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Classic cytogenetic and comparative genomic hybridisa-
tion (CGH) data on osteosarcomas have been reported
extensively in the literature. However, the number of pae-
diatric osteosarcoma cases studied below the age of 14
years remains relatively small. This study reports four new
cases of paediatric osteosarcoma in patients aged 3 to 13
years, evaluated by classic cytogenetics and CGH
analyses. Clonal chromosomal alterations were detected
in all the cases and included structural rearrangements at
1p11–13, 1q11, 4q27–33, 6p23–25, 6q16–25, 7p13–
22, 7q11–36, 11p10–15, 11q23, 17p11.2–13, 21p11,
and 21q11–22. The CGH analysis revealed recurrent
gains at 1p, 4q, 17p, and 21q and losses at 3q and 16p.
Five amplification sites were observed at 1q11–23, 6p21,
8q13, 8q21.3–24.2, and 17p. The data are discussed
and compared with other cytogenetic reports in the
literature.

Osteosarcoma is the most common primary bone

malignancy, occurring mainly in children and young

adults.1 Classic cytogenetic studies have shown that

most of these tumours present with a complex karyotype,

characterised by a high degree of heterogeneous chromosomal

aberrations, which include both structural and numerical

abnormalities.2–4 More recently, comparative genomic hybridi-

sation (CGH) studies have confirmed the complexity of the

karyotypic changes in osteosarcomas, and have identified sev-

eral areas of DNA copy number gains and losses in these

tumours.5–9 Although the combined use of both classic

cytogenetic and CGH studies has allowed the accurate identi-

fication of most of the chromosomal abnormalities associated

with these tumours, the specific genetic changes underlying

the onset and progression of osteosarcomas remain poorly

understood.

“Studies of early onset (paediatric) tumours may provide
better insight into the genetic mechanisms of tumorigen-
esis”

Cytogenetic studies have provided relevant and detailed

information on the chromosomal alterations that occur in osteo-

sarcomas; however, most of this information was gathered from

adult patients, and the mechanism of tumorigenesis may be

different in children. Although osteosarcomas commonly occur

in children, fewer studies have looked at the cytogenetic

changes in this group.2–4 Studies of early onset (paediatric)

tumours may provide better insight into the genetic mecha-

nisms of tumorigenesis. We report the chromosomal changes

seen in four paediatric osteosarcoma cases, in children between

the ages of 3 and 13 years, which we evaluated by classic

cytogenetics (four cases) and by CGH (three cases).

MATERIALS AND METHODS
Tumour samples
Tumour samples were obtained after surgery and primary

excision at Saint Louis University School of Medicine, St

Louis, Missouri, between 1995 and 2000. Classic cytogenetic

evaluation was performed on all four tumours; in addition,

three of the four tumours were evaluated by CGH. CGH was

not performed on the fourth case because the DNA in the

archival tissues was degraded. Table 1 details the clinicopatho-

logical data on all four patients.

Tissue processing for cytogenetic analysis
Fresh tumour fragments were collected in tissue culture

medium shortly after tumour excision, and were routinely

processed for chromosomal studies. In brief, tumour frag-

ments were minced and treated with collagenase (0.125 mg/

ml) for four hours. Cell cultures were set up on coverslips with

Amniomax and Chang media, and chromosomes were

prepared 10–14 days later, using conventional in situ culture

and harvest techniques. Chromosomal analysis was per-

formed by examining four different coverslips for each case.

Chromosomes were GTG banded (G banding using trypsin

and Giemsa)10 and classified according to the International

System for Human Cytogenetic Nomenclature (ISCN 1995).11

Comparative genomic hybridisation
CGH was performed as described previously.12 Tumour DNA

and control DNA were labelled by nick translation and

hybridised to karyotypically normal male slides. Quantitative

evaluation of hybridisation was performed using commer-

cially available software (Applied Imaging, Pittsburgh, Penn-

sylvania, USA). Average ratio profiles were computed as the

mean value of at least eight ratio images, and were used to

identify changes in chromosome copy number.

RESULTS
Table 2 shows both the classic cytogenetic and CGH results of

the four paediatric osteosarcoma cases analysed in our study.

In case 1, most cells were hypodiploid. In case 2, most of the

cells were diploid, with some hypertriploid and hypohepta-

ploid cells. In case 3, a mixed population of cells was observed:

hypodiploid, hypotetraploid, and diploid; and in case 4, both

hyperdiploid and diploid cells were seen. After GTG banding,

clonal chromosomal alterations were seen in all the cases ana-

lysed. In general, structural chromosomal abnormalities were

more frequent than numerical abnormalities, and preferen-

tially involved the chromosomal regions 1p11–13, 1q11, 4q27–

33, 6p23–25, 6q16–25, 7p13–22, 7q11–36, 11p10–15, 11q23,

17p11.2–13, 21p11, and 21q11–22. Marker chromosomes were

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: CGH, comparative genomic hybridisation; GTG, G
banding using trypsin and Giemsa
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observed in all the cases analysed. Figure 1 shows examples of

structurally rearranged chromosomes and chromosomal

markers detected by GTG banding. The most frequent

numerical chromosomal abnormalities included losses of

chromosomes 9, 10, 17, 19, and 22. Normal diploid meta-

phases were present in all four cases, with frequencies ranging

from 25% (case 1) to 66% (case 2). CGH analysis revealed

changes in the DNA copy number in all three cases analysed.

The mean number of chromosomal alterations in each case

was 11.5 (range, 5–18) and, in general, gains of chromosomal

material were more common than losses (66% and 33%,

respectively). The most common gains occurred at the

chromosomal arms 1p (two cases), 4q (three cases), 17p (two

cases), and 21q (two cases). Losses were more commonly

identified at 3q (two cases) and 16p (two cases). Amplification

sites were seen at 1q11–23, 8q13, 8q21.3–24.2, and 17p in case

1, and at 6p21 in case 2. In case 4, no high level amplification

was observed. Figure 2 shows the CGH profile of case 2 and a

summary of the chromosomal gains and losses detected by

CGH in all cases analysed is shown in fig 3.

DISCUSSION
Although osteosarcoma is the most common malignant bone

tumour in childhood, most reports have only examined adult

cases; few studies have looked at chromosomal changes in the

paediatric age group. Our present study evaluated four paedi-

atric osteosarcoma cases, from children between the ages of 3

and 13 years, and characterised their chromosomal aberra-

tions using both classic cytogenetics and CGH analysis. Stud-

ies of genomic alterations in early onset (paediatric) tumours

may reveal a different pattern of changes than that seen in

adult cases, and may be more informative about the molecu-

lar mechanisms of tumour onset.

Classic cytogenetic analysis detected numerous and com-

plex clonal chromosome abnormalities in the four paediatric

osteosarcoma cases. The structural alterations included

rearrangements at 1p11–13, 1q11, 4q27–33, 6p23–25, 6q16–

25, 7p13–22, 7q11–36, 11p10–15, 11q23, 12p12, 17p11.2–13,

21p11, and 21q11–22, in addition to the presence of several

marker chromosomes. The most common numerical changes

were losses of chromosomes 9, 10, 17, 19, and 22. Although

cytogenetic data on paediatric osteosarcomas are limited and

the results are heterogeneous, reported chromosome abnor-

malities include structural alterations at 1p32–36, 1q32–44,

3q11–27, 5p14, 11p15, 12p13, and 17p11–13; in addition,

numerical alterations involving monosomies of chromosomes

6, 8, 10, 16, 18, and 19 and trisomies of chromosomes 20 and

Table 1 Clinicopathological data on the four patients

Case Age/sex Location Histology results Recurrence

1 9/M Left proximal humerus Cellular lesion with focal areas of calcified osteoid and other areas of
spindle cells with a high mitotic rate and focal anaplasia

Lung nodules lesion
lumbar body

2 3/F Right proximal tibia Malignant stroma producing osteoid hyperchromatic pleomorphic cells.
Several multinucleated giant cells resembling osteoclosts are present

No

3 13/M Right distal femur Cellular neoplasm with hyperchromotic cells within a mixoid stoma.
Cytological atypia is seen. Focal ostoid is seen

No

4 9/F Right distal femur Not provided Lung nodules

F, female; M, male.

Table 2 The classic cytogenetic and comparative genomic hybridisation (CGH) results of the four paediatric
osteosarcoma cases studied

Case Classic cytogenetics CGH

Case 1 (M) 39∼41,XY, −X, del(1)(p11)×2, add(3)(p21), add(4)(q28), del(4)(q28),
−5,tas(5;22;14)(p15.3;q13p13;p13), add(6)(p25), add(7)(p15)×2, add(8)(p21),
−9, −10, add(11)(p15), del(11)(p11.1), del(12)(p12), der(13)t(1;13)(p11;q11),
−15, −15, add(16)(p11.2), add(17)(p13)×2, add(19)q13.1),
der(20)t(1;20)(p22;p13), der(21)t(1;21)(p11;q11), −22, +2−3mar[cp12]/46,
XY[4]

+1pter–q24, ++1q11–q23, −3q, +4q11–q28, +5p,
−5q, +6q, −7p14–q11.2, −8p, ++ 8q13, ++
8q21.3–q24.2, +9, −10q23–qter, −13, −15q11–q24,
−16pter–q21,++17p, +21q11–q21

Case 2 (F) 80∼160<7n>XXXXXXX, del(1)(q11), +2, del(3)(q26.1)×2,
der(4)t(1;4)(q44;q33)inv dup(1)(q44q11)×2,
der(5)dup(5)(q11.2q13)dup(5)(q31q35)×2, add(6)(p23)×2, add(6)(q16),
hsr(7)(q11.2)×2, −9(×5), −10−10, inv(11) (q13q23), der(12)t(1;12)(q21;p12)×2,
del(13)(q14q14)×2, add(14)(p11.2)×2, −17–17, der(17)t(3;17) (?q12;p11.2)×2,
+3−4mar [cp10]/46, XX[20]

+X, −3pter–q22, +4q26, ++6p21, +17p11.2, +18p

Case 3 (M) 43, XY, del(1)(p13), −1, −3, add(4)(q33), −6, add(6)(q25), der(7)t(7;12)
(p22;q13), −8, add(8)(q24.3), −10, add(11)(p13), −13, der(14)(q24), −17,
add(18)(q12), −19, −19, −21, add(21)(q22), −22, +8mar[9]/86, idem×2[2]/46,
XY[9]

NR

Case 4 (F) 50∼56, XX, +del(1)(q10)×2, I(1)(q10), +del(2)(p11.2), +3, +del(3)(?q21),
+del(4)(q27q31.1), +6, +del(6)(q21), add(7)(q36)×2, +8, +8, −11, −11, −15,
−15, −17, −17, +18, −19, +add(21)(p11.2), + 3–4mars[cp6]/46, XX[7]

+1p31–q22, +2q24–qter, +4, +6p, +7p, +8,
+11q14–qter, +13q21–qter, −16p, +17p, −19q, +21

F, female; M, male; NR, no results; ++, amplification or increase copy number; +, gain; −, loss.

Figure 1 Examples of structurally rearranged chromosomes and
chromosomal markers detected by GTG banding. The arrows
indicate the rearranged chromosomes.
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22 have also been reported.2–4 Some of the alterations

described in our study, such as rearrangements at 11p15,

12p12, and 17p11.2–13 and losses of chromosomes 10 and 19,

are in agreement with the published data.2–4 However, these

changes were not specific to the paediatric cases and have

been reported in adults. These aberrant regions, detected in

both adult and paediatric osteosarcoma cases, are assumed to

harbour genes involved in the onset and progression of these

tumours.

“Interestingly, in all four paediatric cases that we
studied, we found rearrangements at the 4q region by
classic cytogenetics and in three cases, 4q gain was
detected by comparative genomic hybridisation”

In our study, CGH showed several sites of chromosomal

amplification, including 1q11–23, 8q13, 8q21.3–24.2 (case 1),

and 6p21 (case 2). These chromosomal regions appear to con-

tain amplicons that could be specific to osteosarcoma, as sug-

gested independently by Tarkkanen and colleagues5 and Forus

et al.6 We detected an amplification at 8q21.3–24.2 in case 1,

which has been reported to be a prognostic marker associated

with high grade osteosarcomas.7 Other chromosomal altera-

tions detected by CGH in our study included gains at 1p (two

cases), 4q (three cases), and 21q (two cases), and losses at 3q

(two cases) and 16p (two cases). Zielenska et al reported 1p as

the most frequent region of gain detected by CGH; this study

included paediatric osteosarcoma cases.9 The 1p region is also

commonly rearranged in adult osteosarcomas.7 8 Gains of 6p

have also been reported in retinoblastomas13 and in gastric

cancers.14 Other upregulated genes were also described in

osteosarcomas. The genes encoding the fibromodulin protein

(FMDO), located at 1q32, and the heat shock protein

(HSP90β), located at 6p12, were found to be upregulated in

three different osteosarcoma cell lines analysed using cDNA

microarray by Wolf et al.15 Overexpression of such proteins may

be of importance in the pathogenesis of osteosarcomas.

Interestingly, in all four paediatric cases that we studied, we

found rearrangements at the 4q region by classic cytogenetics

and in three cases, 4q gain was detected by CGH. Stock and

colleagues8 detected 4q abnormalities by CGH in eight

patients, five of whom were children. Using representational

difference analysis, an allelic loss at 4q32–34 was recently

identified in 63% of osteosarcomas analysed.16 This particular

region on 4q harbours several candidate genes, including

those encoding interleukins 2 and 21 on 4q26–27, cyclin A on

4q27, and ATP binding cassette on 4q31. Alterations of 4q may

be a common aberration peculiar to the paediatric tumours.

Larger studies are needed to confirm this finding in this age

group.

Our data showed some differences between the CGH

findings and the classic cytogenetic results. However, such

Figure 2 Results of comparative genomic hybridisation evaluation of case 2. The vertical lines on the right side of the chromosome ideograms
reflect different values of the fluorescence ratio between the test and the normal DNA. The values are 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, and
2.0 from left to right. Ratios of 1.25 or higher reflect gains whereas rations of 0.75 or lower reflect losses. N is the number of chromosomes
used to generate each ratio profile. The profile shows an amplification at 6p21, gains at 4q26, 17p11.2, and 18p, an increase in the X
chromosome copy number, and loss of 3pter–q22.
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observations are not uncommon and have been reported pre-

viously when both approaches have been used to evaluate the

same specimens.17–20 CGH analysis is capable of detecting

chromosomal aberrations when present in a large proportion

of cells. Conventional metaphase evaluation shows a cell by

cell analysis of the tumour genome, whereas CGH analysis

shows the average genomic aberrations in the tumour. These

two methods are therefore complementary and offer a

comprehensive cytogenetic evaluation of the tumours studied.

The finding of cells with a normal karyotype is not uncommon

in human solid tumours.21 The methodology and the technical

conditions that are used for culturing the tumour cells,

including the time of growth in vitro, can result in the growth

of cells with normal karyotypes or with no clonal chromo-

somal abnormalities.22–24 The meaning of such findings

remains controversial, and it is not known whether these cells

with normal karyotypes are of neoplastic origin or whether

selection for non-neoplastic cells occurs during in vitro

culture, as suggested by Truong et al.21 Recently, it was shown

by Kleivi and colleagues18 that cases of breast cancer that pre-

sented normal cells by classic cytogenetic analysis were not

really karyotypically normal, but had genetic alterations when

CGH analysis was carried out. In our study, CGH showed the

presence of genetic imbalances in all three cases studied,

reflecting the presence of these aberrations in a high

proportion of the tumour cells (usually over 50%), but not in

every cell.17 Cells with a normal karyotype may still be present,

as demonstrated by classic cytogenetic analysis.

In conclusion, the cytogenetic abnormalities, detected

either by classic cytogenetic studies or by CGH, were highly

diverse and variable, confirming the complex pattern of chro-

mosomal alterations present in osteosarcomas, as reported

previously. It was not possible to identify chromosomal altera-

tions specific to the paediatric group in our study. Even when

our paediatric cases were taken together with those previously

reported in the literature, the small number of total paediatric

Figure 3 Karyogram of the DNA
copy number changes seen in the
three osteosarcoma cases. Bars to the
right side of the chromosome
ideogram indicate a gain whereas
bars to the left side indicate a loss of
genetic material. Bold lines indicate
amplifications. The numbers on the
top of each bar refer to the case
number.
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osteosarcoma cases, and the similarity to adult osteosarcoma,

make it difficult at this time to separate specific paediatric

chromosomal changes from those in the adult. It is apparent

that additional genetic studies of paediatric osteosarcomas are

needed to provide a better “profile” of these tumours and to

provide further insight into the mechanisms of tumour onset.
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Take home messages

• We studied four cases of osteosarcoma in patients aged
3 to 13 years by classic cytogenetics and comparative
genomic hybridisation (CGH) analyses because such
data are scant in children below the age of 14

• Clonal chromosomal alterations were detected in all the
cases and included structural rearrangements at 1p11–
13, 1q11, 4q27–33, 6p23–25, 6q16–25, 7p13–22,
7q11–36, 11p10–15, 11q23, 17p11.2–13, 21p11,
and 21q11–22

• The CGH analysis revealed recurrent gains at 1p, 4q,
17p, and 21q and losses at 3q and 16p

• Five amplification sites were observed at 1q11–23,
6p21, 8q13, 8q21.3–24.2, and 17p

• These abnormalities are highly diverse and variable,
confirming the complex pattern of chromosomal altera-
tions present in osteosarcomas and we could not
identify chromosomal alterations specific to the paediat-
ric age group

• Additional genetic studies of paediatric osteosarcomas
are needed to produce a better “profile” of these
tumours and to provide further insight into the
mechanisms of tumour onset
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