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Leiomyosarcomas of soft tissues are an aggressive
group of tumors with a high incidence of recurrence.
Little is known about the molecular genetic changes
associated with clinical outcome. Therefore, we stud-
ied 28 leiomyosarcoma samples of similar grade using
comparative genomic hybridization andDNA flow cy-
tometry and identified a difference in survival time
associatedwith ploidy status and the number of chro-
mosomal aberrations. The average survival time was
shown to decrease with increase in chromosomal ab-
errations identified using comparative genomic hy-
bridization. The average survival time was shorter in
the near-tetraploid group than in the diploid and trip-
loid group. Gain of 5p14-pter was significantly more
common in near-tetraploid tumors. The survival time
of patients with near-tetraploidy together with gain of
5p14-pter was reduced, and 50% died within the 1st
year. Furthermore, loss of 13q14-q21was significantly
more frequent in the <5-year than in the >5-year
survival group (P � .01). These results suggest that
13q14-q21 loss and 5p14-pter gain at diagnosis could
be used to identify patientswith leiomyosarcomawho
are likely to have a shorter survival time and who
might benefit from early treatment intensification.

KEY WORDS: Chromosome, Comparative genomic
hybridization, Flow cytometry, Leiomyosarcoma,
Progression.
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Soft tissue sarcomas represent a heterogeneous
group of mesenchymal malignancies, and previous
studies of the relationship between molecular ge-
netic data and outcome have been published. For
example, patients with diploid retroperitoneal sar-
comas had a better 10-year survival rate than those
patients with aneuploid tumors (1). Patients with
Ewing sarcomas harboring gains of chromosome 8
showed a slightly better clinical outcome, and de-
letions at 1p36 were associated with an unfavorable
outcome (2). Also, INK4A deletion has been found
to be a significant negative prognostic factor in
Ewing sarcoma (3). Malignant fibrous histiocyto-
mas have been associated with 19p� in cases that
relapsed (4). Localized synovial sarcomas with the
SYT-SSX2 fusion gene had a better prognosis than
those with the SYT-SSX1 fusion gene (5). Mutations
of TP53 and amplification of MDM2 have been as-
sociated with a more advanced clinicopathological
stage in various tumor types (6–8). Also, investiga-
tion of these and other genes such as HRAS, KRAS,
and RB1 have suggested their involvement in soft
tissue sarcomas (9, 10).
Leiomyosarcomas of soft tissue are a group of

malignant tumors with low overall long-term sur-
vival rate. Therefore, it is important to understand
the biological behavior of these tumors and to de-
termine which tumors will have a more malignant
course and thus need more intensive adjuvant ther-
apy. Also, identifying and understanding the role of
particular genes may lead to novel approaches to
treat these tumors. It is widely accepted that most
cancers are caused by the accumulation of genetic
alterations (11–13). Deletion of 19p has been found
in recurring leiomyosarcomas in a single case (14).
An increase in copy number changes has been as-
sociated with tumor size of leiomyosarcoma (15).
In order to investigate whether any apparent dif-

ferences in clinical outcome of leiomyosarcoma are
associated with molecular cytogenetic changes, we
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used comparative genomic hybridization (CGH) to
detect genomic imbalances and DNA flow cytom-
etry to identify DNA ploidy alterations in well-
characterized leiomyosarcoma samples.

MATERIALS AND METHODS

Material
A total of 28 samples from patients with a diag-

nosis of leiomyosarcoma was available for this
study, and the samples’ clinicopathological details
are shown in Table 1. Diagnosis was made on the
basis of immunohistochemical positivity in most
cases for smooth muscle actin, desmin, and
h-caldesmon combined with appropriate morpho-
logic features (16). Both fresh samples from surgical
resections that were snap-frozen immediately after
surgical removal and formalin-fixed, paraffin-
embedded tissue were obtained from the Royal
Marsden NHS Trust. The cases in which the
follow-up time was sufficient were divided into two
groups by length of survival: more than and less
than 5 years after diagnosis. The follow-up time was
only sufficient in 20 cases. Blood from normal
healthy volunteers was used for the preparation of
normal metaphase chromosomes and control DNA
for the CGH experiments. Normal thyroid gland
cells were used as normal control for flow cytomet-
ric analysis.

CGH Analysis
CGH analysis was performed according to the

protocol described by Kallioniemi et al. (17), with
some modifications as described elsewhere (18).
Briefly, tumor DNA was extracted from frozen tu-
mor tissues and labeled by nick translation with
rhodamine-11-dUTP. Labeled DNA fragments were
in the size range of 600 to 2000 bp. Normal sex-
matched reference DNAs were labeled with
fluorescein-11-dUTP and co-hybridized with the la-
beled tumor DNA to normal male metaphase chro-
mosome preparations. For the CGH analysis, a con-
trol normal to normal hybridization was performed,
and the average normalized fluorescence intensity
ratios and their standard deviations did not exceed
0.2 above or below 1. Chromosomal regions were
interpreted as underrepresented when the average
ratio was �0.8, as overrepresented when the aver-
age ratio was �1.2, and as amplified when the av-
erage ratio was �1.5. For each tumor sample, be-
tween 6 and 10 good-quality metaphases were
analyzed using Quips CGH/karyotyper and Inter-
preter software (Vysis, IL).

DNA Flow Cytometry
Flow cytometric analysis was performed as de-

scribed elsewhere (19). Two or three 50-�m sec-

tions from each block were placed in a small biopsy
(curettings) cassette stored in xylene in glass con-
tainers. After rinsing in xylene and agitating well to
ensure complete removal of paraffin wax, they were
washed twice in 100% ethanol, once in 50% etha-
nol, and twice in phosphate buffered saline (PBS). If
the tissue was particularly fibrous, they were incu-
bated for 1 hour at 37° C in 1 mg/mL collagenase in
PBS. The tissue was removed carefully from the
cassette and placed in a tube suitable for centrifu-
gation. 0.9% NaCl and 0.5% pepsin adjusted to
pH1.5 with HCl were added and incubated at 37° C
for 1 hour. The samples were passed through a
23-gauge needle to break up any clumps. The nu-
clear suspension was washed once in PBS and sus-
pended in PBS, 100 �g/mL RNase, and 40 �g/mL
propidium iodide, then incubated for 30 minutes at
37° C. The suspension was analyzed using a
spectra-physics argon-ion laser (Hemel, Hemp-
stead, UK) producing 200 mW at 488 nm. The files
were gated on a cytogram of red fluorescence peak
versus area to exclude clumps and a histogram of
red fluorescence area displayed. The DNA index
(DI) was near-diploid at a DI of 1.1 to 1.4, triploid at
a DI of 1.4 to 1.6, hypotetraploid at a DI of 1.7 to 1.8,
tetraploid at a DI of 1.9 to 2.1, and hypertetraploid
at a DI of �2.1 (20).

RESULTS

CGH analysis revealed genomic copy number
changes in all leiomyosarcoma cases, with gains
being more frequently observed than losses (Table
1). The average number of chromosomal aberra-
tions detected by CGH was much higher in the
�5-year survival group than in the �5-year survival
group (8.58 versus 4.43, t test, P � .01). The number
of aberrations was inversely proportional to the
survival time (Fig. 1). Loss of 13q material was the
most frequently observed change in the �5-year
survival group, and this was significantly higher
than the rate in the �5-year survival group (10 of 13
[77%] versus 1 of 7 [14%], P � .01; Table 2; Fig. 2).
Five of the tumors had lost most of 13q, but in the
other five tumors the loss was partial and allowed
definition of a smallest region of common loss at
13q14–21. Gain of 5p14-pter was significantly more
common in near-tetraploid tumors (Table 3; Fig. 3).
One case with high-level amplification (red to green
ratio of �1.5) on 5p and two cases with gain of the
whole of chromosome 5 died within 1 year. The
case with high-level amplification on 5p had one of
the shortest survival times of all cases with 5p gain
(2.7 mo). The follow-up time in a further three cases
was less than 3 years. In these six cases, two of the
tumors showed gain of the whole of chromosome 5,
but in four tumors the gain was partial and allowed
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definition of a smallest region of common gain at
5p14-pter. Other consistent changes included gains
of material from chromosome regions 1q21, 4p16,
12q13-q14, 17p11.2, 20q13.1, and 22q and loss in-
volving 4q, 11q, and Xq. These changes were not
significantly associated with outcome (P � .05). The
tumor grade, size, and site were also not signifi-
cantly associated with outcome in the two groups
(P � .05), possibly because only one case was Grade
1.

Nuclear DNA measurement by flow cytometry
revealed DNA aneuploidy and diploidy in 17 and 8
cases of leiomyosarcomas, respectively. Six of the
aneuploid cases were triploid, and 11 of them were
near-tetraploid. The DI of the aneuploid leiomyo-
sarcoma cases ranged from 1.40 to 2.95. Approxi-
mately 68% of leiomyosarcomas showed clear evi-
dence of an aneuploid DNA content by flow
cytometry. Chromosomal imbalances were more
frequent in near-tetraploid tumors than in diploid
and triploid ones (9.36 versus 5.71, P � .02). The

average survival time was shorter in the near-
tetraploid group compared with the tumors with
diploidy or triploidy (8.52 mo and 35.19 mo, t test,
P � .001; Table 1).

DISCUSSION

We have combined CGH with flow cytometric
analysis of a well-characterized series of leiomyo-
sarcomas in order to identify any correlations be-
tween chromosomal changes and clinical outcome.
As in previous studies of leiomyosarcoma (13, 21,
22), many aberrations were detected. In this study,
the most frequent gains were of 1q21, 4p16, 5p,
12q13-q14, 17p11.2, 20q13.1, and 22q material,
whereas the frequent losses involved 4q, 11q, 13q,
and Xq. The average number of chromosome im-
balances found in the �5-year survival group was
much lower than that in the �5-year survival group
(P � .01). The number of genomic alterations de-
tected by CGH could be used as a predictor of
tumor progression or recurrence; this is similar to
the case in studies on a variety of other tumor types
(23). DNA copy number changes were more fre-
quent in aneuploid tumors than in diploid ones
(24). Some data have not shown a relationship be-
tween survival and DNA ploidy (25), but some arti-
cles have shown that the ploidy may be used as a
predictor of clinical outcome (1). DNA ploidy
changes of euploidy to aneuploidy were closely cor-
related with the process of dedifferentiation in
chondrosarcoma (26). Cellular DNA content analy-
sis may be of value in assessing the malignant po-
tential of diploid as well as aneuploid bone sarco-
mas (27). In this study, imbalances were more
frequent in near-tetraploid tumors than in diploid
or triploid ones. The correlations between DNA
ploidy and chromosomal copy number changes
suggest that leiomyosarcomas fall into two groups:
first, diploid and triploid; second, near-tetraploid
tumors. In leiomyosarcomas, the average survival
time was significantly lower in the near-tetraploid
group. This suggests that DNA ploidy may be used
as an independent prognostic factor in leiomyosar-
coma, as has been noted for other tumors (28–30).

Ten of the 13 samples in the �5-year survival
group that were studied by CGH showed evidence
for loss of 13q. Loss of 13q material was signifi-
cantly associated with a shorter survival time (Table
2). Partial or complete deletion of 13q was found,
and the overlapping region of loss encompasses
13q14-q21, which includes the RB1 and DBM gene
loci. Structural alteration of the RB1 gene has fre-
quently been seen in a number of cancers, includ-
ing leiomyosarcoma and other sarcomas (31). As
well as these genes, another as-yet unidentified tu-
mor suppressor gene has been strongly suggested

FIGURE 1. Relationship between number of chromosome imbalances
identified by CGH analysis and survival time. Open square, Grade 2
leiomyosarcomas; filled square, Grade 3 leiomyosarcomas; filled circle,
no grade available.

TABLE 2. Frequencies of the Most Common

Chromosomal Imbalances Found in 5-Year and Under

5-Year Survival Groups

Chromosomal
imbalance

�5 Years,
n � 13

�5 Years,
n � 7

Fisher’s Exact
Test, P Value

�13q14-q21 10 (77%) 1 (14%) 0.01*
�1p31-p36.1 5 (38%) 1 (14%) 0.35
�4p16 5 (38%) 1 (14%) 0.35
�22q 5 (38%) 1 (14%) 0.35
�20q13.1 6 (46%) 2 (29%) 0.64
�1q21 5 (38%) 2 (29%) 0.87
�17p11.2 5 (38%) 2 (29%) 0.87
�Xq21-qter 3 (23%) 2 (40%) 0.97

* Significant difference.

Genetics and Leiomyosarcoma Progression (R. Wang et al.) 781



FIGURE 2. Summary of chromosome imbalances in the �5-year and �5-year survival groups identified by CGH analysis of the 20 samples of soft
tissue leiomyosarcoma. Solid black lines represent the �5-year group, and hatched black lines represent the �5-year group. Lines to the left of
chromosomes represent losses, and lines to the right of chromosomes represent gains. Thicker lines to the right of chromosomes represent regions
of genomic amplification. The numbers above each line correspond to the identifiers in Table 1.

TABLE 3. Frequencies of the Most Common Chromosomal Imbalances Found in Near-Tetraploid and Diploid/Triploid

Leiomyosarcomas

Chromosomal Imbalance
Near-Tetraploid,

n � 11
Diploidy and Triploid,

n � 14
Fisher’s Exact Test,

P Value

�5p14-pter 6 (55%) 1 (7%) 0.02*
�9p21-pter 4 (36%) 0 (0%) 0.03
�2q32 3 (27%) 0 (0%) 0.07
�12q13-q14 0 (0%) 3 (21%) 0.11
�10q21-q23 0 (0%) 4 (29%) 0.11
�1p32-p36.1 4 (36%) 1 (7%) 0.13
�Xp� 4 (36%) 1 (7%) 0.13
�1q21-q23 5 (45%) 2 (14%) 0.18

* Significant difference.
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FIGURE 3. Summary of chromosome imbalances in the near-tetraploid group and in the diploid and triploid group identified by CGH analysis of
25 samples of soft tissue leiomyosarcoma. Solid black lines represent the diploid and triploid group, and hashed black lines represent the near-
tetraploid group. Lines to the left of chromosomes represent losses, and lines to the right of chromosomes represent gains. Thicker lines to the right
of chromosomes represent regions of genomic amplification. The numbers above each line are the identifiers.

Genetics and Leiomyosarcoma Progression (R. Wang et al.) 783



in this region for involvement in other tumors (32,
33). Loss of chromosome 13 has previously been
reported in 19 of the 27 leiomyosarcomas with a
putative common region of loss of bands 13q14–21
(34). 13q deletion has also been suggested as an
early nonrandom event in uterine leiomyosarcoma
(35), and loss of 13q14 was an independent prog-
nostic factor in osteosarcomas and chondrosar-
coma (36, 37). It is likely that the 13q14-q21 region
harbors genes that play a role in the pathogenesis of
leiomyosarcoma and other soft tissue sarcomas
that may be related to a more aggressive
phenotype.

Another candidate region is 5p14-pter, which is
frequently gained in the near-tetraploid cases but
rarely altered in diploid and triploid tumors. 5p
may harbor one or more critical oncogenes that
may be involved in the progression of leiomyosar-
coma. The survival time of patients with near-
tetraploidy together with gain of 5p14-pter was re-
duced significantly. Fifty percent died within a year.
One case with amplification of 5p only survived 2.7
months. The region involved encompasses a num-
ber of critical genes such as hTERT, DAT1, and ACR
(38–40). Co-expression of survivin and hTERT tran-
scripts has recently been shown to identify patients
at high risk of tumor-related death in soft tissue
sarcoma (41).

Overall, in this study we have identified chromo-
somal changes and ploidy status associated with
poor prognosis in leiomyosarcoma. Loss of 13q14-
q21 and gain of 5p14-pter was found here to be
associated with a shorter survival time. This sug-
gests that it may be possible to define cytogenetic
markers at diagnosis to identify a poorer risk group
among leiomyosarcomas and ultimately to stratify
treatment intensity.
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