
 

 

Introduction 
 
Rhabdomyosarcoma (RMS) is a small, round 
cell tumor associated with skeletal muscle his-
togenesis and it is the most common pediatric 
soft tissue sarcoma [1]. There are three main 
histological and clinical forms of this tumor: 
embryonal RMS (eRMS), alveolar RMS (aRMS) 
and pleomorphic RMS (pRMS) [2]. These tu-
mors are classified on the basis of their degree 
of differentiation, a feature closely related with 
their response to chemotherapy [3]. The genes 
responsible for tumorigenesis have been char-
acterized in two (aRMS and eRMS) of the three 
types of RMS [4-6]. 
 
Little is known about genetic alterations in 

pRMS, though an accumulation of genetic 
changes affecting the expression and function 
of critical genes is thought to drive malignant 
transformation and tumor progression. Genetic 
aberrations in malignant tumors, including RMS, 
often involve not only rearrangements of whole 
chromosomes or specific chromosomal regions, 
but also the amplification of oncogenes. Chro-
mosomal aberrations in RMS have been studied 
by using both classical and molecular cytogenet-
ics. Classical cytogenetics by staining meta-
phase chromosomes of the tumors has been a 
powerful tool for the analysis of chromosome 
aberrations in leukemia. However, classical cy-
togenetics has had limited value for the analysis 
of solid tumors, especially those showing very 
complex karyotypes. Moreover, karyotyping of 
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Abstract: A molecular cytogenetic analysis was performed on HS-RMS-2, a cell line established in this laboratory from 
a rare pleomorphic type of rhabdomyosarcoma. G-banding and multicolor-FISH analyses revealed that the cells have 
a complex chromosomal composition. Comparative genomic in situ hybridization (CGH) detected eight highly ampli-
fied regions at 1p36.1-p36.2, 1p31-p32, 1q21-q31, 8q12-q21, 8q24-qter, 11q12-q13, 12q13-q14 and 18q12-q22, 
suggesting the co-existence of multiple amplified oncogenes in these tumor cells. Reverse chromosome painting, 
using a probe regenerated by microdissection of a long marker chromosome, revealed the native location of three of 
eight possible genes to be on chromosomes 1p31-32, 12q14 and 18q21. FISH using BAC and cosmid probes re-
vealed amplification of JUN (1p31), MYC (8q24), CCND1 (11q13), INT2 (11q13.3), MDM2 (12q14.3-q15) and MALT 
(18q21). These findings indicate that at least eight amplified oncogenes may contribute to the pathogenesis of a rare 
pleomorphic type of rhabdomyosarcoma. This new cell line should prove useful for in vitro preclinical studies of 
molecularly targeted therapies  
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soft and solid tumors is compromised due to 
the low mitotic activity of cultured tumor cells 
and the overgrowth of non-neoplastic stromal 
cells. The establishment of tumor cell lines can 
prove invaluable for the genetic and functional 
studies of solid tumor cells. Tumor cell lines 
represent useful in vitro models for studies re-
lated to tumorigenesis, especially in the investi-
gation of genetic changes and malignant trans-
formation associated with the development of 
tumors. Therefore, establishing and characteriz-
ing cell lines from rare tumors, such as pRMS, is 
very useful. We previously described the estab-
lishment of pRMS cell line, designated HS-RMS-
1 [7], which to our knowledge was the first re-
port of an pRMS cell line. 
 
We now report the establishment and molecular 
cytogenetic characterization of a second pRMS 
cell line, designated HS-RMS-2. The field of mo-
lecular cytogenetics has developed rapidly over 
the last decade and has greatly advanced the 
knowledge of chromosomal aberrations in soft 
and solid tumors. Fluorescence in situ hybridiza-
tion (FISH), including multi-color FISH (M-FISH) 
[8], permits the precise analysis of the copy 
number of individual genes or chromosome loci 
as well as the analysis of chromosomal rear-
rangements, such as translocations. Compara-
tive genomic hybridization (CGH) is a technique 
that allows for the comprehensive and rapid 
detection of DNA sequence copy number 
changes within the entire genome [9]. CGH has 
been validated for the detection of amplifica-
tions using tumor cell lines containing unknown 
or known amplified oncogenes. In addition, 
chromosomal microdissection (CMD) has been 
developed as a tool to obtain probes from spe-
cific chromosomal regions, thus permitting cyto-
geneticists to elucidate the origin of complex 
chromosomal rearrangements [10]. These mo-
lecular cytogenetic approaches (M-FISH, CGH 
and CMD analyses) are complementary modali-
ties for detecting DNA copy number changes 
and other chromosomal alterations in tumors. 
Such analyses enable investigators to obtain 
insights regarding oncogenes and tumor-
suppressor genes important in tumor patho-
genesis. 
 
This report presents a detailed molecular cyto-
genetic characterization of the HS-RMS-2 cell 
line. In addition, the potential roles of eight am-
plified oncogenes detected by CGH in carcino-
genesis are discussed. 

Materials and methods 
 
Establishment and culture of the HS-RMS-2 cell 
line 
 
An 85-year-old female presented with a painful, 
large mass in the left gluteal muscle. The find-
ings at biopsy were suggestive of pleomorphic 
sarcoma. The whole tumor was then extirpated 
with wide margins. A small portion of the tumor 
tissue was obtained for primary culture. Histo-
pathology was consistent with a diagnosis of 
pleomorphic rhabdomyosarcoma exhibiting an 
irregular pattern of pleomorphic tumor cells that 
occasionally had abundant eosinophilic cyto-
plasm, as well as an immunopositive reaction 
for myogenic markers including HHF-35, des-
min, and alpha-sarcomeric actin, but not for S-
100 protein or alpha-smooth muscle actin. The 
tumor tissue was minced with scissors and di-
gested with 0.25% trypsin solution. The dissoci-
ated cells were seeded in 25 cm2 flasks (GIBCO, 
BRL) containing DMEM (Sigma) supplemented 
with 10% fetal bovine serum and antibiotics 
(Penicillin and Streptomycin, GIBCO, BRL) and 
cultured at 37°C in a 5% CO2 humidified incu-
bator. Semi-confluent layers formed, and the 
cells were dispersed with trypsin solution and 
then seeded in new flasks for passage. These 
procedures were serially performed until the HS-
RMS-2 cell line was established. 
 
Pathological studies 
 
Pathological studies on HS-RMS-2 cells were 
carried out as described previously [7]. Cultured 
adherent cells growing on coverslips at passage 
10 were fixed with 95% ethanol, and tissue 
from a xenotransplant nude mouse tumor was 
fixed with 20% buffered formalin solution. Cells 
on coverslips and sections of dewaxed-tumor 
tissue were stained with hematoxylin and eosin 
(H&E), and periodic acid-Schiff (PAS) reaction 
with or without diastase predigestion, as well as 
with antibodies against vimentin (V9, x100; Da-
kopatts, Tokyo, Japan), muscle actin (HHF35, 
x1000; Enzo, NY, USA), desmin (D33, x30; Da-
kopatts), alpha-sarcomeric actin (alpha-Sr-1, 
x20; Dakopatts), myogenin (FD5, x50; Da-
kopatts), MyoD1 (5.8A, x50; Dakopatts), myo-
genin (FD5, x50; Dakopatts), myoglobin 
(polyclonal, x400, Dakopatts), alpha-smooth 
muscle actin (1A4, x200; Dakopatts, Tokyo, 
Japan), S-100 protein (polyclonal, x1000; Da-
kopatts, Tokyo, Japan), CD31 (JX/70A, x20; Da-
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kopatts), macrophages (HAM56, x1000, Enzo), 
using the streptavidin-biotin immunoperoxidase 
method (Histofine SAB-PO kit, Nichirei, Tokyo, 
Japan). To enhance the immunoreactivities of 
CD31 and HAM56, each specimen was preincu-
bated in 0.1% pronase E (Sigma, St. Louis, MO, 
USA) at 37°C for 20 min. To retrieve antigenic 
activities of vimentin and MyoD1, the speci-
mens were incubated in citrate-buffered solu-
tion (pH 6.0) at 95°C for 5 min and 40 min, re-
spectively, using a microwave oven generating 
600 W (H 2500, Energy Beam Science, Agawah, 
MA, USA). They were also examined with anti-
bodies against vimentin (V9, x100; Dakopatts, 
Tokyo, Japan), desmin (D33, x30; Dakopatts, 
Tokyo, Japan) alpha-smooth muscle actin (1A4, 
x200; Dakopatts, Tokyo, Japan), S-100 protein 
(polyclonal, x1000; Dakopatts, Tokyo, Japan), 
CD34 (HPCA-1, x10, Becton Dickinson, CA, 
USA), and c-kit (Polyclonal, x50, Dakopatts, To-
kyo, Japan), using the streptavidin-biotin im-
munoperoxidase method (Histofine SAB-PO kit, 
Nichirei, Tokyo, Japan). 
 
Chromosome analysis 
 
Chromosomes from the cell line were analyzed 
using GTG-banding and multi-color FISH (M-
FISH). Metaphase cells were harvested, and 
slides were prepared according to standard 
methods [9]. Briefly, actively dividing cells were 
blocked in metaphase with 0.1 mg/ml of Colce-
mid (Gibco) for 1 to 3 hours, incubated in 0.075 
M KCl hypotonic solution for 20 minutes, and 
fixed in methanol-glacial acetic acid (3:1). GTG- 
and Q-banding were performed using standard 
procedures [11].  Representative images were 
captured using an Olympus (Japan) DP-70 sys-
tem for GTG- and Q-banding, and the Mac Probe 
analysis system (Applied Imaging Corporation, 
USA) for FISH, M-FISH and CGH. Karyotypic 
analysis was performed in accordance with the 
International System for Human Cytogenetic 
Nomenclature, 2009 [12]. 
 
M-FISH study 
 
Commercially available probes (SpectraVysion 
assay; Abbot Molecular-Vysis, Des Plaines, IL, 
USA) were used for M-FISH, following the manu-
facturer’s protocols.  
 
CGH study 
 
Metaphase-CGH was performed according to a 
standard protocol [9], with minor modifications. 

Genomic DNA was isolated from tumor speci-
mens and peripheral blood lymphocytes from 
karyotypically normal male controls using stan-
dard techniques. Reference and tumor DNAs 
were labeled by nick translation with rhodamine
-dUTP (Amersham Pharmacia Biotech, USA) and 
fluorescein-12-dUTP (NEN Life Science Prod-
ucts, Boston, MA), respectively. The hybridiza-
tion mixture contained 200 ng of tumor DNA, 
200 ng of reference DNA, and 20 μg of Cot-1 
DNA (Roche Diagnostics Corporation, Indianapo-
lis, USA) in 8 μL of hybridization solution, H-
7782 (Sigma-Aldrich Co., St. Louis, USA). The 
probe mixture was hybridized to normal male 
metaphase spreads (46, XY) for 3 days at 37°C. 
The hybridized slides were then washed in post-
wash solution (50% formamide/2xSSC) for 20 
minutes at 43°C and washed twice in 2xSSC for 
4 minutes at 37°C and once in 1xPBD 
(4xSSC/0.05% Tween20) at room temperature. 
The slides were washed three times for 2 min-
utes in 1xPBD and then mounted with a Vec-
tashield (Vector Laboratories, Burlingame, CA, 
USA). 
 
CGH digital image analysis 
 
The CGH analysis was performed using an Olym-
pus BX-50 fluorescence microscope equipped 
with single band-pass filters for fluorescein, rho-
damine, and DAPI and with a cooled CCD cam-
era (KAF 1400, Photometrics, USA) and Mac 
Probe, version 3.4 analysis system (Applied Im-
aging Corporation, USA, Sekitechnotoron, Ja-
pan). Nine to ten metaphase spreads were com-
bined to obtain profiles of the mean ratio and 
standard deviation. Chromosomal regions 
where the green-to-red ratio exceeded 1.15 
were considered to be over-represented 
(gained), whereas regions where the ratio was 
below 0.85 were considered to be under-
represented (lost). If the mean green-to-red ratio 
exceeded 1.3 in a small segment of the chromo-
some arm, these regions were considered to 
represent high-level amplification. Telomeric 
and heterochromatic regions were excluded 
from the analysis. 
 
CMD, DOP-PCR and labeling 
 
Metaphase spreads for CMD and FISH were 
prepared on 24 x 60 mm coverslips and glass 
slides, respectively. For one medium size acro-
centric chromosome thought to contain a ho-
mogenously staining region (hsr), one meta-
phase spread were used to scrape the hsr using 
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a CMD technique [7, 11]. In brief, glass needles 
with about 1 to 2 μm diameter tips were pro-
duced from glass capillaries (GD-1, Narishige, 
Tokyo, Japan) using a PC-10 pipette puller 
(Narishige). Microdissection was then per-
formed under the guidance of an inverted mi-
croscope (Olympus, Tokyo, Japan) equipped 
with a mechanical micromanipulator, Eppendorf 
5171 (Hamburg, Germany). The scraped chro-
mosome fragments were placed into a 0.5 ml 
tube under a binocular microscope. DOP-PCR 
was used to amplify DNA of the scraped chro-
mosome segments in a thermal cycler (PTC-
100; MJ Research, MA.). The procedure was 
essentially the same as that reported by Chris-
tian et al. [13] with minor modifications. PCR 
was performed in a final volume of 10 μl con-
taining 1.0 μl Thermo Sequenase DNA poly-
merase (Amersham Biosciences Corp., NJ, USA), 
1.0 μl Thermo Sequenase reaction buffer, 200 
μM each of dATP, dCTP, dGTP, and dTTP and 4 
μM DOP primer (5’-CCG ACT CGA GNN NNN NAT 
GTG G-3’). Thirty μl of mineral oil were added to 
prevent evaporation. The thermal profile was 
95°C for 10 min, 6 cycles of 94°C for 1 min, 
30°C for 2 min, and a ramp of 0.1°C/s up to 
65°C for 3 min, 30 cycles of 94°C for 1 min, 
56°C for 1 min, and 72°C for 3 min, followed by 
a single 72°C for 5 min and held at 4°C until 
removed. Each sample was separated by elec-
trophoresis on a 1.5% agarose gel at 100V for 1 
hr to verify DNA recovery from the PCR. A hapten 
of biotin- or digoxigenin-labeled nucleotide was 
incorporated into the DNA segments by using a 
second-generation DOP-PCR with 2 μl of the first
-generation products as a template. The 50 μl 
labeling reaction for the second PCR contained 
20 U Thermo Sequenase DNA polymerase, 26 
mM Tris-HCl, pH 9.0, 6.5 mM MgCl2, 200 μM 
each of dATP, dCTP, dGTP, and dTTP and 40 μM 
biotin-16-dUTP (Roche Applied Science, Tokyo, 
Japan) or digoxigenin-11-dUTP (Roche Applied 
Science), and 4 mM DOP primer. The thermal 
profile was 95°C for 5 min, 25 cycles at 94°C for 
1 min, 56°C for 1 min, and 72°C for 3 min, fol-
lowed by 72°C for 5 min and held at 4°C until 
removed. The PCR-derived probe obtained by 
microdissection from the longest marker chro-
mosome was labeled with either digoxigenin or 
biotin. 
 
Reverse and forward FISH using CMD-
generated probes 
 
Chromosome microdissection and hybridization 
of the resulting PCR-generated FISH probe were 

performed using a modification of the methods 
described previously [11]. Briefly, a PCR-derived 
probe obtained by microdissection was digoxi-
genin-labeled and hybridized to metaphase 
chromosomes of HS-RMS-2 cells (reverse FISH) 
and PHA-stimulated normal peripheral blood 
lymphocytes (forward FISH). 
 
Dual or single color FISH analysis by cosmid 
and BAC probes combined with painting probes 
 
Combinations of JUN (1p31; cosmid; Cosmobio, 
Japan), chromosome 1 painting probes, MYC 
(8q24; Appligene; Oncor, France), chromosome 
8 painting, CCND1 (11q13; Kreatech, Diagnos-
tics, Netherlands), chromosome 11 centromere 
probes, CDK4 (11q13; Kreatech, Diagnostics, 
Netherlands), chromosome 11 centromere 
probes, INT2 (11q13.3; Appligene; Oncor, 
France), chromosome 11 painting probes 
(Appligene; Oncor, France), SAS (12q13-q14; 
Appligene; Oncor, France), MDM2 (12q14.3-
q15; Appligene; Oncor, France), chromosome 
12 painting, BCL2 (18q.21.3; Appligene; Oncor, 
France) and MALT break probe (18q21; consist-
ing of proximal region (345 kb) and distal region 
(680 kb): Kreatech, Diagnostics, Netherlands) 
were used for hybridization to metaphase 
spreads from the cell line to detect the distribu-
tion of oncogenes, specific chromosomal seg-
ments, and sites of amplification. Probes of P58 
(1p36; Appligene; Oncor, France) and TP53 
(17p13.1; Appligene; Oncor, France) were also 
tested to determine whether these genes were 
amplified or lost. FISH was performed according 
to the manufacturer’s protocol. Hybridization of 
the probes was performed at 37°C for 12-15 
hours, followed by post-hybridization washes 
and visualization of the probes under the guid-
ance of an epifluorescence microscope. 
 
Results 
 
Establishment of the cell line 
 
The cells began to proliferate 4 weeks after the 
initiation of the culture and were adapted to 
growth in D-MEM medium supplemented with 
10% FBS and antibiotics. The established cell 
line, designated HS-RMS-2, has been main-
tained in continuous culture by serial cell trans-
fer for more than 24 months. The cells were 
frozen under standard conditions using Bam-
banker (Lymphotec Inc., Japan), and can be 
revived successfully after storage in liquid nitro-
gen. The HS-RMS-2 line was predominantly 
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composed of tumor cells of medium-to-large 
size, with either a polygonal or spindle shape 
(Figure 1).  
 

Tumorigenicity 
 
Tumors of ~1 cm in diameter developed after 
two months in each nude mouse transplanted 
with HS-RMS-2 cells. The tumors were com-
posed of either spindle or polygonal cells similar 
to those observed in the primary tumor. 
 
Pathological study 
 
The cytoplasm of HS-RMS-2 cells was frequently 
positive for antibodies against vimentin, HHF35, 
desmin and alpha-sarcomeric actin. The nuclei 
were occasionally positive for MyoD1 and myo-
genin. The heterotransplanted nude mouse tu-
mor had almost identical features as those of 
the original tumor and compatible with pRMS. 
The tumor cells possessed many PAS-positive 
glycogen granules in the cytoplasm and were 
frequently positive for vimentin, HHF35, desmin 
and alpha-sarcomeric actin. The other antibod-
ies tested showed negative staining in HS-RMS-
2 cells. 
 

Cytogenetic findings 
 
Conventional cytogenetic analysis 
using GTG-banding revealed a 
highly complicated karyotype; 75-
81<3n>, -X[5], +der(3)t(3;?)(p22;?)
[3], -4[4], +5[3], -6[4], -7[3], -8[3], 
+9[2], -11x2[5], +12[3], -13[3], -
14[4], -15x3[5], -16[4], +17[3], -
18[4], der(18)t(18;?)(q23;?)[6], 
+20[3], +21[4], +22[3], 13-24mar
[cp6]. A representative G-banded 
karyotype [81<3n>, -Xx2, del(1)
(p22), -2, +der(3)t(3;?)(q21;?), -
4x2, -7x2, der(?)t(?;8)(?;q13), -10, 
-11x2, +12, -13x2, -16x2, +17, der
(18) t(18;?)(p11;?), +19, +24mar] 
is shown in Figure 2. M-FISH re-
vealed that the cell line was hyper-
triploid and contained multiple 
chromosomal aberrations (Figure 
3), with 11 different unbalanced-
translocated chromosomes, includ-
ing various marker chromosomes. 
Chromosome 1 was the most fre-
quently involved (6/11), followed 
by chromosome 18 (5 /11), and 
chromosome 8 (3/11). Others in-
cluded chromosomes 2 (1/11), 6 
(2/11), 15 (2/11), 16 (2/11), 19 
(1/11), and 20 (2/11).  

Figure 1. Morphology of the HS-RMS-2 cell line in 
culture, photographed with a phase contrast micro-
scope. The white bar indicates 200 μm. 

Figure 2. A representative G-banded karyotype of the HS-RMS-2 cell 
line. Note the presence of many marker chromosomes (mar). Small 
arrowheads indicate abnormal chromosomes. Large arrowheads 
show possible chromosomes with an hsr. 
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CGH 
 
Metaphase-CGH revealed eight high-level gains 
in HS-RMS-2 cells. A summary of the DNA se-
quence copy number aberrations detected in 
this cell line by CGH is shown in Table 1. An ex-
tremely high-level of gains were seen on chro-
mosome bands, 1p36.1-1p36.2, 1p31-p32, 
1q21-q31, 8q12-q21, 8q24-qter, 11q12-q14, 
12q13-14, and 18q12-q22 (Figure 4). In addi-
tion, lower level gains were also detected on 
7q32-q35 and 8q13-q21. On the other hand, 
losses were observed at 11 regions: 2q14-q24, 
4q13-q14, 5p14-p15, 8q12-q22, 11p12-p15, 
11q22-q25, 13q12-q13, 14q31-q32, 18q22-
q23, 19q13.2-q13.3 and Y. Altogether, the CGH 
analysis revealed 19 genomic imbalances in HS
-RMS-2 cells, including eight sites of high-level 
DNA amplification (Figure 5). 
 
CMD and forward & reverse FISH painting 
 
A probe derived by microdissecting whole acro-
centric long marker chromosome from HS-RMS-
2 cells was generated and hybridized to meta-
phase spreads from HS-RMS-2 (reverse paint-
ing) and normal lymphocytes (forward painting). 
Probe signals painted not only an original 
marker chromosome but also other marker 
chromosomes and normal chromosomes 1, 12 
and 18 (Figure 6a). FISH using a microdissec-
tion-derived probe on the normal chromosome 

Figure 3. A representative M-FISH karyogram of the HS-RMS-2 cell line. Arrows indicate chromosomes with aberra-
tions. 

Table 1. Gains and losses of the sequences in 
the HS-RMS-2 cell line by CGH. 
High-level gains Gains Losses 

1p36.1-p36.2, 
1p31-p32, 
1q21-q31, 
8q13-q21, 
8q24-qter, 
11q12-q14, 
12q13-q14, 
18q12-q22 

7q32-35 
  

2p14-p24, 4q13-
p14, 5p14-p15, 
8p12-p22, 11p12-
p15, 11q22-q25, 
13q12-q31, 14q31
-q32, 18q22-q23, 
19q13.2-q13.3 

 

Figure 4. A representative CGH image of HS-RMS-2. 
Green parts of the chromosomes show amplified 
regions of HS-RMS2 and red indicates lost regions. 
Arrowheads indicate both the locations (green sig-
nals) of putative amplified oncogenes and the peaks 
of highly-amplified regions.  
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revealed the chromosomes, 1p31-32, 12q14 
and 18q21, the native location of the DNA se-
quences contained in the CMD-derived probe 
(Figure 6b). 
 
FISH analysis by unique-gene and painting 
probes 
 
FISH was used to access amplification of candi-
date genes and to confirm the chromosomal 
rearrangements. A summary of FISH using sev-

eral commercially available probes is shown in 
Table 2. The unique-gene probes, P58 (1p36), 
JUN (1q31), MYC (8q24), CCDN1 (11q13), 
CDK4 (11q13), INT2 (11q13.3), SAS (12q13-
14), MDM2 (12q14.3-q15), MALT (18q21) and 
BCL2 (18q21.3), which reside near highly over-
represented regions in HS-RMS-2 cells, were 
used to reveal their distributions on the chromo-
somes. We also assessed the copy number of 
the critical tumor suppressor gene TP53 
(17p13.1). A large number of signals were ob-

Figure 5. An ideogram of DNA 
sequence copy number 
changes in HS-RMS-2 cell 
line detected by CGH. Gains 
are shown on the right side 
of the chromosome ideo-
grams and losses on the left. 
Bold lines show high-level 
gains. Arrowheads show 
peaks for  high-level gains.  

 

Figure 6. FISH image obtained 
using the probe generated by 
microdissection of an hsr of 
HS-RMS-2. a. A metaphase of 
HS-RMS-2. Note that green 
FISH signals are seen on large 
regions of some chromo-
somes, which are presumably 
hsrs. b. A metaphase spread 
from a normal lymphocyte. 
Long arrows (1p), short arrows 
(12q), and arrowheads (18q) 
show native locations of the 
DNA derived from the micro-
dissected amplification re-
gions. 
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served for JUN, MYC, CCND1, INT2, MDM2 and 
MALT, as predicted by the CGH analysis (Figure 
7). FISH signals with the MALT gene probe 
seemed to be amplified but not as highly as with 
the probes for the other five oncogenes. CDK4, 
SAS and BCL2 did not appear to be amplified 
based on the number and intensity of the FISH 
signals. Fluorescent signals of P58 were de-
tected on four to seven chromosomes (Figure 
8a). The FISH signals of TP53 did not show any 
losses and were seen on the normal chromo-
some 17s (Figure 8b). 

Discussion 
 
Pleomorphic rhabdomyosarcoma (pRMS) is an 
aggressive histological variant of rhabdomyosar-
coma, occurring predominantly in adults, usu-
ally older than 45 years of age, and represents 
only 2-5% of all adult soft tissue sarcomas. This 
tumor has a tendency to arise in large skeletal 
muscle of the extremities, mainly in the thigh. 
Like other pleomorphic sarcomas, pRMS gener-
ally has a poor prognosis because it has a highly 
aggressive nature and also a tendency to fre-
quently metastasize to various sites, such as 
the brain and the lung [14-16]. 
 
pRMS is the rarest of the three types of RMS, 
and only a few cytogenetic reports can be found 
in the literature [16, 17]. Though pRMS is not 
characterized by specific chromosomal translo-
cations, unlike the other two variants (aRMS 
and eRMS). Instead, they are generally hyper-
diploid with variable gains, rather than a spe-
cific translocation [18]. However, some recur-
rent abnormalities have been reported in pRMS, 
including rearrangements involving chromo-
somes 1, 2, and 11 [19]. HS-RMS-2 cells were 
hypertriploid and contained many numerical 
and structural abnormalities based on G-and Q-
banding analysis. M-FISH readily depicted the 

Table 2. FISH analysis by unique probes 
Probe Locus Amplification 
P58 1p36 - 
JUN 1p31 + 
MYC 8q24 + 
CCND1 11q13 + 
CDK4 11q13 - 
INT2 11q13.3 + 
SAS 12q13-q14 - 
MDM2 12q14.3-q15 + 
TP53 17p13.1 - 
MALT 18q21 + 
BCL2 18q21.3 - 

 

Figure 7. Gene amplification 
demonstrated by FISH using 
commercially available onco-
gene probes. a. JUN (1p31) 
(red) and chromosomes 1 
painting (green); b. MYC 
(8q24.12-13) (red) and chro-
mosome 8 painting (green); 
c. CCND1 (11q13) (red); d. 
INT2 (11q13.3) (red) and 
chromosome 11 painting 
(green). Arrowheads show 
the red FISH signals of the 
original location on green 
painted chromosomes 11 
and spotted red ones of 
INT2; e. MDM2 (12q14.3-
q15) (red) and chromosome 
12 painting (green); f. MALT 
(18q21) (reddish-white). The 
probe represents proximal 
(green; 345 kb) and distal 
(red; 680 kb) regions of the 
MALT gene. An arrow shows 
the marker chromosome with 
amplified signals. Arrow-
heads show a single copy 
gene on each chromosome. 
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precise chromosomes involved in various com-
plex rearrangements, including 11 different un-
balanced-translocated chromosomes, found in 
HS-RMS-2 cells. Many of the unbalanced trans-
locations contained segments of chromosomes 
1 and 8. 
 
Tumor specific chromosomal abnormalities 
have been reported in a number of sarcomas, 
including t(11;22) in Ewing’s sarcoma and pe-
ripheral primitive neuroectodermal tumor, t
(12;16) in myxoid liposarcoma, and t(12;22) in 
clear cell sarcoma [17, 19-21]. These specific 
translocations are thought to be critically impor-
tant in the pathogenesis of these tumors and 
result in the formation of fusion genes, such as 
EWS/ATF1 in clear cell sarcoma [17, 22]. In 
particular, the alveolar type of RMS frequently 
harbors a t(2;13), or t(1;13), thus resulting in 
the formation of a fusion gene, PAX3-FKHR or 
PAX7-FKHR [23, 24]. On the other hand, eRMS 
exhibit loss of heterozygosity at 11p15.5, and 
the loss of a putative tumor suppressor gene 
located at this location has been proposed to 
have a causal role in eRMS [23, 25]. Interest-
ingly, loss of this region was also observed in 
the HS-RMS-2 cell line based on the CGH analy-
sis. Not only pRMS but also other pleomorphic 
sarcomas usually exhibit complex karyotypes 
with no specific pattern [14]. Further studies 
and the accumulation of similar cases will be 
required to determine whether there are spe-
cific translocations or genes pathognomonic for 
pRMS. 

The CGH study showed numerous DNA gains 
and losses in this cell line. Gains of chromo-
somes 1, 8 and 18, and losses of chromosomes 
2, 5, 11, 13, 14, 18 and 19 were consistent 
with the data of Li et al. [18]. Remarkably, eight 
high-level amplifications were detected at three 
regions on chromosomes 1, two regions on 
chromosome 8, and one region each on chro-
mosomes 11, 12 and 18. Generally, oncogene 
amplification is a major genomic force contribut-
ing to the development of human cancers, in-
cluding RMS [17, 26, 27]. Amplified oncogenes 
located at regions of high-level copy number 
gains may be related to pathogenesis of this 
tumor. The co-existence of high-level gains of 8 
different chromosomal regions in one tumor cell 
is notable. These high-level gains are associated 
with the amplification of multiple oncogenes, 
including JUN (1p31), MYC (8q24), CCND1 
(11q13), INT2 (11q13.3) and MDM2 (12q14.3-
q15), each of which is commonly amplified in 
various types of solid tumors [17, 21, 28-32]. 
The amplified oncogenes observed in the HS-
RMS-2 cell line may contribute to the patho-
genesis of pRMS and will be explored in future 
work. The co-amplification of multiple onco-
genes, and the wide distribution of the amplified 
genes within the genome of the HS-RMS-2 cells 
suggest that multiple oncogenes may cooperate 
oncogenically in these cells. 
 
The identification of amplified sequences of 
DNA using CMD-generated probe is a useful 
approach for detecting amplified oncogenes [9, 

Figure 8. FISH images of P58 and TP53 genes. a. P58 (1p36). Arrowheads show several FISH signals on chromo-
somes 1 and its derivatives. b. TP53 (17p13.1). Arrowheads show FISH signals on four chromosomes 17. 
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11]. The CMD probe used here was generated 
from one acro-centric long marker chromosome 
from a HS-RMS-2 cell. The CMD-generated 
probe hybridized to large segments in several 
marker chromosomes containing putative hsrs, 
while the hybridization to metaphase spreads 
from lymphocytes provided information regard-
ing the native location of the DNA present in the 
hsr. The oncogenes that contributed the hsr 
formation were revealed by dual-color FISH us-
ing cosmid and BAC probes. FISH using the 
CMD probe suggested that there are at least 
three oncogenes located in the hsr. In addition, 
FISH experiments using commercially available 
probes, demonstrated that six oncogenes 
tested (JUN, MYC, INT2, CCND1, MDM2 and 
MALT), are amplified in HS-RMS-2 cells. JUN 
and CCND1 have been implicated in the growth 
of RMS [33, 34]. Inhibition of MYC decreases 
RMS tumorigenicity and rescues myogenic dif-
ferentiation [35]. MYC is involved in several bio-
logical processes such as cell proliferation, dif-
ferentiation, and apoptosis, and MYC deregula-
tion is observed in a large number of human 
tumors [36]. INT2 encodes a protein belonging 
to the fibroblast growth factor family, which is 
thought to be involved in the pathogenesis of 
some sarcomas [17]. In addition, amplification 
of 12q13-q14 has been reported in aRMS and 
has been associated with local tumor invasion 
[26]. Taken together, these findings suggest 
that the highly amplified genes detected in our 
cell line may have some related function, such 
as perturbing signal transduction related to cell 
growth and differentiation. Tumor subtypes may 
also be distinguished by their propensity for 
amplifying oncogenes, thus suggesting that the 
particular types of genomic instability present in 
a tumor are important determinants of how ex-
pression of an oncogene might be altered. 
Moreover, tumors with gene amplifications are 
often associated with poor prognosis [26]. Co-
amplification of INT2 and CCND1, each located 
in 11q13, are frequently observed in sarcomas. 
MALT gene amplification, on the other hand, 
has been reported MALT lymphoma [37]. Ampli-
fication of MDM2 is important because it results 
in degradation of p53 [38].  Oncogenes located 
at the three remaining amplified regions re-
vealed by CGH, i.e., 1p36.1-p36.2, 1q21-q31, 
and 8q13-q21, remain to be elucidated. 
 
The previously established HS-RMS-1 cell line 
did not appear to have any hsrs, and CGH did 
not detect any gene amplification. According to 

our clinical reports of HS-RMS-1 and HS-RMS-2 
derived patients, the former patient (HS-RMS-1) 
deceased at about 2.5 years after surgery, how-
ever, latter (HS-RMS-2) died at about 6 months. 
This implies that the tumor from which the HS-
RMS-2 line with several hsrs was derived from a 
more aggressive or more undifferentiated tumor 
than the one that gave rise to the HS-RMS-1 cell 
line. Further study of the HS-RMS-2 cell line may 
provide insights into the mechanisms leading to 
genomic instability, hsr formation, and co-
amplification of oncogenes in relation to pRMS. 
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