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Abstract Giant cell tumor of bone is a progressive, potentially malignant process which destroys skeletal tissue
by virtue of its osteoclast complement. As a biological entity it provides a unique natural model of bone resorption by
osteoclasts whose recruitment and development is controlled by a neoplastic population of fibroblast-like cells.
Understanding of the etiopathogenesis of this tumor could provide new insights into the mechanisms underlying
osteoblast—osteoclast interactions in normal and diseased bone. Recent studies have shown that the stromal cell
component in giant cell tumors is the only proliferating subpopulation of cells, and the giant cells themselves are
nonproliferative and reactive. These stromal cells express several genes associated with the osteoblastic phenotype,
synthesize, to a limited degree, certain matrix proteins associated with bone, and express several factors which are
presumably involved in the recruitment of osteoclasts. In cuiture, giant cell tumor-associated stromal cells promote the
fusion of monocytes and the proliferation of osteoblasts either by the secretion of factors or cell—cell contact. Hence,
giant cell tumor of bone is a self-contained biosystem in which cells of both the stromal and hematopoietic lineages
interact in a fashion similar to that observed in normal skeletal remodeling. The neoplastic nature of the stromal
component, however, drives the hematopoietic precursors to undergo fusion, produces aggressive bone resorption,
and results in extensive skeletal destruction. Examination of the various components of this system could lead to new

directions for investigations aimed at a better understanding of osteoblast—osteoclast interactions.
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Significant interest in skeletal disorders such
as osteoporosis, Paget’s Disease, hyperparathy-
roidism, and hypercalcemia of malignancy has
led to an abundance of investigations into the
regulation of bone formation and resorption. In
general, these investigations adhere to the con-
cept that bone resorption is produced by multi-
nucleated osteoclasts whose development and
activity are under the influence of osteoblasts
and possibly osteoblast precursors. As osteo-
clasts are derived from hematopoietic stem cells,
while osteoblasts develop from a mesenchymal
stem cell pool, the potential association between
the stromal and hematopoietic cellular systems
is an area of significant interest. In normal
skeletal metabolism these associations presum-
ably take place within the bone marrow compart-
ment. However, one of the more interesting
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natural models in which to study a unique varia-
tion of hematopoietic and stromal cell interac-
tions occurs in the primary bone neoplasm, gi-
ant cell tumor of bone (GCT). This is a tumor of
fibrohistiocytic origin in which the neoplastic
mononuclear stromal cell appears to be derived
from the undifferentiated mesenchymal stem
cell. While some of the cells in this tumor ex-
press typical monocyte-associated markers such
as MOS-1 and MOP-9 (LEU M3), most studies
suggest that the monocytes, lymphocytes, and
leukocytes present are reactive to the fibrohistio-
cytic tumor cell population {Ling et al., 1988;
Aqel et al., 1988].

Goldring et al. [1987] have shown that cells
cultured from giant cell tumors of bone can be
characterized based on their proliferative capaci-
ties, presence of granulocyte-monocytic anti-
genic markers, receptors for skeletal hormones,
and secretion of soluble cell products. Three
major cell types have been identified: (1) A popu-
lation of mononuclear cells with a fibroblastic
morphology, resembling connective tissue stro-
mal cells, and which proliferate in culture. These
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cells are thought to be the neoplastic element of
the tumor. (2) A second population of mono-
nuclear cells which lack receptors for skeletal
hormones, do not proliferate in culture, and are
believed to be of the monocyte-macrophage lin-
eage. (3) A third population of cells consisting of
large multinucleated giant cells which possess
phenotypic features of osteoclasts, such as the
expression of receptors for calcitonin [Goldring
et al., 1987]. Although there have been argu-
ments to suggest that the giant cell population
in this tumor is not precisely analogous to in
0sso osteoclasts, most investigators have as-
sumed that the mechanisms which lead to the
fusion of the mononuclear cells, and the develop-
ment of the giant cells in this tumor, are under
similar regulatory control mechanisms to those
which occur in normal bone remodeling {Gold-
ring et al., 1987].

Recently, Oreffo et al. [1993] have identified a
cell line derived from mononuclear cells from a
giant cell tumor of bone. This cell line, C433,
was shown to have the following characteristics:
(1) it represents undifferentiated cells, not recog-
nized by any known antigenic markers for leuko-
cytes; (2) it contains tartrate-resistant acid phos-
phatase; (3) it responds to the osteotropic factors
1,25 dihydroxyvitamin Ds, insulin-like growth
factors I and II, but not the parathyroid hor-
mone; (4) it forms sarcomas when transplanted
into nude mice; and (5) it produces an activity
that stimulates isolated avian and rat osteo-
clasts to resorb bone [Oreffo et al., 1993]. Since
it is apparent from these and other investigators
that the mononuclear cells in giant cell tumors
of bone are composed of two types—one set that
does not persist in culture and is positive for Ia
and monocyte-macrophage antigens [Ling et al.,
1988] and another that persists in culture and
resembles connective tissue stromal cells, pro-
duces collagen, and has receptors for parathy-
roid hormone [Goldring et al., 1987]—a closer
look at how these cell types interact in this
tumor, how molecular aberrations may lead to
over expression of cytokines or growth factors
emanating from the neoplastic stromal cells,
and how the mononuclear and multinucleated
cells respond and behave within this milieu may
provide further insight into the basic mecha-
nisms of bone formation and remodeling as they
apply to other skeletal conditions.

The unique behavior of GCTs depends on the
neoplastic nature of the stromal cell population.
To characterize the phenotype of this fibroblas-

tic stromal cell, a series of experiments have
been conducted on cellular outgrowths of hu-
man GCTs [Oreffo et al., 1993; Feng, 1990;
Robinson et al., in press]. Confluent cultures of
spindle-shaped cells have been developed from
explanted tissue specimens of freshly biopsied
or extirpated lesions. While in culture, the num-
ber of round-shaped cells have been shown to
decrease rapidly in sequential passages over a 2
week period, and the giant cell population is lost
after the first passage. By 2 weeks, the cultures
consist of purely fibrohistiocytic cells [Oreffo et
al.,, 1993; Feng, 1990; Robinson et al., in press].

Giant cell tumor-associated stromal cells ex-
press low levels of alkaline phosphatase activity
approximately equivalent to the levels measured
in human bone marrow stromal fibroblasts [Rob-
inson et al.,, in press). These alkaline phospha-
tase activities are much lower than those
observed for primary cultures of cancellous bone-
derived osteoblasts or ROS 17/2.8 cells. 1,25
dihydroxyvitamin D increases the expression of
this enzyme approximately twofold and tends to
slow the rate of cellular proliferation. Combined
treatment with basic fibroblast growth factor
and dexamethasone, which has been reported to
enhance osteoblastic phenotypic expression in
bone marrow stromal cells, tends to increase the
level of alkaline phosphatase expression approxi-
mately twofold without blunting the cellular
proliferation rate. Treatment with retinoic acid
in concentrations greater than 10-8M com-
pletely inhibits proliferation while increasing
alkaline phosphatase expression approximately
sixfold [Robinson et al., in press]. Northern hy-
bridization against total RNA isolated from gi-
ant cell tumor-associated stromal cells shows
low levels of alkaline phosphatase expression,
no expression for the matrix proteins osteopon-
tin or bone sialoprotein, and high levels of procol-
lagen ol (1). There is also significant expression
of mRNA for the protooncogenes c-jun and c-fos
but not for c-src or c-kit [Robinson et al., in
press]. These observations are consistent with
the hypothesis that these tumor-associated mes-
enchymal stromal cells express a phenotype
which is significantly similar to osteoblast-like
cells.

Conditioned media from giant cell tumor—
associated stromal cells increases the rate of
proliferation of several osteoblast-like cells of
both rodent and human origin including MC3T3-
E1, ROS 17.28, RCT-3, primary human osteo-
blast-like cells, and primary human stromal bone
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marrow fibroblasts. However, these media fail
to have a proliferative effect on nonosteoblastic
cells including NIH-3T3, ROS 25/1, as well as
primary outgrowths of human skin fibroblasts
[Robinson et al., in press]. Hence these fibro-
blast-like stromal cells have certain autocrine
effector capabilities.

The ability of giant cell tumor—associated stro-
mal cells to secrete factors which influence cells
of the hematopoietic lineage have been investi-
gated in U-937 pre-monocytes and in factor-
specific clonal cell lines [Oreffo et al.,, 1993;
Robinson et al., in press; Kito, 1991]. The find-
ings show that GCT-conditioned media induces
a 55% acceleration in the proliferation rate of
these monocyte-like cells and the development
of multinucleated cells after 6 hr of exposure
[Robinson et al., in press]. Tartrate-resistant
acid phosphate activity in the U-937 cells in-
creases 10-fold as a result of the GCT stromal
cell-conditioned media treatment. These find-
ings are also observed when U-937 are cocul-
tured with giant cell tumor-associated stromal
cells. None of these results are observed in U-937
cells when conditioned media from human fibro-
blasts, primary human osteoblasts, MC3T3-E1
osteoblast-like cells, or NIH 3T3 cell-condi-
tioned media are used. Moreover, cocultures of
MC3T3-E1 cells and U-937 cells also fail to show
these effects. Thus it appears that giant cell
tumor-associated stromal cells are capable of
secreting into the medium substances which
induce differentiation or fusion of monocytes
[Oreffo et al., 1993; Robinson et al., in press;
Kito, 1991]. Since previous studies have shown
that MC3T3-E1 cells [Horowitz et al., 1989] as
well as primary human osteoblasts [Skjgdt and
Russell, 1992] are capable, upon induction, of
secreting specific cytokines possibly involved in
osteoclastic differentiation, the fact that condi-
tioned medium from GCT's produces similar ef-
fects suggests that the same or similar cytokines
may be secreted, but in a constitutive fashion.
The lack of a requirement for induction by endo-
toxin or lectin suggests that the stromal cell
population in GCTs may overexpress these fac-
tors, or possess a unique mechanism for auto-
crine stimulation not observed in normal osteo-
blasts.

Based upon the above findings and those of
previous reports, an etiology for the pathogen-
esis of giant cell tumors of bone can be sug-
gested. The scenario to be proposed is that of a
neoplastic population of early mesenchymal stem
cells which are capable of rapid division and the

expression of markers of the osteoblastic lin-
eage. These cells then acquire the capacity to
express and secrete factors which have the abil-
ity to recruit osteoclast progenitors or increase
the activity of fully differentiated osteoclasts.
The neoplastic cells may also exert these effects
through direct cell-cell contact with mono-
nuclear cells of the hematopoietic lineage. The
ability to influence these hematopoietic precur-
sors is upregulated in comparison to that which
is seen during normal homeostatic bone metabo-
lism.

Perhaps the most interesting aspect of giant
cell tumors of bone, and what makes the stroma-
l-hematopoietic cellular interactions within
them particularly intriguing, is how the neoplas-
tic nature of the stromal cell directs the biologi-
cal interactions which take place. The expres-
sion of the protooncogenes c-jun and c-fos can
support a concept that the regulation of pro-
moter binding is one potential intracellular
mechanism which could be altered. For ex-
ample, a viral infection or spontaneous transfor-
mation could affect the processing of environ-
mental signals at the nuclear level to affect
cellular behavior. Observations of giant cell tu-
mors containing viral-like filaments in the nu-
clei have been reported [Fornasier et al., 1985].
In the case of GCT-associated stromal cells, the
outcomes of such an alteration could be to up-
regulate paracrine processes which influence the
behavior of hematopoietic cells. Another possibil-
ity is that there are abnormalities in the fos and
jun elements (AP-1 site) in which altered bind-
ing of vitamin D to the vitamin D-responsive
enhancer element (VDRE/AP-1) would repress
the ability of vitamin D-mediated differentia-
tion-related genes to function and could also
account for the loss of control of certain osteo-
clastic activities [Lian et al., 1991]. Thus, the
response observed to 1,25 dihydroxyvitamin D
in the above experiments might indicate either a
heterogeneous population in which some cells
are more highly differentiated than others, or
the presence of other vitamin D-responsive DNA
segments which are not inhibited by the fos-jun
heterodimer.

From a clinical perspective, giant cell tumor of
bone has always been considered one of the most
problematic primary neoplasms of the skeleton.
Important questions concerning the histogen-
esis, clinicopathological diagnosis, and treat-
ment remain subjects of considerable contro-
versy. One of the problems related to the
understanding of this tumor is that its biology is
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poorly appreciated. It fits neither into the defini-
tion of a malignant nor a benign tumor, al-
though most clinicians who treat it have great
respect for the damage it can do as a result of its
bone resorbing capacity and local aggressive-
ness. Although there are instances of giant cell
tumors which metastasize, most produce their
damage at the primary site of occurrence.

Although giant cell tumors of bone, while not
common, are sufficiently prevalent to justify di-
rected efforts towards scientific exploration and
treatment, it may have more important broad
implications as a model system for understand-
ing the interactions between the hematopoietic
and musculoskeletal systems with respect to
metabolic bone disorders. Since it is currently
thought that the mononuclear stromal cell popu-
lation is responsible for the biological behavior
of the cell types within this tumor, the system is
analogous to the interactions which may take
place during normal bone remodeling. Because
the local aggressiveness of this tumor and its
resultant bone destruction is much more exag-
gerated than that which occurs during even the
most active types of osteoporosis, giant cell tu-
mor of bone may be a biologically amplified
system of normal homeostatic mechanisms gone
awry. Thus, by developing an understanding of
the biological intricacies of this tumor, other-
wise subtle mechanisms of normal cellular func-
tion in bone may possibly be revealed.

ACKNOWLEDGMENTS

This work was supported by National Insti-
tutes of Health Grant AR40701 and Israel Can-
cer Association Stipend Number 0593.

REFERENCES

Aquel NM, Pringle JA, Horton MA (1988): Cellular heteroge-
neity in giant cell tumour of bone (osteoclastoma): An
immunohistological study of 16 cases. Histopathology 13:
675-685.

Feng CH (1990): Celtular biological study of giant cell tumor
of bone: A 10-year summary. Chung-Hua Wai Ko Tsa
Chih 28:92-94.

Fornasier VL, Flores L, Hastings D, Sharp T (1985): Virus-
like filamentous intranuclear inclusions in a giant-cell
tumor, not associated with Paget’s diseases of bone. A
case report. J Bone Joint Surg 67A:333-336.

Goldring SR, Roelke MS, Petrison KK, Bhan AK (1987):
Human giant cell tumors of bone: Identification and char-
acterization of cell types. J Clin Invest 79:483-491.

Horowitz MD, Coleman DL, Ryaby JT, Einhorn TA (1989):
Osteotropic agents induce the differential secretion of
granulocyte-macrophage colony-stimulating factor by the
osteoblast cell line MC3T3-E1. J Bone Miner Res 4:911—
921.

Kito M (1991): Identification of cytokines produced by cells
cultured from human giant cell tumors of bone. Nippon
Seikeigeka Gakkai Zasshi 65:918-930.

Lian JB, Stein GS, Bortell R, Owen TA (1991): Phenotype
suppression: A postulated molecular mechanism for medi-
ating the relationship of proliferation and differentiation
by Fos/Jun interactions at AP-1 sites in steroid respon-
sive promoter elements of tissue-specific genes. J Cell
Biochem 45:9-14.

Ling L, Klein MJ, Sissons HA, Steiner GC, Winchester RJ
(1988): Expression of la and monocyte-macrophage lin-
eage antigens in giant cell tumor of bone and related
lesions. Arch Pathol Lab Med 112:65-69.

Oreffo ROC, Marshall GJ, Kirchen M, Garcia C, Gallwitz
WE, Chavey J, Mundy GR, Bonewald LF (1993): Clin
Orthop 296:229-241.

Robinson D, Nevo Z, Majeska RdJ, Atkinson G, Einhorn TA
(in press): Characterization of the stromal cell population
in giant cell tumors of bone. Trans Orthop Res Soc.

Skjgdt H, Russell G (1992): Bone cell biology and the regula-
tion of bone metabolism. In Gowen M (ed): “Cytokines
and bone metabolism.” Boca Raton: CRC Press, pp 1-70.





