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Abstract The giant cell tumour of bone (GCT) is a locally
aggressive intraosseous neoplasm of obscure biological
behaviour. Although well defined in clinical, radiological
and histological terms, detailed information on its biolog-
ical development is still relatively incomplete. The tumoral
tissue consists of three cell types — the neoplastic giant cell
tumour stromal cells (GCTSC), representing the prolifera-
tive fraction, secondarily recruited mononuclear histiocytic
cells (MNHC) and multinuclear giant cells (MNGC). These
cellular components interact together with factors that have
a role in regulating osteoclast function in normal bone
tissue (e.g. RANK, RANKL, OPG, M-CSF). Recent
publications suggest that the neoplastic stromal cells
express differentiation features of mesenchymal stem cells.
Further research of the pathogenesis of GCT as well as the
complex interactions of its cellular populations may provide
the knowledge necessary for developing approaches for a
biological-based therapy of this neoplasm.

Résumé Les tumeurs a cellules géantes (GCT) sont des
tumeurs localement agressives de type néoplasme intra
osseux don't les mécanismes biologiques restent relative-
ment obscurs. Cependant si ces tumeurs sont bien définies
sur le plan clinique, radiologique et histologique, les détails
marquants de leur développement biologique restent incon-
nus. Le tissu tumoral consiste en un stroma de tumeurs a
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cellules géantes (GCTSC) qui représente la partie prolifér-
ative de la tumeur avec adjonction secondaire de cellules de
type histogitaire mononuclées (MNHC) et de cellules
géantes (MNGC). Ces composants cellulaires interagissent
avec un certain nombre de facteurs régulant 1’action
ostéoclastique du tissu osseux normal (e.g. RANK,
RANKL, OPG, M-CSF). De récentes publications perme-
ttent de penser que ce stroma cellulaire de type néoplasique
exprime une différenciation de cellules mésenchymateuses.
De prochaines recherches sur la pathogénése des tumeurs a
cellules géantes ainsi que sur les interactions complexes des
différentes populations cellulaires devraient permettre d’ap-
procher un traitement médical pour ce type de néoplasme.

Introduction

The giant cell tumour (GCT) of bone is a clinico-patholog-
ical tumour entity that is identifiable on the basis of
relatively typical radiological findings and characteristic
histological features. The tumours occur predominantly in
the meta-epiphyseal regions of the long bones. Other
manifestations — for example, in the sacrum — are consid-
erably rarer. The tumours generally appear on an X-ray film
as expansile osteolytic defects, leading eventually to
significant local bone destruction. GCTs occur predomi-
nantly after skeletal maturity (Fig. 1).

Histology and biological behaviour

It has long been known that multinucleated giant cells
(whence the name) constitute only part of the tumour’s
cellular composition. The GCT is also made up of
mononuclear precursor cells to the giant cells. Mononuclear
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Fig. 1 Distribution of giant cell tumours (GCTs) in the Bone Tumour Registry Hamburg according to localisation, age and sex. Note the

epiphyseal localisation of most tumours at the ends of the long bones

histiocytic cells (MNHC) and multinucleated giant cells
(MNGC) express the CD68-antigen, thus explaining how
MNHC and MNGC are considered to belong to the
monocytic-histiocytic system. It is widely accepted that
MNHC and MNGC of the GCT are recruited secondarily
and do not constitute the actual neoplastic cell population.
The proliferatively active neoplastic tumour cells, which are
also described as giant cell tumour stroma cells (GCTSC)
and constitute varying proportions of the tumoral tissue
(Fig. 2), do not belong to the monocytic-histiocytic system.
Due to the complex histological composition of GCT,
differential diagnosis is required to exclude the diagnosis of
other lesions also containing giant cells, such as the variants
of aneurysmal bone cysts, fibrous metaphyseal defects,
chrondroblastoma, brown tumour in hyperparathyroidism
and giant cell-rich variants of osteosarcoma. In addition to
the histological findings, precise details regarding age,
localisation and X-ray findings within the framework of
GCT differential diagnosis are vital.

Attempts have been made to classify GCT histological
findings into a grading system [8]. However, it has not been
possible to provide any definite prognostic significance in
terms of clinical course [28, 55], and the grading system is not
generally accepted. DNA cytometry has led to contradictory
results, and most publications decline to accept its prognostic
significance [26, 34, 44]. GCTs are seen as tumours with

an undefined biological behavior or even as low-grade
malignant tumours because their clinical course is not
sufficiently predictable on the basis of histological findings.
Pulmonary metastases may occur in addition to local bone
destruction [4, 10, 22, 54]. In rare instances, a GCT may
transform into a giant cell-rich sarcoma [7, 27, 32, 35, 42].

Cytogenetical features

Although the GCT is very well defined in clinical,
radiological and histological terms, the properties of its
biological development still need to be precisely defined.
The tumours are generally discovered at a relatively clinically
advanced stage and, unlike epithelial tumours, there is no
known pre-neoplastic lesion. The cellular composition of the
GCT does not have a comparable non-neoplastic tissue
structure in the skeleton. For some years attempts have been
made to characterise the GCTSC in terms of its cytogenetics
and cell biology. Telomeric associations are typical in GCT,
and these associations lead to the fusion of the telomeric ends
of different chromosomes resulting, in some cases, in a
clonal character within a tumour [46—49]. Structural changes
due to the presence of different chromosomes also occur;
cytogenetic aberrations have been found, but to date there
has been no discovery of any uniform structural or numeric
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Fig 2 a Typical X-ray of a giant cell tumour in the distal femur
situated in the epi- and metaphysis (growth plates are closed),
b typical histology with multinuclear giant cells (MNGC, arrows)
between numerous mononuclear cells without nuclear atypia (H&E
stain, original magnification 200x), ¢ a portion of the mononuclear

chromosomal aberrations for GCT [3, 6, 30, 37, 45, 48],
although it is commonly believed that there are links
between telomeric associations and the induction of
structural chromosomal aberrations [5, 29, 45].

Functional connections between the neoplastic
and non-neoplastic cells in GCTs

Initial progress has been made in identifying the biological
qualities of GCTSC, revealing that GCTSC and MNHC/
MNGC, as previously established, interact functionally
with various factors [receptor activator of nuclear factor-
kB(RANK) and of RANK ligand (RANKL), and osteopro-
tegerin ligand (OPGL)] which also act in regulating
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cells (MNHC, arrows) reacts with an antibody against the histiocytic
marker CD68 (original magnification 400x), d in this part of the
tumour the MNHC are fused to the MNGC, the CD68-negative cells
represent the neoplastic stromal cells (GCTSC, arrows, original
magnification 400x)

osteoclast function in normal bone tissue [1, 2, 50, 58].
MNGC express RANK as well as osteoclasts in normal
bone tissue. In contrast, RANKL is expressed by the
neoplastic GCTSC promoting the fusion of MNHC to
MNGC, with macrophage colony-stimulating factor
(M-CSF) acting as a co-factor [1, 2, 15]. Cell culture
experiments have revealed that giant cell formation takes
place even in the absence of any direct cell contact between
GCTSC and MNHC [36]. In contrast, all three cell types of
the GCT express the antagonistic ligand OPG [15]. MNHC,
which is required for the formation of MNGC, are derived
from CD14- and CD34-positive (both chemokine receptors)
precursor cells, which also express the chemokine receptor
CXCR4. The known factor SDF1 (CXCR4-ligand) from
normal osteoclastogenesis is required for chemoattraction
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of these cells. SDFI1 (stromal-cell derived factor 1)
expression in GCTSC has been proven and is believed to
have an antiapoptotic effect as well [25]. The functional links
in the recruitment of MNHC by GCTSC for the formation of
MNGC clearly represent a broad-based principle on account
of the fact that this principle also applies to the significantly
rarer extra-skeletal variants of GCTs of soft tissue and other
soft tissue neoplasms containing giant cells [24]. This also
has relevance for other co-factors, such as TGFB1/82 and
their receptors [21, 53].

In addition to these factors that enable the GCTSC to
condition the micro-milieu for both the chemoattraction of
MNHC and the formation of MNGC, there are also local
autocrin/paracrin mechanisms that perform a role in main-
taining the specific GCT phenotype. This has been
described in terms of a RANKL expression by the MNGC
component itself [19, 43], which clearly demonstrates that
recruitment by RANKL-expressive GCTSC is not exclu-
sively passive [31]. The implantation of GCTSC into SCID
mice has not resulted in the inevitable induction of an
osteoclastogenesis [17]. At present question is discussed of
whether there is an as yet unknown common precursor cell
for all of the three currently known cellular components of
the GCT in which the osteoclastic phenotype occurs on an
autocrin/paracrin level as a result of an aberrant RANKL
expression, or whether the RANKL constitutes a down-
stream effector of an as yet unknown super-ordinate
molecule forming part of a regulatory mechanism (but not
that of the initiating signal) [31].

Differentiation level of the neoplastic stromal cells

The ability of the GCTSC to express RANKL suggests that
these cells have biological qualities similar to those of
osteoblasts. This supposition is supported by the gene
expression of additional markers of an early osteoblastic
differentiation (e.g. collagen I, bone sialoprotein, and
osteonectin) and the ability to differentiate osteoblasts
(Cbfa-1, osterix, osteocalcin) under cell culture conditions
[16, 33, 36]. A hypothesis is based on this fact that the
neoplastic cells of the giant cell tumour (GCTSC) are
derived histogenetically from osteoblastic cells. Evidence
of FGF-R3 in the GCTSC and the ability of these cells for
osteoblastic differentiation under stimulation from retinoic
acid indicate that the GCTSC are located at a lower
mesenchymal differentiation level [41]. It has also been
revealed that the GCTSC show differentiation features of
mesenchymal stem cells in the form of CD105 (SH2) and
CD73 (SH3, SH4) markers, in addition to expressing
markers of early osteoblastic differentiation (Thy 1.1,
Strol) [56]. In confirming the level of differentiation of
GCTSC at the level of the mesenchymal stem cells, it is

particularly important to have experimental confirmation of
their ability to differentiate to chondrocytic and adipocytic
cells under cell culture conditions [56].

Additional pathogenetic factors in GCT

The over-expression of interleukin 6 (IL6) in GCT has been
seen as a further autocrin/paracrin factor connected with the
formation of MNGC [13, 39]. Unlike non-neoplastic
mesenchymal stem cells, gene expression analyses have
proven that cJUN is activated in GCTSC and that this
activation is considered to be the cause of IL6 over-
expression [14, 57]. Moreover, the cJUN over-expression
may also be involved in changes to the regulation of extra-
cellular matrix proteins, may inhibit osteoblastic or chon-
droblastic differentiation of GCTSC and also perform a role
as proto-oncogene in the oncogenesis of GCT [57]. The
over-expressed tumour suppressor gene NME2, which
occurs with variable frequency in GCT, is another gene
that may be involved in the pathogenesis. The NME2 gene
product is a known activating transcription factor for c-myc
[38, 57]. IL6 also performs a role in regulating the resorption
of giant cells in both GCT and other bone lesions containing
giant cells. Depending on the dose, resorption can be reduced
using IL6-neutralizing antibodies [39, 40]. Cell cycle-
regulating proteins are also a focal point of interest in the
search for the pathogenetic factors of GCT. The pathoge-
netic significance of these proteins in the development of
other neoplasms has been an area of discussion for
considerable time [52, 60]. An over-expression of the cell
cycle regulating protein cyclin D1 was established in GCT
and in the central giant cell granuloma of the jaw [20]. Of
particular note in this study is the fact that there was an
over-expression of cyclinD1-mRNA and an increase in the
cyclinD1 protein, particularly in the nuclei of the MNGC.
This was not the case in the mononuclear cells because of
an increased nuclear accumulation influenced by p21 over-
expression. Although cyclinD1 initiates the transfer of a
cell into the cell cycle, this protein clearly works in concert
with p21 and - depending on nuclear retention —
proliferation can be inhibited, which concurs with the
differentiation to proliferatively inactive giant cells [18].
The expression profile of the different cytokines and
enzymes that play a significant part in the degradation of
the extra-cellular matrix may be of significant importance
in the future for assessing the biological behavior of GCT
[59]. In addition to IL6, higher levels of the urokinase-type
plasminogen activator (u-PA), its receptor (u-PAR) and its
inhibitor (PAI-1) have been found in GCT and/or their
pulmonary metastases [13]. There may also be links
between the expression of matrix metallo-proteinases in
GCT and biological behaviour because the expression of
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MMP-9 can sometimes occur and be maintained by means
of an auto-stimulation mechanism in conjunction with
interleukin-10 [23].

Therapeutic approaches

At present the therapy of choice is curettage or sometimes
resection of the tumour-bearing part of bone, depending on
local spread. The osteoclastic character of MNGC in GCT
is the basis for the therapeutic use of bisphosphonates to
inhibit tumour-induced osteolysis. Bisphosphonate-induced
apoptosis of MNGC has already been shown under cell
culture conditions [11, 12] in which the dose-dependent
effects of treatment with zolendronate were far greater than
those with pamidronate [9]. There are currently no reports
available on the clinical application of bisphosphonates in
GCT as carried out under conditions of a clinical study.
Discussions are currently being held into whether gene
expression within the framework of the RANK/OPGL
system may provide approaches for a specific therapy for
GCT [51].
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