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Abstract

Cells cultured from human giant cell tumors of bone were char-
acterized on the basis of morphological features, proliferative
capacity, presence of granulocyte-monocyte antigens, receptors
for skeletal hormones, and soluble cell products. Three major
cell types were identified. One population consisted of mono-
nuclear cells with fibroblastic morphology, which proliferated
in culture and most likely represent the neoplastic element of
the tumor. Phenotypically they resembled a connective tissue
stromal cell. A second population of mononuclear cells lacked
receptors for skeletal hormones and did not persist in culture.
These cells were likely of monocyte-macrophage lineage. A third
population of cells consisted of large multinucleated giant cells.
These cells possessed phenotypic features of osteoclasts including
receptors for calcitonin. Human giant cell tumors of bone are
most likely a neoplasm of connective tissue stromal cells, which
have the capacity to recruit and interact with multinucleated
giant cells that exhibit phenotypic features of osteoclasts.

Introduction

Giant cell tumors of bone are relatively uncommon tumors of
skeletal tissue that produce expansile well delineated lytic lesions
(1-6). These tumors are characterized by the presence of large
multinucleated giant cells distributed among distinctive stromal
cells. The histochemical and ultrastructural features of the tumor
giant cells and the tendency of the tumors to induce osteolysis
have led several authors to characterize the multinucleated cells
as osteoclasts and classify the tumors as osteoclastomas (7-13).
Recent evidence suggesting that the multinucleated giant cells
are indeed osteoclasts has been provided by Horton et al.
(14, 15), who developed monoclonal antibodies that react with
multinucleated cells present in giant cell tumors. These authors
suggested (but did not provide proof) that these antibodies rec-
ognize cellular antigens that are osteoclast-specific. Because there
is considerable evidence that osteoclasts are derived from he-
matopoietic stem cells of monocyte-macrophage origin (16-18),
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several other investigators have examined cells (both mononu-
clear and multinucleated) present in giant cell tumors for the
presence of Ia and specific granulocyte-monocyte antigens ( 19-
21). Although cells expressing monocyte-macrophage phenotype
have been identified in the tumors, the precise relationship of
these cells to the tumor stromal cells and multinucleated giant
cells has not been definitively established.

Our present investigations were therefore undertaken to fur-
ther characterize the cells present in giant cell tumors and to
establish a possible relationship of these cells to other cells of
skeletal and connective tissue origin. Wepreviously showed that
cells cultured from giant cell tumors increase cAMPwhen in-
cubated with parathyroid hormone (PTH),' calcitonin (CT), or
prostaglandin E2 (PGE2) (21-27). These studies did not permit
identification of the individual hormone-responsive cell popu-
lations, however. In the present studies we used an autoradio-
graphic technique that enabled us to examine cells cultured from
these tumors for the presence of receptors for CT, a hormone
believed to act directly on osteoclasts through specific cell surface
receptors. The presence of receptors for CT is regarded as a
distinctive marker of osteoclast phenotype because other skeletal
tissue cells lack receptors for this hormone. In addition, we ex-
amined the capacity of cells cultured from these tumors to syn-
thesize and secrete collagen and other high molecular weight
proteins. Based on our observations, we conclude that giant cell
tumors of bone are neoplasms of connective tissue stromal cells,
which may have the unique capacity to recruit or interact with
multinucleated giant cells possessing receptors for CT and ex-
hibiting other phenotypic features of osteoclasts.

Methods

Tissue preparation and culture procedures. Specimens of tissue from
giant cell tumors of bone were obtained at the time of surgery from
patients undergoing tumor resection and were kindly provided by Drs.
Henry J. Mankin and Mark C. Gebhardt (Orthopaedic Service, Mas-
sachusetts General Hospital). Tissues were prepared for culture by dis-
persion with trypsin-EDTA and clostridial collagenase and cultured in
Dulbecco's modified Eagle's medium (DMEM) (Gibco, Grand Island,
NY) plus 10% fetal calf serum (FCS) (Bioproducts, Inc., Warrenton, OR)
and penicillin 100 U/ml and streptomycin 100 tig/ml (Gibco) as pre-
viously described (22, 23). Tissue samples for what we call fragment
culture were cut into small fragments 2-3 mm/diameter and placed in
6-cm-diameter tissue culture dishes (Falcon Labware, Becton, Dickinson
& Co., Oxnard, CA). The fragments were teased apart and covered with
a drop of culture medium (DMEM, 10% FCS). After 24 h, 2 ml of fresh
medium were added and medium changed at 5-7-d intervals.

Hormone incubation. Measurement of the acute cAMPresponse to

1. Abbreviations used in this paper: CT, calcitonin; DMEM,Dulbecco's
modified Eagle's medium; PGE2, prostaglandin E2; PTH, parathyroid
hormone.
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hormones was performed on cells in plastic trays containing 24 individual
wells (Costar, Data Packaging Corp., Cambridge, MA). To study cells
in primary culture, after dispersion from tumor tissue, cells were plated
at 2 X 101 cells/well. The nonadherent cells were removed after 24 h
and the adherent cells cultured in DMEM,10%FCSfor 3-5 d. To evaluate
cAMPresponses in passaged cells, 48 h before incubation with hormone,
cells were trypsinized and plated at a density of 5 X 10 cells/well in 24-
well trays. Immediately before the test incubation, medium was removed
and replaced with test buffer solution (Dulbecco's phosphate-buffered
saline [PBS] supplemented with 0.9 mMcalcium, 0.5 mMmagnesium,
0.25% bovine serum albumin [Pentex, Miles Laboratories, Kankakee,
IL], 1 mM3-isobutyl-I-methyl xanthine [Aldrich Chemical Co., Mil-
waukee, WI], and 0.1% glucose) containing the appropriate hormone.
The trays were incubated at 370C for 20 min after which they were
placed in a water bath at 100C and brought to dryness. To assay for
cAMP, the cells were resuspended in cAMPassay buffer, the wells scraped,
the cells pelleted by centrifugation at 500 gfor 10 min, and the supernate
assayed for cAMPcontent. A 125I-cAMP radioimmunoassay kit (Becton-
Dickinson & Co., Paramus, NJ) was used for assay according to the
procedures previously described (22, 23).

Analysis of cell surface markers. Cells obtained from the tumors by
proteolytic dispersion or cells previously established in culture were plated
in four-chamber Lab-tek slides (Miles Laboratories, Inc., Naperville, IL).
Before testing, washed cells were incubated with heat-aggregated and
monomeric human IgG (1:1 ratio, 25 mg/ml in PBS) for 45 min to block
nonspecific binding of the monoclonal antibodies to Fc receptors. Cells
were then incubated with each monoclonal antibody for 30 min and the
presence of specific antigens assayed using an avidin-biotin immuno-
peroxidase technique (28). The following monoclonal antibodies were
used: OKT8, OKM1, OKIa (Ortho Pharmaceutical Corp., Raritan, NJ),
anti-leu-4, anti-HLA-DR, anti-leu M3, anti Leu 10 (DC/DS) now des-
ignated DQ(Becton-Dickinson & Co., Mountain View, CA), and anti-
T4, (Coulter clone; Coulter Electronics, Hilaleah, FL [28]). Tissue for
frozen-section immunohistology was snap frozen in OCTembedding
compound (Ames Co., Miles Laboratories, Inc., Elkhart, IN) and stored
in liquid nitrogen. Frozen sections (4 ,m) were fixed in dry acetone for
10 min, dried, and prepared for screening for specific antigens in a manner
similar to cell cultures (28).

CTautoradiography. Salmon CT was iodinated by the chloramine-
T method (29) and the ['25f]salmon CT (100 Ci/mmol) charged onto a
column (0.5 X 35 cm) of Sephadex G-25 (superfine) equilibrated with
0.01 Macetic acid. The column was eluted with 0.01 Macetic acid/0. 1%
albumin (wt/vol) and 1.0-ml fractions collected. Cells studied included
the LLC-PK, strain, prepared from porcine kidney as described by Hull
(30), dermal fibroblasts, and cells cultured from giant cell tumor tissue.
Cells were incubated at 37°C in Lab-tek chambers or 3.5-cm dishes with
[1251]salmon CT (5 X 04 cpm/ml) in the presence or absence of unlabeled
salmon CT. After 20-360 min, medium was removed, cells washed four
times with PBS, and fixed in 10% formaldehyde followed by dehydration
with sequential washes in ethyl alcohol. In the dark, fixed cells were
coated with NTBII emulsion (Eastman Kodak Co., Rochester, NY) and
stored at 4°C for 2-3 wk. Plates or slides were developed in Dektol
(Eastman Kodak Co.) for 6 min and cells stained with Giemsa.

Characterization of medium proteins. Cells were plated at 2 X 101
cells/dish in 3.5-cm dishes and collagen synthesis assayed by methods
previously described (28). After 2 d they were incubated in DMEMwith-
out serum for 24 h with 25 !Ci of L-[5-3H] proline (30 Ci/mmol, Amer-
sham-Searle Corp., Arlington Heights, IL) in the presence of 50 gg/ml
fl-aminopropionitrile, 50 gg/ml ascorbic acid, and 2 mMglutamine.
Medium proteins were analyzed by SDSpolyacrylamide gel electropho-
resis (PAGE) (5% acrylamide) with or without reduction with 0.5% ,B-
mercaptoethanol. '4C-labeled rat tail tendon collagen was used as a mo-
lecular weight marker. The labeled collagen in the medium was further

characterized after pepsinization at 4VC and the collagens analyzed by
SDS PAGEwith delayed reduction to distinguish al(I) from a1(III)
chains. Fluorograms of the gels were prepared as described (31).

Results

Morphology of cells culturedfrom giant cell tumors of bone. Fig.
1 (Top) shows the appearance of adherent cells in primary culture
after dispersion from tumor tissue. Cells included large multi-
nucleated giant cells and a heterogeneous population of mono-
nuclear cells, some of which were fibroblast-like and others
rounded cells with morphological features of monocyte-mac-
rophages. With time in culture, the large multinucleated cells
disappeared, and after 2-3 wk the predominant cell type was a
fibroblast-like cell with a rounded epithelioid appearance. Oc-
casionally cells with up to two to three nuclei were seen, but the
large multinucleated cells (> 10 nuclei/cell) were no longer de-
tected. Treatment with hormones (1,25-dihydroxyvitamin D3,
PTH, salmon CT, or PGE2) did not affect the survival of the
multinucleated giant cells. Increasing the concentration of FCS
or substitution with autologous or heterologous human sera
prolonged the survival of multinucleated cells (data not shown),
but did not prevent their eventual loss from culture. After second
passage only the fibroblast-like cells were detected.

Fig. 1 (Bottom) shows the appearance of outgrowth cells from
tissue fragments cultured from a giant cell tumor. As in the
cultures of dispersed cells, the outgrowth cells were heteroge-
neous, and included large multinucleated giant cells and a het-
erogeneous population of mononuclear cells. In contrast to cul-
tures of dispersed cells, giant cells continued to appear in frag-
ment culture even after several months. Serial observations
suggested that the large multinucleated cells migrated from the
margins of the tumor fragments. At no time did multinucleated
cells appear to form in situ at sites removed from tissue frag-
ments. Removal of tumor tissue from the culture plates resulted
in disappearance of the giant cells, whereas when these tissue
fragments were added to new plates the multinucleated cells
appeared within 1-2 wk.

Analysis of cell-associated antigens. Wepreviously showed
that some cells present in primary cultures of giant cell tumors
of bone demonstrate phenotypic features of monocyte-macro-
phages (21-23, 32). To further characterize cells present in giant
cell tumors, intact tissue sections and cells cultured from giant
cell tumors were reacted with monoclonal antibodies, which
recognize antigens associated with mononuclear and connective
tissue cells. Table I shows the distribution of cell surface antigens
in frozen sections from operative specimens and in cells in pri-
mary cultures from three giant cell tumors. In all tumors from
10 to 40%of the mononuclear cells in primary culture expressed
cellular antigens associated with a monocyte-macrophage phe-
notype. By second passage, only rare (< 5%) cells expressed
monocyte-macrophage antigens, suggesting that the cells, which
proliferated in culture and likely represent the neoplastic element,
were not of monocyte-macrophage lineage. Although up to 5%
of the multinucleated giant cells reacted positively with anti-DR
or DQmonoclonal antibodies (BDIa and Leu 10 respectively),
most did not. Antigens characteristic of monocyte-macrophages
were not detected on the giant cells. Results in tumor sections
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Figure 1. (Top) Photomicrograph using phase-contrast optics of cells cultured from a giant cell tumor of bone, 2 d after primary culture. Arrows,
multinucleated giant cell (G) surrounded by mononuclear cells (M). Bar, 50 ,m. (Bottom) Outgrowth cells from fragment culture from a giant cell
tumor. Arrows, multinucleated giant cell (G). Bar, 50 am.



Table L Characterization of Mononuclear Cell-associated
Antigens in Tissue Sections and in Primary Cultures of Cells
Cultured from Giant Cell Tumors of Bone

Mononuclear cell binding
of monoclonal antibody

Monoclonal antibody Tissue section Cell culture

T8 2.3±1.4
Leu 4 1.7±1.7 0
Leu 10(DQ) 31.7±10.1 6.7±1.4
BDIa 43.3±6.7 23.3±7.2
OKMl 11.7±7.3 6.7±1.4
Leu M3 11.7±3.3 9.0±4.5
T6 6.7±4.4 0

Cells in primary culture and frozen sections from tissue from three
giant cell tumors of bone (GT-42, 43, 47) were examined for the pres-
ence of surface antigens by incubating samples with monoclonal anti-
bodies that recognize antigens associated with T cells (T8, Leu 4),
granulocyte-monocytes (Leu M3, OKM1), Langerhans giant cells
(T6), or Ia antigens (BDIa, Leu 10 DQ). Antigen-positive cells were
identified by avidin-biotin immunoperoxidase staining. Values repre-
sent mean±SEM, n = 3.

were similar but not identical to those obtained with the dispersed
cells. As in the cultured cells, a small percentage of the giant
cells were reactive with the Leu 10 reagent, which recognizes
the DQantigen(s). The mononuclear cell population showed
variable but consistent reactivity with the monoclonal antibodies
with specificity for monocyte-macrophages. In tumor sections,
unlike the dispersed cells, a small percentage of cells reacted
with reagents that recognized T lymphocyte antigens. Because
T lymphocytes do not usually adhere to tissue culture surfaces
and because culture conditions do not favor T cell growth, cells
with this phenotype may have been lost during culture.

Hormone-induced cAMPresponses. Wepreviously showed
that cells dispersed from giant cell tumors and studied after pas-
sage increase cAMPlevels when tested with PTH or PGE2but
not with CT (21-23, 32). Because multinucleated cells as well
as some of the mononuclear cell types appeared to be lost with
time in culture or after passage, cells were examined in primary
culture within 5-7 d after dispersal from tumor tissue. Table II
shows the pattern of cAMPresponses to hormones in cells from
one tumor in primary culture and after passage. Although CT

Table IL Effects ofAge in Culture on Hormone-induced cAMP
Responses in Cells Culturedfrom a Giant Cell Tumor of Bone

Test incubation cAMP

Buffer PTH PGE2 CT

pmol/well pmol/well pmol/well pmol/well

Primary culture 1.7±0.4* 34.1±2.1 39.2±1.2 4.6±0.7
Passage 1 0.7±0.2 24.0±1.2 28.5±1.0 0.5±0.1

Cells were incubated for 20 min at 37°C in buffer containing 3-isobu-
tyl-l-methyl xanthine (1 mM)alone or with added PTH (10-7 M),
PGE2(3 X 106 M), or salmon CT (3 X I0- M).
* Values represent mean±SEM, n = 3.

responses were detected in cells in primary culture, such re-
sponses were not detected in cells tested after one passage.

[I2SI]salmon CTautoradiography. To identify the individual
CT-responsive cells in primary cultures, an autoradiographic
technique using [1251]salmon CT was developed. The technique
was validated and quantitated using the LLC-PKI renal tubular
cells, which had previously been found to possess specific cell
surface receptors for CT (33). Fig. 2 shows an autoradiograph
of the LLC-PKI cells and dermal fibroblasts after incubation
with ['251]salmon CT. The dermal and renal cells were easily
distinguished on the basis of morphologic features. Only the
renal tubular epithelial cells demonstrated CT binding. Addition
of unlabeled CT to cells incubated with [1251]salmon CT resulted
in loss of CT binding.

To further establish the validity and specificity of the auto-
radiographic technique the following protocol was designed.
LLC-PKI renal tubular cells were passaged into 2.5-cm culture
dishes at a density of 2.5 X I05 cells/plate. After 48 h cells were
incubated with [125I]salmon CT in the presence or increasing
concentrations of unlabeled salmon CT. Cells were prepared for
autoradiography and the plates scanned with a soft laser scanning
densitometer (model SL-504 X L; Biomed Instruments Inc.,
Fullerton, CA). Relative densities were analyzed with a Zeineh
Videophoresis 11 .PC program (Biomed Instruments Inc.; data
not shown). The addition of increasing concentrations of un-
labeled salmon CT resulted in a dose-dependent decrease in the
density of granules, reflecting the displacement of ['251]salmon
CT. Concentrations of unlabeled salmon CT as low as 10-9 M
produced a reduction in granule density. Maximal displacement
occurred with 1O-6 Msalmon CT. These results are comparable
to those obtained in binding studies with renal membranes or
in intact cells. Recently Nicholson et al. (34) have used a similar
technique to examine osteoclasts isolated from rodent long bone
for the presence of CT receptors. As in our studies, the osteoclast
type giant cells specifically bound CT, consistent with the pres-
ence of receptors for this hormone. Wehave obtained similar
results with isolated rodent osteoclasts (data not shown).

Using the autoradiographic technique, we studied primary
and passaged cells from five tumors, which include outgrowth
multinucleated and mononuclear cells from fragment cultures.
Fig. 3 is an autoradiograph of cells from one giant cell tumor in
primary culture. Most (> 90%), but not all of the multinucleated
giant cells in primary culture bound [1251]salmon CT. Occasional
mononuclear cells also bound CT. After passage no CT binding
was demonstrable. In parallel studies, cells after passage did not
increase cAMPlevels when test-incubated with CT.

To further quantitate [1251]salmon CT binding in multinu-
cleated cells, autoradiographs from primary cultures of four giant
cell tumors were photographed and 35-mm slides projected onto
a gridwork with 2 X 2-cm squares. Each square represented 100
OM2. Granules/100 Osm2 were counted in regions devoid of cells
(background) and over the cytoplasm of multinucleated cells.
The density of granules over multinucleated cells was signifi-
cantly greater than background in all cultures studied (Table
III). Because granule density varied in individual giant cells and
because some cells failed to demonstrate CT binding, it was not
possible to quantitate CT receptor number or binding affinity.

Matrix proteins synthesized by stromal cells. To establish
the relationship of cells present in giant cell tumors to other
connective tissue or hematopoietic cells, we examined the high
molecular weight secreted proteins synthesized by cells cultured
from giant cell tumors. Wespeculated that the matrix compo-
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Figure 2. CT binding to cultured cells demonstrated by radioautogra-
phy. Renal tubular cells (LLC-PK1) and human dermal fibroblasts
were incubated for 3 h with ['25I]salmon CT. After fixation and dehy-
dration cells were coated with photographic emulsion, stored for 2-3

nents synthesized by these cells might to some extent serve as
phenotypic markers for establishing the relationship of tumor
cells to specific connective tissue cells. Only passaged cells were
examined, because it is likely that the cells that proliferated in
culture and persisted after passage represented the neoplastic
element of the tumor. Fig. 4 shows the patterns of labeled me-
dium proteins under reducing and nonreducing conditions.
Several different proteins, including products with mobility
characteristic of fibronectin, and fully and partially processed
types I and III procollagen were identified. The pattern of col-
lagen types in cells cultured from six different giant cell tumors
were qualitatively similar. Although the pattern resembled that
seen in dermal fibroblasts, several lower molecular weight species
were present, suggesting extensive processing of the procollagens.
Pepsinization and delayed reduction permitted identification of
the alpha 1(I) and the alpha 1(III) collagen chains and established
the presence of both types I and III collagen in the medium
proteins (Fig. 5). The ratios of Type I and III collagen were
assessed by densitometric scanning of the fluorograms. Ratios
of al(I) + a2(I)/al(Ill) ranged from 14.1 to 30.3.

Discussion

In previous studies we showed that a heterogeneous population
of cells could be cultured from human giant cell tumors of bone,
and that the cells in early primary culture exhibited phenotypic

F
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wk at 4VC and CT binding demonstrated by autoradiography. Binding
can be observed in the renal tubular cells (R) but not in the dermal
fibroblasts (D) by the presence of silver grains overlying the cells.

features of cells present in the original tumor (21-23, 31). Pri-
mary cultures contained many large multinucleated giant cells
and a mixed population of mononuclear cells, many of which
expressed functional characteristics of monocyte macrophages,
including synthesis of lysozyme, presence of surface immuno-
globulin Fc receptors, and ability to phagocytose India ink par-
ticles. Wood et al. (35) reported similar results, noting that 11-
40% of cells dispersed from giant cell tumors possessed mac-
rophage markers (Fc and C3 receptors).

The availability of monoclonal antibodies that recognize
cellular antigens associated with specific mononuclear cell types
has helped to more firmly establish the identity of cells present
in giant cell tumors. Using these reagents we found that 10-40%
of the mononuclear cells present in primary cultures of cells
dispersed from giant cell tumors expressed antigens associated
with monocyte-macrophages. Examination of tissue sections
before proteolytic dispersion yielded roughly comparable results.
However, cells expressing T cell-associated antigens that were
detected in tissue sections, were not present in cell cultures. This
is not surprising because conditions used for these cultures did
not favor T cell adherence or proliferation. The presence of T
cell infiltration is characteristic of many neoplasms and thus is
not a finding unique for giant cell tumors (36).

Our results are similar to those reported by Burmester et al.
(20), who also described the presence in primary cultures of
giant cell tumors of cells expressing monocyte-macrophage an-
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Figure 3. CT binding to giant cell tumor cells. Cells from primary culture from a giant cell tumor (GT-47) were incubated for 3 h with
[125I]salmon CT. Specific CT binding to a giant cell (G) is shown by the presence of silver grains over the cell.

tigens. These authors noted that these mononuclear cells differed
from mature tissue macrophages by their relatively limited
phagocytic activity, the presence of an antigen characteristic of
early monocytoid cells, and the absence of a single antigen as-
sociated with peripheral blood and tissue macrophages. They
suggested that this cell type might be derived from a hemato-
poietic progenitor related to the mononuclear phagocyte, but

Table III. Quantitative CTBinding in Multinucleated Giant
Cells Culturedfrom Giant Cell Tumors of Bone

Tumor Over giant cells Not over giant cells

Grains/1002 Grains/i002

GT-42 23.3±4.3* 9.8±3.3
GT-47 38.3±4.5 14.3±0.4
GT-48 23.8±2.3 6.5±1.8
GT-50 61.5±12.6 2.5±1.1

Cells from four giant cell tumors were incubated with ['25I]salmon CT
and autoradiographs prepared. To establish significance of CT bind-
ing, the number of grains per 100 M2 were counted and compared with
the number of grains per unit area over mononuclear cells or areas de-
void of cells. The grain density over giant cells was significantly greater
than background (P < 0.005) in all cell cultures.
* Each value represents the mean counts for three squares and SD,
n=3.

representing a cell developing along a pathway distinct from
that of monocytes or macrophages. They also described a pop-
ulation of mononuclear cells that were Ia' but failed to express
monocyte-macrophage-associated antigens. They speculated
that endothelial cells might account for this population. Alter-
natively, the patterns of reactivity in the mononuclear cells could
reflect the influence of local conditions or factors present within

A B C D Figure 4. Medium pro-teins synthesized by cul-
* _ tured cells. Stromal cells

cultured from a giant
cell tumor (lanes A and

w- B) or adult human der-
mis (lanes Cand D)

Eli- j31,2 were incubated with
[3H]proline and the me-

Eli_- g dium proteins character-
-__ ; - ized by SDSPAGE

* * L_ c 1 (1< without (lanes A and C)
=~-c2(I<

or with (lanes B and D)
reduction with 1% 8-
mercaptoethanol. The
position of the labeled
proteins were deter-

mined by flurography with '4C-labeled collagen (rat tail tendon) as a

molecular weight marker (28). The bands corresponding to processed
procollagens are defined by the brackets.
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ICEx lm) Figure 5. Medium proteins synthe-
sized by cultured giant cell tumor

- 1(T) stromal cells. Labeled medium
11111 4X ' ' proteins from cultures of giant cell

tumors were pepsinized at 4VC and
( t I \the proteins separated by SDS

2 I) PAGEwithout (lane A) or with
(lane B) interrupted reduction per-
mitting separation of the a1(I) or
a (111) collagen chains.

the tumor. Tissue macrophages have been shown to demonstrate
considerable variability in their reactivity with the monoclonal
antibodies that recognize monocyte-macrophage-associated
antigens, and to a great extent this pattern of reactivity is deter-
mined by the tissues in which these cells reside (37).

Burmester et al. (20) speculated that the tumor cells express-
ing monocyte-macrophage phenotype could represent a pro-
genitor of the multinucleated giant cell present in the tumor.
They noted, as did we, that cells expressing this phenotype did
not proliferate or survive in culture, and that the proliferating
cells were devoid of monocyte-macrophage or HLA class II an-
tigens. If these mononuclear cells were in fact the precursor of
tumor-associated giant cells, their failure to survive in culture
could explain our inability to detect the large multinucleated
giant cells after passage.

To further characterize the cells present in giant cell tumors,
and to establish their relationship to cells of skeletal tissue origin,
we examined the capacity of cells cultured from these tumors
to increase cAMPlevels when challenged with hormones that
regulate skeletal tissue homeostasis. Wehad previously shown
that cells cultured from giant cell tumors increase cAMPlevels
when incubated with PTHor PGE2(21-23). Using photoaffinity-
labeling techniques we partially characterized the PTH receptor
in these cells and demonstrated a similarity of the PTH-binding
component to the PTHreceptor in other target tissues (26). These
initial studies were conducted on cells after passage, and because
all of the multinucleated and many of the mononuclear cells
did not persist after primary culture, in our present studies we
specifically investigated hormone responses in cells in primary
culture. Wewere particularly interested in determining the pres-
ence of responsiveness to CT, because responses to this hormone
among bone cells is probably unique for osteoclasts. Chambers
et al. (38) had previously reported that addition of CT to cells
cultured from giant cell tumors induced morphological changes
in the giant cells and decreased their ability to resorb devitalized
bone. In the present study we were able to demonstrate CT-
induced cAMPresponses in cells in primary culture. Further-
more we demonstrated, using [125I~salmon CTautoradiography,
that the multinucleated giant cells were the principle cell type

expressing CT receptors. The disappearance of these cells in cul-
ture was accompanied by the loss of CT-induced cAMP re-
sponses. We were also able to identify a small population of
mononuclear cells that specifically bound CT. These cells did
not persist beyond the first passage, and it is possible that they
represent precursors of the CT receptor-positive multinucleated
cells. Our techniques did not permit simultaneous examination
of the CT-positive mononuclear cells for the presence of mac-
rophage-associated antigens. Thus, we were unable to establish
the relationship of the CT-binding mononuclear cells to mono-
cyte-macrophages. It is possible that these CT-binding mono-
nuclear cells are related to the My-7-positive cells described by
Horton et al. (14, 15) or the cells expressing the MO-U50 antigen
described by Burmester et al. (20).

The failure to detect multinucleated giant cells after passage,
as well as the absence of CT-responsive cells expressing mono-
cyte-macrophage antigens in the proliferating cell population,
strongly suggests that the latter cells (which likely represent the
neoplastic cellular element of the tumor) are not the principle
cellular precursor of the multinucleated giant cells. Further sup-
port for this concept is provided by the studies of Byers et al.
(39), who injected cells cultured from giant cell tumors into
nude mice. Tumor nodules developed in all animals and the
tumor cells were morphologically indistinguishable from the
stromal cells of the original tumor. No multinucleated cells were
detected in these tumor growths, however. Furthermore, they
defined a tumor-associated antigen by reacting autologous sera
from two patients with cells derived from their own tumors.
Using fluorescein-conjugated goat anti-human IgG as a second
antibody they were able to demonstrate that 40%O of the tumor
stromal cells reacted with the sera, whereas none of the multi-
nucleated cells were reactive. Nevertheless, these results as well
as the results of other studies do not definitively establish the
cell of origin for the multinucleated giant cell. These cells may
in fact be heterogeneous, representing fusion products from dif-
ferent mononuclear cell types present in the tumor.

The presence of CT receptors in multinucleated cells present
in giant cell tumors as well as the histological and histochemical
features of these cells suggests that they are related to cells of
osteoclast lineage. However, Aparisi et al. (6, 7) have suggested
that the multinucleated cells present in these tumors have ul-
trastructural features that are distinct from true osteoclasts.
Whether this reflects a different lineage for the tumor giant cells
or the effects of factors or conditions present within these tumors
remains uncertain. Horton et al. (14, 15) have generated mono-
clonal antibodies to cells from giant cell tumors and have iden-
tified several antibodies that appear to react principally with the
multinucleated cells present in the tumor, as well as multinu-
cleated cells in human fetal bone. These results suggest that the
antibodies may indeed recognize antigens expressed on osteo-
clast-type giant cells. Reactivity of these antibodies with multi-
nucleated cells present in synovium, however, raises questions
concerning the specificity of these antibodies, because other in-
vestigators have shown that synovial giant cells express macro-
phage surface markers and are likely examples of so-called in-
flammatory polykaryons (40). Horton et al. (14, 15) noted the
absence of reactivity of the monoclonal antibodies with the tumor
stromal cells, but detected binding with other mononuclear cells
present in the tumor tissue. It is possible that these mononuclear
cells represent the precursors of the multinucleated cells and
may be analogous to the CT receptor-positive cells detected
with our methods.
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The fibroblast-like morphology, the absence of monocyte-
macrophage-associated antigens, and the presence of receptors
to PTH suggested the possible relationship of the cell which
proliferates in culture to a connective tissue stromal cell. Incu-
bation of the proliferating cells with [3H]proline demonstrated
the capacity of these cells to incorporate label into several dif-
ferent high molecular weight proteins including products with
mobility on electrophoresis and susceptibility to pepsin char-
acteristic of types I and III collagen. Human macrophages in
culture secrete fibronectin but do not produce detectible levels
of types I or III collagen, (41, 42), thus providing further evidence
that the proliferating cell is not phenotypically related to cells
of monocyte-macrophage lineage. Although the pattern of col-
lagen types in cells cultured from tumor tissue resembles that
observed in dermal fibroblast cultures, the presence of several
low molecular weight species suggests processing of the procol-
lagens. The pattern of processing was highly reproducible in the
cells cultured from different tumors and may reflect a distinctive
mechanism for processing procollagens.

Unfortunately our studies do not establish the relationship
of the proliferating cell to a specific connective tissue cell type.
The presence of receptors for PTH is not unique to osteoblasts
because we have shown comparable PTH binding and PTH-
induced cAMPresponses in dermal fibroblasts (26) and synovial
fibroblasts (43). However, the consistent association of tumor
stromal cells with cells expressing phenotypic features of osteo-
clasts suggests that the neoplastic cellular component of this
tumor could be related to a cell of skeletal tissue origin which
plays a role in the recruitment and formation of osteoclasts. It
has been shown that cells related to osteoblasts in the presence
of interleukin 1 or PTHhave the capacity to stimulate isolated
osteoclasts to resorb bone (44). In conclusion, these tumors may
provide a, good model for investigating the ontogeny and differ-
entiation of skeletal tissue cells as well as a system for studying
the mechanisms involved in the recruitment and regulation of
the biological activity of cells of osteoclast lineage.
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