Jpn. J. Cancer Res89, 525-532, May 1998

Characterization of a New Human Embryonal Rhabdomyosarcoma Cell Line,
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A human tumor cell line designated RMS-GR was established from an embryonal rhabdomyosar-
coma. The monolayer cells were polygonal, round or spindle-shaped. The RMS-GR cell line
became stable with a doubling time of 42 h. Tumorigenicity of the cells was confirmed by hetero-
transplantion into nude mice. Electron microscopic images showed typical cytoplasmic inclusion of
aggregated intermediate filaments and myofibril-like thin filaments. The expression of desmin,
vimentin, actin and human myoglobin was recognized by cytofluorometric analyses, and a large
fraction of CK-MM and small fractions of CK-BB and MCK-1 isoenzymes were found. Chromo-
somal analysis showed that the modal chromosome number was consistently near triploid with
structural abnormalities mostly involving chromosomes 1, 3 and 8, and additional unidentified
markers. No alteration of chromosome 2 was observed. The RMS-GR cell line may provide a sys-
tem to identify genes which are involved in the pathogenic mechanism of rhabdomyosarcomas,
and to investigate the modulation of myogenic differentiation.
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Rhabdomyosarcoma is the most common soft tissueific marker for rhabdomyosarcorfaHowever, skeletal
sarcoma in children, representing 4 to 8% of all pediatricmuscle actin is also a reliable marker in the differential
malignant tumor$. Although histologically three varieties diagnosis of rhabdomyosarcomas, even in desmin-nega-
are distinguishable: embryonic (including botryoid), alve- tive tumors? Furthermore, a combination of immunohis-
olar and pleomorphic, these tumors have also been clasgiechemical staining using antimyoglobin and anti-CK
fied on the basis of their degree of differentiafih. mAbs is a useful marker in the diagnosis of childhood
Rhabdomyosarcomas are tumors of the skeletal musclthabdomyosarcomds® CK exists in three forms (isoen-
that rarely demonstrate conclusive evidence of myogenizymes): CK-BB, CK-MB, and CK-MM:19 |soform CK-
differentiation characteristic of mature myotubetn fact, BB is found mainly in the brain, prostate, intestine, lung,
most rhabdomyosarcomas are poorly differentiated andbladder, uterus, placenta and thyroid; CK-MB is present
hence very difficult to diagnose. The diagnosis of thisin cardiac muscle, and CK-MM has been found mainly in
type of tumor involves the use of electron microscopy,skeletal and cardiac muscle. Fernaneéezal'® reported
conventional histopathology, and currently immunohis-different patterns of CK-BB, -MM and -MB expression in
tochemical techniques. rhabdomyosarcoma cells.

Desmin is the intermediate filament protein most fre- The pathogenesis of rhabdomyosarcoma is unknown,
guently used as a marker of muscle cell differentiationbut some chromosomal alterations have been implicated
because its expression is very weak in myoblasts, anith the development of this tumBt. Several investigators
increases in multinuclear myotubes resulting from thefound a specific translocation t(2;13), with the breakpoint
fusion of myoblast®. This protein has been used as a spe-close to the Rb-1 locus in some rhabdomyosarcdfhas.
Furthermore, frequent alterations of chromosome 3p14-21
were found in rhabdomyosarcomas by Trenal'¥
6 Abbreviations: CK, creatine kinase; mAb, antibody; FBS, fetal We report the establishment an_d characterization of a
bovine serum; PBS, phosphate-buffered saline; FACScan, ﬂuohuman rhabdomyosarcoma cell line, named RMS-GR,

rescence-activated cell sorting; FITC, fluorescein isothiocyanate\,"/hiCh prov?des anin \{itro system for the study of the
APAAP, alkaline phosphatase anti-alkaline phosphatase; PARpathogenetic mechanism of rhabdomyosarcoma and the
peroxidase-antiperoxidase. modulation of myogenic differentiation.
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MATERIALS AND METHODS buffer (pH 7.4) for 1 h at room temperature. The mono-
layer was postfixed with 1% osmium tetroxide in QA1
Casereport The cell line RMS-GR was established from cacodylate bifer for 1 h at room temperature, dehydrated
an embryonal rhabdomyosarcoma tumor biopsied in a 79n ethanol and then detached from the culture vessel by
year-dd man. The patient developed agka soft issue  rapid treatment in propgne oxide and embeddedEpon
mass in the urogéal tract The reseted specimen was 812. After pdymeiization, the fastic was removed and
histopathologically classified as embryonal rhabdomyosarultrathin sections we cut parallel and perpendicular to
coma. The patient was treated with chemotherapy (doxothe surface of the flask. The ultrathin sections were
rubicin, vincristine, cyclophosphamide and dactinomycin)stained with uranyl acetate-lead citrate and examined in
after incomplete resection of the primary tumdhe a Hitachi H 7000 transmission electron microscope
patient had repeated relapsasd died 8 monthdater (Hitachi, Ltd., Tokyo).
despte mulichemdherayy. Preparation of cells for FACScan Briefly, 1¢° cells
Cytochemical and immunohistochemical staining were transferred to universal screw cap tubes containing
Tumor tissue obtained from the primary lesion wassterile PBS, then washed and centrifuged atg2% 5
stained with hematoxylin-eosin. Immunocytochemical min, discarding the supernatant. The washing and centrif-
staining was performed with a standard®AAP tech-  ugation steps were repeated once or twice. The cells were
nique™® using primary mAbs (Sigma, St. Louis, MO) anti- permeallized with methanol for 10 min, then washed
vimentin (1:50), (clone VIM-13.2), anti-desmin (1:100) three times in PBS and once in distilled waiEhe cells
(clone DE-U-10), anti-myoglobin (1:200) (clone M61) were incubated for 30 min at 4°C with the appropriate
and anti-pan-cytokeratin (1:100) (clone 1€y, and the mAbs. The cells were then washed twice in cold PBS and
PAP method'® was used for immunocytochemical staining reincubated with FITC-conjugated antimouse IgG (1:50)
with mAb antia-sarcomeric actin (1:100) (clone 5C5) for FACScan analysisBecton Dickinson, MountaiWiew,
(Sigma). Incubation omitting the primary mAb was usedCA). The following mAbs (Sigma) were used: anti-
as a control. desmin (dilution 1:100), anti-vimentifdilution 1:100),
Establishment of the RMS-GR cell line The intraopera- anti-human myolgbin (1:200), ati-o-sarcomeric actin
tive biopsy specimen of embryonal rhabdomyosarcomg1:200) and anti-cytokeratin (1:100).
was washed in fresh medium and minced into small fragElectrophoretic analysis of CK isoenzymesA kit spe-
ments abouPx2x2 mm in size. The culture medium used cifically designed for CK isoenzymes (Paragon Electro-
was Dulbeccs modified Eagles medium (Gibco, Grand phoretic System, Beckman, Brea, CA) was used according
Island, NY) supplemented with 10% FBS (Gibco),r2®l to the manufacturés instructions (Beckman Instructions
L-glutamine, 3.5 mgd sodium bicarbonate, 4.5 g/liter 015-556461-L), and the results were evaluated visually
glucose, 250 U/ml ampicillin and 2@g/ml streptomycin.  under an ultraviolet light source, or scanned with a suitable
Cells were maintained at 37°C in an atmosphere containfluorescence densitometer (Appraise, Beckman).
ing 5% CQ. Confluently cultured cells were passaged by Chromosome analysisRMS-GR cells in the logarithmic
treatment with 0.25% trypsin in PBS. The RMS-GR cellsgrowth phase were incubated with colchicine (Colcemid,
in medium containing 10% FBS and 10% dimethyl sulf- Gibco) at a final concentration of 0.01&/ml of medium
oxide were sampled at intervals and stored in liquid nitro-2 h before harvesting with trypsin. The cells were treated
gen. with 0.05M potassium chloride for 20 min at room tem-
Determination of cell growth and tumorigenicity perature and fixed with methanol:acetic acid (3:1). The
assay To determine cell growth,XA( cells were seeded chromosome preparations were aged in an incubator at
onto 35-mm culture dishes and the average number d0°C for 12 to 18 h and then incubated for 15 min at
cells in triplicate dishes was counted at intervals. Cells7/5°C. Preparations were stained by using a modification
were harvested by trypsinization and counted in a modebf the trypsn-Giemsa baridg method® and G-banded
ZBl Coulter Counte The doubling time was obtained metaphases were photographed and analyzed.
from the growth curve of the RMS-GR cell line by deter-
mining the time necessary for the cell population in theresuLTs
logarithmic phase to double. RMS-GR celtx1(f) were
injected subcutaneously into BALB/c nude mice to assayPrimary tumor Light microscopic analysis showed that
tumorigeniciy. The mice were observed for 6 weeks tothe primary tumor was composed of dfue growth of
follow the development of the tumor mass. round or polygonal cells with sparse cytoplasm. The cells
Morphologic study Cultured RMS-GR cells were exam- had an eccentrically located nucleus with one or more
ined by inverted light microscopy and meeprocessed for prominent nucleoli. Mitotic figures were frequently
electron microscopic styd The cells were fixedn situ observed. Immunohistochemiaall the pimary tumor
with 2.5% glutaraldehyde in 0.M sodum cacodylte showed intense positive staining for vimentin (Fig. 1A),
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positive staining fora-sarcomeric actin and myoglobin
(Fig. 1B), and only focal staining for desmin (Fig. 1C).
Cytokeratin protein was negative (not shown). The
resected specimen was classified as an embryonal rhab-
domyosarcoma.

In vitro morphology and growth of the RMS-GR cell

line The RMS-GR cell line was established from a pri-
mary tumor as described in “Materials and Methods.”
Light microscopic observations showed that most cells
were attached to the bottom of the flasks and grew as
irregular monolayers, forming confluent aggregates.
Although several types of cells were seen, small spindle-
shaped and rounded or polygonal cells predominated.
Both types were characterized by a single nucleus, sparse
cytoplasm, and considerable mitotic activity. Occasional
elongated cells with longitudinal polarity were also
present (Fig. 2A). Relatively few cells contained more
than one nucleus, and there was no evidence of cellular
fusion or the formation of multinucleated cells.

In electron microscopic images, the RMS-GR line was
characterized by large, irregular nuclei (Fig. 2B). The
cytoplasm contained few lipid structures and moderate
amounts of rough endoplasmic reticulum and polyribo-
somes, with a few elongated mitochondria. Typical cyto-
plasmic inclusions of aggregated intermediate filaments
were seen near the nucleus (Fig. 2C). Myofibril-like thin
filaments were found in RMS-GR, but not dense Z-band
like material (Fig. 2D). Cultures of the cells at 10th and
50th passage showed similarvitro morphology without
significant changes.

Under standard culture conditions, cells grew exponen- )
tially and reached saturation density, as shown in Fig. 2A. [ "'!', e W 9
The growth rate became stable at the 10th passage. The | = 3 r a0
doubling time was about 42 h at the 10th and 50th pas- @_}! ;r". .-,.f. (% 1
sages. Cultured cells at the 10th and 50th passages were . . - . )

. . - L . 0. 1. Immunohistochemical staining of primary tumor sec
transplanted into nude mice as described in Iv""‘ter'alﬁions. Intense staining with monoclonal antibody against vimen-
and Methods.” RMS-GR cells produced an early tumoriin (APAAP) (A), positive staining with monoclonal antibody
nodule (5 mm in diameter) on the 10th day. This tumoragainst a-sarcomeric actin (APAAP) (B), and weak staining
grew rapidly, reaching 3 cm in diameter about 25 dayswith monoclonal antibody against desmin (PAP) (C) (original
after inoculation (Fig. 3). Morphological study of the sub- magnificationx250).
cutaneous tumor showed it to be similar in appearance to
the primary tumor removed from the patient (not shown).

FACScan analysis of protein expressionFlow cytomet-

ric analyses of the RMS-GR cell line at the 10th passagéo CK-MB and MCK-1 represented 11.1% and 9.5%
showed that 56.6% of the cells were positive for vimentin,respectively of the total CK content (Table 1). Similar
whereas only 28.9% of the cells were positive for desminresults were found at the 50th passage.

Myoglobin and a-sarcomeric actin were expressed on Cytogenetic analysis Thirty metaphases were photo-
51% and 41% of the RMS-GR cells, respectively. How-graphed and karyotyped. The modal chromosome number
ever, these cells were negative for cytokeratin (Table I)was consistently near triploid, with structural abnormali-
No significant changes were found in the RMS-GR cellties mostly involving chromosomes 1, 3 and 8, and addi-
line at the 50th passage. tional unidentified markers. A representative karyotype is
Creatine kinase isoenzyme analysidine RMS-GR pro- shown in Fig. 4. The most interesting finding was the
duced a large fraction of CK-MM (64.5%) and a small presence of a rearrangement involving the short arm of
fraction of CK-BB (14.9%). The fractions corresponding chromosome 8 as a common abnormality. We tentatively
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Fig. 2. Morphology of RMS-GR cells. Phase contrast microscopy of small spindle-shaped mononuclear cells under standard growth
conditions. Typically shaped cells of the RMS-GR cell line formed nuclei, and grew in a monolayer (original magniicjo(A).
Transmission electron micrograph of a polygonal cell with a large nucleus and sparse cytoplasm (original mage@d2aio(B),

showig intermediate filaments in the cytoplasm (original magnificak48000) (C) and parallel myofilaments (original magnification

x31500) (D).

Table 1. Analysis of Protein Expression (BBACScan) and CK
Isoenzymes (by Electrophoresis) in the RMS-GR Cell Line

Proteins (%) CK iscenzymes (%)
Vimentin 566+3.5 CK-MM 645+4.4
Desmin 289+2.6 CK-BB 149+3.8
o-Sarcomeric  410+3.8 CK-MB 111455

actin
Myoglobin 510+1.9 MCK-1 9.5+4.3
Cytokeratin 40+2.1

All data are nears= SEM of four separate experiments.
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located the breakpat of this rearrangeménin 8p23,
though the origin of the extra material could not be deter-
mined. Structural aberrations involving chromosome 1
were also found. One or two copies of a derivative
del(1)(p13)were present. In addition, deletion of the short
arm of chromosome 3 at pl13 was observed. An imbal-
anced translocation probably idving the short arm of
chromosome 19 and the long arm of chromosome 3 at
g11 was also observed. Monosomies of chromosomes 4,
14 and 18 represented random losses. The karyotype
formula was 59,X,1,+der(1)t(1;?)(q31;?3del(1)(p13),
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the spontaneous d¢efuson observedin the Ine estab-
lished by Petkovet al,?® and in contrast with rhabdomy-
osarcoma cell line TS-RM-), ultrastru¢ural andysis of
RMS-GR cells showed few lipid droplets and glycogen
accumulations, features considered by Enzinger and
Weis® as signs of dferentiation. Howeve aggregated
intermediate filaments near the nucleus and myofibril-like
thin filaments were found, as in other rhabdomyosarcoma
cell lines derived from adults.

Because desmin and vimentin display opposite patterns
of expression during developmeint cells of myogenic
lineaged these proteins have been used as classical mark-
ers of dfferentiation in rhabdomyosarcoma céll$d We
recently showed that vimentin and desmin expression was
modified in rhabdomyosarcoménés RD, A-673 and A-
204 induced with dferentiating agets, although the pat-
tern of desmin and vimentin expression in these lines
indicated a low degree of fégrentiation?” In our RMS-

GR cell line the expression of these intermediate filament
proteins, together with myoglab anda-sarcomeric actin
expression, strongly suggested a moderate degree of myo-
Fig. 3. Tumorigenicity in nude mice. Nude mice 30 days after 9€rnic dfferertiation. ,
subcutaneous injection ok20° RMS-GR cells. These results are supported by the results of analysis of
CK isoenzymes. Throughout normal myogenesis, CK-
MM and CK-MB isoenzymes increase stegddisplacing
the CK-BB fraction more typical of embryonic tissi@és.
According to Tsokos et al,?® the presence of CK-BB
+del(3)(p13)+der(3)t(3;19)(A1;q11),+der(8)t(8;?)(p23;?),  together with myosin, myoglobin and/or CK-MM markers
+M. Unfortunatey, it was not possible to perform chro- in a tumor is strongly suggestive of rhabdomyosarcoma.

mosomal analyses of the primary tumo The CK-MM isoenzyme is a useful marker for distin-
guishing poorly or modetaly differentiated rhabdomyo-
DISCUSSION sarcoma from other types of small round cell tumors in

children® Line RMS-GR showed a small fraction of CK-
Rhabdomyosarcomas are highly malignant tumors oBB and a lage fraction of CK-MM.We recently proposed

the skeletal muscle which usually show little or no mor-that the pattern of CK isoenzymes is a good marker of the
phological evidence of myogenic fidirentiation. How- degree of dferentiation in rhabdomyosarcomas, and
eve, the mechanism by which the capacity tfetentiate  found that undferentiated rhabdomyosarcoma cells
is inhibited is unknown. Although cell lines derived from showed a CK isoenzymatic pattern characterized by high
these malignant tumorsvould be useful experimental CK-BB expression. The addition of afféirentiating agent
models for biological investigation, only a few rhabdomy- such as dimethyl sulfoxide to the culture medium pro-
osarcoma cell lines have been estdidid, and most of duced a variable increase in CK-MM and/or CK-MB
them were obtained from childhood tumors, in whichisoenzymes in these tumors célisThe enzymatic pattern
anatomopathologitaand immunotstochencal andyses  of the RMS-GR cell line suggested a moderate degree of
showed a low degree of fthrentation 2" However, myogenic diferentiation in contrast with other rhabdomy-
some of these lines may be induced tffedéntiate with  osarcoma cell lines, such as TE.32.7, RD and A204

pharmacological or biological agerts? and the cell line established by Ganét al,*” in which
We established a new human rhabdomyosarcoma celLK-MM isoenzyme expressn was lov.
line from a primary tumio Analyses of this cell line, Chromosomal analysis of rhabdomyosarcoma tumors

named RMSSR, indicated that, although several types of revealed dferences between alveolar and embryonal sub-
cells were seen, small spindle-shaped and rounded dypes!?® A frequent nonrandom reciprocal translocation
polygonal cells predominated. Similar findings were between chromosome 2935 and chromosome 1314 iden-
obtained in other rhabdomyosarcoma cell [hé&s® tifed in alveolar rhabdomyosarcofAds associated with a
which shaved no morphological features offfdrentia-  rearrangement of thBAX-3 gene, which encodes a paired
tion under a light microscope. Our cell line did not showbox transcription facto™® This specific translocation has
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Fig. 4. A representative karyotype of RMS-GR cells: 59,X¥der(1)t(1;?)(q31;?)ydel(1)(p13)+del(3)(p13)+der(3)t(3;19)(p11;q11),
+der(8)t(8;?)(p23;?}M.

also been found in the NSR-1 line, a new human rhabgenic differentiation of neoplastic and normal muscle

domyosarcoma cell line established by Ogateal” cells. This new cell line, in contrast with most other rhab-

However, this translocation is not present in embryonaldomyosarcoma cell lines, was obtained from an adult

rhabdomyosarconta.® This abnormality was not found tumor, and shows a moderate rather than a low degree of

in RMS-GR cells. The most interesting cytogenetic fea-myogenic differentiation. Further research is in progress

tures of our cell line were structural abnormalities involv- to identify the genes that may be involved in the morpho-

ing chromosomes 1, 3 and 8, and additional unidentifiedogical, biochemical and cytogenetic alterations observed

markers. Monosomies of chromosomes 4, 14 and 18 weri this cell line.

random losses, and no alteration in chromosome 2 was

observed. Although no specific chromosomal alterationackNOWLEDGMENTS

has been found in embryonal rhabdomyosarcoma, an

abnormality in chromosome 1 is apparently a frequent This study was supported by the Fondo de Investigaciones

finding in childhood malignancie®. Similar results have Sanitarias de la Seguridad Social (FIS) through Project no. 95/

been found in the cell line established by Magreiral®” 0974. We thank Karen Shashok for improving the English style
In conclusion, we have established a new rhabdomyoof the manuscript.

sarcoma cell line, termed RMS-GR, which may provide

an experimental system to study the pathogenic mechdReceived November 19, 1997/Revised February 23, 1998/

nism of rhabdomyosarcomas and to investigate the myoAccepted March 9, 1998)

530



REFERENCES

1

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

Enzinger, F. M. and Weiss, S. M. “Soft Tissue Tumors,”

pp. 539-577 (1995). C.V. Mosby, St. Louis, MO.

Tsokos, M., Webber, B. L. and Parham, D.M. Rhabdomy-
osarcoma: a new classification scheme related to prognosi<.6)
Arch. Pathol. Lah.116, 847—-855 (1992).

Newton, W. A., Gehan, E. A., Webber, B. L., Marsden, H. 17)
B., Van Unnik, A. J., Hamoudi, A. B., Tsokos, M. G.,
Shimada, H., Harms, D. and Schmidt, D. Classification of
rhabdomyosarcoma and related sarcomaSancer 76,
1073-1085 (1995).

Tsokos, M. The diagnosis and classification of childhood
rhabdomyosarcoma. Semin. Diagn. Pathql.11, 26-38
(1994).

Farrell, F. X., Sax, C. M., Garzon, R. J. and Zehner, Z. E.
Regulation of vimentin expression during myogenelsis.
“Cellular and Molecular Biology of Muscle Development,” 19)
ed. L. H. Kedes and F. E. Stockdale, pp. 777-788 (1989).
Alan R. Liss, New York.

Skalli, O., Gabbiani, G., Babai, F., Seemayer, T. A,
Pizzolato, G. and Schurch, W. Intermediate filament pro-20)
teins and actin isoforms as markers for soft tissue tumor
differentiation and origin. Am. J. Pathol. 130, 515-531
(1988).

Schmidt, R. A., Cone, R., Haas, J. E. and Grown, A. M.
Diagnosis of rhabdomyosarcomas with HHF35, a mono-21)
clonal antibody directed against muscle actindm. J.
Pathol, 131, 19-28 (1988).

Kahn, H. J., Yeger, H., Kassin, O., Jorgensen, A. O.,
MacLennan, D., Baumal, R., Smith, C. R. and Phillips, M. 22)
J. Immunohistochemical and electron microscopic assess-
ment of childhood rhabdomyosarcom@&ancer 51, 1897—

1903 (1983).

Apple, F. S. and Billadello, J. S. Expression of creatine23)
kinase M and B mRNAs in treadmill trained rat skeletal
muscle. Life Sci, 55, 558-592 (1994).

Moss, D. W., Whitaker, K. B. and Munro, A. J. Creatine
kinase MB isoenzyme in rhabdomyosarcon@in. Chem,

35, 896-897 (1989). 24)
Fernandez, J. E., Rodriguez, F., Recio, M. A., Vélez, C.,
Aranega, A. E., Alvarez, L. and Aranega, A. Detection of
creatine kinase isoenzymes as tumoral markers of rhab-
domyosarcomaEnzyme46, 245-248 (1992).

Sreekantaiah, C., Ladanyi, M., Rodriguez, E. and Chaganti25)
R. S. K. Chromosomal aberrations in soft tissue tumours.
Relevance to diagnosis, classification and molecular mech-
anisms. Am. J. Patho|.144, 1121-1134 (1994).

Parham, D. M., Shapiro, D. N., Downing, J. R., Webber, B.

L. and Douglass, E. C. Solid alveolar rhabdomyosarco-26)
mas with the t(2;13). Am. J. Surg. Pathql18, 474-478
(1994).

Trent, J., Casper, J., Meltzer, P., Thomson, F. and Fogh, J.
Nonrandom chromosome alterations in rhabdomyosarcoma27)
Cancer Genet. Cytogenet6, 189-192 (1985).

Fernandez, J. E., Concha, A., Aranega, A., Ruiz-Cabello,

18)

RMS-GR Rhabdomyosarcoma Cell Line

F., Cabrera, T. and Garrido, F. HLA Class | and Il expres-
sion in rhabdomyosarcomdmmunobiology 182 440-448
(1991).

Seabright, M. A rapid banding technique for human chro-
mosomes.Lancet ii, 971 (1971).

Garvin, A. J., Stanley, W. S., Bennet, D. D., Sullivan, J. L.
and Sens, D. A. Thim vitro growth, heterotransplantation,
and differentiation of a human rhabdomyosarcoma cell line.
Am. J. Patho|.125 208-217 (1986).

Hayashi, Y., Sugimoto, T., Horii, Y., Hosoi, H., Inazawa,
J., Kemshead, J. T., Inaba, T., Hanada, R., Yamamoto, K.
and Gown, A. M. Characterization of an embryonal rhab-
domyosarcoma cell line showing amplification and over-
expression of theN-myc oncogene. Int. J. Cancer 45,
705-711 (1990).

Kubo, K., Naoe, T., Utsumi, K. R., Ishiguro, Y., Ueda, K.,
Shiku, H. and Yamada, K. Cytogenetic and cellular char-
acteristics of a human embryonal rhabdomyosarcoma cell
line, RMS-YM. Br. J. Cancer63, 879-884 (1991).

Karnes, P. S., Tran, T. N., Cui, M. Y., Bogenmann, E.,
Shimada, F., Shimada, H. and Ying, K. L. Establishment
of a rhabdoid tumor cell line with a specific chromosomal
abnormality, 46, XY, f/11;22/(p15,5;q11.23). Cancer
Genet. Cytogenets6, 31-38 (1991).

Kanako, S., Kanako, M. and Ohkawa, H. Establishment
and characterization of a childhood embryonal rhabdomyo-
sarcoma cell line with nonrandom chromosome alter-
ations. Human Cell 8, 35-41 (1995).

Aguanno, S., Bouche, M., Sergio, A. and Molinaro, M. 12-
O-Tetradecanoylphorbol-13-acetate-induced differentiation
of a human rhabdomyosarcoma cell lin€ancer Res.50,
3377-3382 (1990).

Prados, J., Melguizo, C., Fernandez, J. E., Aranega, A. E.,
Alvarez, L. and Aranega, A. Actin, tropomyosin and
actinin as markers of differentation in human rhabdomyo-
sarcoma cell lines induced with dimethyl sulfoxid€ell.

Mol. Biol., 39, 525-536 (1993).

Ramp, U., Gerharz, C. D., Engers, R., Marx, N. and
Gabbert, H.E. Differentiation induction in the human rhab-
domyosarcoma cell line Te-671-A. Morphological, bio-
chemical and molecular analysisAnticancer Res. 15,
181-188 (1995).

Shapiro, D. N., Houghton, P. J., Hazelton, B. J., Germain,
G. S., Murti, K. G., Rahman, A. and Houghton, J. A. Mor-
phological and molecular characterization of spontaneous
myogenic differentiation in a human rhabdomyosarcoma
cell line. Cancer Res50, 6002—-6009 (1990).

Petkovi, C. I., Dominis, M., Nakic, M. and Cepulic, M.
Embryonal rhabdomyosarcoma with 92, XX¥dmin and
evidence of spontaneous cell fusio@ancer Genet. Cyto-
genet, 76, 125-128 (1994).

Melguizo, C., Prados, J., Velez, C., Aranega, A. E.,
Alvarez, L. and Aranega, A. Influence of dimethyl sulfox-
ide on intermediate filament proteins in human rhabdomyo-

531


8625211&form=6&db=m&Dopt=b     
8625211&form=6&db=m&Dopt=b     
8202644&form=6&db=m&Dopt=b     
8202644&form=6&db=m&Dopt=b     
3279794&form=6&db=m&Dopt=b     
3354641&form=6&db=m&Dopt=b     
3354641&form=6&db=m&Dopt=b     
3354641&form=6&db=m&Dopt=b     
6131739&form=6&db=m&Dopt=b     
6131739&form=6&db=m&Dopt=b     
6131739&form=6&db=m&Dopt=b     
2720994&form=6&db=m&Dopt=b     
2720994&form=6&db=m&Dopt=b     
1292934&form=6&db=m&Dopt=b     
1292934&form=6&db=m&Dopt=b     
1292934&form=6&db=m&Dopt=b     
8203453&form=6&db=m&Dopt=b     
8203453&form=6&db=m&Dopt=b     
8203453&form=6&db=m&Dopt=b     
8172322&form=6&db=m&Dopt=b     
8172322&form=6&db=m&Dopt=b     
3978590&form=6&db=m&Dopt=b     
3978590&form=6&db=m&Dopt=b     
1916885&form=6&db=m&Dopt=b     
1916885&form=6&db=m&Dopt=b     
1916885&form=6&db=m&Dopt=b     
4107917&form=6&db=m&Dopt=b     
4107917&form=6&db=m&Dopt=b     
3777136&form=6&db=m&Dopt=b     
3777136&form=6&db=m&Dopt=b     
2323848&form=6&db=m&Dopt=b     
2323848&form=6&db=m&Dopt=b     
2323848&form=6&db=m&Dopt=b     
1906291&form=6&db=m&Dopt=b     
1906291&form=6&db=m&Dopt=b     
1906291&form=6&db=m&Dopt=b     
1747867&form=6&db=m&Dopt=b     
1747867&form=6&db=m&Dopt=b     
1747867&form=6&db=m&Dopt=b     
7669751&form=6&db=m&Dopt=b     
7669751&form=6&db=m&Dopt=b     
7669751&form=6&db=m&Dopt=b     
2159381&form=6&db=m&Dopt=b     
2159381&form=6&db=m&Dopt=b     
2159381&form=6&db=m&Dopt=b     
7733631&form=6&db=m&Dopt=b     
2203524&form=6&db=m&Dopt=b     
2203524&form=6&db=m&Dopt=b     
2203524&form=6&db=m&Dopt=b     
7923061&form=6&db=m&Dopt=b     
7923061&form=6&db=m&Dopt=b     
7928405&form=6&db=m&Dopt=b     

Jpn.

28)

29)

30)

31)

32)

532

J. Cancer Re89, May 1998

sarcoma cell lines: modulation at subcellular level.

Histochem. J.26, 519-525 (1994).

Perriard, J. C., Hossle, J. P., Schéfer, B. W., Soldati, T.33)

Wegmann, G. and Wirz, T. Multiple tasks of creatine
kinase isoproteinsin “Cellular and Molecular Biology,”
ed. L. H. Kedes and F. E. Stockdale, pp. 545-554 (1989).
Alan R. Liss, New York.
Tsokos, M., Howar, R. and Costa, J. Immunohistochemical
study of alveolar and embryonal rhabdomyosarcotab.
Invest, 48, 148-155 (1983).

de Jong, A. S. H., Van Kessel-Van Vark, M., Albus-Lutter, 35)

C. E. and Voute, P.A. Creatine kinase subunits M and B
as markers in the diagnosis of poorly differentiated rhab-
domyosarcomas in childrenHum. Pathol. 16, 924-928
(1985).

Fernandez, J. E., Prados, J., Melguizo, C., Rodriguez, F.,
Alvarez, L. and Aranega, A. Creatine kinase isoenzymes

as markers of differentiation in rhabdomyosarcoma cells in37)

culture. Pathol. Res. Pract190, 1169-1173 (1994).
Barr, F. G., Holick, J., Nycum, L., Biegel, J. A. and
Emanuel, B.S. Localization of the t(2;13) breakpoint of

34)

36)

alveolar rhabdomyosarcoma on a physical map of chromo-
some 2. Genomics13, 1150-1156 (1992).

Macina, R. A., Barr, F. G., Galili, N. and Riethman, H. C.
Genomic organization of the human PAX3 gene: DNA
sequence analysis of the region disrupted in alveolar rhab-
domyosarcomaGenomics26, 1-8 (1995).

Ogose, A., Motoyama, T., Hotta, T. and Watanche,I.
vitro differentiation and proliferation in a newly established
human rhabdomyosarcoma cell lin¥irchows Arch. 426,
385—-391 (1995).

Wang-Wuu, S., Soukup, S., Ballard, E., Gotwals, B. and
Lampkin, B. Chromosomal analysis of sixteen human
rhabdomyosarcomasCancer Res48, 983-987 (1988).
Douglass, E. C., Green, A. A., Hayes, F. A., Etaubanas, E.,
Horowitz, M. and Williams, J. A. Chromosome 1 abnor-
malities: a common feature of pediatric solid tumork.
Natl. Cancer Inst.75, 51-55 (1985).

Magnani, I., Faustirella, F., Nanni, P., Nicoletti G. and
Larizza, L. Karyotypic characterization of a hew embryo-
nal rhabdomyosarcoma cell lineCancer Genet. Cytoge-
net, 54, 83—89 (1991).


6337300&form=6&db=m&Dopt=b     
6337300&form=6&db=m&Dopt=b     
4029946&form=6&db=m&Dopt=b     
4029946&form=6&db=m&Dopt=b     
4029946&form=6&db=m&Dopt=b     
7792206&form=6&db=m&Dopt=b     
7792206&form=6&db=m&Dopt=b     
7792206&form=6&db=m&Dopt=b     
1505949&form=6&db=m&Dopt=b     
7782066&form=6&db=m&Dopt=b     
7782066&form=6&db=m&Dopt=b     
7782066&form=6&db=m&Dopt=b     
7599791&form=6&db=m&Dopt=b     
3338090&form=6&db=m&Dopt=b     
3338090&form=6&db=m&Dopt=b     
3338090&form=6&db=m&Dopt=b     
2989603&form=6&db=m&Dopt=b     
2989603&form=6&db=m&Dopt=b     
2989603&form=6&db=m&Dopt=b     
2065319&form=6&db=m&Dopt=b     
7928405&form=6&db=m&Dopt=b
1505949&form=6&db=m&Dopt=b

