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Abstract. Pleomorphic leiomyosarcoma of soft tissue is 
relatively rare and its cytogenetic and molecular genetic data 
are scarce. We present a case of pleomorphic leiomyosarcoma 
arising in the left thigh of a 60-year-old man. Fluorine-18-
deoxyglucose positron emission tomography imaging showed a 
homogenously high uptake within the mass in the proximal left 
thigh (maximum standardized uptake value, 20.9). Following a 
core needle biopsy, wide resection of the tumor was performed. 
Histologically, the tumor was composed of a mixture of spindle 
cells, polygonal cells and bizarre giant cells forming interlacing 
bundles and a storiform pattern. Immunohistochemically, the 
tumor cells were positive for vimentin, smooth muscle actin 
and desmin. The MIB-1 labeling index was 19.7% in the highest 
spot. Cytogenetic analysis exhibited a complex karyotype 
with several numerical and structural alterations, including 
giant marker and ring chromosomes. Spectral karyotyping 
demonstrated that giant marker and ring chromosomes were 
composed of material from the X chromosome. Metaphase-
based comparative genomic hybridization analysis showed 
high-level amplifications of 1q21-q25 and 12q13-q21 and gains 
of 1p31-p32, 10p11-p13, 17p11 and 19p13. The patient received 
postoperative adjuvant radiotherapy and doxorubicin-based 
chemotherapy. No local recurrence or distant metastasis was 
detected during a follow-up period of 19 months. The clini-
copathological, cytogenetic and molecular genetic features of 
pleomorphic soft tissue leiomyosarcoma are discussed.

Introduction

Pleomorphic leiomyosarcoma is a rare but distinct variant of 
leiomyosarcoma, accounting for only 8.6% of all leiomyo
sarcomas (1). It occurs predominantly in the retroperitoneum 
and extremities of middle-aged to elderly adults. In general, 

pleomorphic leiomyosarcoma has an aggressive behavior 
with a 48-89% metastatic rate and an overall tumor-associated 
mortality of 50-65% (1,2). Retroperitoneal leiomyosarcomas 
tend to correlate with a higher frequency of local recurrence and 
distant metastasis, probably due to the difficulty in achieving 
wide or even clear margins.

Histologically, pleomorphic leiomyosarcoma is defined as a 
tumor composed of typical leiomyosarcoma with pleomorphic 
areas occupying more than two-thirds of the lesion (1). The 
typical component consists of spindle-shaped cells with brightly 
eosinophilic cytoplasm and cigar-shaped nuclei arranged in 
a fascicular pattern. In contrast, the pleomorphic component 
is composed of polygonal cells, spindle-shaped cells, and/
or epithelioid cells, simulating the morphology of so-called 
malignant fibrous histiocytoma (MFH). Multinucleated bizarre 
cells and rhabdoid cells may be found in the pleomorphic 
component (1,2). Immunohistochemically, the tumor cells are 
positive for at least one of the smooth muscle markers (smooth 
muscle actin, desmin, muscle-specific actin, calponin, and 
caldesmon) in both the typical and pleomorphic components.

Pleomorphic soft tissue leiomyosarcomas are generally 
associated with highly complex karyotypes lacking specific 
structural or numerical aberrations (3-5). Metaphase and 
array-based comparative genomic hybridization (CGH) 
analyses have demonstrated gains of 1q, 5p, 6q, 8q, 17p, and 
Xp and losses of 2p, 10q, 11q, 13q, and 16q. Amplifications of 
1q21, 5p14-pter, 12q13-q15, 17p11-p12, 19p13, and 20q13 have 
also been observed (5-13).

In this study, we report a case of pleomorphic leiomyo-
sarcoma with giant marker and ring chromosomes occurring 
in the deep soft tissue of the thigh. We also review the cyto-
genetic and molecular cytogenetic features of pleomorphic 
soft tissue leiomyosarcoma as well as its clinicopathological 
characteristics.

Materials and methods

Case presentation. A 60-year-old man was referred to our 
hospital with a history of a non-painful left thigh mass first 
noticed one month previously. Physical examination revealed 
an 8x7 cm, firm, non-tender mass in the medial aspect of the 
proximal left thigh. Magnetic resonance imaging revealed an 
ill-defined intramuscular mass in the left adductor magnus. The 
mass was low to intermediate signal intensity on T1-weighted 
sequences (Fig. 1A) and heterogeneously high signal intensity 
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on T2-weighted spectral presaturation with inversion recovery 
sequences (Fig.  1B). T1-weighted contrast-enhanced fat-
suppressed sequences showed heterogeneous enhancement 
of the mass (Fig. 1C). Positron emission tomography imaging 
demonstrated a markedly increased uptake of fluorine-18-de-
oxyglucose in the proximal left thigh (Fig. 2A). The maximum 
standardized uptake value was 20.9. Computed tomography 
(CT) images showed a hypodense intramuscular mass, with 
corresponding tracer uptake (Fig. 2B and C). No evidence 
of distant metastasis was found on chest and abdominal CT 
scans.

The patient underwent a core needle biopsy and the patho-
logic diagnosis was pleomorphic leiomyosarcoma. A wide 
resection of the tumor was performed. Macroscopically, the 

Figure 1. Axial magnetic resonance images of pleomorphic leiomyosarcoma involving the left thigh. (A) T1-weighted sequence shows that the mass has low 
to intermediate signal intensity. (B) T2-weighted spectral presaturation with inversion recovery sequence shows that the mass has heterogeneously high signal 
intensity. (C) T1-weighted contrast-enhanced fat-suppressed sequence shows heterogenous enhancement throughout the mass.

Figure 2. Fluorine-18-deoxyglucose (FDG) positron emission tomography 
(PET)/computed tomography (CT) images of pleomorphic leiomyosarcoma. 
(A) PET image demonstrates a markedly increased uptake of FDG in the 
proximal left thigh. (B) Transaxial CT shows a slightly hypodense intra
muscular mass (arrows). (C) Integrated PET/CT image shows a high FDG 
uptake in the deep soft tissue mass.

Figure 3. Histologic and immunohistochemical findings of pleomorphic 
leiomyosarcoma. (A) The tumor is composed of spindle-shaped cells and 
polygonal cells arranged in interlacing bundles. (B) Multinucleated bizarre 
cells are found. (C) The tumor cells are immunoreactive for smooth muscle 
actin. (D) The MIB-1 labeling index is 19.7%.

Figure 4. ���������������������������������������������������������� A representative GTG-banded karyotype of pleomorphic leio-
myosarcoma, including a giant marker chromosome. Arrows indicate the 
structural chromosome aberrations.
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resected tumor, measuring 10x8x7 cm, had a solid, grayish-
white cut surface. Microscopically, the tumor was composed of 
a mixture of atypical spindle cells, polygonal cells, and bizarre 
giant cells forming interlacing bundles and storiform pattern 
(Fig. 3A and B). Mitotic figures including abnormal forms 
were frequently seen. Immunohistochemically, the tumor cells 
were positive for vimentin, smooth muscle actin (Fig. 3C), and 
desmin, but negative for muscle-specific actin, h-caldesmon, 
MyoD1, or myogenin. The MIB-1 labeling index was 19.7% in 
the highest spot (Fig. 3D). These findings confirmed the diag-
nosis of pleomorphic leiomyosarcoma. The patient received 
postoperative adjuvant radiotherapy with a total dose of 60 Gy 
and chemotherapy with five cycles of doxorubicin. At 19 
months of follow-up, the patient is well without any evidence 
of local recurrence or distant metastasis.

Cytogenetic analysis. A representative fresh tissue sample was 
obtained from the surgical resection. Culturing, harvesting, and 
preparation of slides were performed as described previously 
(14). Karyotypic descriptions were expressed according to the 
International System for Human Cytogenetic Nomenclature 
2009 (15).

Molecular cytogenetic analysis. Spectral karyotyping (SKY) 
analysis was performed on unstained cytogenetic preparations 
according to the manufacturer's instructions (Applied Spectral 
Imaging, Carlsbad, CA, USA) and as described previously (16). 
Spectral images were acquired with an SD200 spectral bio-
imaging system (ASI) and analyzed using SkyView software 
(ASI). Five metaphase cells were analyzed by SKY.

High molecular weight DNA was extracted from the 
fresh frozen tissue. CGH was performed as described previ-
ously (17). Tumor DNA and reference DNA were labelled by 
nick translation and hybridized karyotypically normal male 
slides. The location of aberrant CGH signals was analyzed 
using an image analysis system (Isis, Carl Zeiss Vision, 
Oberkochen, Germany) based on an integrated high-sensitivity 
monochrome charge-coupled device camera and automated 
CGH analysis software (MetaSystems GmbH, Altlussheim, 
Germany). Based on the control experiments, 1.2 and 0.8 
were used as cutoff levels for gains and losses, respectively. 
Gains exceeding the 1.5 threshold were termed high-level 
amplifications. The heterochromatic regions in chromosomes 

1, 9, and 16, the p-arms of the acrocentric chromosomes, and 
Y chromosome were excluded from the analysis because of 
suppression of hybridization with Cot-1 DNA in these regions. 
Three-color images, green (fluorescein-12-dUTP) for the 
tumor DNA, red (Spectrum Red) for the reference DNA, and 
blue (DAPI) for the DNA counterstain, were acquired from at 
least 10 metaphases.

Results

Cytogenetic analysis exhibited a complex karyotype with 
several numerical and structural alterations, including giant 
marker and ring chromosomes (Fig. 4). The composite karyo-
type was as follows: 44~48,XY,der(7;21)t(7;?)(p11.2;?)t(21;?)
(p11.2;?),-8,-10,add(11)(p13), der(15;21)t(15;?)(p11.2;?)t(21;?)
(p11.2;?),-16,-21,dic(21;?)(p11.2;?),-22,+1~2r,+1~2mar [cp20]. 
SKY analysis revealed that giant marker and ring chromosomes 
were composed of material from X chromosome (Fig. 5).

Metaphase-based CGH analysis showed high-level ampli-
fications of 1q21-q25 and 12q13-q21 and gains of 1p31-p32, 
10p11-p13, 17p11, and 19p13 (Fig. 6). Significant loss of DNA 
sequences was not detected.

Discussion

Pleomorphic leiomyosarcoma is a recently described morpho-
logical variant of leiomyosarcoma with an aggressive clinical 
course (18). On the other hand, the term ‘dedifferentiated 
leiomyosarcoma’ has also been used to describe leiomyosar-
coma with a poorly differentiated pleomorphic component 
(2,9,19). The pleomorphic component of dedifferentiated 
leiomyosarcoma is immunohistochemically negative for all 
muscle markers. Based on staining for muscle markers in the 
pleomorphic component, we diagnosed the present case as 
pleomorphic leiomyosarcoma.

Giant marker and/or ring chromosomes have been found 
in a variety of human neoplasms, but they are particularly 
common in a subgroup of low-grade or borderline malignant 
mesenchymal tumors, such as well-differentiated liposarcoma/
atypical lipomatous tumor (20). The origin of these chromo-
somes cannot be disclosed by chromosome banding techniques 
due to the suboptimal banding quality and morphological 
variability. In the present study, we used SKY technique to 

Figure 5. Spectral karyotyping of pleomorphic leiomyosarcoma illustrating the origin of the giant marker and ring chromosomes (arrows). Classified image is 
displayed alongside the reverse DAPI image.
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identify the origin of giant marker and ring chromosomes 
in a pleomorphic soft tissue leiomyosarcoma. SKY analysis 
showed that giant marker and ring chromosomes were derived 
from X chromosome. Interestingly, high-level amplification of 
Xp has been described in soft tissue and non-soft tissue leio-
myosarcomas (6,21-23). The amplified material is frequently 
carried in mitotically unstable dicentric, multicentric, or ring-
shaped chromosomes (24,25). Based on these findings, we 
speculated that ring and/or giant marker chromosomes may 
contain amplified material from X chromosome. However, 
no amplification or gain of X chromosome was detected by 
CGH. In general, telomeres play a key role in the maintenance 
of chromosomal stability. Many human neoplasms exhibit 
significantly shortened telomeric repeat sequences, which may 
trigger the formation of telomeric fusions between chromo-
some arms (26). We suggest that such fusions may lead to ring 
chromosomes in the present case.

High-level amplifications of 1q21-q25 and 12q13-q21 
were found in the present case. Coamplification of these 
chromosome regions has been observed in several malignant 
mesenchymal tumors including leiomyosarcoma (14,27,28). 
Amplification of COAS and PRUNE genes, located at 1q21, 
has been identified in a subset of leiomyosarcomas (28,29). 
El-Rifai et al (6) reported that 1q gain was seen in large and 
very large tumors, but not in any of the small tumors. On the 
other hand, Ragazzini et al (30) demonstrated that MDM2, 
CDK4, and TSPAN31 (formerly known as SAS) genes, located 
at 12q13-q15, are amplified or overrepresented in at least a 
subset of pleomorphic soft tissue leiomyosarcomas. These 
gene alterations seem to play an important role in pleomorphic 
leiomyosarcoma development, but no clear relationship with 
clinical outcome has yet been found.

In addition to the amplifications of 1q and 12q, gains/
amplifications of 17p and 19p have been observed in soft 
tissue and non-soft tissue leiomyosarcomas, as in our case 
(6,11,12,21-23,31). Pérot et al (32) demonstrated that MYOCD 
gene, located at 17p11.2, is highly amplified and overexpressed 
in retroperitoneal leiomyosarcomas. MYOCD encodes a 
smooth muscle-specific transcriptional co-activator of the 
serum response factor (33-35). Moreover, they showed that 
MYOCD expression in sarcoma cell lines not only induces 
smooth muscle differentiation but also promotes cell migra-
tion. These data suggest that MYOCD might constitute a 
promising therapeutic target. On the other hand, there are 
several candidate targets on 19p, including LPSA, MAP2K2, 
CDKN2D, and NOTCH3 (36-38). Choong et al (39) found that 
19p13 rearrangements were associated with an increased risk 
of local recurrence and/or metastasis in MFH. However, the 
biological significance of 19p aberrations is still unclear in 
pleomorphic leiomyosarcomas.

Losses of 10q and 13q have also been reported to be recur-
rent alterations in pleomorphic soft tissue leiomyosarcomas 
(10,11,40). The tumor suppressor genes PTEN and RB1 are 
located at 10q23 and 13q14, respectively. Functional inactiva-
tion of these genes may play a critical role in the development 
of leiomyosarcoma (41,42). Of note, Hu et al (11) reported that 
loss of 10q was associated with an aggressive behavior of soft 
tissue leiomyosarcoma. Loss of 13q14-q21 was also found to 
be associated with a shortened survival (10).

In summary, our study demonstrates the constitution of 
giant marker and ring chromosomes in a pleomorphic leio-
myosarcoma of soft tissue, and suggests that X chromosome 
rearrangements may play a role in the development of this 
tumor.

Figure 6. Comparative genomic hybridization profile of pleomorphic leiomyosarcoma showing high-level amplifications of 1q21-q25 and 12q13-q21 and gains 
of 1p31-p32, 10p11-p13, 17p11, and 19p13. The line in the middle (gray) is the baseline ratio (1.0); the left (red) and right (green) lines indicate ratio values of 
0.8 and 1.2, respectively. Bars on the left (red) and right (green) of each frame indicate losses and gains, respectively. The terminology 1 (12) represents 12 
aberrations detected on chromosome 1. The same applies to other chromosomes shown in the profile.
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