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Abstract Rhabdomyosarcoma (RMS) is occasionaligireduction

found in the female genital tract, and mostly appears as

one of the heterologous mesenchymal components in )

uterine carcinosarcoma designated as malignant mixgpbdomyosarcoma (RMS), a malignant mesenchymal
mullerian tumour (MMMT). We examined the biologicalumour, accounts for approximately 5% of solid tumours
properties of a pure rhabdomyosarcoma (RMS) cell likechildhood and 55% of soft tissue sarcomas in children
designated FU-MMT-3, which was newly establishednd adolescents [37]. Interestingly, however, these tu-
from a surgical specimen taken from a patient with utépours are also occasionally found in the female genital
ine MMMT. We also evaluated mycand MYCN gene tract, mostly as one of the heterologous mesenchymal
amplification in three RMS cell lines (including FU£Omponents of uterine carcinosarcoma, designated as
MMT-3) derived from three MMMTs by Southern blofnalignant mixed mdllerian tumour (MMMT) [1, 3, 6,
analysis. FU-MMT-3 cells were propagated continuoush?: 25, 29, 33, 34, 38, 39, 41, 44]. Most of these tumours
for 57 serial passages over a 2-year period in vitro. Fifive a highly aggressive behaviour and a poor prognosis,
MMT-3 was able to produce tumours demonstrating pi#8d many cytogenetic and molecular biological analyses
RMS in athymic nude mice. Cytogenetically, FU-MMTOf RMS in soft tissue have been published [8-13]. There
3 showed a triploidy pattern, with complex karyotypigave only been three reports, including our own, on the
abnormalities including trisomy of chromosome 8. ARMS of MMMT [14, 15, 32]. _ _
three RMS cell lines, including FU-MMT-3, showed am- In our previous study both MMMT cell lines with
plification of the cmycgene (approximately fourfold torhabdomyoblastic features had extra copies of chromo-
eightfold), while no cell lines demonstrated MYCN ger@@me 8 [14]. We also demonstrated amplification of c-
amplification. FU-MMT-3 is considered to provide dnhycgene both in cultured MMMT cells and in the origi-
useful system for the study of the biological behaviour Bl tumour [15]. _ _

RMS in MMMTSs. Extra copies of chromosome 8 and c- The objective of this study was to clarify the cytoge-
myc gene amplification may be associated with tHetiC and molecular biological characteristics of RMS in

rhabdomyoblastic differentiation in MMMT. MMMT by analysing a newly established RMS cell line,
FU-MMT-3, which was derived from a patient with heter-
Key words Malignant mixed mdillerian tumour - ologous MMMT of the uterus. In addition, we also evalu-
Carcinosarcoma - Rhabdomyosarcoma - Tissue cultur@ted the genetic characteristics common to our three RMS
Cytogenetic: cell lines and we discuss the relationship between rhabdo-

myoblastic differentiation in MMMT and o¥ycgene am-
plification or extra copies of chromosome 8.
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Case report

The patient was a 62-year-old postmenopausal Japanese woman di-
agnosed as having uterine sarcoma by an endometrial biopsy. She
underwent total hysterectomy, bilateral salpingo-oophorectomy,
Y. Kaneko and omentectomy for the uterine malignancy in February of 1990.
Department of Laboratory Medicine, Saitama Cancer Center, She had received neither chemotherapy nor radiotherapy before the
Saitama, Japi:n surgical treatments. The surgical material from the primary tumour
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Fig. 1A, B Histology of the
original tumour of FU-MMT-3.
The tumour consists of a mix-
ture of adenocarcinomaj

and rhabdomyosarcomB)(

(A) Carcinomatous element
shows malignant glandular
structures (H & E, x190)B)
Sarcomatous element demon-
strates rhabdomyoblastic differ-
entiation (H & E, x19C:

showed a mixture of endometrial adenocarcinoma and RMS, bu .

other heterologous elements were recognized. The tumour m%te"als and methods

composed chiefly (over 95% of the neoplasm) of RMS (Fig. 1A,

B). Metastatic lesions in the abdominal cavity were also removedratnediately after the hysterectomy, tissue fragments obtained

surgery and consisted of RMS alone. Although she underwent eigbin primary tumours were mechanically dissociated and then di-

courses of postoperative systemic multidrug chemotherapy (gested with collagenage type Il solution (200 1U/ml; Worthington

platin-based), the patient died after a local recurrence and disBioimedical Co., N.J.) in a 1:1 mixture of Dulbecco’s Modified Ea-

metastases developed 32 months after surgery. gle Medium (DMEM) and Ham’s F12 (Sigma, St Louis, Mo.). To
obtain a single-cell suspension, the digestion was continued for



several hours in a humidified incubator at 37°C with 5% carb{s
dioxide and 95% air. The samples were centrifuged at 1,000 r.pjess
for 5 min, then were washed and resuspended in 20 ml @8
DMEM/F-12 after removing the supernatant.

The cells were planted in glass flasks (TD40, Ikemoto Ri
Tokyo, Japan) containing 10 ml of DMEM/F-12 supplementg
with 10% fetal calf serum (FCS; Gibco) and kanamyci
(100 pg/ml). The cultures were maintained in a humidified inc
bator at 37°C with 5% carbon dioxide in air. The medium was
placed twice a week. Confluent cell layers were obtained withi
months of the primary cultures, and they were subcultured everfg
or 2 weeks at 1:2 or 1:4 dilution by using 0.1% trypsin and 0.02
EDTA solution. The main types of mycoplasmas were checked
a Myco Tect Kit (Gibco) and were all negative in each line. -

The growth curve of the cultured cells at passage 5 was €
mated by seeding 1 x 4@ells in each of five culture dishes (30
mm; Falcon 3001, Becton Dickinson, Oxnard, Calif.) containi
2 ml of DMEM/F-12 with 10% FCS. The cells in the culture dis
es were harvested by using trypsin-EDTA and then resuspende
DMEM/F-12. The number of viable cells was counted by dye €
clusion (0.1% trypan blue in PBS) every 24 h for 4 days. Y

The cells grown in culture flasks were observed by phase-c
trast microscopy. For routine light microscopy, the cells cultured
chamber slides (Lab-Tek, Miles Laboratories, Naperville, 1ll.) wel
fixed in methanol and stained with haematoxylin and eosin (H&!
and periodic acid—Schiff (PAS). Paraffin sections from the prima
tumour and xenografts were then stained with the same reagent:

For immunocytochemistry the antibodies used included mor,
clonal antibodies to desmin (1:50; Dako, Kyoto, Japan), and p >
clonal antibodies to myoglobin (1:1000; Dako). The cells grown
chamber slides were washed in PBS and fixed in cold acetone
5 min. The cells were reacted with each of the primary antibodi
for 1 h at room temperature. The attached antibodies were then
sualized by an avidin-biotin-peroxidase complex (ABC) procedu
(Vector Laboratories, Burlingame, Calif.). The paraffin sectior
from the original tumours and the xenografts were also examir
using the same procedure.

At passage 2 the cells were analysed by the standard trypsin-
emsa banding techniques. They were incubated in DMEM/F-12 r
dium containing colcemid (0.0%g/ml) and 10% FCS at 37°C for , - |
24 h, treated with 0.075 M KCI for 10 min, then fixed in Carnoy’ ¥ g |
solution, dropped on a slide glass, and dried at 37°C. Samples v ’ 3 ’ R & 1
treated with 0.1% trypsin at 27°C for about 10 s and stained \I\;"(‘B’ : . ﬁ%ﬁ 1 o3
Giemsa for 10 min. The karyotypes were made according to the In- -

ternational System for Human Cytogenetic Nomenclature [43].  Fig. 2A B Morphological and histochemical features of FU-
Cultured cells at passage 7 0; FU-MMT-3 were used for h%lg\l/lT-S., (A) FU?MM'IQ-S cells showing a mixture of strap-like
erotransplantation. The cells (5 x7I€ells suspended in 0.3 ml of ce|i5 and round to polygonal cells in vitro (Phase contrast, x320).

PBS) were injected into the subcutis of 4- to 6-week-old fem iodi id-Schi i i i
nude mice (BALB/c nu/nu, Nippon Kurea, Tokyo, Japan). T%J_Di;'—?%ccgﬁlgr?gx;?x%tgg demonstrating abundant glycogen in

mice were maintained in a pathogen-free environment.
High-molecular-weight cellular DNA was extracted from three

MMMT cell lines by standard protocols, as previously described

[15]. The DNA (10ug each) was digested with a restriction efemoval methods. Confluent tumour cell layers were

zyme EcoRl, subjected to electrophoresis through agarose gel, imgs obtained within 2 months of the primary cultures,
transferred to nitrocellulose membrane filters as reported BWd their subcultures were made every 1 or 2 weeks at
e e s Somyegee, 12 or L:4 diluton. The average doubling time at passage
and MYCN (Oncor, Gaithersburg, Md.). 5 was 29 h. FU-MMT-3 cells were in continuous culture
up to the 57th passage over 2 years.

Inoculation of FU-MMT-3 cells into the subcutis of
athymic nude mice resulted in the development of palpa-
Results ble tumour nodules. FU-MMT-3 xenografts grew rapidly,

exceeding 20 mm in diameter within 1 month of inocula-
From the beginning of the primary cultures, FU-MMT-8on. The FU-MMT-3 cell line was followed for more
showed excellent growth without contact inhibition. Behan 5 heterotransplantations in series.
cause a small number of fibroblasts were found to con-Microscopically, every FU-MMT-3 culture was com-
taminate the early cultures, we maintained the cultupssed exclusively of sarcomatous cells, including spindle
without transferring them to subcultures until the tumougells and round to polygonal cells (Fig. 2A). These cells
cells had grown confluent. The fibroblasts disappeargeew haphazardly in multiple layers and occasionally
gradually from the cultures without selective fibroblastiormed interlacing bundles. By PAS stain with or with-
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Fig. 3 Histology of FU-MMT-

3 xenograft shows rhabdomyo-
blastic differentiation, resem-
bling the original tumour (H &
E, X]_QO‘

Table 1 Immunophenotypes of FU-MMT-3, the original tumourtdel(11)(p13), +12, +add(13)(p13), +18, +20, +21, +22,
and the xenograft (\++ >50% positive cells, + <50% positive cellsg_14 mar [cp8] (Fig. 5). Although the extra copies of
~ negative reactior.) chromosome 8 were common to both MMMT cell lines
FU-MMT-3  Original tumour Xenograft Previously reported, no other specific abnormalities were
(sarcoma) (carcinoma/sarcoma)  (sarcomafjound in these three cell lines.
_ Cellular DNAs from three MMMT cell lines consist-
pesmin o o ing of FU-MMT-3, FU-MMT-1, and FU-MMT-2 were
yog examined, and all three showed an amplification of the c-
mycgene, while none demonstrated MYCN gene ampli-
fication. All of these samples exhibited similar levels of

out prior diastase digestion, abundant glycogen plification of cmycgene (Fig. 6A). Comparisons of

demonstrated in many FU-MMT-3 cells (Fig. 2B). Howt'€ cMyc DNA bands with cultured human placental

ever, they lacked distinct cross-striations in the cytgNA were performed by the serial dilution method. The

P : e -myc gene was amplified approximately fourfold to
qugﬁr;r.w, and thus resembled the findings in the original gfghtfold in each sample (Fig. 6B).

The xenografts of FU-MMT-3 consisted of sarcoma-
tous tissue resembling the RMS in their original tumour,
but no epithelial (carcinomatous) components were Pr®Yscussion
ent (Fig. 3).

The immunocytochemical reactivities in FU-MMT-3,
the original tumour, and the xenograft are shown in TRecently, several tissue culture studies in uterine
ble 1. The cultured cells of FU-MMT-3 expressed tHdMMT have been reported [14, 15, 21, 35]. In our pre-
myogenic antigens (desmin and myoglobin) (Fig. 4Ajous studies, two uterine MMMT cell lines and the sub-
B). The reactivities in the original tumour and the xenclones were established and their biological characteris-
graft (Fig. 4C) were similar to those in the cell line. tics were examined in vitro and in vivo [14, 15]. Our

Eight cells of an FU-MMT-3 cell line at passage findings supported the theory of a single stem cell origin
were karyotyped. The modal chromosome number wa#sMMMT and substantiated the current concept of this
74-80, and analysis of G-banding showed complex albeeoplasm as a “metaplastic carcinoma”. In this study, we
rations. The clonal abnormalities common to the eigétamined the biological characteristics of a newly estab-
FU-MMT-3 cells we karyotyped were: XX, +1, +1Jished MMMT cell line (FU-MMT-3), the third “pure”
+del(1)(g12), +3, +3, +add (3)(p11), +4, +5, +6, +&MS cell line derived from heterologous MMMTs [14,
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g 35]. We also evaluated whether consistent cytogenetic or
' molecular alterations existed in our three RMS cell lines.

Many cytogenetic studies of RMS in soft tissue have
been made, and a specific characteristic alteration of
these tumours has been found; translocation (2;13)
(937;q14) is present in most alveolar RMS [12]. Several
studies have also detected cytogenetic alterations in
MMMTs [14, 27, 30, 32]. Most showed a complex series
of chromosomal changes, suggesting marked genomic
instability of these tumours. Milatovich et al. analysed
six homologous endometrial MMMTs, three of which
had abnormal karyotypes including structural abnormali-
ties of chromosomes 1, 3, and 5 [30]. In addition, Lax-
man et al. reported that three of four MMMTs showed a
common abnormality of materials deleted from the long
arm of chromosome 11 distal to band 1122 [27]. They
also suggested that genomic alterations in the region
11922 may be specific for malignant smooth muscle tu-
mours of the uterus. However, no consistent karyotypic
changes have yet been observed in any of the MMMTs
reported. Moreover, only a few reports deal with cytoge-
netic examination of heterologous MMMT [14, 32]. In
our previous study, both MMMT cell lines with rhabdo-
myoblastic features showed extra copies of chromosome
8; FU-MMT-1 had trisomy of chromosome 8 and FU-
MMT-2 also had +8p[14]. In addition, a newly estab-
lished MMMT cell line, FU-MMT-3, which is compati-
ble with the features of RMS, also demonstrated trisomy
of chromosome 8 in all karyotyped cells. Trisomy of
chromosome 8 was demonstrated in the two “pure” RMS
cell lines (FU-MMT-1 and FU-MMT-3). Nilbert also re-
ported a case of uterine MMMT with a component of
RMS that showed abnormal karyotypes including quads-
omy of chromosome 8 [32], and no reports have demon-
strated extra copies of chromosome 8 in MMMTs with-
out rhabdomyoblastic differentiation, or in endometrial
stromal sarcomas [23]. This suggests that there may be
some association between rhabdomyoblastic differentia-
tion and extra copies of chromosome 8 in MMMT.

In the case of botryoid RMS occurring in the uterine
cervix or vagina there are few reports on examinations of
the cytogenetic aberrations, except for a unique case of
one in the uterine cervix of a 19-year-old woman [36].
The cytogenetic abnormality showed trisomies of chro-
mosomes 13 and 18 and an extra copy of chromosome 1,
without chromosome 8 alterations. We thus consider that
there might be some pathogenetic differences between
RMS in MMMT and pure botryoid RMS in the female
genital tract. However, further cytogenetic and molecular
analyses in these neoplasms are called for.

In our studies, three RMS cell lines have been estab-
lished from three patients with heterologous MMMTs.
Although we have also tried to establish cell lines from
three cases of homologous MMMT in the same period,
Fig. 4A—C Immunocytochemical features of FU-MMT-3 and theve have not been successful in this, which suggests a
nggit\sgﬂ%r?;l?gt%dIg%?:lol(l’&%ICT?eecﬁrH-'L\Jﬂé\/ltzlg%gs( IsNeesrr?] ifltﬁvl\ilgid more aggressive biological behaviour of rhabdomyo-
gtrongly dem)cl)ngtrated in FU-MMgI'-S’ cells (ABC techniqu lasts than (.)f the ho_molog(_)us mesenchymal elements in
x370). ) The FU-MMT-3 xenograft were also stained positiv&MMTs. This behaviour might also be reflected in the
for desmin (ABC technique, x383) short doubling times of the cultured cells; 26 h for FU-
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Fig. 5 Giemsa-banded karyo-

types of FU-MMT-3. The clon-

al abnormalities common to / / / NENRENIRSE $heomosomes
FU-MMT-3 cells were: XX, / ‘ l l

+1, +1, +del(1)(q12), +3, +3, \ .

+add (3)(p11), +4, +5, +6, \

+8, +del(11)(p13), +12, Lo i

+add(13)(p13), +18, +20, +21, 1 2 4 5
+22, +5-14 mar [cp8JArrows

show the clonal abnormalities
andwhite arrowindicates tri- / V / /
somy of chromosome 3 N =
W B IR W n W
6 / 7 8 9 10 1 12
1.8 add 8 u x u Ra
13 14 15 18
RiF 2 NAa - -" l“
19 20 21
Fig. 6A, B Southern blot anal- A B
ysis for cmycin FU-MMT-1,
FU-MMT-2, and FU-MMT-3 G 1 2 3 G X1 X2 X4 X8 X16

(G: Germ line Lane 1 FU-

MMT-1, Lane 2 FU-MMT-2,

Lane 3 FU-MMT-3). cimyc

fragment length after digestion

of human DNA with Eco RI: C—MYC = it — . wew e
13 kb. @A) All of these cell ol e -
lines showed very similar levels

of c-mycgene amplification.

(B) Comparison of the myc

DNA bands in FU-MMT-3 with

cultured human placental DNA

were performed by the serial

dilution method. The eayc

gene was amplified by approxi-

mately fourfold to eightfold in

each samp'sz

MMT-1, 30 h for FU-MMT-2, and 29 h for FU-MMT-3. erbB-2, K-ras, cfms c-myc[4, 7, 17, 24, 31]. However,
Some reports in the clinicopathological studies &w studies have been concentrated on the alterations of
MMMT described the more aggressive clinical behagncogenes in uterine MMMT, except for our own previ-
iour of MMMTs with RMS than of homologousous study, which showed the amplification of theye
MMMTs [33]. Even in our cases, the prognoses of tlgene, which is recognized as a dominant-acting onco-
three patients affected with MMMT with rhabdomyogene but encodes a 62-kDa transcriptional factor thought
blastic differentiation were poorer than those of the p@-regulate the cell cycle transition fromy ® G, [2], in
tients with homologous MMMTs. All of the patientdMMMT cells with rhabdomyoblastic features in vitro
died of rapid tumour progression within 3 years aftand in vivo [15]. Therefore, the current study also exam-
their first surgery. However, the exact nature of the higied the presence or absence ofiyegene amplification
aggressivity of RMS in MMMT is still unclear, so thain two pure RMS cell lines derived from uterine
further biological studies are considered necessary. MMMTs by a Southern blot analysis, and as a result, a
Recently, many molecular biological studies of gyrigh frequency of enycgene amplification was demon-
naecological malignancies have been carried out. In #gteated. In studies of endometrial carcinomas a low fre-
studies of endometrial carcinoma, several reports shovgegncy of amplification for this gene is usually found
molecular alterations of some oncogenes, including [&7, 24, 31]. In our current study, we observed evidence
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that a high frequency of mycgene amplification exists 6. Chuang JT, Van Velden DJ, Graham JB (1970) Carcinosarco-
in MMMTs, which suggests oncogenic differences be- Qadfgncgg“e';‘eg&f:tog%”;%lt%rg%%f t$§OUter'”e corpus: review
tween MMMTS and ordinary endometrial carcinomas, Czerwenka'K, Lu Y, Heuss F '(1995) Amplification and ex-
and a different nature of these two tumours of endometri- pression of the erbB-2 oncogene in normal, hyperplastic,
al origin. In addition, anyc gene amplification might  and malignant endometria. Int J Gynecol Pathol 14:98-106
also be associated with the pathogenesis of rhabdomﬁa%ﬁa*:,gléingaérog’,m?rcsg:r?el-!B,aﬁ%tlt,?;ndanﬁrgl l-égial;l?llqgetlgézy J,
- - . . . . Is I I I V -

blastic dlﬁerentlatlon in MMMT. FL.mher analyses using myosarcomas (RMS) but not in embryonal RMS. Int J Cancer
molecular biology are needed in both heterologous 45:593_596
MMMTs and homologous MMMTSs. 9. Dias P, Kumar P, Marsden HB, Gattamaneni HR, Kumar S

The MYCN oncogene, previously known asmg is (1990)[I Ntt a]n% ’f{ln%;: gncoge?esi i8n2 i%illdhood rhabdomyosar-

: H _ Coma |letter]. a ancer Ins :

a .men;]ber ?f the MYC. ger?e fam”y’l Wplch”enC(I)_?es pr?o. Dietrich CU, Brock-Jacobsen B, Starklint H, Heim S (1993)
teins that play a part in the control of cell proliteration”” cjona karyotypic evolution in an embryonal rhabdomyosarco-
and differentiation. The amplification of MYCN gene ma with trisomy 8 as the primary chromosomal abnormality.
has been detected in several malignant neoplasms, inGenes Chromosom Cancer 7:240-244 _
cluding neuroblastoma [5], retinoblastoma [42], meduld- Donner LR (1991) Cytogenetics and molecular biology of

- small round-cell tumors and related neoplasms: current status.
loblastoma [19], astrocytoma [18], and small cell carci- >zncer Genet Cytogenet 54:1-10

noma of the lung [45]. As far as we know, our currem. ponner LR (1994) Cytogenetics of tumors of soft tissue and
study is the first to examine this gene alteration in bone: Implication for pathology. Cancer Genet Cytogenet 78:
MMMT. In the studies of RMS the amplification of the3 }Dlr?n:;ﬁGD Thorner PS, Greenberg ML, C-Macneil S, Squire J
c-mycgene IS less common, while MYCN gene ampllfll .(1994) MYCN gene am’plification i?] rhalbdomyosarco;naQCan-
cation is frequently shown in alveolar RMS [8, 9, 13]. ¢er 73:2231-2237

Such evidence suggests the existence of biological di4- Emoto M, Iwasaki H, Kikuchi M, Ishiguro M, Kubota T,

ferences between RMS in soft tissue and that in lzumi H, Shirakawa K, Kaneko Y (1992) Two cell lines estab-

MMMTs lished from mixed mullerian tumors of the uterus: morphologi-
. . cal, immunocytochemical, and cytogenetic analyses. Cancer
Missense mutations and rearrangement of b8 69:1759-1768

gene on chromosome 17p13 are among the most cag€moto M, Iwasaki H, Kikuchi M, Shirakawa K (1993) Char-
mon genetic alterations observed in human malignanciesacteristics of cloned cells of mixed mallerian tumor of the hu-

[22]. Such alterations have also been found in childhood fhan Uteé“& Cargilr‘%gﬂgg,c%'(';’?ghowmg myogenic differentiation
: : . . . In vitro. Cancer . —.

RMS ar)d in some gynaecological mallgnanues, inclugls Felix CA, Chavez Kappel C, Mitudomi T, Nau MM, Tsokos

ing uterine sarcomas [16, 26, 28]. Liu et al. reported thatm, Crouch GD, Nisen PD, Winick NJ, Helman LJ (1992) Fre-

overexpression gb53 occurred in 17 of 22 (77%) cases quency and diversity of p53 mutations in childhood rhabdo-

of heterologous MMMT and 9 of 19 (47%) cases of hg- myosarcoma. Cancer Res 52:2243-2247

; : . Fujimoto I, Shimizu Y, Hirai Y, Chen J-T, Teshima H, Hasumi
mologous MMMT, thus suggesting differences betwe ﬁ K, Masubuchi K, Takahashi M (1993) Studies on ras oncogene

heterologous and homologous MMMT [28]. activation in endometrial carcinoma. Gynecol Oncol 48:
FU-MMT-3 is considered to provide a useful system 196-202

for the study of the biological behaviour of RMS iAd8. Garson JA, Mcintyre PG, Kemshead JT (1985py&amplifi-

i i cation in malignant astrocytoma (letter). Lancet 11:718-719

MMMTS' Our flndlng_s suggest thatmngene ampllfl 9. Garson JA, Pemberton LF, Sheppard PW, Varndell IM, Coak-

cation _and extra copies of ch_romosqm_e 8 may be assOCipgm HB, Kemshead JT (1989) mMyc gene expression and

ated with rhabdomyoblastic differentiation in MMMT. oncoprotein characterisation in medulloblastoma. Br J Cancer
59:889-894
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