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Mutation and Expression Analyses of the MET
and CDKN2A Genes in Rhabdomyosarcoma
with Emphasis on MET Overexpression
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3

Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma of childhood. The simultaneous loss of Ink4a/Arf function
and disruption of Met signaling in Ink4a/Arf '~ mice transgenic for hepatocyte growth factor/scatter factor (HGFISF) induces
RMS with extremely high penetrance and short latency. To address the rales of MET and CDKN2A (b!16™ 4y 14*" in human
RMS, we performed mutational analyses in 39 samples of RMS by PCR-SSCP. No mutations were detected in exons [4=21 of

MET whereas a nonsense mutation at codon 80 of pl 6Nk

was identified in an alveolar RMS cell line. We also quantified the

relative expression levels and DNA copy numbers of these genes in seven cell lines and 17 fresh tumors by real-time quantita-
tive PCR. Expression of METwas detected in all samples; however, more than 10-fold difference was found in the samples with
higher or lower expression level, despite a normal DNA copy number. The protein expression level was consistent with that
of mRNA, and in cell lines with a higher expression level, MET was constitutively activated. Notably, the expression level of
MET was significantly higher in patients who died (P = 0.02), in patients with stage [V (P = 0.04), as well as in patients with
PAX3-FKHR chimeric transcript (P = 0.04). On the other hand, reduced or absent expression of p/6™** andior p14ARF
showed no significant correlation with the clinicopathological parameters, except for the age at diagnosis. Our data suggest
that MET plays a role in the progression of RMS.  © 2007 Wiley-Liss, Inc.

INTRODUCTION

Rhabdomyosarcoma (RMS) is a heterogeneous
group of malignant tumors of mesenchymal origin
and is thought to arise from cells committed to the
skeletal muscle lineage. RMS is the most common
soft-tissue sarcoma in children, with an annual inci-
dence of 4-7 per million of 15 years of age or
younger, and is also the third most common extrac-
ranial solid tumor of childhood (Dagher and Hel-
man, 1999; Merlino and Helman, 1999). Approxi-
mately 65% of cases are diagnosed in children less
than 6 years of age with remaining cases noted in
the 10-18-year-old age group. RMS falls into the
broader category of small blue, round cell tumors
of childhood, and is subdivided into two major his-
tological subtypes, embryonal rhabdomyosarcoma
(ERMS) and alveolar rhabdomyosarcoma (ARMS).
ERMSs are typically comprised of spindle shaped
cells, with a stromal rich appearance. In general,
embryonal tumors tend to occur in the younger age
group and occur more frequently in the head and

© 2007 Wiley-Liss, Inc.

neck region and less frequently in the extremities.
Approximately two thirds of all RMSs are of .
embryonal histology. ARMSs are typically com-
prised of small round densely packed cells,
arranged around spaces resembling pulmonary
alveoli. Alveolar tumors tend to occur in the older
age group and are more frequently seen in extrém-
ity lesions. A number of molecular/genetic lesions
have been associated with RMS. Embryonal
tumors are characterized by loss of heterozygosity
(LOH) at ~thc 11p15 locus, a region harboring a
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number of genes implicated in oncogenesis, such
as the insulin-like growth factor 2 (/GF2) gene, and
associated with alterations of imprinting. In con-
trast to ERMS, ~70-80% of ARMS carry a charac-
teristic chromosomal translocation juxtaposing the
5' DNA-binding domains of PAX3 or PAX7, mem-
bers of the Paired Box transcription factor family,
to the transactivation domain at the 3’ portion of
FOXO0IA (forkhead box O1A, also FKHR), a mem-
ber of the forkhead/HNF-3 transcription factor
family, which results in two fusion genes,
t(2;13)(q35;q14) (PAX3-FOXOIA) in most cases,
and t(1;13)(p36;q14) (PAX7-FOX01A4) at a less fre-
quency (Dagher and Helman, 1999; Merlino and
Helman, 1999; Sorensen et al., 2002). It has been
reported that ARMS is associated with a poor prog-
nosis (Crist et al., 1990; Newton et al,, 1995). De-
spite aggressive treatment including surgery, dose-
intensive combination chemotherapy, and radiation
therapy, the outcome for patients with metastatic
tumors remains poor. .
RMS has been thought to arise as a consequence
of regulatory disruption of skeletal muscle progeni-
tor cell growth and differentiation. The delicate
balance between proliferation and differentiation
is normally regulated in large part through the
action of a multitude of growth factors, whose sig-
nals are transmitted by members of the MyoD
family of helix-loop-helix proteins, and key regula-
tory cell cycle factors (Merlino and Helman, 1999).
PAX3 is important for regulation of myogenesis by
activating transcription of several target genes such
as MyoD and MET (Epstein et al., 1996; Bucking-
ham et al.,, 2003). The MET proto-oncogene enco-
des a receptor tyrosine kinase that mediates the
multifunctional and potentially oncogenic activ-
ities of hepatocyte growth factor/scatter factor
(HGF/SF), including the promotion of cellular
growth, motility and survival, extracellular matrix
degradation, and angiogenesis (Jeffers et al., 1996;
Matsumoto and Nakamura, 1996; Trusolino and
Comoglio, 2002). MET is essential in the migration
of myogenic precursor cells into the limb bud and
Mer knockout mice have no limb muscles (Bladt
etal., 1995). METactivity is deregulated by genetic
mutations, gene amplification, protein overexpres-
sion and/or the creation of HGF/SF-MET auto-
crine loops, which have been implicated in the de-
velopment and progression of a wide variety of
human cancers, such as papillary renal-cell carci-
noma (Schmidr et al, 1997), breast carcinoma
(Tuck et al, 1996), hepatocellular carcinoma
(Takeo et al,, 2001),-as well as osteosarcoma (Ferra-
cini et al,, 1995). It has also been reported in a pre-

* vious study that MET is aberrantly expressed in

RMS (Ferracini et al., 1996). On the other hand,

cyclin-dependent kinase inhibitor 2A (CDKN2A)

has been identified as a suppressor of numerous
human hematological malignancies and solid

tumors (Sherr, 2001). The CDKNZA gene is re-
markable in that it has alternative reading frames

resulting in two tumor suppressor genes, p76/V5%

and p1 4%, encoding two unrelated proteins (Rob-
ertson and Jones, 1999). pléINK“A and p14°%F acr

ing through the downstream retinoblastoma pro-

tein (RB1) and TPS3, respectively, help regulate

cellular transit through the cell cycle as well as se-

nescence and apoptosis (Zhang et al., 1998). It has

been shown that forced expression of cyclin D1

inhibited the ability of MyoD to transactivate mus-

cle-specific genes and correlated with phosphoryla-

tion of MyoD, whereas transfection of myoblasts

with cyclin-dependent kinase (Cdk) inhibitors p21

and p16™5* augmented muscle-specific gene

expression in cells (Skapek et al., 1995). Recently,

it was found that RMS was induced with extremely

high penetrance by the simultaneous loss of In4a/
Arf function and disruption of Met signaling in

Ink4a|/Arf'~ mice transgenic for HGF/SF (Sharp

et al., 2002). It has also been reported that Mer is

necessary for Pax3-Foxola-mediated effect in-
mice, and Mer had a role in both alveolar and

embryonal RMS maintenance (Taullj et al., 2006).

Furthermore, although it was shown that Pazx3-
Foxola was insufficient to cause tumors in knock-
in mice (Lagutina et al., 2002; Keller et al., 2004b),

Pax3-Foxola homozygosity with accompanying
Ink4a/Arf or Tp53 pathway disruption substantially
increases the frequency of alveolar RMS tumor for-
mation in mice (Keller et al., 2004a).

To clarify whether MET and CDKNZA, situated

at the nexus of pathways regulating myogenic
growth and differentiation, represent critical targets

in RMS, we performed mutational and expression

analyses for MET and CDKNZA, and evaluated the
relationship between the expression levels of these
genes and the clinicopathological parameters.

MATERIALS AND METHODS

Cell Lines, Primary Tumors, and Normal Controls .

Seven RMS cell lines (SJRH-1, SJRH-4, SJRH-
18, SJRH-30, RD, RMS, SCMC-RM2) were exam-
ined in this study (Uno et al., 2002). Cell lines
SIRH-4, SJRH-18, SJRH-30, and SCMC-RM?2 are
alveolar type, whereas the others are embryonal
type. All of the cell lines were cultured in RPMI
1640 medium (GIBCO, Invitrogen, Tokyo, Japan)
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