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Cell Processing, Storage, and Distribution
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Ethical considerations.
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In order to improve the clinical outcome for children suffering from solid tumors,
it is crucial to build up systems to perform central diagnosis, cell/tissue storage, and
distribution in a form that takes advantage of progress in molecular biological analysis
and clinical research. Recently, not outcomes for such patients have begun to
improve. Here, the way tissues are processed, stored, and distributed is discussed,
inctuding ethical considerations in this process. '
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Experience with oral interferon-aipha in patienté'with
essential thrombocythemia and polycythemia vera

To the Editor: Prolonged subcutaneous interferon-alpha (IFN-c) therapy
frequently results in high drop-out rates because of toxicity [1]. IFN-a
administered through the oromucosal route at doses ranging between 37.5
and 150 U thrice daily [2,3] has resulted in significant responses with minimal
taxicity in patients with Sjégren’s syndrome [2] and hepatitis B [3]. We designed
a pilot trial to evaluate the efficacy and tolerability of oral IFN-« for patients with
essential thrombocythemia (ET) or polycythemia vera (PV). Patients were
eligible if they refused to take, had failed, or were intolerant to standard
medications. Failure to respond to standard medications was defined as, for ET,
inability to reduce platelets to normal levels after a minimum of 6 months of
therapy with hydroxyurea and/or anagrelide, and for PV, as Inability to reduce by
at least 50% the frequency of phlebotomy or splenomegaly after a minimum of
6 months of therapy with hydroxyurea. Prior IFN-a exposure was not allowed.

Oral [FN-a was administered at 150 U thrice daily as a lozenge to 14
patients (8 PV and 6 ET). Median age was 57 years (range, 32-78), time from
PV/ET diagnosis to oral IFN-a therapy was 2 months (range, 0-32),
hemoglobin 14.2 gm/dL (range 11.2-15.4), white biood cells 9.75 x 10°L
(range 5.6-17.3), and platelets 812 x 10%L (range, 360~1,389). Five patients
previously received hydroxyurea, four anagrelide, and three imatinib mesylate,
Six PV patients had‘receiired phlebotomies and two had marked splenome-
galy. JAK2 V617F mutation was detected in 10 (91%) of 11 assessable
patients; 2 (14%) of 14 had abnormal cytogenetics. A total of 16 cycles were
administered. The median duration of therapy was 3 months (range, 2.5-6).
Thirteen patients discontinued therapy because of lack of a response, and one
due to disease progression. Tolerance of oral {IFN-a was excellent. All reported
toxicities were Grade 1: headache in two, and paresthesias in one patient.

IFN-a is a protein and, therefore, it is not considered to be orafty bioavailable
owing to rapid denaturation upon contact with gastric secretions [4]. To bypass
this hindrance, patients were required to keep the lozenges in the mouth until
they completely dissolved to maximize oral absorption. The actual absorption
of oral IFN-a In humans, however, is questionable, since no IFN-a receptor
has been isolated in the buccal mucosa [4]. Furthermore, studies in different
animals and healthy human volunteers have shown that IFN-a administered
orally was extremely rarely detected in the blood [5]. Yet, the administration of
IFN-& vid the oromucosal route has been shown to exert significant systemic
antitumoral and immunomodulatory effects through the activation of gene
transcription in the lymphold tissue of the oropharyngeal cavity [5]. The dose of
oral IFN-a used in our study was deemed optimal based an prior reports {2,5].

In conclusion, oral IFN-« at 150 U thrice dalily for patients with PV or ET is
very safe but renders no appreciable clinical benefit.
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A novel AF10-CALM fusion transcript in y/8-T cell type
lymphoblastic lymphoma

To the Editor: So far, CALM-AF10 franscript and reciprocal AF10-CALM
transcript are shown in patients with various hematological malignancies {1-4].
Recently, it is demonstrated that CALM-AF10 fusion transcript was a common
feature of TCR y/3 lineage of T-acute lymphoblastic leukemia [2]. We here
report a case of v/5-T cell type LBL with t(10;11)(p13;q21), having several
types of CALM-AF10 and AF10-CALM fusion transcripts; one of them is a
novel AF10-CALM fusion transcript. .

A 21-y.ear~old male was admitted for further examinations of systemic
lymphadenopathies without hepatosplenomegaly. Complete blood cel counts
were within normal ranges. Soluble interleukin-2 receptor levels were elevated
up to 1439 U/mi. Bone marrow was normocellular with 3.6% of atypical
lymphold cells. Radiological examinations showed a huge mass at the right
superior mediastinum and swelling of paraaortic iymph nodes in the abdomen,
The imprint preparation of the resected inguinal lymph node showed the
diffused proliferaiton of abnormal cefls. In flow ‘cytometric analysis, CD3%",
CDSs, CD7, CD45, CDS6, and TCR v/5 were expressed on abnormal cells.
Southern blotting analysis revealed the gene rearrangement of the y chain of
TCR. The patient was diagnosed as having y/3-T cell type LBL. He was treated
with intensive chemotherapies including high-dose chemotherapy followed by
autologous peripheral blood stem cell transplantation. However, he relapsed in
the central nervous system and died of disease progression.

Chromosomal analysis revealed 1(10;11)(p13;q21). After informed consent
was obtained, we performed RT-PCR analysis of lymphoma cells to examine
the fusion transcript of CALM-AF10 as described previously [3). PCR products,
which were subcloned and sequenced as described previously (3], were ~200
bps (Fig. 1a). Nucleotide sequencing of the amplified fragments demonstrated
type VI CALM-AF10 fusion transcript (Fig. 1b). Three reciprocal PCR products
of AF10-CALM fusion transcripts were generated by RT-PCR using the sense
primer for AF10 (A-S3) and the antisense primer for CALM (C-A1), and
nucleotide sequencing of the amplified fragments demonstrated types IV, VI,
and VII' AF10-CALM fusion transcripts (Fig. 1b). Type VI transcript was a

novel AF10-CALM fusion transcript.

The CALM-AF10 fusion is characterized by poor prognosts and young age
of the patients {3,4]. Asnafi et al. demonstrated that CALM-AF10 fusion
transcript was a common feature of TCR v/5 lineage of T-ALL and that the
patients with CALM-AF10 fusion transcript (+) v/8 of T-ALL are of poor
prognosis [2]. The clinical features of our case are compatible with CALM-
AF10 fusion transcript (+) v/5 T-ALL [2]. We performed RT-PCR analysis and
obtained PCR products; CALM-AF10 and AF10-CALM. The breakpoints were
determined between nucleotides 1926 and 1927 of CALM and between 978
and 979 of AF10in the present study and type Vil transcript is a novel type of
AF10-CALM fusion transcript. The function of the AF10-CALM transcript has
not been analyzed yet and it is not obvious, which transcript of four CALM and
AF10 fuslons induced T-LBL in our case. However, Kumon et al. described that
AF10-CALM as well as CALM-AF10 may play a role In leukemogenesis in
1(10;11) leukemia {4]. Further examinations are necessary to clarity the
function of AF10-CALM fusion transcripts.
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Alopecia areata universalis and acute lymphoblastic
leukemia

To the Editor: Alopecia areata is considered by most authors to be an
autoimmune disease. Corticosteroids have been used with varying success in
patchy alopecia though their side effects at high doses and frequent relapses
on suspension of treatment have limited their use. The case Is presented of a
20-year-old man diagnosed as having acute lymphoblastic leukemia who had
a 13-year history of alopecia areata universalis.

He was induced successfully according to the MRC ALL Xl protocol with
vincristine 1.4 mg/m? IV (maximum 2 mg) 4 weekly doses; prednisolone
60 mg/m? orally for 28 days; daunorubicin 60 mg/m? IV 4 weekly doses;
asparaginase 10,000 units 12 intramuscular doses; cytarabine 75 mg/m? IV
12 doses; cyclophosphamide 650mg/m? IV 3 doses, and 6-mercaptopurine
60 mg/m? oratly for 28 days. Within a month of discontinuation of chemotherapy,
regrowth of facial, scalp, and body hair was noted.

Induction was followed by consolidation with three cycles of high dose
methotrexate 3 g/m? IV. He underwent an autologous peripheral blood stem
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cell transplant receiving high dose melphatan 420 mg IV as conditioning.
During this period, the hair growth persisted and he was then put on
maintenance with vincristine 1.4 mg/m? IV monthly with prednisolone 60mg/m?
orally for 5 days repeated monthly. This, on a background of 6-mercaptopurine
150 mg daily and once weekly methotrexate 10 mg/m?. It was intended to
continue maintenance for 2 years. However, relapse of the lymphoblastic
leukaemia was confirmed after 14 months of maintenance and he died from
sepsis 2 months later. During the maintenance period, he did not develop the
chemotherapy-induced alopecia that one would normally expect.

There are several reports of immunosuppressive treatment with high dose
pulsed corticosteroids [1-3] and while ~60% of cases with patchy extensive
alopecia areata show a cosmetically worthwhile response, the response in the
universalis form is very disappainting.

This patient had alopecia areata with all the features predictive of steroid
unresponsiveness: the universalis type of distribution, prepubertal age of
onset, and 13 years’ duration with no spontaneous recovery.

The hair growth in this case was attributed to the only two specifically
lymphocytotoxic drugs in the induction regimen, i.e., vincristine and predniso-
lone.The immunosuppressive cytotoxic cyclophosphamide also contributed to
this effect. The regrowth ‘was complete and was sustained during the
maintenance phase. This is unusual as the regimen ordinarily causes alopecia.

An analogy can be made with the situation of severe steroid-refractory
autoimmune thrombocytopenic purpura where the use of vincristine alone or in
combination with steroids gives good but nonsustained results. The addition of
cyclophosphamide however gives durable responses in the majority of cases.

This is the first report of a poor risk alopecia areata universalis responding
convincingly to a combination immunosuppressive regimen, However, because
of the long-term use of high dose steroids, this regimen is too toxic for routine use
In what is essentially a cosmetic condition. it Is possible to arrive at a simpiified,
less toxic cyclical regimen consisting of pulsed steroids, vincristine and
cyclophosphamide for the treatment of alopecia areata universalis.
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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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Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma of childhood. The simultaneous loss of Ink4alArf function
and disruption of Met signaling in Ink4a/Arf '~ mice transgenic for hepatocyte growth factor/scatter factor (HGF/SF) induces
RMS with extremely high penetrance and short latency. To address the roles of METand CDKN2A (plélNK“/pMARF) in human
RMS, we performed mutational analyses in 39 samples of RMS by PCR-SSCP. No mutations were detected in exons 14~2| of
MET whereas a nonsense mutation at codon 80 of p16™* 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 {7 fresh tumors by real-time quantita-
tive PCR. Expression of MET was 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 IV (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 p16™** andfor. pl4RF
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.

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.
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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 extrem-
ity lesions. A number of molecular/genetic lesions
have been associated with RMS. Embryonal
tumors are characterized by loss of heterozygosity
(LOH) at the 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 RAX7, 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-FOXOIA) 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
Met knockout mice have no limb muscles (Bladt
etal., 1995). MET activity 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 (Schmidt 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 (CDKNZA)
has been identified as a suppressor of numerous

" human hematological malignancies and solid

tumors (Sherr, 2001). The CDKNZA gene is re-
markable in chat it has alternative reading frames
resulting in two tumor suppressor genes, p/6/ V5%
and p1 4%, encoding two unrelated proteins (Rob-
ertson and Jones, 1999). p16INK4A and pl4ARF, act-
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 p27
and pl6™VK4 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 Inéda/
A7f function and disruption of Met signaling in
Inkda/Arf'~ mice tansgenic for HGF/SF (Sharp
et al., 2002). It has also been reported that Mes is
necessary for Pax3-Foxola-mediated effect in-
mice, and Mer had a role in both alveolar and
embryonal RMS maintenance (Taulli et al., 2006).
Furthermore, although it was shown that Pax3-
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 TpS53 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 CDKNZ2A, 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
SJRH-4, SJRH-18, SJRH-30, and SCMC-RM2 are
alveolar type, whereas the others are embryonal
type. All of the cell lines were cultured in RPMI
1640 medium (GIBCO, Invitrogen, Tokyo, Japan)

Genes, Chromosomes & Cancer DOI 10.1002/gcc
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TABLE |. Primers for the MET, p/6™** and p14*® Genes for PCR-SSCP

Primer sequencé (5 —3)

Exon - Forward Reverse
MET?
14 CCATGATAGCCGTCTTTAAC ATACTTACTTGGCAGAGGT
1S GTCCCCATTAAATGAGGTTT ATCTGCAAAGGCCAAAGATA
16 ATGTTACGCAGTGCTAACC GTAGCTGATTTTTCCACAAG
17 GAAGTTAATGTCTCCACCAC TGGCTTACAGCTAGTTTGCC
I8 TTCTAACTCTCTTTGACTGC CAGATTCCTCCTTGTCACTT
19 ATTCTATTTCAGCCACGGG AGGAGAAACTCAGAGATAACC
20 ACCTCATCTGTCCTGTTTC CCAAAAAGAAAGACATGCTG
21 GGGTCTCTTACAGCATGTCT . GTGTGGACTGTTGCTTTGAC
ple®
| GCTGCGGAGAGGGGGAGAGCAGGCA CTGCAAACTTCGTCCTCCA
2-1 CTTCCTTTCCGTCATGCCG CTCAGCCAGGTCCACGGGCA
2-2 TTCCTGGACACGCTGGTGGTG GGAAGCTCTCAGGGTACAAA
3 TGCCACACATCTTTGACCTC AAAACTACGAAAGCGGGGTG
pl4®
t-1 ) CGCTCAGGGAAGGCGGGTGC AACCACGAAAACCCTCACTC
1-2 ATGGTGCGCAGGTTCTTGGT

ACCAAACAAAACAAGTGCCG

*GenBank accession number for MET is NT_007933.
®GenBank accession number for CDKN2A is NT_008413.

supplemented with 10% fetal bovine serum in a
humidified atmosphere containing 5% CO, at
37°C.

Thircy-two primary RMS tumors, obtained at
the time of inital surgery or biopsy in several hos-
pitals in Japan (1993-2005), were examined. Histo-
pathological diagnosis was made by pathologists at
each hospital. Of the 32 cases (age range, 0-20
years; median age, 5.8 years), 5 were classified as
stage I, 5 as 11, 10 as III, and 12 as IV, according to
the Intergroup Rhabdomyosarcoma Study-IV
(IRS-1IV) staging classification. Twenty-one cases
were ERMS, and 11 were ARMS. Patients with

stage I or I1 were treated with surgery alone or sur-.

gery plus chemotherapy, mainly vincristine. Patients
'with stage I1I or IV were treated with surgery, radio-
therapy, intensive multidrug chemotherapy, and if
necessary, autologous bone marrow transplantation.

All of the cell lines and fresh tumors were previ-
ously screened for mutations of 7P53.

Normal human skeletal muscle total RNA was
obtained from two healthy patients (aged 3 and 5).
Ten peripheral blood (PB) samples from healthy
volunteers were also used as normal controls.

Informed consent was obtained from the
patients and/or their parents as well as healthy vol-
unteers.

DNA and RNA Preparation

High-molecular-weight DNA was extracted from
all samples by proteinase K digestion and phenol/
chloroform extraction. Total RNA was extracted
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from all of the cell lines and 17 fresh tumors using
the acid guanidine thiocyanate-phenol chloroform
method. Randomly primed cDNA was synthesized
from total RNA using a cDNA synthesis kit as pre-
viously described (Shibuya et al., 2001).

Mutational Analyses for MET and CDKN2A in RMS

The mutations of MET identified to date are
clustered in the transmembrane domain and tyro-
sine kinase domain (Trusolino and Comoglio,
2002). Therefore, we examined exons 14-21 of
MET, which encompassed the two domains and
the juxtamembrane region, for all of the cell lines
and fresh tumors by PCR-single-strand conforma-
tion polymorphism (PCR-SSCP) analyses as
described elsewhere (Chen et al., 2005). For
CDKNZ2A, we screened its whole coding region by
PCR-SSCP. The primers for PCR-SSCP are listed
in-Table 1. For samples that showed altered mobil-
ity, we subjected the PCR products to direct
sequencing analyses (Chen et al., 2005, 2006). Fur-
thermore,- we performed another round of direct
sequence analyses in all cell lines for MET and
CDKNZ2A to verify the results of PCR-SSCP.

Real-Time Quantitative PCR

For seven RMS cell lines and 17 fresh tumors,
real-time quantitative PCR (RQ-PCR) analyses
were carried out to quantify the expression levels
of MET, p16™%* and p14°*F, using a Quanti-
Tect™ SYBR Green PCR Kit {Qiagen, Tokyo,
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Japan) with an iCycler iQTM real-time PCR detec-
tion system (Bio-Rad Japan, Tokyo, Japan). The
reaction mixture was prepared as follows: 1 pl of
cDNA, 1XQuantiTect SYBR Green PCR Master
Mix, 0.3 pm of each primer and 0.5 U of uracil-V-
glycosylase (Applied Biosystems, Tokye, Japan) in
a final volume of 50 pl. The amplification condi-
tions for quantitation were an initial 2 min of incu-
bation at 50°C, 15 min at 95°C, followed by 40
cycles of amplification (denaturation at 95°C for 30
sec, annealing at the respective temperatures for
30 sec, extension at 72°C for 30 sec) (Chen et al.,
2003). The primer sets used for real-time quantita-
tive reverse transcriptase-PCR were as follows:
sense 5'-GGTTGCTGATTTTGGTCTTG-3' and
antisense  5'-GCAGTATTCGGGTTGTAGGA-3
for MET (GenBank accession number NM_
000245); sense 5'-GCCCAACGCACCGAATAG-3
for p]6’NK4A (GenBank accession number NM_
058197), 5-TCTGGTTCTTTCAATCGGGGA-3'
for p14'ARF (GenBank accession number NM_
058195) and the same antisense 5'-ACCACCAG-
CGTGTCCAGGAA-3' for p16™5% or p14*%F The
B-actin gene served as an endogenous control. The
primers for B-actin amplification were sense 5'-
CTTCTACAATGAGCTGCGTG-3 and antisense
5'-"TCATGAGGTAGTCAGTCAGG-3. For the
purpose of normalization, the relative expression
level was calculated by dividing the expression level
of the respective gene by that of the B-actin gene
for each sample.

For the seven RMS cell lines and 17 fresh
tumors, the relative DNA copy number of MET or
CDKNZA in each sample was quantified using RQ-
PCR analyses similar to above. Each DNA sample
had an Azgg/zs0 ratio in the range 1.60-1.80 and was
diluted to 100 ng/pl before use. The primer set for
MET was that for mutational screening of exon 16
and the primer set for CDKN2A was that for muta-
tional screening of the common exon 2, respec-
tively (Table 1). The B2M (B-2-microglobulin)
gene, which was a housekeeping gene on chromo-
some 15921-q22.2 (Lillington et al.,, 2002), was
used as an endogenous reference and the copy
number of METas well as CDKNZA in each sample
was normalized by the corresponding B2M value.
The primers for B2M amplification were sense
5-AAGTGGAGCATTCAGACTTG-3 and anti-
sense 5'-TCCCTGACAATCCCAATATG-3 (Gen-
Bank accession number NT_010194),

All of the reactions were run in triplicate. The
primers used for RT-PCR were designed to pre-
vent DNA amplification, and the melting curve
was incorporated to detect whether primer dimers

or other undesired products were amplified. In
addition, all of the amplified products were sub-
jected to gel electrophoresis, and if necessary,
direct sequence analysis was performed to confirm
the expected PCR products.

Detection of PAX3-FKHR and PAX7-FKHR Chimeric
Transcripts

For the seven RMS cell lines and 17 fresh
tumors, we also examined the expression of PAX3-
FKHR and PAX7-FKHR chimeric transcripts as
described previously (Galili et al., 1993; Davis
etal., 1994).

Western Blotting and Immunoprecipitation
Analyses

Rabbit polyclonal antibodies against "human
MET (C-12) and mouse monoclonal antibodies
against phosphorylated tyrosine (p-Tyr) (PY99)
were -purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). The secondary antibodies
(donkey anti-rabbit IgG and sheep anti-mouse IgG
conjugated with horseradish peroxidase) and
enhanced chemiluminescence reagent were pur-
chased form Amersham Biosciences (Piscataway,
NJ). Total cellular proteins were extracted by lys-
ing 1 X 10° cells with a lysis buffer [50 mwm
HEPES-NaOH (pH7.0), 1% NP40, 1% sodium de-
oxycholate, 0.1% sodium dodecyl sulfate (SDS),
250 mm NaCl, 5 mM NaF, 1 mM DTT, 1 mm phen-
ylmethylsulfonyl fluoride, and 50 pg/ml aprotinin]
from 7 RMS cell lines (Takita et al., 1997).. The
proteins were separated by SDS-PAGE by loading
the lysates containing S0 pg of total protein on a 4—
20% gradient gel, and then transferring onto a
polyvinylidene difluoride transfer membrane (Milli-
pore, Billerica, MA) (Takita et al., 1997). The
membranes were incubated with the anti-MET
antibody, followed by the HRP-conjugated second-
ary antibody. The resultant immunoproducts were
detected with the ECL Western Blotting Analysis
System. Equal protein loading was confirmed by
staining the membrane with Coomassie brilliant
blue. The Western blotting analysis for MET was
performed three times, then the blots were
scanned, and the level of MET in each sample was
estimated using the NIH Image 1.61 software
(Wayne Rasband, National Institutes of Health,
MD). The protein expression level of each cell
line was calculated as mean + SD.

For immunoprecipitation (IP), lysates containing
500 pug of total protein were pretreated with 1 ug
of normal rabbit IgG and 20 pl of protein G-plus
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TABLE 2. Expression of MET, p16™ *4/p14*%/ and PAX3-FOXO A Transcript, and Mutations of TP53 in RMS Cell Lines

MET plé pl4
Cell lines Histology mRNA? Protein® mRNA mRNA PAX3-FOXOIA  Mutation of TPS3
SJRH-1 E 13.06 = 0.50 11.78 = 8.08 003 000 074=0.12 - Tyr220Cys
SJRH-4 A 122,99 * 30.86 71.35=3772 073.£002 096+022 + 13bp del®
SJRH-18 A 59.70 = 13.07 60.12 £2194 0.13+008 038:+0.11l + Gly187Cys
SJRH-30 A 363.04 = 54,41 16635 = 61.83 092 = 0.01 1.19- £ 0.02 + Tyr205Cys
RD E 28.13+7.14 2245 £ 7.05 0.16£003 090 *0.04 - Arg248Trp
RMS E 8.17 £ 0.74 14.66 + 6.61 049 £ 007 057 *0.03 - Arg282Trp©
SCMC-RM2 A 155.08 = 29.28  109.50 = 6299 0.55+0.03 1.05 + 0.07 + -
E, embryonal type; A, alveolar type.
*The values for mMRNA and protein indicate mean * SD.
Nucleotide 701-713 (GenBank accession number for TP53 is NM_000546).
“Single nucleotide polymorphism (SNP). GenBank accession number for Arg282Trp is rs28934574.
agarose beads (Santa Cruz, CA) at 4°C for 30 min. truncated protein at codon 80 of p/6"™VX*A was

After removal of the beads by centrifugation,
lysates were" incubated with the anti-MET anti-
body (2 ug) and 20 pl of protein G-plus agarose
beads overnight at 4°C. The immunoprecipitates
were washed three times with PBS/0.1%NP-40
and resuspended in lysis buffer, followed by West-
ern blot analyses as described above with anti-p-
Tyr (PY99). Then, the antibodies were stripped
from the membrane in a stripping buffer contain-
ing 62.5 mmol/l Tris, 2% SDS, and 100 mmol/] B-
mercaptoethanol. The membrane was reprobed
with C-12 and the relative secondary antibodies to
confirm the expression of MET.

Statistical Analyses

The Mann-Whitney U test was used to compare
the expression level of each gene between sub-
groups of RMS. Fisher’s exact test was used to
evaluate .the statistical significance of differences
in proportions among groups. Kaplan-Meier sur-
vival plots were constructed, and log-rank tests
were used to estimate survival. Exict 95% CI of
proportions were calculated on the basis of bino-
mial distribution. The Spearman rank correlation
was calculated to evaluate the correlation between
the mRNA expression and protein expression of
MET. Two-sided P < 0.05 was required for signifi-
cance. All analyses were carried out with StatView-
J 4.5software (Abacus Concepts, CA).

RESULTS

Mutations of METand CDKN2A in RMS

For seven cell lines and 32 fresh tumors of RMS,
no mutations (0.0%; 95% CI, 0.0-9.0%) were
detected in exons 14-21 of MET by PCR-SSCP.
For CDKNZA, one nonsense mutation (CGA >
TGA) (2.6%; 95% Cl, 0.5-13.2%), resulting in a
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observed in an ARMS cell line, SJRH-18. The
same mutation was reported previously in mela-
noma (Orlow et al., 2001). This C > T transition
also results in a missense mutation (Pro135Leu) in
p14*%5 A polymorphism (Ala148Thr) in pl6/VK%
was detected in another ARMS cell line, SJRH-30.
No mutations of p76"™* or p14*RF were identi-
fied in the 32 fresh tumors.

Expression of MET and plé’“"“)p 14"" mRNA in RMS

Using RQ-PCR, the expression of MET was
detected in all of the RMS samples and normal
skeletal muscles. The MET/B-actin value in RMS
ranged from 6.16 to 424.42, with a mean value of
102.60 = 124.86, whereas the MET/B-actin value in
normal muscles was 33.20 = 3.77. Overexpression
of MET (> mean value), was detected in 7 of 24
RMS samples, which included 3 alveolar cell lines
(SJRH-4, SJRH-30, SCMC-RM2) (3/7), and 2 alve-
olar and 2 embryonal type tumors (4/17) (Table 2
and Fig. 1A).

The p16™%*(B-actin value in RMS ranged from
0 to 3.59, with a mean value of 0.74 * 0.96.
Reduced or absent expression of prg/Vk?
(p16™%*(B-actin less than half the mean value)
was observed in 11 of 24 samples, which included
3 cell lines (SJRH-1, SJRH-18, RD) and 8 fresh
tumors (Table 2). ’

The p14#*%F|B-actin value in RMS ranged from 0
to 3.53, with a mean value of 0.85 * 0.94. Reduced
or absent expression of p/#1%F 0 14'%E|B-actin less
than half the mean value) was shown in 10 of 24
samples, which included 1 cell line (SJRH-18) and
9 fresh tumors (Table 2).

Two fresh tumors (2/24) with overexpression of
MET had also concomitant reduced or absent
expression of pl6™%* andfor p1#*®F; 1 was an
ERMS and the other was an ARMS.
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Figure I.  Expression of MET mRNA and protein in RMS. (A) Expres-
sion of MET mRNA (MET/B-octin) in RMS cell lines and fresh tumors as
well as normal skeletal muscles detected by real-time quantitative RT-PCR.
A, alveolar; E, embryonal; N, normal skeletal muscle; SD, SD. (B) Western
blotting for MET in seven RMS cell lines. The arrows indicate the 170 kDa

Expression and Activation of MET Protein
in RMS Cell Lines

To determine whether the expression of MET
protein correlates with that of MET mRNA, West-
ern blot analysis was carried out for the seven RMS
cell lines. As shown in Figure 1B, a higher expres-
sion of MET protein with a mass of 140 kDa as
well as a mass of 170 kDa, represented the B-sub-
unit and precursor of MET respectively (Giordano
et al,, 1989), was detected in SJRH-4, SJRH-18,
SJRH-30, and SCMC-RM2, consistent with the
higher expression level of mRNA in these cell
lines. In comparison, a relatively weak expression
of p140 and p170 was detected in SJRH-1, RD and
RMS, which showed a lower expression level of
MET by RQ-PCR. The density of p140 ranged

from 11.78 to 166.35 and with an average of 65.17 * .

57.00 (Table 2). The mRNA expression level of

precursor and 140 kDa B-subunit, respectively. In the bottom panel, the
loading of protein was shown by protein staining with Coomassie brifliant
blue. (C) Tyrosine phosphorylation of MET in RMS cell lines detected by
immunoprecipitation. As a control, the membrane was stripped and re-
probed with ant-MET antibody, which was shown in the bottom panel.

MET in each cell line, as detected by RQ-PCR,
showed a significant correlation with the density of
p140 (correlation coefficient: 0.964; P = 0.018).

We further studied the activation status of the
MET receptor in these cell lines by immunopreci-
pitation analysis. As shown in Figure 1C, a band of
phosphorylated MET was observed in SJRH-4,
SJRH-30, and SCMC-RM2, indicating the consti-
tutive activation of MET in these cells.

Relative DNA Copy Number of MET
and CDKN2A in RMS

The relative DNA copy number of MET (calcu-
lated as MET/B2M) in the seven cell lines and 17
fresh tumors ranged from 0.60 to 1.71 with an aver-
age of 0.96 * 0.36. No samples showed more
than twice the average of the relative DNA copy

Genes, Chromosomes & Cancer DOI 10.1002/gcc
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Figure 2. The relationship between clinicopathological parameters and mRNA expression of the genes

MET (A), p16™*A (B), and p14** (C). The expression levels of each gene were compared among groups classi-

_ fied by histology (including cell lines), PAX3-FOXOIA or PAX7-FOXO | A transcript expression (including cell lines),
stage, age at diagnosis, as well as outcome using Mann-Whitney U test. It was shown in bold when P < 0.05,

number detected in normal skeletal muscle (1.14)
or in normal PB (1.22).

. The relative DNA copy number of CDKNZA
(calculated as CDKNZ2A/B2M) was also evaluated in
the 24 samples. The mean value of CDKN2A/B2M
was 0.73 * 0.43 with a range from 0.24 to 1.44.
Three cell lines (SJRH-4, RD, RMS) (3/7) and two
fresh tumors (2/17) showed less than half the mean
value of the relative DNA copy number.

Expression of PAX3-FOXOIA and PAX7-FOXOIA
Chimeric Transcripts in RMS

The PAX3-FOXOIA chimeric transcript was
detected in 4 of 4 alveolar type cell lines (SJRH-4,
SJRH-18, SJRH-30 and SCMC-RM?2) (Table 2).
There were five ARMSs among the 17 fresh
tumors; 3 having PAX3-FOX0IA and 1 having
PAX7-FOXOIA (4/5). Of the 4 alveolar type cell
lines with expression of PAX3-FOX0IiA, 3 showed
overexpression of MET and of the 3 ARMSs having
PAX3-FOXO0IA, 2 showed overexpression of MET.
The sample having PAX7-FOXOIA showed an
expression level of MET/B-actin at 21.37 + 1.04.

Mutations of TP53 in RMS

The mutations of TP53 were detected in 5/7 cell
lines and 3/17 fresh tumors. The mutations in five
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cell lines included four missense mutations
(Gly187Cys, Tyr205Cys, Tyr220Cys, and Arg248Trp)
and a 13 bp deletion (nucleotides 701-713) in exon
5, which resulted in a truncated transcript (Table 2).
In the five cell lines having mutations of TP53, two
showed overexpression of MET The three fresh
tumors having mutations of 7P53 included an inser-
tion of 6 bp (ACTACA) between nucleotides 960
and 961 in an ERMS (GenBank accession number:
NM_000546), a missense mutation (Asp49His) in an
ERMS, and a nonsense mutation (Arg — stop
codon) at codon 342 in the ARMS with PAX7-
FOXOIA. Overexpression of METwas only detected
in one of the three samples having mutations of
TP53.

Relationsh'i-p Between the Expression Leve! of MET
or p16™ *ip 1 42”F and Clinicopathological
Parameters in RMS

To address the relationship between the clinico-
pathological parameters and the expression levels
of MET and p16™%%p14°RF, we compared the
expression level of each gene between groups clas-
sified by patients’ ‘age, stage, histology, PAX3-
FOXO0IA or PAX7-FOXOIA transcript expression,
as well as outcome (Fig. 2). By nonparametric



