
Simultaneous Paired Analysis of Numerical
Chromosomal Aberrations and DNA Content in
Osteosarcoma
M. Serra, Ph.D., M. Tarkkanen, M.D., Ph.D., N. Baldini, M.D., Ph.D., K. Scotlandi, Ph.D.,
M. Sarti, M.D., Ph.D., D. Maurici, Ph.D., M.C. Manara, M.D., Ph.D., S. Benini, B.Sc., P. Bacchini, M.D.,
S. Knuutila, Pr, P. Picci, M.D., Ph.D.

Laboratorio di Ricerca Oncologica, Istituti Ortopedici Rizzoli (MS, NB, KS, MS, DM, MCM, SB, PP),
Bologna, Italy; Department of Medical Genetics, Haartman Institute, University of Helsinki and
Laboratory of Medical Genetics, Helsinki University Central Hospital, Helsinki, Finland (MT, SK); and
Servizio di Anatomia Patologica, Istituti Ortopedici Rizzoli (PB), Bologna, Italy

Relatively little is known about the biologic rele-
vance of numerical chromosomal changes in rela-
tion to DNA content in osteosarcoma. In this study,
by using a series of human osteosarcoma cell lines,
we standardized a method for the assessment, on
the same nuclei specimen, of both specific chromo-
some copy numbers by fluorescence in situ hybrid-
ization (FISH) and the DNA content by static cyt-
ofluorometry or image cytometry. On the same cell
lines, we also evaluated the DNA content by using
flow cytometry and the chromosome number dis-
tribution by metaphase analysis. Comparison be-
tween these different methods showed that DNA
ploidy level as determined by FISH or metaphase
analysis is frequently lower than the ploidy pattern
as defined by cytometric methods. By using com-
parative genomic hybridization, we were able to
demonstrate that these discrepancies were due to
the presence of several unbalanced chromosome
aberrations, specifically gains and high-level ampli-
fications, which affect the total DNA content with
less effect on the total chromosome number. Thus,
evaluation of DNA ploidy in osteosarcoma cells is
needed for a correct interpretation of FISH or cyto-
genetic data concerning numerical chromosomal
changes. Evaluation of tumor ploidy in a series of
clinical samples demonstrated that in high-grade

osteosarcoma, flow cytometry sometimes may give
false results because of the presence of high propor-
tions of contaminating, nonneoplastic cells that
cannot be excluded from the flow cytometric assess-
ment but that do not interfere with the evaluation
of DNA ploidy by static cytofluorometry or image
cytometry, in which only tumor cells are selected for
the analysis. The possibility of using this method to
evaluate, on the same nuclei sample, both specific
chromosomal aberrations and DNA ploidy may al-
low a better determination of numerical chromo-
somal changes that may be relevant for the biologic
behavior of osteosarcoma.
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The analysis of DNA content in tumor cells has
been reported as a useful means to define the ma-
lignant potential of human cancers (1–3). However,
routine evaluation of tumor ploidy in bone tumors
has been quite limited and, in comparison with
other neoplasms, studies about the actual biologi-
cal impact of DNA content in osteosarcoma (OS),
the most common malignant tumor of bone, are
still quite few (4 –9). Moreover, no data are available
about the relation between DNA content and spe-
cific numerical chromosomal changes that may be
relevant for the pathogenesis of OS.

Genomic alterations which lead to numerical
chromosomal aberrations and to an altered ploidy
pattern can be assessed by several methods. Flow
cytometry can be considered the standard and
most commonly used technique for ploidy analysis
in solid tumors. However, the application of flow
cytometry to musculoskeletal tumors has been se-
verely limited by the considerable technical diffi-
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culties in disaggregating the tissue specimen into a
single cell suspension, which is required for a reli-
able analysis (8, 10). Moreover, in mineralized mus-
culoskeletal tumors, flow cytometry may not pro-
vide an accurate measurement of DNA content
because of the possible contamination with non-
neoplastic cells (such as stromal cells, granulocytes,
or lymphocytes) and the presence of damaged tu-
mor cells or debris derived from extracellular ma-
trix, which cannot be completely excluded from the
analysis and can interfere with the assessment.

Because flow cytometry cannot give any informa-
tion about specific chromosome copy numbers,
other methods can be used to detect numerical
chromosomal changes. In particular, metaphase
analysis of solid tumors is a good approach for the
detection of numerical and structural chromosomal
changes by using in vitro short-term cultures, al-
though a potential danger of loss of genetic material
and selection of fast-growing subpopulations can-
not be ruled out (11). To overcome this problem,
the analysis of chromosome copy number distribu-
tion can be reliably performed by fluorescence in
situ hybridization (FISH) with several centromeric
probes, a method that allows the evaluation of
chromosome number without culturing (12). Inter-
phase cytogenetics by FISH is being increasingly
used to determine the presence of numerical aber-
rations in human solid tumors because, as com-
pared with flow cytometry and metaphase analysis,
FISH can give more precise information about such
aberrations in tumor cells. Moreover, by using
FISH, minor cell populations showing polyploidiza-
tion can be more easily revealed, enabling the de-
tection of different cell populations within one tu-
mor that may appear homogeneous with the other
techniques (12–13).

The analysis of chromosomal changes in tumors
is also possible with comparative genomic hybrid-
ization (CGH; 14). CGH is a powerful technique that
can detect numerical chromosomal changes (gains
and losses) larger than 5–10 megabases on the
whole genome in a single hybridization (15–17).
However, CGH can reveal only the average DNA
content of the tumor sample, without the possibil-
ity of detecting intratumor heterogeneity (15).
Moreover, balanced translocations and ploidy shifts
(i.e., true tetraploidy) are undetectable, unbalanced
rearrangements being the ideal target of CGH (15,
18).

In this context, the use of several, complementary
techniques may help to obtain a more reliable es-
timation of specific numerical chromosomal
changes in relation to the DNA content. In this
study, by using a series of human OS cell lines, we
have standardized a method for the assessment, on
the same nuclei sample, of both specific chromo-
somal copy number by interphase FISH and of DNA

content by static cytofluorometry or image cytom-
etry. On the same cell lines, we also evaluated the
DNA content by flow cytometry, the total chromo-
some number by using Giemsa-stained met-
aphases, and the presence of unbalanced genetic
aberrations by CGH. The results obtained with
these different approaches were then compared to
define the most reliable method for the assessment
of DNA content in OS cells. Finally, we assessed the
ploidy level in a series of clinical OS samples to
define the applicability of cytometric evaluation of
ploidy to cytological samples obtained directly from
clinical specimens.

MATERIALS AND METHODS

Cell Lines
The six human OS cell lines used in the present

study were established at the Laboratorio di Ricerca
Oncologica of the Istituti Ortopedici Rizzoli (Bolo-
gna, Italy) as follows: IOR/OS9 cell line was estab-
lished from a bone metastasis of a high-grade, os-
teoblastic OS; IOR/OS10 from a primary, high-
grade, fibroblastic OS; IOR/OS14 from a primary,
small cell OS; IOR/OS15 and IOR/MOS from two
primary, high-grade, osteoblastic OS; and SARG
from an anaplastic high-grade OS (19 –22).

Paired Assessment of DNA Nuclear Content and
Numerical Chromosomal Aberrations

For the simultaneous paired analysis of DNA nu-
clear content and numerical chromosomal changes
on the same nuclei specimen, nuclei were isolated
from OS cell lines by treatment with hypotonic
solution (KCl, 0.04 M for 30 minutes at 37° C) and
then fixed with methanol-acetic acid (3:1) at 220°
C. Nuclear suspensions were dropped onto glass
slides, dried at room temperature, and then stained
at 4° C for 20 minutes with an antifade solution
containing DAPI 0.2 mg/mL. For evaluation of DNA
nuclear content by static cytofluorometry, the in-
tensity of DAPI fluorescence was assessed on $300
nuclei in each sample by using a fluorescence mi-
croscope equipped with a high-gain photomulti-
plier (Microphot FX-A with P1, Nikon Corporation,
Tokyo, Japan).

On the same nuclei samples, DNA nuclear con-
tent was also assessed by image cytometry with a
quantitative image-processing system (QUIPS)
equipped with a Photometrics Sensys charge-
coupled device camera (QUIPS XL Genetic Work-
stations; Vysis Inc., Downers Grove, IL). For each
sample, a variable number of images were acquired
with a fixed exposure time, and the DNA nuclear
content was evaluated by quantifying the intensity
of DAPI fluorescence on $300 nuclei. Human nor-
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mal lymphocytes were always used as diploid con-
trol, and the DNA index (DI) of each sample was
calculated by dividing the mean fluorescence inten-
sity value of the Go/G1 peak by the mean fluores-
cence intensity value of the Go/G1 peak of human
normal lymphocytes. As described by Bauer (23),
samples with a DI ranging from 0.9 to 1.2 were
classified as diploid. Consequently, samples with a
DI ranging from 1.3 to 1.7 were classified as triploid,
and samples with a DI ranging from 1.8 to 2.4 were
classified as tetraploid. Samples with a DI higher
than 1.2 were generally classified as aneuploid. Ac-
cording to Koss et al. (3), the coefficient of variation
of each determination, expressed as percentage,
was calculated by dividing the mean value of fluo-
rescence intensity of the first peak of the histogram
by its standard deviation.

Immediately after ploidy evaluation, slides were
washed with PN buffer (0.1 M NaH2PO4/0.1 M

Na2HPO4/0.1% Nonidet P-40, pH 8) for 30 minutes
at room temperature, pretreated with 23 SCC at 37°
C for 30 minutes, dehydrated through consecutive
washes with ethanol 70%, 85%, and 100% in ice for
2 minutes each, and finally dried overnight at room
temperature. After denaturation with 70% form-
amide/23 SSC at 70° C for 2 minutes, dual-color
FISH was performed by using (peri)centromeric
probes for chromosomes 1(1q12), 7(7p11.1-q11.1),
8(8p11.1-q11.1), 12(12p11.1-q11), 16(16q11.2),
17(17p11.1-q11.1), and/or 18(18p11.1-q11.1), di-
rectly labeled with Spectrum-green or Spectrum-
orange (all from Vysis Inc.). After posthybridization
washes with 0.43 SSC at 73° C for 5 minutes and 23
SSC/0.1% NP-40 at RT for 5 minutes, nuclei were
counterstained with an antifade solution contain-
ing 0.2 mg/mL DAPI. The hybridization signals were
analyzed by using a Nikon fluorescence microscope
and the QUIPS XL Genetic Workstations (Vysis
Inc.). The number of hybridization signals for each
probe was determined on $300 nuclei for each
sample, and the distribution of most frequent chro-
mosome copy numbers determined by FISH was
used to define the FISH ploidy pattern of each cell
line. After FISH, on the same samples, DNA content
was evaluated on at least 300 nuclei by both static
cytofluorometry and image cytometry as described
above, and the results were compared with those
obtained on the same samples before FISH.

Flow Cytometry
Flow cytometry was performed on cell suspen-

sions fixed with 70% ethanol at 4° C. Before staining
with 50 mg/mL propidium iodide (Sigma, St. Louis,
MO), both tumor cells from OS cell lines and hu-
man normal lymphocytes were treated with RNase
0,01% at 37° C for 30 minutes. The intensity of red
fluorescence was measured at 625- to 630-nm exci-

tation wavelength by using a FACSCalibur flow cy-
tometer (Becton Dickinson, Mountain View, CA).
Both ploidy pattern and DI were defined as de-
scribed above for ploidy assessment by static cyt-
ofluorometry and image cytometry.

Metaphase Analysis
Metaphase spreads were obtained by incubating

actively growing OS cell lines with 0.05 mg/mL De-
mecolcine (Sigma) at 37° C for 16 hours. After iso-
lation of metaphases by treatment with hypotonic
solution (KCl 0.04 M for 30 minutes at 37° C) and
fixation with methanol-acetic acid (3:1), chromo-
somes were stained with Giemsa (Sigma). For each
cell line, chromosome number was determined on
$50 metaphases, and the chromosome index (CI)
was calculated by dividing the median chromo-
some number by 46. The OS cell lines showing a CI
ranging from 1.0 to 1.1 (median chromosome num-
ber between 46 and 55) were classified as near-
diploid, and those showing a CI ranging from 1.2 to
1.6 (median chromosome number between 56 and
75) were classified as near-triploid.

Comparative Genomic Hybridization
For comparative genomic hybridization (CGH),

genomic DNA from OS cell lines (test DNA) and
from peripheral blood of a healthy male or female
(normal reference DNA) were extracted by standard
methods. Test DNA was labeled with FITC and nor-
mal reference DNA with Texas Red by nick transla-
tion. Equal amounts, corresponding to 1 mg of la-
beled DNA, were coprecipitated together with 10 mg
of human Cot-I DNA (GIBCO BRL, Gaithersburg,
MD). DNA samples were cohybridized at 37° C for
48 hours on metaphases obtained from human nor-
mal lymphocytes, which were previously denatur-
ated with 70% formamide/23 SSC at 66° C for 2
minutes. After posthybridization washes with 50%
formamide/23 SSC (three times for 10 minutes
each at 45° C), 23 SSC (two times for 10 minutes
each at 45° C), 0.1 3 SSC (10 minutes at 45° C), 23
SSC (10 minutes at room temperature [RT]), 0.1 M

NaH2PO4/0.1 M Na2HPO4 buffer (10 minutes at RT),
and distilled water (10 minutes at RT), samples
were counterstained with 0.15 mg/mL DAPI. The
hybridization signals were analyzed by using a Zeiss
fluorescence microscope and the ISIS digital image
analysis system (MetaSystems GmbH, Altlussheim,
Germany). Three-color images (green for the tumor
DNA, red for the normal reference DNA, and blue
for the DNA counterstain) were obtained from $10
metaphases for each specimen. Chromosomal re-
gions were considered to be overrepresented when
the green-to-red ratio was above 1.17 (gains) or 1.5
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(high-level amplifications) and underrepresented
when the ratio was ,0.85 (losses).

Clinical Samples
Clinical samples were obtained at biopsy from 11

patients with high-grade OS (including six osteo-
blastic, three chondroblastic, one fibroblastic, and
one telangiectatic OS). To obtain representative cell
suspensions, the samples were minced and then
digested with 2 mg/mL type I collagenase (Sigma)
for 2 to 4 hours at 37° C. For assessment of tumor
ploidy with static cytofluorometry and image cy-
tometry, cell suspensions were spread on glass
slides by centrifugation, fixed with ethanol 70%,
and stained with 0.2 mg/mL DAPI at 4° C for 20
minutes. Granulocytes, lymphocytes, destructive
nuclei, and bone fragments were excluded from the
analyses. Ploidy determination by flow cytometry
was performed on cell suspensions after RNase
treatment and propidium iodide staining, as de-
scribed for cell lines.

After comparative evaluation of the methods here
employed for ploidy assessment, an additional
group of 10 OS clinical samples (including three
parosteal, low-grade OS, as well as three osteoblas-
tic, one chondroblastic, one fibroblastic, and two
telangiectatic, high-grade OS) were analyzed by us-
ing static cytofluorometry and image cytometry
only.

RESULTS

Cell Lines
Ploidy pattern of six human OS cell lines was

determined by static cytofluorometry, image cy-
tometry, and flow cytometry (Fig. 1). A complete
agreement was found between the three fluoromet-
ric methods, which revealed an aneuploid DNA
content in all the cell lines, with the level of aneu-
ploidy that was the same by all three methods.

Three cell lines (IOR/OS9, IOR/OS10, and IOR/
MOS) were triploid, and three (IOR/OS14, IOR/
OS15, and SARG) showed a tetraploid pattern. The
mean value for the coefficient of variation was 4.0%
(3.6 to 4.6%) for flow cytometry, 4.4 (2.7 to 6.6%) for
static cytofluorometry, and 4.6 (2.9 to 6.8%) for
image cytometry, respectively.

By metaphase analysis (Table 1), two cell lines
(IOR/OS9 and IOR/MOS) were near-diploid,
whereas the other four cell lines showed a near-
triploid chromosome number. Metaphase chromo-
some number distribution agreed with fluorometric
determinations of ploidy only in IOR/OS10, being
in all the other cell lines lower than the ploidy level
defined by fluorometric methods.

FISH ploidy level was determined by using the
most recurrent chromosome copy number in each
cell line (Table 1). FISH analysis revealed a near-
diploid pattern in two cell lines (IOR/OS9 and IOR/
MOS), a near-triploid pattern in three cell lines
(IOR/OS10, IOR/OS14, and IOR/OS15), and a near-
tetraploid pattern in the SARG cell line. The FISH
ploidy pattern agreed with the fluorometric ploidy
level only in two cell lines (IOR/OS10 and SARG),
being in the other four cell lines lower than those
determined by fluorometric assessment of DNA
content. On the other hand, FISH ploidy agreed
with metaphase chromosome number distribution
in five cell lines, with SARG being the only excep-
tion; it was near-tetraploid by FISH and near-
triploid by metaphase analysis. Evaluation of ploidy
with static cytofluorometry or image cytometry af-
ter FISH did not show any difference compared
with the assessment performed before FISH, indi-
cating that the FISH procedure does not influence
the DNA content determination with these meth-
ods (data not shown).

All the cell lines included in this study were also
studied by CGH. As summarized in Table 2, CGH
revealed several chromosome aberrations in all cell
lines, with a mean value of 16.5 changes per line
(range, 14 –22) and a mean value of 12.7 chromo-
somes affected by aberrations per line (range, 12–
16). Gains were more frequent than losses, with a
gains/losses ratio ranging from 1.1 to 3.7. It is worth
noting that IOR/OS14 and IOR/OS15, the two cell
lines that showed the most relevant discrepancies
between the fluorometric DNA ploidy level and the
FISH ploidy pattern or metaphase chromosome
number distribution, also showed the highest num-
ber of gains and high-level amplifications.

Clinical Samples
DNA ploidy of clinical OS samples was deter-

mined by using flow cytometry on cell suspensions,
as well as by static cytofluorometry and image cy-
tometry on cytospins obtained from the same cell

FIGURE 1. Ploidy pattern in human osteosarcoma cell lines as
determined by fluorometric methods. Numbers refer to the DNA index
as determined by each method.
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suspensions that were used for the flow cytometric
determination.

A complete agreement was found between static
cytofluorometry and image cytometry, whereas dis-
crepancies were found between these two methods
and flow cytometry. Aneuploidy was revealed in all
the samples by static cytofluorometry and image
cytometry and in 9 of 11 samples by flow cytometry
(Fig. 2). In three tumors (os-084, os-111, and os-
113), the ploidy level was lower by flow cytometry
than by static cytofluorometry and image cytom-
etry. Moreover, in two of these discordant cases
(os-111 and os-113), flow cytometry showed a dip-
loid pattern. Morphological evaluation of these two
cell suspensions revealed the presence of a relevant
number of normal white blood cells, which may

have interfered with flow cytometric assessment
but not with the evaluation of DNA ploidy by static
cytofluorometry or image cytometry.

On the basis of this evidence, an additional 10 OS
clinical samples were analyzed by using cytoflu-
orometry and image cytometry, confirming the
complete agreement between these two methods.
In this group of clinical samples, a diploid pattern
was revealed in 2/3 parosteal, low-grade OS and in
1/3 cases of telangiectatic, high-grade OS.

When considering static cytofluorometry or im-
age cytometry ploidy determinations of all the clin-
ical cases included in this study, aneuploidy re-
sulted in 17/18 (94%) high-grade tumors (including
nine of nine osteoblastic, four of four chondroblas-
tic, two of two fibroblastic, and two of three telan-
giectatic OS) and in one of three (67%) parosteal,
low-grade OS.

DISCUSSION

In this study, we have standardized a method for
paired assessment of specific chromosomal copy
number changes and DNA ploidy on the same sam-
ple of interphase nuclei derived from human OS
cells. With this method, it is possible to selectively
measure the DNA content only on well-preserved
tumor cell nuclei and to use the same specimen to
study specific numerical chromosomal aberrations
by interphase FISH. This multimodal approach
demonstrated that evaluation of DNA ploidy in OS
cells is needed for a correct interpretation of FISH

TABLE 1. Chromosome Copy Number Distribution and Ploidy Pattern in Osteosarcoma Cell Lines According to

Metaphase or FISH Analysis

Cell Line

Metaphase Analysis
FISH Analysis

Most Recurrent Signal Copy Number (Chromosome)

Ploidy Pattern by
FISH

Ploidy Pattern
(Median Number of

Metaphase
Chromosomes)

CIa 1 7 8 12 16 17 18

IOR/OS9 Near-diploid (50) 1.1 4 2 4 2 2 2 2 Near-diploid
IOR/OS10 Near-triploid (56) 1.2 3 3 3;4 2 2 3 3 Near-triploid
IOR/OS14 Near-triploid (61) 1.3 3 3 3 2 2 3;4 3 Near-triploid
IOR/OS15 Near-triploid (62) 1.4 3 6 3 3 2 3;6 3 Near-triploid
SARG Near-triploid (55) 1.2 4;5;6 4 4;5 4;6 4 4 3 Near-tetraploid
IOR/MOS Near-diploid (52) 1.1 4 2 2 2 2 2 2 Near-diploid

a CI, chromosome index; (calculated by dividing the median chromosome number by 46); FISH, fluorescence in situ hybridization.

TABLE 2. DNA Sequence Copy Number Aberrations Detected by Comparative Genomic Hybridization in Human

Osteosarcoma Cell Lines

Cell Line Aberrationsa Aberrant
Chromosomesa

High-Level
Amplificationsa Gainsa Lossesa Ratio

Gains/Losses

IOR/OS9 17 12 2 9 8 1.1
IOR/OS10 14 13 4 10 4 2.5
IOR/OS14 18 12 10 13 5 2.6
IOR/OS15 22 16 11 13 8 1.6
SARG 14 11 5 9 5 1.8
IOR/MOS 14 12 5 11 3 3.7

a Total number.

FIGURE 2. Ploidy pattern in human osteosarcoma clinical samples as
determined by image cytometry, cytofluorometry, and flow cytometry.
Numbers refer to the DNA index as determined by each method.
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or cytogenetic data concerning numerical chromo-
somal changes and that static cytofluorometry or
image cytometry can give a more reliable measure-
ment of DNA ploidy in clinical samples containing
high proportions of nonneoplastic cells, which can-
not be excluded from the flow cytometric
assessment.

By using six different human OS cell lines, we
found that the ploidy level determined by meta-
phase analysis or interphase FISH was frequently
lower than those evaluated by fluorometric meth-
ods. Similar findings, which showed a higher DNA
content with fluorometric methods than those ex-
pected from metaphase analysis or interphase cy-
togenetics, have been reported for different tumors,
including bone sarcomas (24 –26), suggesting that it
is a rather common event in several solid neoplasm.
A possible explanation for these discrepancies
could be the presence of unbalanced chromosomal
aberrations, specifically high-level amplifications,
which may significantly affect the total DNA con-
tent with less effect on the total chromosome num-
ber. This fact has to be taken into particular con-
sideration in high-grade OS, which is a tumor
characterized by a high frequency of both gains and
high-level amplifications involving several chromo-
somes (27–29). This hypothesis was confirmed in
the present study by the CGH analysis of the cell
lines. In fact, cell lines showing the highest number
of gains and high-level amplifications also showed
substantial discrepancies between DNA ploidy level
assessed by fluorometric methods and ploidy pat-
tern determined by FISH or metaphase analysis.
These OS cell lines showed a high incidence of
gains and high-level amplifications spanning sev-
eral chromosomes’ bands (from 10 to 30 megabases
to whole chromosome arms), which can signifi-
cantly affect the total DNA content without such
evident changes in chromosome number.

An advantage of the simultaneous assessment of
chromosomal numerical aberrations by FISH and
of DNA ploidy by cytofluorometry or image cytom-
etry is the possibility for directly relating the copy
number of a specific chromosome with the DNA
content in each single interphase nucleus. This can
be of great help for a correct interpretation of the
FISH data. Thus, more precise information can be
obtained about the biological relevance of each
specific numerical aberration because, for example,
a chromosomal trisomy most likely has different
biological significance if it occurs in a diploid cell
compared with in a tetraploid one. The same com-
parison between FISH data and DNA ploidy as de-
termined by flow cytometry may be not fully rep-
resentative because the cell population analyzed for
ploidy does not completely overlap the sample used
for FISH analysis.

Most of the reported studies concerning ploidy
evaluation in OS have been performed by using
flow cytometry, and very few studies have com-
bined different methods to perform an accurate
evaluation of tumor ploidy in this tumor (8, 24, 30).
However, the use of different, complementary tech-
niques for assessment of DNA content in this neo-
plasm is highly needed because OS often exhibits
extensive numerical chromosomal aberrations,
with a considerable variability in chromosome
number from cell to cell inside the same lesion as a
consequence of a high intratumor heterogeneity
(31). Moreover, when the ploidy histogram derived
from flow cytometry analysis displays only a diploid
peak or a diploid-tetraploid pattern, the represen-
tativeness of the cell suspension can be questioned,
and only methods like static cytofluorometry or
image cytometry may discriminate whether this
diploid pattern reflects a mixture of normal and
neoplastic cells or rather an exclusive population of
diploid tumor cells only (8).

In this study, the evaluation of tumor ploidy in a
series of clinical OS samples clearly demonstrated
that in high-grade OS, flow cytometry sometimes
may give false results because of the presence of
high proportions of contaminating, nonneoplastic
cells, which cannot be excluded from the assess-
ment. In fact, in two clinical OS samples, flow cy-
tometry showed a diploid pattern, which is very
rare in high-grade OS (7, 8, 31). Morphological eval-
uation of cell suspensions obtained from these two
samples revealed the presence of a considerable
proportion of normal white blood cells, which most
probably interfered with the flow cytometric assess-
ment of DNA ploidy. Contaminating normal white
blood cells do not interfere with the evaluation of
DNA ploidy by static cytofluorometry or image cy-
tometry, in which only tumor cells are selected for
the analysis. Therefore, static cytofluorometry or
image cytometry appear to be the most reliable
methods for a correct DNA ploidy evaluation on OS
clinical samples. Moreover, also the simultaneous
paired analysis of numerical chromosomal aberra-
tions and DNA ploidy is possible by using the
method that we standardized on our OS cell lines.

Ploidy analysis of the 21 OS clinical samples in-
cluded in this study suggested that different ploidy
patterns may be related to histologic grading and
differentiation, with high-grade lesions showing the
most relevant ploidy deviations. However, the bio-
logic relevance of these findings needs to be con-
firmed on a higher number of OS cases.

In conclusion, the combined application of DNA
cytofluorometry and FISH on the same tumor spec-
imen can provide complementary information
about genomic changes in OS cells. These methods
may also allow the identification of specific chro-
mosomal numerical aberrations that may be rele-
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vant for the malignancy of OS. Moreover, the possi-
bility of assessing specific numerical chromosomal
changes in direct relation with DNA content can allow
a better evaluation of the clinical impact of specific
numerical aberrations, which may be of great help for
the identification of new possible prognostic markers
for this tumor.
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