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Abstract

Cytogenetic analyses were performed on a bone giant cell reparative granuloma (GCRG) and on three bone giant
cell tumors (GCT). The present GCRG case is the second to be described cytogenetically. A modal chromosome
number of 46 was observed in all samples. Clonal chromosome abnormalities were detected in all cases. The
numerical alterations most frequently observed involved the loss of chromosomes 17 and 18. Among the structural
anomalies observed, there was preferential involvement of chromosomes 6 and 10. Three GCT cases presented
del(10)(p13) and two cases presented del(6)(q25) (1 GCRG and 1 GCT). These breakpoints mapped on 10p and 6q
may harbour genes of importance in the development of bone giant cell tumors.
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Introduction

Giant-cell tumors (GCT) and giant-cell lesions form a
group of clinicopathologic entities that differ in their be-
havior and may present substantial problems in differential
diagnosis. Some are true neoplasms, whereas others repre-
sent a heterogeneous group of reparative or reactive reac-
tions. The ubiquitous presence of multinucleated giant cells
in many unrelated lesions complicates their classification
(Dorfman and Czerniak, 1998). Conventional GCT are ag-
gressive lesions, have local recurrence and low metastatic
potential. They are characterized by well-vascularized tis-
sue made up of plump, spindly, or ovoid cells in addition to
numerous multinucleated giant cells uniformly dispersed
throughout the tumor tissue (Schajowicz, 2000). This le-
sion represents 5% of the primary bone tumors. More than
80% of the GCT occur in patients older than 20 years of
age, i.e., in skeletally mature individuals. More than 75% of
the GCT are situated at or near the articular end of a long tu-
bular bone. The distal femur, proximal tibia and fibula are
affected in half of the cases (Huvos, 1991).
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Bone giant-cell reparative granuloma (GCRG) is a
rare non-neoplastic lesion. Histologically, stromal cells be-
tween larger or smaller clusters of giant cells display
storiform, matted or herringbone growth patterns (Huvos,
1991). The fibrous stroma is prominent, with fusiform
cells, areas of hemorrhage and giant cell clusters or nests
smaller than a true giant cell tumor (Schajowicz, 2000).
The incidence of this lesion is higher at the beginning of the
second decade of life. Craniofacial bones, the mandible and
maxilla are usually affected, whereas the lesion is ex-
tremely rare in long tubular bones and vertebrae (Dorfman
and Czerniak, 1998).

Only one case of GCRG has been described cytoge-
netically. The karyotype was: 46,XY,t(X;4)(q22;q31.3)
[31/46XY[10] (Buresh et al. 1999). GCT present chromo-
some alterations with multiple telomere associations in-
volving 4p, 8p, 11p, 14p,17p, 14q, 19q and 20q (Schwartz
etal. 1991; Bridge et al. 1993) and translocations involving
chromosomes 1,2, 11p, 12, 18p, 13p, 15p, and 19 (Noguera
et al. 1989; Bridge 1990; Dal Cin et al. 1994). Monosomies
and trisomies involve mainly chromosomes 19, 11, 20, 18
and 22 in decreasing order of frequency (Mitelman et al.
1998).
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In this paper we describe the chromosome alterations
detected in cells of a GCRG and three GCT. Deletion
del(10)(p13), not reported before, was present at high fre-
quency in the three GCT described here.

Subject and Methods

Case reports

Case 1 — A 13-year-old boy presented various axillary
ephelides and lenticular, nummular and plaque-like
café-au-lait spots covering the entire trunk, abdomen and
limbs. At seven years of age the patient had shown three cu-
taneous neurofibromas and bulging in the malar region
with poor tooth implantation. He was taken to an orthodon-
tic service where a slightly insufflating osteolytic lesion
partially involving the maxilla and mandible was detected
by computed tomography. After surgery for resection of the
tumor mass, the anatomopathologic report showed a benign
intraosseous lesion consisting of fibrous tissue and giant
cells characterizing a giant cell reparative granuloma (Fig-
ure 1A).

Case 2 — A 33-year-old man reporting natural pain
(without palpation) of six months duration and an increased
volume of the left knee with limping gait on the right was
submitted to computed tomography, which revealed an ex-
pansive condylo-epiphyseal lesion in the right femur. After
surgery and histopathological analysis, a diagnosis of a gi-
ant cell bone tumor was confirmed.

Case 3 — A 26-year-old man had been experiencing
natural pain (without palpation) in the right knee for 8
months; after three months abnormal growth was detected
in the right tibia. Histopathological analysis confirmed the
diagnosis of a giant cell bone tumor.

Case 4 — A 19-year-old man with an initial clinical di-
agnosis of cauda equina syndrome was submitted to radio-
logical examinations which revealed an expansive bone
lesion in the sacral region. Histopathological analysis con-
firmed the diagnosis of a giant cell bone tumor (Figure 1B).

Cytogenetic analysis

Fresh tumor tissue samples were analyzed cytogene-
tically after medium-term in vitro culture (7 to 10 days).
The material was sent by the University Hospital of the
School of Medicine at Ribeirdo Preto, Sdo Paulo, Brazil.
Fresh tissue samples collected under sterile conditions
were processed promptly. Chromosome preparation was
performed according to a previously described protocol
(Baruffi et al. 2001). Chromosome studies were carried out
on primary cultures only. Slides were subjected to GTG
banding (Scheres, 1972). The International Standard for
Human Cytogenetic Nomenclature (ISCN 1995) was used
for karyotypic description. A further requirement for clona-
lity was that the chromosome alterations had to be found in
at least in two different culture flasks.

Baruffi et al.

Figure 1 - (A) Photomicrograph showing the proliferation of fusiform
cells with elongated nuclei and tapering ends, intermingled with multi-
nucleated giant cells with rounded nuclei and a small number of lymphoid
cells (case 1). (B) Photomicrograph showing the proliferation of elongated
cells with a rounded nucleus diffusely intermingled with multinucleated
giant cells. The shape of the nucleus of these cells is similar to that of the
cells described earlier (case 4).

Results

Cellular morphology showed growth of mesen-
chymal cells in early primary cultures. Metaphases were
obtained from dividing cells in the early growth cycle to
prevent the overgrowth of fibroblasts observed in older cul-
tures. On average, 10-15 day old cell cultures with high mi-
totic activity were prepared for cytogenetic investigation.
Chromosome counts were performed after standard stain-
ing in a total of 100 cells per case. The modal chromosome
number was 46. Hypodiploidy varying from 43 to 45 chro-
mosomes was detected at higher frequency in the GCT:
15% (case 1), 42% (case 2), 31% (case 3) and 26% (case 4).
Table 1 summarizes the clinical, pathologic and cytoge-
netic data.

The most frequent chromosome alterations detected
in the GCRG were monosomies of chromosomes 14, 17, 18
and 22 and the deletions del(6)(q25), del(7)(q33) and
del(18)(p11.2) (Figure 2). The GCT had in common the de-
letion del(10)(p13) in common (Figure 3).
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Table I - Clinical and histopathological data and cytogenetic results of the bone giant cell tumors analyzed.

Case Age (years)/ Sex  Histopathologic diagnosis/location Composite karyotype
1 12/M Bone giant cell reparative 40~49,XY ,-5[4], del(6)(q25)[3],del(7)(q33)[4],-11[4], +11[3],
granuloma/mandible -14[6],-17[61,del(18)(p11.2)[4],-18[6],-22[6][cp251/46,XY[11]
2 33/M Bone giant cell tumor/right femur 41~46,XY,del(10)(p13)[3],-17[3][cp9]/46XY[1]
3 26/M Bone giant cell tumor/right tibia 39~48,XY,-6[6],del(10)(p13)[7],-10[5],+17[2],-18[3][cp18]/46,
XY[1]
4 19/M Bone giant cell tumor/sacral region 40~47,XY,del(6)(q25)[3],-7[5],del(10)(p13)[5],-19[6],-20[3],

+mar[3][cp22]/46,XY[6]
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Figure 2 - (A) Representative G-banded karyotype of case 1: 46,XY,del(6)(q25),del(18)(p11). (B) Partial karyotype showing del(7)(q33) and

del(18)(p11).

Discussion

Lesions such as aneurysmal bone cysts and giant cell
tumors may simulate reparative giant cell granulomas both
clinically and radiologically. Chromosomal analyses of
three cases of aneurysmal bone cysts have been recently re-
ported recently (Panoutsakapoulos et al. 1999). Two pre-
sented t(16;17)(q22;p13) as the only abnormality, and the
third case showed del(16)(q22) (Panoutsakapoulos et al.
1999). The only case of GCRG in the literature, which was
cytogenetically analyzed, did not have alterations involv-
ing chromosome 16 (Buresh et al. 1999).

In the present paper we report an additional case of
GCRG whose results showed a complex karyotype with

monosomy of chromosomes 14, 17, 18, and 22 as the most
frequent aneuploidies. The other alterations (-5, -11, +11)
were present at low frequencies. Numerous chromosome
alterations, mainly numerical, are typical of non-neoplastic
proliferative processes of the bone (Baruffi et al. 2001).
Apparently, most of them are not associated with tissue
transformation to a neoplastic stage, and are probably due
to the high cell division rate. The increased cell prolifera-
tion rate generates genetic instability, promoting random
chromosomal alterations and increasing the possibility of
the formation of abnormal clones (Bale et al. 1986). In
addition, all cases showed normal cells although at low fre-
quency. In tissue culture, neoplastic cells from benign



268

1 2 3

\
8 %I RE ix
6 7 8 9
T ) L. ST |

13. 14 15

- » L

19 20

Baruffi et al.

4 5

\
g8 8 8 3
10 1 12 X

16 17 18
- - - A
21 22 Y

B \ N\
f: §)
10 10

C N\ \
£h A&
10 10

D

\ N
A N

10 10

Figure 3 - (A) Metaphase of case 4 with the karyotypic formula 46,XY,del(6)(q25),del(10)(p13). (B), (C) and (D) Partial karyotypes showing

del(10)(p13) in cases 2, 3 and 4 respectively.

mesenchymal tumors are often overgrown by reactive
fibroblasts.

The structural alterations were deletions del(6)(q25),
del(7)(q33), del(10)(p13) and del (18)(p11.2). The chromo-
somes and the breakpoints involved affect gene-rich areas
which are important for the regulation of cell proliferation.
del(6)(g25) is a chromosome alteration described in benign
and malignant tumors (Mitelman 1998) such as
chondromixoid fibromas (Safar et al. 2000). Constitutional
deletions of the same region were also described in cases of
congenital malformations, including craniofacial and limb
anomalies (Sukumar ef al. 1999). Mapped to this region are
the genes PLAGL-1 (pleomorphic adenoma gene like-1)
(Abdollahi et al. 1997) and ESRI (estrogen receptor 1)
(Walter et al. 1985, Bord et al., 2001). Estrogen plays an es-
sential role in the development and maintenance of the
skeleton mediated via interactions with the estrogen recep-
tors. ESRI mutations, with consequent estrogen resistance,
can lead to defect in bone maturation and mineralization
(Bord ef al., 2001). In view of the frequency and heteroge-
neity of this deletion in different tumors (Mitelman 1998),
the regions flanking 6q25 may contain one or more genes
that may possibly contribute to the different stages of cell
proliferation.

Deletions affecting the chromosome region 7q33
have been detected in some tumors and mainly in myeloid

disorders (Tosi et al. 1999; Koike et al. 1999). The gene
PTN (pleiotrophin) was mapped in 7q33 (Li et al. 1992).
The dominant-negative action of mutant cells on breast
cancer cells has been recently demonstrated recently
(Zhang et al. 1999). The gene NEGF'I (neurite growth-
promoting factor 1, heparin-binding cytokine family, same
as PTN), mapped in this region, produces a mitogenic hepa-
rin—binding protein that is involved in the transcription and
differentiation of embryonic carcinoma cells of rats (Ly et
al. 1990).

The del(18)(p11.2) and monosomy of chromosome
18, were the most frequent alteration observed in the GRCC
here studied. Cytogenetic analysis of giant cell tumors has
revealed that 18p11 is one of the regions involved in struc-
tural rearrangements or in telomeric associations (Bridge et
al. 1990; Bridge et al. 1992; Schwartz et al. 1993) and in
some tumor types such as adenocarcinomas, ependy-
momas, acute myeloid leukemia and osteosarcomas
(Mitelman 1998). Important genes such as ZFP161, which
codes for a zinc-finger protein and seems to be a trans-
criptional repressor of c-MYC, have been mapped to region
18p11.21. The product of this gene has growth suppressor
activity in mouse cell lines (Sobeck-Klocke et al. 1997).

The three GCT cases analyzed here consistently pre-
sented del(10)(p13) as a clonal alteration, which has been
reported in some tumors such as monoblastic leukemia
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(Seo et al. 1986) and oncocytoid renal cell carcinoma
(Medeiros et al. 1999), but has not been previously detected
in this group of tumors. In this region There are genes in
this region that may be involved in human neoplasias such
as RSUI (Ras suppressor protein 1 or suppressor of trans-
formation by activated RAS, ubiquitous), a regulatory gene
producing a protein that suppresses genes of the RAS family
(Tsuda and Cutler, 1993); STAM (signal-transducing adap-
tor molecule), whose protein is involved in signal transla-
tion, with a cytokine-dependent suppressive effect on cell
growth (Asao et al. 1997); and VIM (vimetin, intermediate
filament), whose protein participates in the regulation of
mesenchymal cell growth, actively present in mammary
cells. Its greatest expression occurs in aggressive and meta-
static neoplasias (Hendrix ef al. 1997). These genes may be
targets in a subgroup of GCT.

These cytogenetic findings demonstrate that clonal
and recurrent abnormalities occur in bone GCT. Although
there is difficulty in the differential diagnosis, the cyto-
genetic pictures of GCRG and GCT are different. GCRG
shows a typical non-neoplastic proliferative process. Both
the changes detected in the single case reported in the litera-
ture and those described here differ from those occurring in
GCT. In view of the limited number of bone GCRG de-
scribed thus far and of the consistent finding of
del(10)(p13) in the bone GCT described here, additional
studies are needed to evaluate the significance and the
greater specificity of these alterations. Identification of
these deletions may be used as a foundation for molecular
approaches to establishing the affected genes and to recog-
nizing the associate consequences of these gene alterations
in the development of bone giant cell lesions.
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