lineage.
The Ia or DR antigens that are encoded by genes in
the major histocompatibility complex are primarily
expressed on cells of bone marrow origin such as mono-
cytes, B lymphocytes, and progenitors of the granu-
locyte and erythrocyte lineages. la antigens are un-
commonly found on normal cells outside of the bone
marrow lineage such as endothelial cells but are
strongly expressed on certain tumor cells of nonhe-
matopoietic origin (10).

The purpose of the present investigation was to ini-
tiate the analysis of the cell surface phenotype of both
the stromal cells and the giant cells using antibodies
to Ia/DR and monocyte differentiation antigens. As-
pects of the biology of the tumor were investigated
with emphasis on the nature of different stromal cell
populations, their relationship to the giant cells, and
possible analogies with normal cell lineages.

METHODS

Patient population. Five patients with giant cell tumors
of bone were studied. The diagnosis was made according to
criteria previously described (1, 11, 12). The tumor tissue
was obtained during surgery and was in excess of that re-
quired for diagnosis. The tissue samples from patient 1, 2,
3, and 4 were obtained at primary surgery, and in patient
5 from a recurrent tumor.

Processing of tissue. The cell isolation procedure was
modified from one described in greater detail elsewhere (13).
Tumor tissue was dissected free, finely minced in medium
RPMI 1640 and mixed with 20 vol of medium RPMI 1640
containing 1 mg/ml collagenase (Sigma Chemical Co., St.
Louis, MO) and 0.15 mg/ml deoxyribonuclease (Sigma
Chemical Co.). After constant stirring for 60 min at 37°C
in a small spinner flask, the cell suspension was filtered
through a nylon sieve with a pore size of 250 um (Tetko,
Inc., Elmsford, NY). Subsequently, the cell suspension was
purified by centrifugation upon a Ficoll-Hypaque density
gradient. Cells were harvested from the interface, washed
three times in phosphate-buffered saline (PBS) and stored
in medium RPMI 1640 supplemented with 10% fetal calf
serum until used.

Cell culture. Cell cultures were initiated on small round
coverslips (Bellco Glass, Inc., Vineland, NJ) in 24-well cul-
ture plates (Linbro Chemical Co., Hamden, CT) in medium
RPMI 1640 supplemented with 10% fetal calf serum at a cell
concentration of 0.2 X 10° cells/ml. After reaching con-
fluency, the cells were split 1:3. Cells were stained on cov-
erslips at time intervals indicated below.

Histochemistry and cytochemistry. Specimens were fixed
in 10% neutral-buffered formalin. The fixed tissues were
either embedded in paraffin for routine sectioning or de-
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hydrated in a series of increasing methanol concentrations
for embedding in methyl methacrylate according to the
method of TeVelde et al. (14). Sections (15) were cut at 5
pm thickness and stained for acid phosphatase (16) or al-
kaline phosphatase (17). The presence of lysozyme or Factor
VIlI-related antigen was detected by an immunoperoxidase
method (17).

The coverslips or cytocentrifuge preparations of sorted
cells were fixed in Baker’s formalin for 1 h, rinsed with
distilled water, and placed in PBS. The acid phosphatase,
alkaline phosphatase, and lysozyme stains were performed
as described for the fixed sections with the exception that
the incubation periods with substrate were carried out for
15, 30, and 60 min whereas in fixed sections 30 min was the
standard incubation time used. Staining for Factor VIII-re-
lated antigen was performed using the technique referred
to above. The specimens were examined and photographed
in a Zeiss Photomicroscope 111 (Carl Zeiss, Inc., New York).

Determination of the relative cell size. The relative cell
size of suspended cells was determined by using the forward
light scatter analysis on a fluorescence-activated cell sorter
(FACS 1V, Becton, Dickinson & Co., Mountainview, CA)
(18). Peripheral blood lymphocyte and monocyte prepara-
tions separated as previously described (13) served as ref-
erence standards to compare cell sizes.

Identification of cell surface antigens. The following
monoclonal reagents were used at saturating concentrations
for surface antigen identification in indirect immunofluo-
rescence. The anti-la monoclonal antibody 22c6 was ob-
tained from an immunization with peripheral blood B cells
(19). The antibodies reacting with antigens on cells of mono-
cyte-macrophage lineage were obtained by immunization
with peripheral blood monocytes (reagents M¢P-9, M¢P-15,
M¢S-39, and M¢R-17), pleural fluid macrophages (M¢S-1),
and the primitive monocytoid cell line M¢pU-50) as described
in greater detail elsewhere (9, 20, 21). The antimonocyte
monoclonal antibody 63d3 was kindly provided by Dr. J. D.
Capra, University of Texas, Southwestern Medical School,
Dallas, TX. (7). The specificities of the antibodies directed
to the mononuclear phagocyte lineage are summarized in
Table I. The monoclonal antibody T3 reacting with >95%
of peripheral blood T cells (22) was purchased from the
Ortho Pharmaceutical Co., Raritan, N.J. F(ab'), fragments
of the rabbit anti-la serum 962 were conjugated with fluo-
rescein isothiocyanate. This reagent was characterized pre-
viously (23). An F(ab'), preparation of the immunoglobulin
fraction was conjugated with fluorescein isothiocyanate and
absorbed with T lymphoblastoid cell lines. The anti-human
surface immunoglobulin reagents consisted of a mixture of
F(ab'), reagents separately specific for mu or delta deter-
minants (23). IgG Fc receptors were detected by indirect
immunofluorescence using 1-5 ug of purified aggregated
human IgG in the first stage per 100,000 cells and F(ab'),
fragments of goat anti-human IgG Fc in the second
stage (24).

Immunofluorescence. The above described monoclonal
reagents were used in indirect immunofluorescence with an
F(ab'), preparation of rabbit anti-whole IgG fraction of
mouse ascites fluid that was conjugated with tetramethyl
rhodamine isothiocyanate (19). Double staining was per-
formed by adding the rabbit anti-mouse Ig reagent and the
fluorescein-tagged hetero anti-Ia reagent at the same time
(19). Slides were examined using incident illumination in a
fluorescence microscope (E. Leitz, Wetzlar, West Germany).
The evaluation of positively stained cells was performed by
counting ~200 cells. The numbers of positive cells were
expressed as percentages of the total cell preparation. Quan-
titative cytofluorometry was performed on the FACS 1V
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TaBLE 1
Reactivity of Monoclonal Reagents Directed to Cells of the Mononuclear Phagocyte
Lineage on Various Cell Populations

Cell populations MoP-9 MoS-1 M¢$-39 63d3 MeP-15 M¢R-17 MoU-50
Peripheral blood monocytes 84 83 87 84 70 33 0
Fluid macrophages® 78 80 85 83 79 86 0
Tissue macrophages 90 95 94 92 91 89 0
Granulocytes (25)§ (20) (36) (32) 0 0 0
Peripheral blood lymphocytes o' 0 0 0 0 0 0
U937 monoblastoid cell line 0 0 0 0 0 0 100
HL 60 cell line 0 0 0 0 0 0 0

° Obtained from pleural or peritoneal exudates.

{ Obtained from the synovial tissues from patients with osteoarthritis.
§ Very dim staining, primarily detectable by fluorescence-activated cell sorter analysis.

10 signifies indistinguishable from control.

(Becton, Dickinson & Co.) as previously described using an-
tibodies conjugated with fluorescein isothiocyanate (13). The
enumerations were performed under the following condi-
tions: fluoresence gain 1 X 0.5, photomultiplier tube 590 V
and 300 mW laser output. Higher gains were used to ascer-
tain if dimly stained populations were present.

Cultured cells were stained on coverslips modifying a
method previously described (25). Coverslips were taken out
of the 24-well culture plate, and cells were reacted with 75
ul of culture supernatants containing monoclonal antibodies,
in a moist chamber at room temperature for 30 min. Sub-
sequently, the coverslips were washed four times in Hanks’
balanced salt solution (HBSS) and an appropriate dilution
of the developing rabbit anti-mouse antiserum conjugated
with rhodamine was added. After 20 min the coverslips were
washed three times in HBSS, and after a final wash in PBS
containing 0.2% sodium azide, the coverslips were mounted
upside down on slides in 100% glycerol. After staining, the
number of positive cells was immediately evaluated as de-
scribed above. If evaluation was delayed, a parallel sample
was fixed with 1% formalin added to the last wash. In a series
of experiments, cells from patient 4 were incubated with
1.1-um diam latex particles (Dow Chemical USA, S. Plain-
field, NJ) as described (23) in fresh cell suspensions and after
18 and 36 h of tissue culture, stained as described above,
and the percentages of phagocytic cells (>5 particles in-
gested) in positively and negatively stained cell populations
were determined.

Fluorescence-activated cell sorting. In experiments de-
signed to separate cells expressing la antigens or the mono-
cyte antigen detected by reagent M¢S-1, 5 X 108 cells were
labeled with 40-50 ug of monoclonal antibody supernate
(22¢6 or M@S-1, respectively) and developed with 40 ul of
the fluorescein-labeled rabbit anti-mouse IgG reagent (1.5
mg/ml). Cells from patient 4 were separated on the FACS
IV using a 70-pm nozzle orifice under sterile conditions into
the antigen-positive or antigen-negative populations (13).
Postsort viability was 95%. Verification of the sort by ex-
amination of aliquots of both samples revealed >98% purity
of each sample. Cells were subsequently cultured and stained
as described above.

RESULTS

Cells eluted from giant cell tumors display a het-
erogeneous morphology. Immediately after collage-

nase digestion, 0.7-0.9% of the cells were uniformly
round, possessed from 3 to 90 nuclei and were filled
with great numbers of small granules (Fig. I A). Some
of these giant cells had thin translucent protrusions of
the cell membrane. The remaining nongiant stromal
cells were frequently round in forin with either very
large phase dense vacuoles (Fig. 2 A) or numerous
small granules (Fig. 2 C), or alternatively had a char-
acteristic elongated shape with numerous irregular
protrusions (Fig. 3 A, C). In all samples the proportion
of lymphocytes was <1% as judged by morphologic
criteria and determined by a monoclonal antibody
detecting all T lymphocytes (T3), as well as by staining
for surface immunoglobulin.

The forward light scatter histograms illustrated in
Fig. 4 of the cells eluted from the giant cell tumor of
patient 2 show a broad distribution of relative cell size
with decreasing numbers of cells in the higher channel
numbers. 31% of cells show a relative size in the range
of blood lymphocytes, 38% have a size within the range
of blood monocytes, and an average of 31% of eluted
cells exceeded the size of the largest monocytes. Gen-
erally, similar apparent size distributions were ob-
served for each tumor preparation.

Culture morphology. Appearance of new large
multinucleated cells. Sufficient material was avail-
able from the tumors obtained from patient 2 and 4
to initiate long-term cultures. After 72 h of culture,
99% of cells were firmly adherent to glass coverslips.
10% of cells had the morphology of round spreading
macrophages (Fig. 5 A, C). 13% of cells had a spin-
dlelike elongated appearance (not illustrated). The re-
maining cells grew as large, plump epitheloid cells
with one or two processes that sometimes were very
elongated similar to the cells illustrated in the right
of Fig. 6 A. 1% of cells had the morphology of very
large giant cells with at least 80 nuclei (Fig. 1 B). After
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FIGURE 1 Giant cells in suspension and culture. (A) Phase-contrast micrograph of a freshly
isolated giant cell demonstrating the translucent zone beneath the membrane and the presence
of cytoplasmic granules (X600). (B) Adherent giant cell after 1 wk of culture without passage

displaying numerous nuclei (X250).

72 h of culture the number of the spindlelike cells and
the round spreading cells rapidly decreased.

After the first passage at 7 d using trypsinization the
original giant cells were no longer detectable. After
21 d, the vast majority of the residual cells consisted

of plump epitheloid/fibroblastoid cells (Fig. 6 A).
Upon confluency these cells closely attached to each
other, and often it was impossible to discriminate be-
tween cell borders (6 B). After 3 wk of culture large
multinucleated cells (0.5% of cells) with up to 12 or
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FIGURE 2 Two types of la positive stromal cells (X2400). (A) Phase-contrast micrograph of a
stromal cell (center) filled with numerous large vacuoles. (B) Fluorescent micrograph dem-
onstrating the expression of la antigens. la(+) cells with this morphology have monocyte-
macrophage antigens detected by double-label experiments that are not illustrated. (C) Stromal
cell with thin cell protrusions (upper part of picture). (D) Intense expression of Ia antigens.
Cells with this morphology did not bear monocyte macrophage antigens determined by a double

label experiment that is not illustrated.

more nuclei appeared. Characteristically, the nuclei
of these cells were surrounded by a hem of abundant
small granules, and the very thin cytoplasm extended
several micrometers onto the surface of the coverslip
(Fig. 6 C).

Histochemical and cytochemical characteristics of
stromal cells and giant cells. In the tissue sections,
all giant cells and an average of 68% of stromal cells

stained intensely for acid phosphatase. 6% of stromal
cells showed staining for alkaline phosphatase, and
15% for lysozyme. After 21 d of culture >99% of mono-
nuclear and multinucleated cells gave a positive re-
action for acid phosphatase (Fig. 7). Staining for ly-
sozyme and alkaline phosphatase was detectable in
<1% of these cultured cells. Factor VIII-related an-
tigen was demonstrated in <2% of newly dissociated
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FIGURE 3 Stromal cells with irregular or spindlelike morphology (X1,800). (A) Suspension of
stromal cells with bizarre irregular shape and prominent nucleoli. (B) Intense staining for Ia
antigens on a stromal cell. (C) (D) Binucleate stromal cell in suspension with distinct prominent
nucleoli that express la antigens. (E) (F) Adherent culture showing an Ia positive elongated
stromal cell and a round spreading macrophagelike cell. All cells seen in Fig. 3 bearing Ia
antigens did not express monocyte-macrophage antigens except for the round cell in Fig. 3
(E), (F) as revealed by double-label experiments.

cells. It was detected on <1% of cells cultured for
>72 h. In tissue sections only the vascular endothelium
of the tumor’s vessels was positively stained.
Expression of la antigens but lack of monocyte-
macrophage differentiation antigens on giant cells.
Table II demonstrates that Ia antigens were present

1638

on 20-57% of giant cells freshly eluted from the tumor
tissue while Fc receptors and antigens characteristic
of the mature members of the mononuclear phagocyte
lineage were not detectable. The giant cells ingested
only occasional latex particles. The Ia staining was dim
to moderate in intensity. There were no morphological
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TaBLE II
Expression of la and Monocyte-Macrophage Antigens on Stromal
Cells and Identification of la Antigens on Giant Cells

Stromal cells Giant cells
Monoclonal Monoclonal antibodies M lonal M lonal antibodies
anti-la with monocyte- anti-la with monocyte-
reagent macrophage specificity reagent macrophage specificity
Patient 22c6 M¢S-1 M¢P-9 22c6 M¢S-1 M¢P-9
1 49° 36 ND 25 0 ND
2 43 32 28 25 0 0
3 30 6 6 24 0 0
4 26 16 19 57 0 0
5 10 9 9 20 0 0

* Percent positive cells. ND, not done.

differences discernible between Ia(+) and Ia(—) giant
cells. Double-label experiments performed on patients
2 and 4 revealed that M¢U-50 reagent stained all of
the giant cells that bore Ia antigens. In short-term cul-
tures of up to 1 wk the giant cells maintained the
expression of Ia antigens while the monocyte-macro-
phage antigens remained undetectable.

Definition of a subpopulation of stromal cells char-
acterized by monocyte-macrophage differentiation

Cell Number x 10~3

100
Relative Cell Size

FIGURE 4 Distribution histogram of relative cell size deter-
mined by narrow angle forward light scatter analysis using
a fluorescence-activated cell sorter. The cell preparation
from patient 2 shows a broad distribution of cells of different
sizes. The arrows denote corresponding average cell sizes for
lymphocytes (L) or blood monocytes (Mo) demonstrating
that 31% of cells gave a light scatter similar to blood lym-
phocytes, 38% had a size within the range of blood mono-
cytes, while 31% of cells exceed the size of the largest mono-
cytes.

T —T
200 Ch

antigens and Ia antigens. The reagents M¢S-1 and
M¢@P-9, which define antigens found on nearly all
blood monocytes and tissue macrophages (9), intensely
stained from 6-36% of the freshly isolated stromal
cells. Similar results were obtained with the reagents
M¢S-39 and 63d3. 9-22% of stromal cells showed in-
tense staining with the monoclonal antibody M¢P-15.
Fc receptors for IgG were detectable on 20% of freshly
isolated or cultured cells. An antigen detected by
monoclonal reagent M¢R-17 that is characteristic of
fibroblasts, fluid and tissue macrophages, and weakly
expressed on a minority of blood monocytes (13) was
detectable on <1% of the stromal cells.

Double-label experiments designed for the purpose
of determining whether the cells expressing the mono-
cyte-macrophage antigens also bore the la antigens
revealed that an average of 98% of cells bearing mono-
cyte antigens also expressed the Ia antigens (Fig. 8).
Table III contains the results of double-label experi-
ments using a combination of a fluorescein-labeled
hetero anti-Ia reagent and the monoclonal antibody
M@S-1 used with a rhodamine labeled second stage
reagent. From 6-36%, mean 20%, of stromal cells bore
both Ia and M¢S-1 antigens. In double-label experi-
ments an average of 65% of the cells bearing M¢S-39
had the M¢U-50 antigen and all of the M¢S-39+ cells
expressed Fc receptors.

Fig. 9 illustrates a representative profile of the bind-
ing of the antimonocyte reagent M¢P-9 to cells eluted
from the giant cell tumor of patient 2 utilizing flow
cytometry. 28% of cells show positive staining, with
the peak staining intensity of the positive cells in chan-
nel 58 and extending to all higher channel numbers.
The distribution profiles of the other monocyte anti-
gens were similar to that obtained with reagent M¢P-
9 and are not illustrated. In fresh cell suspension, <1%
of M¢P-9+ cells were strongly phagocytic after 18 h
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FIGURE5 Round-spreading macrophagelike cells in culture stained on coverslips (X2,400).
(A) Phase-contrast micrograph of a round monocytelike cell (upper left part of picture). (B)
Intense staining for the monocyte-antigen detected by reagent M¢S-1. (C) Larger more elon-
gated cells filled with numerous phase dense granules. (D) Intense expression of the M¢S
antigen characteristically concentrated on cell protrusions.

of culture, 52% demonstrated moderate phagocytosis agents M@P-9 and M¢S-1. 70% of these cells had the
(~5-10 particles/cell). typical spreading morphology of adherent monocytes

After 72 h of culture an average of 17% of cells bore (Fig. 5) while 30% had an elongated spindlelike ap-
monocyte-macrophage markers as determined by re- pearance. The number of cells positive for monocyte-

FIGURE 6 Development of large multinucleated cells in culture (X750). (A) Close attachment
of mononuclear stromal cells upon confluence in culture. Cell borders became indistinct sug-
gesting a loss of contact inhibition and fusion of mononuclear stromal cells. (B) Two large
binucleate stromal cells. The nuclei are characteristically surrounded by a hem of numerous
granules. (C) Very large multinucleated cell (upper left) on day 21 of culture. Cells with this
phenotype had extremely thin cytoplasm that extended several micrometers onto the coverslip.
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TasLE III
Double-Label Experiments Reveal Three Populations of Stromal Cells and Two
Populations of Giant Cells Based on the Expression of Ia and
Nuclear Phagocyte Monocyte Lineage Antigens

Stromal cells Giant cells

Tumor Ia+Mo+* la*Mo~ la"Mo~ 1a*(Mo") Ia~(Mo™)

1 36 13 51 25 75

2 32 11 57 25 75

3 6 24 70 24 76

4 16 10 74 57 43

S 9 1 91 20 80
Mean+SD 20+14 1248 69+16 30£15 70x15

° Ia* cells were identified by reagent 962 (luorescein) and Mo + (rhodamine) cells by

reagent Mo S-1.

macrophage antigens rapidly decreased in culture and
they were virtually undetectable after 14 d.

To decide whether the monocyte antigen positive
cells had lost the expression of these antigens with fur-
ther growth in culture, or actually lacked the capacity
to proliferate, the tumor cells obtained from patient
4 were separated into M¢P-9 monocyte differentiation
antigen positive and antigen negative subpopulations
utilizing fluorescence-activated cell sorting. An F(ab'),
fragment of the antibody directly labeled with fluo-
rescein was used. Over a period of 21 d no proliferation
of the cells bearing the M¢P-9 antigen was observed.
57% of M¢P-9+ cells freshly selected by the fluores-
cence-activated cell sorter demonstrated weak staining
for acid phosphatase, while the population lacking the
M@P-9 had 94% that stained more strongly for acid
phosphatase.

In preliminary experiments the possibility was ex-
plored that the enzymatic isolation procedure caused
an alteration in the cell membrane antigens examined.
Portions of tumor 1 and 2 were dissociated by teasing
and passing through a stainless steel sieve. The per-
centage of la+ and M¢P-9+ cells were not signifi-
cantly different from values obtained with enzymat-
ically dissociated preparations.

A second subpopulation of stromal cells express Ia
antigens but lack monocyte-macrophage markers. In
all patients, the number of Ia-positive stromal cells
exceeded the number with mature monocyte-macro-
phage antigens (Tables II and III). From 1 to 24% of
the total cell preparation (patient 3) belonged to the
subpopulation of Ia antigen (+) mature monocyte an-
tigen (—) cells. In culture these cells were typically
spindle-shaped with prominent nucleoli (Fig.3 ). M¢U-
50 was identified on approximately one-third of the
cells in this subset in patients 2 and 4 using double-

label techniques. Similarly, Fc receptors were identi-
fied on one-fifth of the cells in this population.

Fig. 9 illustrates the profile of the binding of the
anti-Ia antibody of 22¢6 to cells from patient 2. 43%
of cells showed positive staining. The intensity of Ia
antigen staining by antibody 22c¢6 was considerably
greater than the expression of the monocyte antigen
M¢P-9 (Fig. 9). Analysis of the light scatter distribu-
tion of cells bearing Ia antigens by gating revealed
that many of these cells had a large cell size and were
found in the channels 200-256.

After 72 h of culture the proportion of cells bearing
the la antigens without mature monocyte antigens was
essentially unchanged, but after 14 d of culture were
no longer detectable. When positively selected by flu-
orescence-activated cell sorting the Ia(+) Mo(—) cells
did not show proliferation in culture. Of the freshly
sorted Ia positive stromal cells, (patient 4) 56% pos-
sessed weak acid phosphatase activity. The Ia(—) pop-
ulation, in contrast, stained much more strongly for
the presence of this enzyme. Less than 1% of fresh
Ia(+), but monocyte-antigen(—) (M¢P-9) cells were
phagocytic.

A major third subpopulation of stromal cells that
possesses abundant acid phosphatase and proliferates
in culture but does not bear monocyte-macrophage
or la antigens. An average of 69% of stromal cells
lacked the expression of Ia and mature monocyte-mac-
rophage antigens (Table III). Less than 1% of these
cells ingested latex particles. The primary positive
characteristics of these cells were both the intense
staining for acid phosphatase and a distinct morphol-
ogy in culture. This population showed a marked pro-
liferative capacity in culture with cells intermediate
in morphology between epitheloid and fibroblastoid
cells. 4-9% of the Ia(—) cells expressed the M¢U-50
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FIGURE 9 Distribution histograms of per cell fluorescence of freshly eluted cells from the tumor
of patient 2. (A) Staining for Ia antigens using antibody 22c6. 43% of cells were positive. The
distribution demonstrates a large number of intensely positive cells, with many cells displayed
in the last channel. The dashed line represents control curve obtained by staining with mono-
clonal antidinitrophenol antibody of the same isotype. (B) Staining for the monocyte-macro-

phage antigen detected by reagent M@P-9 28% of cells are positive. The staining intensity was
less than that of antibody 22¢6.

antigenic determinants in association with Fc recep-
tors. To determine if the Ia(—) stromal cells were able

to give rise to the large multinucleated cells found in acid phosphatase, and proliferative capacity in culture.
long-term cultures (Fig. 6) selection for the absence The morphologically distinctive giant cell, made up
of Ia antigens was performed by fluorescence-activated of two otherwise identical subtypes distinguishable by
cell sorting. Virtually all of the Ia(—) cells showed in- the presence or absence of la antigens, is the first cell
tense acid phosphatase activity. They proliferated rap- type. Surface differentiation antigens of mature mem-
idly, and after 3 wk of culture large multinucleated bers of the mononuclear phagocyte lineage were not
cells were detected that resembled those in cultures found on any giant cells. The stromal cells comprise
of unfractionated cells. No cells expressed Ia or mono- the remaining cell types. A second cell type expressed
cyte-macrophage antigens, but all retained intense multiple monocyte-macrophage as well as Ia antigens
acid phosphatase activity. suggesting the possibility of a relationship to cells of
the mononuclear phagocyte lineage. Of considerable

DISCUSSION interest, this cell differed from typical members of the
mononuclear phagocytic lineage by its very limited
phagocytic capacity, the presence of an antigen as-
sociated with early monocytoid forms, and the absence
of an antigen usually found on tissue macrophages.
The phenotype of a third cell type was characterized

expression distinguishing the cell types were revealed
by monoclonal antibody analysis, relative amount of

This report provides evidence demonstrating the ex-
istence of four distinct cell types in the neoplastic tis-
sues obtained from patients with giant cell tumors of
bone (Table 1V). The different patterns of genomic

FIGURE8 Double-label analysis of stromal cells (X2,000). (A) (B) Staining for the monocyte-
macrophage antigen M¢S-1 tagged with rhodamine reveals a large number of positive cells,
however, the cell in the center of the micrograph does not express this antigen. (C) Staining
for la-antigens using the hetero-reagent 962 tagged with fluorescein. All cells expressing M¢S-

1 also bear Ia antigens, in addition, the cell in the center, negative for M¢S-1 expresses la
antigens.
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TABLE IV
Cells Eluted from Giant Cell Tumors Can be Grouped into Five Populations

Stromal cells Giant cells
Property M-type I-type P-type la+ la—

Ia antigens ++++ ++++ - ++++ -
M¢ antigens ++++ - - - -
Phagocytosis - - - - -
Fc receptor ++ ++ - - -
M¢ U-50 +++ +++ + ++++ -
Acid phosphatase +4++ +4+4 +4+4+4 +HH+ 4+

(Weak) (Weak) (Strong) (Strong) (Strong)
Growth in culture No No Yes No No
Culture morphology Round or Spindle like Epitheloid/ Round Round

elongated fibroblastoid

(—) not detectable; (+) present but identified on <10% of cells; (++) identified on up to 50% of cells; (+++)
identified on up to 75% of cells; (++++) identified on nearly 100% of cells.

by the intense expression of Ia antigens and no
detectable antigens characteristic of mature mono-
cytes or macrophages. A fourth cell type bore neither
Ia nor mature monocyte-macrophage antigens and in-
cluded all the nongiant cells with pronounced acid
phosphatase activity. Only this cell type proliferated
in culture.

The second cell type had a novel phenotype and was
of considerable interest. Characterized by the intense
expression of both Ia antigens, IgG Fc receptors and
five antigens of the mononuclear phagocyte lineage,
it was distinguished from blood monocytes and mac-
rophages by the absence of the antigen M¢R-17 (9),
poor phagocytic capacity, and the presence on most
cells of an antigenic determinant, M¢U-50, charac-
teristic of immature monocytoid cells. For conve-
nience, these cells that account for up to 36% of the
tumor will be referred to as “M type” (Table 1V).
Compared with blood monocytes, the amount of Ia
and the five mature monocyte-related anigens per cell
was significantly enhanced and resembled the levels
found in activated monocytes or tissue macrophages.!
The M type cell is presumably identifiable with the
subset of stromal cells that show certain ultrastructural
characteristics of macrophages described by Asparisi
(26). In cultures, the M type cells were found either
as elongated spindlelike forms, or with a rounded
spreading shape resembling the type I phagocytic sy-
novial lining cell (9, 25). No evidence was obtained
indicating that M type cells proliferate in culture even
when greatly enriched preparations of these cells were
cultured after positive selection by fluorescence-acti-
vated cell sorting based on the expression of a mono-

! Dimitriu-Bona, A., R. J. Winchester, P. Merryman, and
G. R. Burmester. Manuscript submitted for publication.
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cyte lineage antigen. This finding is consistent with
the properties of differentiated mononuclear phago-
cytes. However, the limited property of phagocytosis
is difficult to reconcile with the conventional concept
of a mononuclear phagocyte. The presence of the
M¢U-50 antigen provided some further evidence of
both the interrelationship and the unusual position of
this cell type with respect to the mononuclear phago-
cyte lineage. The possibility that the phenotype of the
cell has been altered by the method of isolation is a
very remote one because extensive experience with
this isolation procedure on synovial tissues and in con-
trol experiments on blood monocytes has not produced
any evidence either of diminished M¢R-17 antigen
expression or loss of phagocytosis (13). Furthermore,
mechanical dissociation of two tumors gave no signif-
icant differences in the frequency of Ia+ or M¢P-9+
cells. Taken together, these initial data suggest the
hypothesis that the M type cell is derived from a he-
matopoietic progenitor that is related to the progenitor
of the mononuclear phagocyte lineage but that the M
cell type represents a cell in a pathway of subsequent
developments distinct from that of monocytes or mac-
rophages. One possibility is that this cell could rep-
resent one element in the lineage leading to osteoclasts.

The third cell type comprising 1-24% of the stromal
cells was characterized by the strikingly intense
expression of Ia antigens, and a low frequency of cells
with IgG Fc receptors (Table IV). Phagocytosis and
antigens of mature members of the mononuclear
phagocyte lineage were not detectable. These cells
have a characteristic spindlelike or irregular mor-
phology with very large nucleoli that distinguishes
them from other cell types. This morphology was most
clearly seen after culture. For convenience these cells
will be referred to as ““I type.” The cell surface phe-
notype of this cell type, Ia antigen(+) mature mono-
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cyte-antigen(—), is similar to that of the subtype of Ia
positive giant cells. The presence of M¢U-50 on certain
of these stromal cells supported this parallel. No cells
of this phenotype were found in long-term cultures
and selection for Ia+ cells by fluorescence-activated
cell sorting resulted in nonproliferating cultures. The
possibility was considered that endothelial cells might
account for this population, since endothelial cells have
a phenotype resembling the I type cell. However, the
proportion of I type cells did not correlate with the
vascularity of the tumor and staining for Factor VIII-
associated antigens was not detectable on >98% of the
freshly isolated or cultured cells of the tumor.

The fourth cell type recognized in this study bore
neither Ia nor monocyte antigens and in each tumor
was the most frequent cell population. This cell type
had an abundance of acid phosphatase both in fresh
cells and after culture. Designated ““P type,” they were
the only ones that exhibited proliferation in culture,
making them more likely to be the fundamental tumor
cell population to the extent that in vitro behavior
reflects the biology of the tumor. Since giant cell tu-
mors are generally benign neoplasms characterized by
local infiltration and limited metastatic capabilities,
this significant proliferative capacity also raises the
question of what event or cell type inhibits their in
vivo growth capacity.

The nature of the giant cells characteristic of this
tumor has long been a matter of considerable interest.
The alternative designation “‘osteoclastoma” for this
tumor reflects the opinion of several investigators that
these cells are a neoplastic variant of osteoclasts. This
view is supported by the general morphology of these
cells and the presence of high levels of acid hydrolases
in them (2). The giant cells, however, differ from nor-
mal osteoclasts in that they do not directly participate
in the resorption of bone (27) and manifest ultrastruc-
tural differences including a distinctive cell surface
fine structure and the lack of the ectoplasmic
layer (3).

The possibility that the giant cells might be reactive
rather than neoplastic in origin is suggested by the
finding in some inflammatory conditions of giant cells
generally similar to those of the tumor derived from
small mononuclear precursors (2, 28, 29). The multi-
nucleate giant cells found in synovial tissues of patients
with rheumatoid arthritis are characterized by intense
expression of Ia and monocyte-macrophage antigens
as well as IgG Fc receptors and phagocytosis (13).
However, the absence of the mature monocyte mac-
rophage markers on the giant cells of giant cell tumors
provides evidence against the idea of this type of direct
relationship to cells of the monocyte series.

The consistent finding of four distinct cell types in
one tumor suggests two alternative hypotheses: that
either each cell type is linked to the others by differ-

entiation events or that the tumor contains several cell
populations reacting to the presence of one neoplastic
cell type. The contrasting characteristics of the four
cell types and in particular the distinctive phenotype
of the M type cell could lend support to the concept
that the tumor is an admixture of extraneous cell types.
However, the absence of evident infiltrating lympho-
cytes, monocytes, or macrophages, and the uniform
occurrence of the four cell types in all tumors favors
the view that the cell types are interrelated. There is
a reasonable likelihood that the giant cells are derived
from P type cell precursors. This is based on the pres-
ence in both P type and giant cells of acid hydrolase,
the absence of monocyte lineage antigens, IgG Fc re-
ceptors, and phagocytosis, and the finding of giant cells
in cultures that initially contained only P type cells.
Since giant cells arise from mononuclear precursors
either by cell fusion or nuclear multiplication without
cell division (30, 31), the finding that some fresh giant
cells show intensively la positive caplike protrusions
over a peripheral nucleus provides possible evidence
in support of fusion from I cells. This possibility is
supported by the presence of the M¢U-50 determi-
nants on some cells of both populations.

In view of the growing evidence that the osteoclast
is related to the mononuclear phagocyte series (32) and
the classic concept of the giant cell tumor as a neo-
plastic form of an osteoclast, the unusual antigenic
phenotype of the M cell could provide the unifying
link between all cell types of the tumor, normal os-
teoclast differentiation, and the monocyte-macro-
phage lineage. In this view certain stages in the lineage
of normal osteoclasts should be analogous to cell types
in the giant cell tumor, and the tumor may prove to
be of use in studies of the biology of osteoclast for-
mation. Confirmation of these hypotheses will require
further detailed studies including the use of mono-
clonal antibodies raised against each of the tumoral
cell types of this curious tumor.
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