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Aneurysmal bone cyst and giant cell tumor of bone
are relatively rare bone tumors that sometimes co-
exist. We examined the karyotypes of 3 aneurysmal
bone cysts, 12 giant cell tumors, and 3 combined
lesions. All aneurysmal bone cysts showed involve-
ment of chromosome segments 17p11–13 and/or
16q22. In addition, in 1 of the 3 giant cell tumors
with secondary aneurysmal bone cyst, both chro-
mosome bands were rearranged as well, albeit
not in a balanced translocation. Seven out of 12
giant cell tumors were characterized by telomeric
associations. One giant cell tumor showed a
dup(16)(q13q22), suggesting the presence of a (mi-
nor) secondary aneurysmal bone cyst component,
despite the absence of histological proof. Our re-
sults, combined with literature data further sub-
stantiate that segments 16q22 and 17p11–13 are
nonrandomly involved in at least some aneurysmal
bone cysts, irrespective of subtype (primary, sec-
ondary, intra/extraosseous, solid or classic). These
findings strongly suggest that some aneurysmal
bone cysts are true neoplasms. In addition, telo-

meric associations are the most frequent chromo-
somal aberrations in giant cell tumor of bone, the
significance of which remains elusive. In combined
giant cell tumor/aneurysmal bone cyst each compo-
nent seems to retain its own karyotypic abnormal-
ity.
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Aneurysmal bone cysts are benign, but often rap-
idly expanding osteolytic multicystic lesions. They
usually occur in young patients (first 3 decades),
and exhibit a slight female predominance. The
metaphysial region of long bones and vertebrae
account for 70 to 80% of the cases, with the distal
femur and proximal tibia being the most common
sites (1). Aneurysmal bone cysts are generally con-
sidered of reactive nature, and about 50% of them
are ‘secondary’, i.e., associated with other entities,
the most frequent being giant cell tumor, chondro-
blastoma and fibrous dysplasia. Giant cell tumor of
bone is about twice as common as aneurysmal
bone cyst and typically involves the epiphysis of
tubular bones of skeletally mature patients over the
age of 20 years (2). In contrast to aneurysmal bone
cyst, giant cell tumor of bone is generally regarded
as a neoplastic process. This assumption is partly
based on the fact that giant cell tumors can be
locally invasive and metastasize.
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In 1994, an international collaborative group (the
CHromosomes And MorPhology study group),
comprising cytogeneticists, pathologists and sur-
geons was established to carry out a systematic
study of a variety of solid tumors. The aim of the
present study is to analyze the karyotypic changes
in aneurysmal bone cyst, giant cell tumor and com-
bined lesions, to correlate these changes with the
morphology, and to compare the findings with
those in the literature.

MATERIALS AND METHODS

From a variety of primary bone tumors which
were successfully karyotyped in Leuven and Lund
between 1989 and 1999, 3 primary aneurysmal
bone cysts, 12 giant cell tumors and 3 giant cell
tumors with secondary aneurysmal bone cyst (com-
bined lesions) were retrieved. For cytogenetic anal-
ysis, fresh tumor specimens were disaggregated
with collagenase, cultured (for less than 10 days),
harvested and characterized by G- band staining.
Chromosomal aberrations were reviewed without
knowledge of the final diagnosis, and described
according to the International System for Human
Cytogenetic Nomenclature (3). The histologic fea-
tures were reexamined separately by four group
members (HD, CDMF, JR, GT) without knowledge
of the clinical or karyotypic data. In all cases stan-
dard radiographs and CT or MRI data, when avail-
able, were also reevaluated (PB, KJ). Group mem-
bers met subsequently and correlated the
morphologic, karyotypic and clinical data in each
case.

RESULTS

The clinical, histopathologic and cytogenetic
findings are summarized in Table 1. The karyotype
of one aneurysmal bone cyst was published previ-
ously (case 1) (4). The mean age of the 3 patients
with primary aneurysmal bone cyst was 21 years
(range 13–33 years), and the tibia or fibula were
involved in all cases. In case 1, the lesion recurred
after 6 months. Among the 15 patients (8 women, 7
men) with a giant cell tumor with or without sec-
ondary aneurysmal bone cyst, the mean age was 30
years (range 19 to 51 years). The epiphyses of femur
and tibia were the most frequent locations. Three
tumors were localized in the small bones of the
hand or foot. Three tumors recurred, but none me-
tastasized.

Histologically, all 3 primary aneurysmal bone
cysts showed the typical irregular pseudovascular
spaces, separated by fibrous septa containing fibro-
blasts, histiocyte-like cells, multinucleated giant
cells and reactive bone lamellae (Fig. 1). Imaging

studies confirmed the presence of a multilocular
radiolucent ‘blown-out’ picture and of fluid/fluid
levels.

The 12 pure giant cell tumors were characterized
by numerous osteoclast-like multinucleated giant
cells regularly scattered among mononuclear ‘stro-
mal’ cells with round to oval nuclei (Fig. 2). Three
tumors were localized in the small bones of the
hands/feet. In this location a giant cell reparative
granuloma is more likely, but the tumors were his-
tologically identical to the giant cell tumors in the
more classic locations. Although a clearcut distinc-
tion between giant cell reparative granuloma and
giant cell tumor is not always evident, the uniform
distribution of the giant cells, the diffuse presence
of characteristic stromal mononuclear cells and the
lack of a fibrotic/hemorrhagic stroma, render the
diagnosis of a giant cell reparative granuloma un-
likely. No tumor showed histologic evidence of sar-
comatous transformation. In 4 cases, an associated
fibrohistiocytic reaction was present, with foamy
cells, lymphocytes and histiocytes. Imaging studies
showed a typical, purely lytic, destructive lesion
involving the end of the bone, often abutting the
articular cartilage. Some cases showed cortical ero-
sion. In 2 giant cell tumors (cases 4 and 5) a sec-
ondary aneurysmal bone cyst was documented on
histology. In a third case (case 6), the secondary
aneurysmal bone cyst component was strongly sus-
pected on radiologic grounds, but not on histology.
On plain radiographs, the fractured lesion had the
appearance of a giant cell tumor, consisting in a
relatively well delineated lytic lesion in the lateral
femoral condyle. It involved both the metaphysis
and the epiphysis and measured 10 3 6 3 5 cm.
There seemed to be sclerotic septations. On MRI, a
component strongly suggestive of aneurysmal bone
cyst became evident, with several fluid/fluid levels,
without fairly well demarcated septa.

In the 3 cases of aneurysmal bone cyst, chromo-
some segment 17p11–13 was involved in transloca-
tions, band 16q22 being the translocation partner
in case 1. Telomeric associations were the most
frequent chromosomal aberrations in the pure gi-
ant cell tumors, being detected in 7 of the 12 cases.
Telomeric associations represent the end to end
fusion of cytogenetically-appearing ‘whole’ or ‘in-
tact’ chromosomes (5). Various numerical and/or
structural anomalies were present in the remaining
cases, and in four tumors with telomeric associa-
tions. Interestingly, one giant cell tumor showed
involvement of 16q22, albeit not in a balanced
translocation (dup(16(q13q22), case13). In 1 of the
3 combined lesions (case 5), both the 16q22 and
17p13 rearrangements were detected, as del(16(q22)
and add (17)(p13), respectively. None of these 2 tu-
mors had telomeric associations.
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DISCUSSION

There are only limited data in the literature on
chromosomal aberrations in aneurysmal bone cyst.
In fact, the initial reports only revealed normal
karyotypes (6, 7). Of the 7 published cases with an
abnormal karyotype, including the 3 cases pre-
sented here, one appeared as a soft tissue mass and
one corresponded to the so-called ‘solid variant’ of
aneurysmal bone cyst (Tables 1 and 2) (4, 8). Inter-
estingly, all cases showed involvement of 17p11–13
and/or 16q22. In 2 cases both 17p13 and 16q22
were involved in a balanced translocation. In 3
cases only 17p11–13 was involved, with other chro-
mosomal segments as the translocation partner.
Solitary involvement of 16q22 was seen in two
cases, presenting as a deletion in one case and as a
balanced translocation in another. In addition,
among the 3 cases of secondary aneurysmal bone
cyst in the present series, one showed 16q22 and
17p13 involvement (case 5), albeit not in a balanced
translocation. Thus, it appears from these, admit-

tedly limited data, that chromosome bands 16q22
and/or 17p11–13 are nonrandomly rearranged in
aneurysmal bone cyst, irrespective of subtype (clas-
sic, solid, primary, secondary) and location (osse-
ous or extraosseous). It seems likely that one or
both regions harbor(s) a gene of primary impor-
tance in the development of aneurysmal bone cyst.

The most widely accepted pathogenetic hypoth-
esis for aneurysmal bone cyst is some local circu-
latory disturbance, leading to markedly increased
venous pressure and the development of a dilated
and enlarged vascular bed within the affected bone
area (9). However, the consistent chromosomal pat-
tern suggests that at least some of these lesions are
in fact neoplastic. Interestingly, one previously
published case of combined aneurysmal bone cyst
and giant cell tumor showed an increased telomeric
association, typical of giant cell tumor (6). Aneurys-
mal bone cyst and giant cell tumor seem to retain
their karyotypic characteristics in the combined le-
sions, and the result of the cytogenetic analysis is

Table 1. Clinical, Radiological, Histologic, and Cytogenetic Data of Tumors Studied

Case
(CHAMP

No.)

Age/
Sex

Location Pathologic Diagnosis Follow-Up Karyotype

1 (Lu498)a 13/F Tibia ABC Rec 6 mo 46,XX,t(16;17)(q22;p13)/46,XX
A&W 2 y

2 (Lu499) 17/F Tibia ABC NK 46,XX,del(9)(q22),der(17)t(9;17)(q22;p11)del(17)(q23),220,122/46,XX
3 (Le389) 33/F Fibula ABC A&W 3 y 46,XX,t(2;17)(p23;p13)/46,XX
4 (Lu484) 19/M Femur GCT 1 ABC Rec 1, 7 y 46,XY,der(6)t(6;8)(q25–27;q22),28,1r

A&W 6 y
5 (Lu487) 23/F Fibula GCT 1 ABC A&W 5 y 46,XX,del(16)(q22),add(17)(p13)/46,XX
6 (Lu496) 51/F Femur GCT 1 ABC (based on

X-rays)
A&W 5 y 46,XX,add(3)(q29)/46,XX

7 (Lu481) 21/M Tibia GCT Primary
Rec 6
mo

A:47,XY,15/46,XY

B:47,XY,111/46,XY
A&W 9 y

8 (Lu482) 19/F Tibia GCT A&W 9 y 46,XX,?inv(21)(p11q21)/46,XX,many tas
9 (Lu483) 26/F Metacarpal

bone
GCT A&W 8 y 47,XX,1mar/92–93,XXX,2X,1mar/46,XX,many tas

10 (Lu485) 19/M Cuboidal bone GCT A&W 6 y 47,XY,der(1)t(1;18)(p36;q11),der(8)t(8;13)(p11;q14),213,218,13mar/
46,XY

11 (Lu486) 45/M Tibia GCT A&W 6 y 45,XY,del(1)(q32),213/45–46,idem,1inv(7)(q11q36),der(19)
t(13;19)(q11;q13)/46,XY,many tas

12 (Lu488) 38/F Tibia GCT 1 fibrohistiocytic
reaction

A&W 4 y 46,XX,tas(11;19)(q25;q13)/46,XX

13 (Lu489) 31/M Femur GCT 1 fibrohistiocytic
reaction

A&W 4 y A:46,XY,?dup(16)(q13q22)/46,XY

(A,B:two
samples
from
same
tumor)

B:46,XY,?dup(16)(q13q22)/46,XY

14 (Lu490) 22/M Tibia GCT A&W 2 y 46,XY,i(9)(q10)/46,XY
15 (Le393) 20/M Metacarpal

bone
GCT A&W 1,5 y 45,X,2Y/46,X,2Y,17//46,XY

16 (Le435) 21/F Femur GCT 1 fibrohistiocytic
reaction

Rec 7 mo 45,XX,tas/46,XX

A&W 3,5 y
17 (Le436) 45/F Femur GCT 1 fibrohistiocytic

reaction
A&W 4 y 45,XX,tas/46,XX

18 (Le437) 49/F Fibula GCT A&W 3,5 y 45,XX,tas/46,XX

F, female; M, male; GCT, giant cell tumor; ABC, aneurysmal bone cyst; A&W, alive and well; Rec, recurrence; nk, not known.
aPreviously published case, see Table 2.

1208 Modern Pathology



probably determined by whether the sample is de-
rived from the aneurysmal bone cyst component of
the tumor or from the giant cell tumor component.

The results from the analysis of the 12 giant cell
tumors confirm that telomeric association is the
most frequent chromosomal aberration in this en-
tity (5). Telomeres are guanine rich structures cap-
ping the chromosome termini. They prevent aber-
rant recombination and protect chromosomes
against exonucleolytic DNA degradation. In addi-
tion, telomeres are supposed to be involved in se-
nescence and immortalisation of normal cells (10,
11). The role of telomeric association in giant cell
tumor and the molecular consequences of this phe-
nomenon have not been fully elucidated. A reduc-
tion in telomere length (average loss of 500 base
pairs) has been demonstrated in giant cell tumor
cells when compared to leukocytes from the same
patients (12). The telomeres most commonly af-
fected are 11p, 15p, 19q, 20q and 21p (5, 13). Except
for a clonal telomeric association affecting 11q and
19q, none of these chromosome termini were in-

volved in structural aberrations in the present
cases.

It is of interest that the giant cell tumors with a
fibrohistiocytic reaction did not differ karyotypi-
cally from the others. This finding supports the
hypothesis that these lesions are true giant cell
tumors rather than a different entity like a fibrox-
anthoma. None of the tumors here studied showed
a malignant behavior or a malignant histological
picture, so a possible correlation between an even-
tually unfavorable outcome and chromosomal
changes other than telomeric association could not
be studied. In case 13, chromosome band 16q22
was involved in a dup(16)(q13q22). The finding of a
16q duplication may be coincidental, but it cannot
be exluded that a minor secondary aneurysmal
bone cyst component was present, the absence of
histological or radiological support for this hypoth-
esis notwithstanding. It is of interest that three pre-
viously published cases of giant cell tumor also
showed rearrangements in 16q22 or 17p13 (14, 15).
Obviously, the crucial question in these cases con-
cerns the possible presence of an associated aneu-
rysmal bone cyst.

In conclusion, the presented data and reviewed
data from the literature confirm that 16q2 and/or
17p1 are nonrandomly involved in all types of an-
eurysmal bone cyst, a finding that should facilitate
identification of specific genes involved. Giant cell
tumor of bone is characterized by telomeric asso-
ciations, the significance of which remains some-
what enigmatic, although a major role for telomeres
and telomerase in oncogenesis is increasingly being
recognized. Although additional cases should be
studied, it appears that in combined giant cell tu-
mor and secondary aneurysmal bone cyst, each
lesion can retain its characteristic chromosomal ab-
erration.
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