INTERNATIONAL JOURNAL OF ONCOLOGY 37: 569-581, 2010

Expression of ADAMTS4 in Ewing's sarcoma
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Abstract. Ewing's sarcoma (EWS) is a malignant bone tumor
that frequently occurs in teenagers. Genetic mutations which
cause EWS have been investigated, and the most frequent one
proved to be a fusion gene between EWS gene of chromo-
some 22 and the FLII gene of chromosome 11. However, a
limited numbers of useful biological markers for diagnosis of
EWS are available. In this study, we identified ADAMTS4
(a disintegrin and metalloproteinase with thrombospondin
motifs) as a possible tumor marker for EWS using the
retrovirus-mediated signal sequence trap method. ADAMTS4
is a secreted protein of 837 amino acids with a predicted
molecular mass of 98-100 kDa. It is a member of metallo-
protease family, is expressed mainly in cartilage and brain,
and regulates the degradation of aggrecans. ADAMTS4 has
been suggested to be involved in arthritic diseases and
gliomas. Herein, we show that ADAMTS4 mRNA was
expressed in all primary EWS samples and all EWS-derived
cell lines examined, while its expression was detected only in
small subpopulations of other solid tumors. Furthermore,
ADAMTS4 expression was found to be regulated by EWS-
FLII fusion gene-dependent manner. We also demonstrated
that ADAMTS4 protein was highly expressed in tumor
samples of the patients with EWS by using immunohisto-
chemistry. These results suggest that ADAMTS4 is a novel
tumor marker for EWS.
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Introduction

Ewing's sarcoma (EWS) is the second most frequent primary
bone tumor of childhood and adolescence with aggressive
clinical course and poor prognosis. It is recognized that EWS
is a part of Ewing's sarcoma family of tumors (ESFTs) which
also include the peripheral primitive neuroectodermal tumor
(PNET) (1,2), Askin's tumor and extraosseous EWS. Biologi-
cally, ESFTs are characterized by common chromosomal
translocation between the 5' portion of the EWS gene (22q12)
and the 3' portion of the members of the ETS family genes
(3). More than 85% of the cases have the fusion gene EWS-
FLII due to t(11;22)(q24;q12) (4,5). Five to 10% of the cases
pocess EWS-ERG due to t(21;22)(q22;q12) (6). The other rare
cases are EWS-ETVI, EWS-EIAF and EWS-FEV, each
resulting from t(7;22)(p22;q12), t(17;22) (q12;q12) and
t(2;22)(q33;q12), respectively (3,7,8). The EWS-ETS
chimeric proteins behave as aberrant transcriptional regulators
and are believed to play a crucial role in the onset and
progression of the ESFTs (9,10).

Currently, diagnosis of EWS is determined mainly by
CD99 immunohistochemistry (11-13), and by genetic aberra-
tion. However, CD99 expression is also reported to be positive
in some T cell acute lymphoblastic leukemia (T-ALL), acute
myelogenous leukemia (AML), ependymoma, synovial
sarcoma and pancreatic endocrine tumors (14-16). Besides,
not all EWSs have this specific chromosomal translocation.
Thus, there is no specific biomarker for differentiating EWS
from other soft tissue sarcomas. Among the patients with
localized tumor at diagnosis, 20% relapse within 4 years and
die of the disease. In contrast, 5-year survival rate is ~20-30%
in cases with metastasis. This study was performed to find a
useful tumor marker for EWS.

The signal sequence trap (SST) is a strategy to identify
complementary DNAs (cDNAs) containing signal sequence
that encode secreted and type I membrane proteins (17).
To date, various important molecules have been detected
including SDF-1, a member of the tumor necrosis factor
receptor superfamily TROY, Xenopus-Tsukushi, Vasorin and
leukocyte mono-Ig-like receptor (LMIR) by the SST method
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(18-23). In this study, we identified a secreted molecule
ADAMTS4 (a disintegrin and metalloproteinase with throm-
bospondin motifs) from EWS cell lines by using the SST
system based on retrovirus-mediated expression screening
(SST-REX) (24,25).

ADAMTS is a family of proteinases which was first
described in 1997 (26). Today, 19 different members of the
ADAMTS family have been identified, but the functions,
mechanisms of activation, and substrates of most members
remain incompletely understood (27). Members of the
ADAMTS family are closely related to the ADAM (a disintegrin
and metalloproteinase) family, but unlike ADAMs, the
ADAMTSs are secreted molecules, some of which bind to the
extracellular matrix. ADAMTS4 was originally purified from
chondrocytes and synovial cells stimulated with interleukin-1
(28). The structure of ADAMTS4 consists of six domains, a
prodomain, a metalloproteinase domain, a disintegrin
domain, a thrombospondin type I motif, a cysteine-rich
domain and a spacer domain. It has been demonstrated to
cleave the aggrecan at Glu*’3-Ala’’, and therefore is also
named as aggrecanasel (29-32). The aggrecanase activity
of ADAMTS4 is inhibited by TIMP-3 (tissue inhibitor of
metalloproteinase-3) (33), which was originally identified as
an inhibitor of matrix metalloproteinases. Yamanishi et al
demonstrated that ADAMTS4 was overexpressed in synovial
cells and chondrocytes in the patients with osteoarthritis
(OA) and rheumatoid arthritis (RA) (34). Thus, ADAMTS4 is
considered to play an important role in the aggrecan
degradation of articular cartilage in OA and RA. Recent
studies reported that ADAMTS4 cleaves not only aggrecan
but also brevican, versican and a2-macroglobulin (35).

In this study, we have disclosed that ADAMTS4 mRNA
was expressed in all tissue samples of EWS patients and all
EWS cell lines examined, and the mRNA level of ADAMTS4
was regulated by EWS-FLII in the cell line. We have also
demonstrated the ADAMTS4 protein expression by immu-
nostaining of the patients' samples and the cell lines. Thus,
we propose that ADAMTS4 is a possible tumor marker of
EWS.

Materials and methods

Cell lines. Osteosarcoma cell lines (MG63, HOS, KHOS/NP,
Sa0S2 and U20S), neuroblastoma cell lines (KPNSI-FA,
LAN-1 and NB69), a lung cancer cell line H460, a liver
cancer cell line PLC/PRF/5, a cholangiocarcinoma cell line
HuCCT1, a colon cancer cell line SW-48, T-ALL cell lines
(Jurkat, PEER, CEM and HPB-ALL), B-ALL cell lines
(NALM16, NALM24 and IM9), AML cell lines (MOLM13
and ML1), an acute myelomonocytic leukemia cell line
U937, EWS cell lines (SJES-2, SJES-3, SJES-5, SJES-6,
SJES-7 and SJES-8), rhabdomyosarcoma cell lines (RMS
and SJRH-30), pancreatic cancer cell lines (AsPC-1, BxPC-3
and Capan-1), glioblastoma cell lines (U8§7MG, U251 and
T98G), and gastric cancer cell lines (HGC-27, MKN45,
GCIY and KATO-III) were cultured in RPMI-1640 medium
(Sigma-Aldrich, St. Louis, MO, USA) containing 10% heat-
inactivated fetal bovine serum (FBS) (Sigma-Aldrich). A
murine pro-B cell line Ba/F3 was maintained in RPMI-1640
containing 10% FBS and 1 ng/ml murine interleukin-3 (IL-3)
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(R&D Systems, Minneapolis, MN, USA). A retrovirus
packaging cell line Plat-E (36) and NIH3T3 were cultured in
Dulbecco's modified Eagle's medium (DMEM) (Sigma-
Aldrich) containing 10% FBS. Human mesenchymal stem/
progenitor cells (hMSCs) were purchased from Sanko Junyaku
(Tokyo, Japan).

Patient samples and normal controls. Samples from 7 patients
with EWS, 13 osteosarcoma, 4 chondrosarcoma, 4 synovial
sarcoma, and 3 rhabdomyosarcoma, which were obtained at
initial surgery at the department of orthopaedic surgery at
Mie University Hospital, were examined by reverse trans-
cription (RT)-PCR. Schwannoma, desmoid and lipoma
samples were used as controls. Tissue samples for immuno-
histochemical staining were obtained from 25 EWS patients
who underwent an open biopsy or a surgical resection. For
enzyme-linked immunosorbent assay (ELISA), we used
serum samples of 3 osteosarcomas, 1 osteofibrous dysplasia,
1 chondrosarcoma, 1 synovial sarcoma, 6 EWS and 4 healthy
volunteers. Basically sera were isolated before the chemo-
therapy except for few cases. Informed consent was obtained
from each patient or parent and volunteer. This study was
approved by the ethics committee at Mie University.

Antibodies and other reagents. A rabbit polyclonal anti-
ADAMTS4 antibody which was raised against amino acids
764-837 of human ADAMTS4 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and a horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG secondary antibody (Bio-Rad
Laboratories, Hercules, CA, USA) were used for immu-
noprecipitation (IP)-Western blot analysis. Immunostaining
was performed by using the following antibodies: the same
anti-ADAMTS4 antibody as used for IP-Western analysis, an
N-universal rabbit IgG (Dako, Kyoto, Japan), an HRP-
conjugated anti-rabbit IgG antibody (Nichirei Biosciences,
Tokyo, Japan) for immunohistochemistry, and an Alexa488-
conjugated anti-rabbit IgG antibody (Invitrogen, Carlsbad,
CA, USA) for immunofluorescence microscopy. For ELISA,
a monoclonal anti-ADAMTS4 antibody raised against amino
acids 213-685 of the recombinant human ADAMTS4 (R&D
Systems), a biotinylated goat anti-ADAMTS4 antibody raised
against amino acids 213-685 of the recombinant human
ADAMTS4 and an Avidin-HRP (eBioscience, San Diego,
CA, USA) were used.

Screening of EWS ¢DNA library by SST. A human EWS
cDNA library was screened by SST-REX as previously
described (24,25). Briefly, poly(A)* RNA was prepared from
EWS cell lines using the FastTrack2.0 Kit (Invitrogen). The
cDNA was synthesized from the mixture of poly(A)* RNAs
of 6 EWS cell lines with random hexamers, using the
SuperScript Choice System (Invitrogen) according to the
manufacturer's instructions. The synthesized cDNA was size-
separated by electrophoresis on an agarose gel. Fractions
greater than 500 bp were collected and inserted into BstXI
sites of pMX-SST (25) using BstXI adaptors (Invitrogen).
Ba/F3 cells were infected with the retroviruses expressing
the EWS-derived cDNA library and selected for growth in
the absence of IL-3. Genomic DNAs extracted from IL-3-
independent clones were subjected to PCR to recover the



INTERNATIONAL JOURNAL OF ONCOLOGY 37: 569-581, 2010 571

Table I. Primer sequences used in RT-PCR analyses in murine tissues.

Gene Sense Antisense
DKFZP56400823 5'-CCATTGCCTGTCTCTCTCATGACA-3' 5-GAGCTGTGCTCTTCTGTTGGTGA-3'
ADAMTS4 5'-GAGCTGTGCTCTTCTGTTGGTGA-3' 5'-CAGAGAAGCGAAGCGCTTGGTT-3'
DNER 5'-GACATAATCCTGCCCCGCTCT-3' 5'-CTCTGATGGCTTCGTGGCACAT-3'
NGFR 5'-CGTGTTCTCCTGCCAGGACAA-3' 5-GCTGTGCAGTTTCTCTCCCTCT-3'
LRRNGA 5'-GTCTTCACCGGCCTCAGCAA-3' 5'-CCCTCGATTGTACCGATTGGGTT-3'
ECSM2 5'-GACAACTCAGACCTCGCAGGAA-3' 5'-CATTGGCTGTGGAGCAGCTTTCA-3'
LGALS3BP 5'-CAGGACTACTGTGGACGGCTT-3' 5'-CTACTCCAGGTGGAAGAGGTGTA-3'
PTPRF 5'-GCTGGCCCAGGAGAAGAGTT-3' 5'-GCTCTGCCCATTGTACAGGATCTT-3'
FCGRT 5'-GCTGTGAACTGGCCTCGGATA-3' 5'-CCAGCAATGACCATGCGTGGAA-3'
LAMP2 5'-CGCTGTCTCTTGGGCTGTGAAT-3' 5'-GGCACCTTCTCCTCAGTGATGTT-3'
RCNI1 5'-CTAAGCCCGGACGAGAGCAA-3' 5'-GGCCATTGTCCTCGTGGGAA-3'
MMP14 5'-CATGAGTTGGGGCATGCCCTA-3' 5'-CGGCCAAGCTCCTTAATGTGCTT-3'
SDC2 5'-CTCCATTGAGGAAGCTTCAGGAGT-3' 5'-CTTCTGGTAAGCTGCGCTGGAT-3'
DAGI1 5'-GGAAGCCCACGGTCACCATT-3' 5-GCTTGAGCTTGTCGGTAGTGGTA-3'
EPCR 5'-GGCAACGCCTCTCTGGGAAAA-3' 5'-CGGCCACACCAGCGATTATGAA-3'
CD97 5-CTGGAACAAAGCCTTCGGACCTT-3' 5-GTCGGTGTCCCAGTACCCATT-3'
CD99L2 5'-GTCCAGAGAGGATATGGAGACACA-3' 5-GGTTCTGCAGACTGCGTTTCTTG-3'
IGFBP5 5'-GCGACGAGAAAGCTCTGTCCAT-3' 5-GCCTTGTTCGGATTCCTGTCTCA-3'
CLU 5'-GAAGGCATTCCCGGAAGTGTGTA-3' 5'-GCTGGACATCCATGGCCTGTT-3'
LSAMP 5'-GCTCTGGAATACAGCCTCCGAA-3' 5'-GTGTCATCCCGGTACCACTCAA-3'
NPTN 5'-GTAACCTCACTTCCAGCTCTCACA-3' 5'-GGAGGCAGAGCCAATGGAGTT-3'
EFNAS5 5'-GCAGCAACCCCAGATTCCAGA-3' 5-GATGGCTCGGCTGACTCATGTA-3'
PODXL 5'-CCTTCACCAGTAGCAGTGGACAA-3' 5'-CCACTGTAGACGCCATAGACTGT-3'
TMEM123 5'-CCACTCAGTGCTGACCTCCAA-3' 5-GTTCGTCAATGCTTCGGTACCGAA-3'
GAPDH 5'-CAGTATGACTCCACTCACGGCAA-3' 5'-CAGATCCACGACGGACACATTG-3'

integrated cDNAs using vector primers. The resulting PCR
fragments were sequenced and analyzed.

RT-PCR analysis. RT-PCR was carried out to detect ADAMTS4
transcript in tumor cell lines, murine tissues and patients'
samples. Total RNA was isolated with acid guanidium-
phenol-chloroform method, and then 5 pg RNA was reverse-
transcribed to cDNA in a total volume of 33 ul with random
hexamers by using the Ready-To-Go You-Prime First-Strand
Beads (GE Healthcare UK, Buckinghamshire, UK). RT-PCR
was performed with the programmable cyclic reactor under
the following conditions: denaturation at 94°C for 3 min
followed by 30 cycles of amplification (94°C for 30 sec, 60°C
for 30 sec, and 72°C for 45 sec). PCR product was separated
by 1-2% agarose gel electrophoresis and visualized by
ethidium bromide staining. The primers used for RT-PCR
was described in Tables I and II.

Cloning of the full-length cDNA encoding ADAMTS4. Full-
length ADAMTS4 was generated as follows. The first half of
ADAMTS4 (1-1194 bp) was isolated from pMX-SST vector
by digestion with BamHI. Based on the sequence data, the
last half (1195-2514 bp) were amplified by PCR from cDNAs
of the EWS cell line SJES-5, and digested with BamHI
and Notl. The fragment was subcloned into a pMXs-puro

retroviral vector (37). The resultant vector was digested with
BamHI, and then ligated with the BamHI fragment of the first
half of ADAMTS4. The primers used for amplification are as
follows: SSTS', 5'-GGGGGTGGACCATCCTCTA-3'; SST3',
5'-CGCGCAGCTGTAAACGGTAG-3'; ADAMTS4-FL-S,
5'-GAAAGAATTCGCTGCAGTACCAGTGCCATG-3";
ADAMTS4-FL-S2, 5'-GAGCACCTCTCGCCATGTCA-3";
ADAMTS4-FL-AS, 5'-GAAAGAGAATTCGCGGCC
GCTTATTTCCTGCCCGCCCAGG-3'; ADAMTS4-AS2,
5'-CTTTGGATCCACATGAGCCATCACAGGGGCCA
TGACATGGCGAGAGGTGCTCAAAGGCCCATTCAAA
CTGATGCATG-3'.

Transfection and infection. Retroviral transfection was done
as described previously (36,37). Briefly, retroviruses were
generated by transient transfection of Plat-E packaging cells
(36) with FuGENE 6 (Roche Diagnostics, Basel, Switzerland).
Ba/F3 and NIH3T3 cells were infected with the retroviruses
in the presence of 10 pg/ml polybrene. Selection with G418
or puromycin was started 48 h after infection.

Small interfering (si)RNA design and transfection experi-
ments. EWS-FLII-specific siRNA (siEF1) for SJES-5 cell
line was designed as previously described (38). As a negative
control, siGFP was employed (Hayashi-Kasei, Osaka, Japan).
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Table II. Primer sequences used in RT-PCR analyses in human cancer cell lines.

Gene Sense Antisense
DKFZP56400823 5'-CCATCTGGACTAGCTCTCCACA-3' 5'-GTGCTGGTCACAGTGGAGCTA-3'
ADAMTS4 5'-GTGGAGTCTCCACTTGCGACA-3' 5'-CCAGGGCGAGTGTTTGGTCT-3'

DNER 5'-GTGGTGAAGGTCAGCACCTGT-3' 5'-GGCTGAGGGCACAGAAGTCAA-3'
NGFR 5'-GTTCTCCTGCCAGGACAAGCA-3' 5'-GTCCACGGAGATGCCACTGT-3'
LRRN6A 5'-GTACAACCTCAAGTCACTGGAGGT-3' 5'-CATTGAGCACGCGCAGGTAGTT-3'
ECSM2 5'-CAATGACCCAGACCTCTAGCTCT-3' 5'-GCAGCTTTCAGACAGCCCTGA-3'
LGALS3BP 5'-CCCACAGACCTGCTCCAACT-3' 5'-CCGTCTGGACTGATAGACCAGTT-3'
PTPRF 5'-CAGCCCCTACTCGGATGAGAT-3' 5'-GCGATGACATTCGCATAGCGGTT-3'
FCGRT 5'-CTCTCCCTCCTGTACCACCTT-3' 5'-GTGCCCTGCTTGAGGTCGAAAT-3'
LAMP2 5'-GTGCAGTTCGGACCTGGCTT-3' 5'-CAGCTGCCTGTGGAGTGAGTT-3'
RCNI1 5'-GACAATGATGGGGATGGCTTTGTCA-3' 5'-CGGAATTCGTTAAACTGCTCCCGTT-3'
MMP14 5'-CAACATTGGAGGAGACACCCACTTT-3' 5'-GTTCCAGGGACGCCTCATCAAA-3'
SDC2 5'-GCTCCATTGAAGAAGCTTCAGGAGT-3' 5'-GCCTTCTGATAAGCAGCACTGGAT-3'
DAGI 5'-CGGAGGCAGATCCATGCTACA-3' 5'-GGCAGTTTCCAATCTGGTGATGGA-3'
EPCR 5'-CTACTTCCGCGACCCCTATCA-3' 5'-GCGAAGTGTAGGAGCGGCTT-3'

CD97 5'-CAAGACAAGCTCAGCCGAGGT-3' 5'-CTCCCCATCGGAGGACTCAA-3'
CD99L.2 5'-CAAGAAACCCAGTGCTGGGGAT-3' 5'-GTACGCTGAACAGCTGGCTCT-3'
IGFBP5 5'-CTCAACGAAAAGAGCTACCGCGA-3' 5'-CTGTCGAAGGTGTGGCACTGAA-3'
CLU 5'-CAATGAGACCATGATGGCCCTCT-3' 5'-CCGGGCTATGGAAGTGGATGT-3'
LSAMP 5'-GGACAACATCACCGTGAGGCA-3' 5'-GGAGACCTCGTTGGCAGCTT-3'

NPTN 5'-CCCTGTCACCCTGCAGTGTA-3' 5'-CCAATGGCGTTGGTGGCATTACA-3'
EFNAS5 5'-CCAGAGGGGTGACTACCATATTGA-3' 5'-CGGCTGACTCATGTACGGTGT-3'
PODXL 5'-CTCCACAGCCACAGCTAAACCTA-3' 5'-CTGGCAGGGTAGGTGTTCTCAA-3'
TMEM123 5'-CCATGGCGGCATCTGCAAACAT-3' 5'-CGATACCGAATGCCTCTTCTTGAGT-3'
PCOLCE 5'-CGGACGCTTTTGTGGGACCTT-3' 5'-GGCAGCTTGACTTTAGGCTCAGTT-3'
SEZ61.2 5'-GCACCTGCACTTTGAAAGGGTCT-3' 5'-GTCCCCTTCCCGCACATTCAATAT-3'
IGFBP4 5'-GAAGCCCCTGCACACACTGAT-3' 5'-GAAAGCTGTCAGCCAGCTGGT-3'
IGFBP3 5'-GCATCTACACCGAGCGCTGT-3' 5'-GGGACTCAGCACATTGAGGAACTT-3'
LOX 5'-GTCACTGGTTCCAAGCTGGCTA-3' 5'-GGAATATCTTGGTCGGCTGGGTA-3'
CTGF 5'-GCGTGTGCACCGCCAAAGAT-3' 5'-CGGTATGTCTTCATGCTGGTGCA-3'
SPARC 5'-CTGCCAGAACCACCACTGCAA-3' 5'-CTGCCAGTGTACAGGGAAGATGT-3'
QSCN6 5'-GGCTGACCTGGAATCTGCACT-3' 5'-CATTGTGGCAGGCAGAACAAAGTTC-3'
EDIL3 5'-CTGTGAGTGCCCAGGCGAATTTA-3' 5'-GATTTCATACCCAGAGGCTCAGAACA-3'
MXRAS 5'-GTACACCTGCAACCTGCACCAT-3' 5'-GGGACGATGACATTGATGACGTTGT-3'
PRRT3 5'-GCTGACAGTCACAGGAACTCTGA-3' 5'-GCCTCCTGCAAGTGTTCCTCAA-3'
LRP1 5'-CAATGGCCTGACGCTGGACTAT-3' 5'-CGGTGTCACACTTCCACCAGA-3'

ISLR 5'-GCTCGCTGCAACTCAACCACAA-3' 5'-CTCAGCACTGCCCAGCTCATT-3'
COLO6AI 5'-GCAGTACAGCCACAGCCAGAT-3' 5'-GTCAAAGTTGTGGCTGCCCAC-3'
TIMP1 5'-GACCTCGTCATCAGGGCCAA-3' 5'-GCAAGGTGACGGGACTGGAA-3'
LAMPI1 5'-CACGTTACAGCGTCCAGCTCAT-3' 5'-CCTTGTAGGAAAAACCGGCTAGAAC-3'
SERPINHI 5'-CTGCTGCGCTCACTCAGCAA-3' 5'-CGTGATGGGGCATGAGGATGAT-3'
COLI1A1 5'-CACCTCAAGAGAAGGCTCACGAT-3' 5'-CCACGCTGTTCTTGCAGTGGTA-3'
GAPDH 5'-ACCACAGTCCATGCCATCAC-3' 5'-TCCACCACCCTGTTGCTGTA-3'

The RNA sequences used are as follows: siEF1 (sense 5'-GGC
AGCAGAACCCUUCUUAJCAG-3', antisense 5'-UAAGA
AGGGUUCUGCUGCCdCdG-3"). SJES-5 cells were plated
on a 6-well plate and propagated in RPMI-1640 medium
supplemented with 10% FBS. Twenty-four hours later, for
transfection, 1 ul of 10 pmol siRNA was diluted with 99 ul

of Opti-MEM (Invitrogen), and 2 ul of siFECTOR reagent
(B-Bridge International, Mountain View, CA, USA) was
diluted with 98 pl of Opti-MEM. Both solutions were mixed
gently and incubated at room temperature for 5 min. The
mixture was diluted with 800 pl of Opti-MEM, and left at
room temperature for 15 min. Next, 1 ml of RNA/liposome



INTERNATIONAL JOURNAL OF ONCOLOGY 37: 569-581, 2010 573

Table III. Genes isolated by the retrovirus-mediated signal sequence trap method (SST-REX).

Isolated gene Accession number® Frequency®
Granulin (GRN) NM_002087 22
Alzheimer disease amyloid 3 A4 precursor protein NM_201414 16
Procollagen-proline, 2-oxoglutarate 4-dioxygenase NM_000918 14
NODAL modulator 2 (NOMO?2) NM_173614 12
NODAL modulator 1 (NOMO1) NM_014287 12
NODAL modulator 3 (NOMO3) NM_001004067 11
Golgi apparatus protein 1 (GLG1) NM_012201 10
Podocalyxin-like (PODXL) NM_001018111 6
Lysosomal-associated membrane protein 2 (LAMP2) NM_013995 6
Insulin-like growth factor binding protein 3 (IGFBP3) NM_000598 6
Basigin NM_198589 6
Dystroglycan 1 NM_004393 6
DKFZP56400823 protein NM_015393 5
Ephrin-AS5 NM_001962 4
SPARC NM_003118 4
CD97 NM_001025160 4
Calreticulin NM_004343 4
Insulin-like growth factor binding protein 4 (IGFBP4) NM_001552 4
Poliovirus receptor NM_006505 3
Syndecan 2 NM_002998 3
Seizure-related 6 homolog like 2 NM_201575 3
CD276 NM_025240 3
TMED7 NM_181836 3
Ribophorin 1T NM_002951 3
Niemann-Pick disease, type C1 NM_000271 3
TMEM165 NM_018475 3
MHC class I antigen NM_005514 3
Colony stimulating factor 2 NM_000758 3
NGFR NM_002507 2
Ribophorin I NM_002950 2
Proline-rich transmembrane protein 3 NM_207351 2
Custerin NM_203339 2
Prosaposin NM_002778 2
Leucine rich repeat neuronal 6A (LRRN6A) NM_032808 2
Lysosomal-associated membrane protein 1 (LAMPI) NM_005561 2
Quiescin Q6 NM_001004128 2
Neuroplastin NM_017455 2
Reticulocalbin 1 NM_002901 2
Hemicentin 1 NM_031935 2
Matrix metallopeptidase 14 (MMP14) NM_004995 2
Collagen, type VI, al NM_001848 2
MHC class I polypeptide-related sequence A NM_000247 2
Low density lipoprotein-related protein 1 (LRP1) NM_002332 2
TMEM123 NM_052932 2
Collagen, type XV, al NM_001855 2
Protein kinase C substrate S0K-H NM_002743 2
EGF-like module containing, mucin-like, hormone receptor-like 2 NM_152920 2
Collagen, type I, a2 NM_000089 2
Lectin, galactoside-binding, soluble, 3 binding protein NM_005567 2
Collagen, type VII, al NM_000094 2
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Isolated gene

Accession number* Frequency®

Protein tyrosine phosphatase, receptor type, F
Connective tissue growth factor
Protein disulfide isomerase family A, member 4

Immunoglobulin superfamily containing leucine-rich repeat (ISLR)

Collagen, type I, al

Procollagen C-endopeptidase enhancer (PCOLCE)
Chromosome 1 open reading frame 56

TIMP metallopeptidase inhibitor 1 (TIMP1)
Insulin-like growth factor binding protein 5 IGFBPS5)
Solute carrier family 24 member 6 (SLC24A06)

Neural cell adhesion molecule 2 (NCAM?2)

Collagen, type V, al

CD248

Fc fragment of IgG, receptor, transporter, o
Nucleobindin 1

delta/notch-like EGF-related receptor (DNER)

Limbic system-associated membrane protein (LSAMP)
Lysyl oxidase (LOX)

Endothelial cell-specific molecule 2 (ECSM2)

Isolate Tor36 (ZE657) mitochondrion

Lectin, mannose-binding, 1

CD99 molecule-like 2

EGF-like repeats and discoidin I-like domains 3

SIL1 homolog, endoplasmic reticulum chaperone
ADAM with thrombospondin type 1 motif, 4 (ADAMTS4)
Matrix-remodelling associated 8 (MXRAS)

Protein C receptor, endothelial

Tissue factor pathway inhibitor

Serpin peptidase inhibitor, clade H member 1 (SERPINH1)
Protocadherin y subfamily A.6

NM_130440
NM_001901
NM_004911
NM_005545
NM_000088
NM_002593
NM_017860
NM_003254
NM_000599
NM_024959
NM_004540
NM_000093
NM_020404
NM_004107
NM_006184
NM_139072
NM_002338
NM_002317
NM_001077693
AY738975
NM_005570
NM_031462
NM_005711
NM_022464
NM_005099
NM_032348
NM_006404
NM_001032281
NM_001235
NM_032086

m b e ek e e b b e e ek ek b e ek b e e e e b b ek ek e e e e e

2Accession number in GenBank protein database. "Number of the clones isolated by SST-REX.

complex was added to 1 ml of OPTI-MEM supplemented
with 20% FBS. Then, the culture medium of the SJES-5 cells
was replaced with the 2 ml of the RNA/liposome-containing
medium prepared. Twenty-four hours after transfection,
culture medium was replaced with the 2 ml of Opti-MEM
with 10% FBS, and grown for another 48 h. The cells were
harvested and then total RNA was extracted for RT-PCR
analysis. The primers used for RT-PCR are as follows: EWS-
FLII-S, 5'-GGGTATGGCACTGGTGCTTATGAT-3'; EWS-
FLI1-AS, 5-GGCTCCAAAGAAGCTGGAGGAA-3'; EWS-S,
5'-GCCCAGCCCACTCAAGGATAT-3"; EWS-AS, 5'-CCC
CTGTGCTAGATTGAGGTTGA-3'"; FLI1-S, 5'-GCCAACG
CCAGCTGTATCA-3'; FLI1-AS, 5-GTGTGAAGGCACGT
GGGTGTT-3'.

IP-Western analysis. IP-Western blot analysis was per-
formed as previously described (39) with some modifications.
Briefly, cells were lysed in RIPA buffer [S0 mM Tris-HCI

(pH 7.4), 150 mM NaCl, 1% NP40, 0.5% deoxycholate, 0.1%
SDS]. Cell lysates were immunoprecipitated with the rabbit
polyclonal anti-ADAMTS4 antibody. SDS-polyacrylamide
gel electrophoresis was performed under reducing conditions
using 5-20% gradient gel (Wako Pure Chemical Industries,
Osaka, Japan). After transfer to a nitrocellulose membrane, the
blot was probed with the rabbit polyclonal anti-ADAMTS4
antibody and then with the HRP-conjugated goat anti-rabbit
IgG secondary antibody. ADAMTS4 protein was detected
with enhanced chemiluminescence (ECL) Western blotting
detection reagents (Santa Cruz Biotechnology).

Immunohistochemical staining. Specimens were retrieved
from the patients during surgical resection. Archival tumor
blocks were fixed with 10% formaldehyde/phosphate-buffered
saline (PBS), and embedded in paraffin. The paraffin-
embedded tissues, measuring 4 gm in thickness, were placed
on glass slides (Matsunami Glass, Osaka, Japan) and deparaf-
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Table IV. Comparison of the gene expression levels between
human mesenchymal stem cells (hMSCs) and Ewing's
sarcoma (EWS) cells.

A. hMSC

™
5

DKFZP56400823 -
ADAMTS4 -
DNER -
NGFR -
LRRN6A -
ECSM2 -
LGALS3BP -
PTPRF -
FCGRT -

+ 4+ + + + 4+ o+ o+ 4+

B. hMSC

o5
5

LAMP2
RCNI1
MMP14
SDC2
DAGI1
EPCR
CD97
CD99L.2
IGFBP5
CLU
LSAMP
NPTN
EFNAS
PODXL
TMEM123

+
=+

+ + + + + A+ A+ o+
AANAAAAAANAAAAAARANRAA
+ o+ + F + + A+ A+ o+ o+ o+

C. hMSC

fes
3

PCOLCE
SEZ6L2
IGFBP4
IGFBP3
LOX
CTGF
SPARC
QSCN6
EDIL3
MXRAS
PRRT3
LRPI
ISLR
COL6AI1
TIMP1
LAMPI
SERPINHI +
COLI1AI +

V V. V V

+ 4+ + 4+ F A+ A+ A+ 44+

+
+
\%

+
+ 4+ + + + A+ o+ A+ o+ o+ o+ o+ o+ o+ A+ 4+ 4+

++, strongly positive; +, modelately positive; —, negative; > or <,
>2-fold difference in the expression level.
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finized in xylene for hematoxylin and eosin (H&E) and immu-
nohistochemical staining. Antigen retrieval was performed
with citrate buffer (pH 6.0) at 97°C for 45 min. After cooling
for 60 min and washing in PBS, the rabbit anti-ADAMTS4
antibody (Santa Cruz Biotechnology) diluted 1:50 in anti-
body diluent buffer (Dako) was reacted. The slides were then
washed and incubated with the HRP-conjugated anti-rabbit
IgG antibody. The 3-3' diaminobenzidine tetrahydrochloride
(DAB) was used for coloration. Hematoxylin was used as the
final nuclear counterstaining.

Immunofluorescence staining. The expression of ADAMTS4
protein was analyzed by immunofluorescence. Cells were
fixed for 30 min in 4% paraformaldehyde/PBS, and perme-
abilized for 30 min in 0.1% Triton X/PBS. Fixed cells were
rehydrated with Tris-buffered saline, and then incubated with
the rabbit polyclonal anti-ADAMTS4 antibody. Immuno-
fluorescence staining was done with the Alexa488-conjugated
anti-rabbit IgG antibody. Nucleus was detected with bis-
benzimide (Hoechst-33342, Sigma-Aldrich) staining.

ELISA. To evaluate the expression level of secreted
ADAMTS4 protein, supernatants of the EWS cell lines and
the patient sera were subjected to ELISA. The 96-well plates
were coated with the monoclonal anti-human ADAMTS4
antibody at 4°C overnight. After 3 washes with washing buffer
(0.05% Tween-20/PBS), the plates were treated with 10%
FBS in PBS for 1 h at room temperature. The recombinant
human ADAMTS4 (amino acids 213-685) diluted with 10%
FBS in PBS, as standard proteins, and the samples were
added to each well, and incubated at room temperature for
2 h. After 5 washes with washing buffer, the Avidin-HRP
and the biotinylated anti-human ADAMTS4 detection anti-
body were added to each well, and incubated for 1 h at room
temperature. After 7 washes with washing buffer, 100 ul of
tetramethylbenzidine buffer as a substrate was added to each
well and incubated for 30 min at room temperature in the
dark. Color development was stopped by addition of 100 ul
of stop solution (I N H;PO,). Optic density of each sample
was measured at 450 nm.

Results

Analysis of isolated cDNA clones. In SST-REX screening,
we isolated 322 factor-independent Ba/F3 clones (Table III).
Sequencing analyses revealed that integrations derived from
256 clones harbored the signal sequence. Among them, 80
different secreted and type I membrane proteins were identi-
fied. We used the database of RefEX, PubMed, ONCOMINE
and SMART for the analysis, and 42 proteins that might be
related to tumor/cancer onset and progression were selected.
Recent studies have suggested that the origin of EWS is
derived from hMSC (40,41). To examine the expression
levels of these 42 molecules in EWS in comparison with
hMSC, we performed RT-PCR analysis (Table IV). They
were classified into 3 groups by mRNA expression profiles;
the first group with high expression levels only in EWS
(Table IVA), the second group with higher expression levels
in EWS than in hMSC (Table IVB), and the third group with
similar or lower expression levels in EWS compared with
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Table V. Gene expression levels in murine tissues by RT-PCR analysis.

Brain Heart Lung Liver Kidney Spl Stm S.int L.int Mus Tes Thy BM OC
DKFZP56400823 + + + - + + + + + + + + + +
ADAMTS4 ++ + - + - - — — — + - - + +
DNER ++ - - - - - - - - - + - +
NGFR + + - + + - - - - - - - - -
LRRN6A ++ - - - - + - + + + + + + +
ECSM2 + + + + + - + - - + + + + +
LGALS3BP + + + + + +  ++ ++ + + ++ + +
PTPRF + + + + + - + + + + + + - -
FCGRT + + + + + + + + + + + + + +
LAMP2 + ++ + + ++ ++ + + + + + + + +
RCN1 + + + + + - + - - - + + + +
MMP14 + + + + + - + - - + + + + +
SDC2 + + + + + - + + - + + + + +
DAGI + + + + + + + + + + + + + +
EPCR + + + + + + + - - + + + + ++
CD97 + + + + + + + + + + + + + +
CD99L.2 + + + + + - - - - + + + + +
IGFBP5 + + + + + + + + + + + + + +
CLU + + + + + + + + - + + + + +
LSAMP ++ + - + + - + - - - + + + +
NPTN + + + + + - + + + + + + + +
EFNAS + + + + + - + + + - + + - -
PODXL + + + + + — — - - + — _ + _
TMEM123 - + - + + - - - - + - — - -

Spl, spleen; stm, stomach; s. int, small intestine; 1. int, large intestine; mus, muscle; tes, testis; thy, thymus; BM, bone marrow; OC,

osteoclast; ++, strongly positive; +, modelately positive; —, negative.

siEF1 siGFP

EWS-FLIH

FLIM

GAPDH

- o

Figure 1. Effects of EWS-FLII suppression on ADAMTS4 expression. RNA
from Ewing's sarcoma cells treated with either siEF1 or siGFP were
subjected to RT-PCR experiment. ADAMTS4 mRNA expression was down-
regulated after treatment with EWS-FLII-specific sSiRNA. GAPDH (glyceral-
dehyde 3-phosphate dehydrogenase) was used as an internal control.

hMSC (Table IVC). We picked up 24 molecules from the first
and second groups, and examined the expression patterns in
murine organs. As shown in Table V, most molecules did not
exhibit interesting tissue distribution patterns. However, some
of the molecules attracted us by their expression profiles or
their novelty as a gene. We focused on 5 molecules:
ADAMTS4, DNER (delta/notch-like EGF-related receptor),
NGFR (nerve growth factor receptor), LRRN6A (leucine rich
repeat neuronal 6A) and ECSM?2 (endothelial cell-specific
molecule 2). We then examined expression levels of these 5
molecules in various solid tumor and hematopoietic cell lines
by RT-PCR. As shown in Table VI, expression levels of
ADAMTS4 were higher in EWS, glioblastoma and neuro-
blastoma in comparison with other cell lines. These results
suggested that ADAMTS4 is one of the first candidate
molecules as a marker for EWS among the SST clones.

ADAMTS4 expression is upregulated by EWS-FLII. Previous
studies indicated the expression of the fusion gene, EWS-
FLII, was suppressed by using antisense oligonucleotide or
siRNA. To decrease the expression level of EWS-FLII in the
EWS cell line, we made an siRNA duplex specifically
directed against the fusion junction of EWS-FLII transcript.
EWS-FLII-specific siRNA (siEF1) was used for SJES-5 cell
line. As a control, siGFP was also used. Transfection of siEF1,
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Table VI. Gene expression levels of ADAMTS4, DNER, NGFR, LRRN6A and ECSM?2 in human cancer cell lines by RT-PCR

analysis.
ADAMTS4 DNER NGFR LRRN6A ECSM2

AsPC-1 - - + _ _
BxPC-3 - + - - —
Capan-1 - - — _ _
USTMG + + - — _
U251 + ++ - — _
T98G - + - - —
HGC-27 + - + + _
MKN45 - + - ++ —
GCIY + + - + _
KATOIII - - - - —
MG63 - + + + +
HOS + + + + +
KHOS/NP - + + + +
Sa0S2 - + + - —
U20S - + + + _
KPNSI-FA + ++ + + -
LAN-1 + + + + _
NB69 ++ - + + +
H460 + ++ - + _
PLC/PRF/5 - + + + +
HuCCT1 — ++ — + +
SW48 - + + _ +
RMS ++ ++ + ++ +
SJRH-30 ++ + + + +
SJES-2,3,5,6,7,8 ++ ++ + ++ ++
MOLMI13 - - - - —
ML1 - - - - _
U937 - - - _ +
Jurkat - - - - +
PEER - - - _ +
CEM ++ - - - +
HPB-ALL - - — — _
NALM24 + + - +
NALMI16 - + + - —
M9 - - + _ +

++, strongly positive; +, moderately positive; —, negative.

but not siGFP, led to significant decrease of the expression
level of the EWS-FLII fusion transcript (Fig. 1). In agreement
with the specificity of siEF1 against the EWS-FLII fusion
gene, the expression level of EWS or FLII was not affected.
Interestingly, suppression of EWS-FLII expression resulted
in decreased expression of ADAMTS4 transcript. These
results suggested that ADAMTS4 expression was upregulated
by EWS-FLII1.

Immunohistochemical analysis on ADAMTS4 protein
expression. In order to confirm the expression of ADAMTS4

in EWS at the protein level, we stained 25 tissue samples
derived from EWS patients with the anti-ADAMTS4 antibody
together with the H&E staining. ADAMTS4 protein was
detected in 10 EWS samples, but not in 15 samples where
tumors disappeared by chemotherapy (Fig. 2 and data not
shown).

Next, to examine the subcellular localization of
ADAMTS4, we stained EWS cell lines with the anti-
ADAMTS4 antibody. Immunofluorescence microscopy
revealed that ADAMTS4 protein was expressed mainly in
the cytoplasm of EWS cell lines (Fig. 3C and D) and of the



578

o - "
B 7 Tagiali " o
-
i oy ) . 4 ”
(s g, », 2 ; -
, b e = 1)
’ ¥ - >, 3 ‘g
al “ - oy S - '] » -
v, Wy TS T
GLE TP e SN v
n’»,: "‘Jﬁ'i;y » -
T8 s T f{" ,i'.""’."
wis ey 2 9.8 a
v S e B gl
H v Py -
A A gt T S5 ¢
2 AL Sl 1Y |
TN @ty > T
1id Tatlell = 5%
L1 W (1 ’ ’
© i B e " a

MINOBE et al: EXPRESSION OF ADAMTS4 IN EWING'S SARCOMA

7 )
WLl g
- e
A - a9 ’.’ o
o Tt g
ey LPess
155 ¥ A 3 Tk o
[l ds e ' "P
P98 ) ad s 4
15Ty ty o8
[y A = 1 -
o " ’-_- BT
[ i Fb & -~
; . y ey 'F‘“ p
. / By
i L ¥

Figure 2. Immunohistochemical analysis of ADAMTS4 protein in the tissue section of the patient with Ewing's sarcoma. (A) Hematoxylin and eosin staining,

(B) rabbit IgG, (C) anti-ADAMTS4 antibody.

20.0um

Figure 3. Immunofluorescence staining of ADAMTS4 protein in Ewing's sarcoma cell lines (SJES-2 and SJES-5), osteosarcoma cell lines (MG63 and SaOS2)
and NIH3T3 cells expressing ADAMTS4. (A) NIH3T3, (B) ADAMTS4/NIH3T3, (C) SJES-5, (D) SJES-2, (E) MG63, (F) SaOS2.

NIH3T3 cells expressing human ADAMTS4 (Fig. 3B). In
contrast, ADAMTS4 was not detected in osteosarcoma cell
lines MG63 and SaOS2 (Fig. 3E and F), which did not
express ADAMTS4 at the transcription level (Table VI).

ADAMTS4 is secreted from EWS cells. We next asked
whether ADAMTS4 was secreted from EWS cells. First the
immunoprecipitates of the cell lysates of EWS cell lines and
positive and negative control cells with the anti-ADAMTS4
antibody were electrophoresed, blotted and probed with the
same antibody. ADAMTS4 was detcted in EWS cells and the
positive control cells as double bands of ~100 kDa (Fig. 4A).
We next performed the same experiments using 2 ml each
of the supernatants of these cells. Notably, significant levels

of expression of ADAMTS4 protein were observed in the
supernatants of EWS cells and ADAMTS4/NIH3T3 cells
(Fig. 4B). These results suggested that ADAMTS4 was
secreted.

Comparative study of ADAMTS4 gene expression in 5 types
of sarcomas. We showed that ADAMTS4 transcripts were
expressed in EWS, osteosarcoma and rhabdomyosarcoma
cell lines (Table VI). However, whether ADAMTS4 transcripts
are expressed in tumor tissue samples remained unknown.
Therefore, we tested if ADAMTS4 was expressed in soft
tissue sarcomas and bone tumors including osteosarcoma,
EWS, chondrosarcoma, synovial sarcoma and rhabdomyo-
sarcoma (Fig. 5). Benign tumors including lipoma, desmoid
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Figure 4. Detection of secreted ADAMTS4 protein. The cell lysates or culture supernatants were immunoprecipitated with the anti-ADAMTS4 antibody,
resolved by SDS-PAGE, blotted and probed with the anti-ADAMTS4 antibody. Molecular size markers are shown on the left. Arrows indicate the
ADAMTS4 proteins. (A), cell lysates; (B), supernatants.
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Figure 5. RT-PDR analysis of ADAMTS4 expression in the patient samples. GAPDH expression was used as an internal control.
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Figure 6. ELISA of ADAMTS4 protein in the patient sera and the supernatants of the cell lines. The error bars represent 1 standard deviation.

and Schwannoma were also examined as controls. In all
7 EWS samples, ADAMTS4 transcripts were highly expressed.
Three out of 4 samples of chondrosarcoma moderately
expressed ADAMTS4. This result was predictable, since

ADAMTS4 is expressed in normal cartilage cells. Also, 2
out of 13 samples of osteosarcoma and 1 out of 4 samples
of synovial sarcoma expressed ADAMTS4. ADAMTS4
transcripts were not detected in the 3 samples of rhabdomyo-
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sarcoma, while those were highly expressed in rhabdomyo-
sarcoma cell lines RMS and SJRH-30 (Table VI). Benign
tumors examined did not express ADAMTS4.

No detection of secreted ADAMTS4 protein in the patient sera.
To evaluate the amount of secreted ADAMTS4 protein in the
patients, we analyzed ADAMTS4 protein levels in sera by
ELISA. In agreement with the results described above,
ADAMTS4 was detected in culture supernantants of EWS
cell lines SJES-2 and SJES-5 (Fig. 6). The concentration of
ADAMTS4 in SJES-2 cells was about twice as high as that in
SJES-5 cells. For a positive control, culture supernatant of
the NIH3T3/ADAMTS4 cells was also measured (39.9 ng/ml,
data not shown). It is noteworthy that ADAMTS4 protein
was detected in 2 out of 3 cases of osteosarcoma and in the
only case of osteofibrous dysplasia. Consistent with the very
high level of ADAMTS4 transcript shown in the extreme right
lane among osteosarcoma samples in Fig. 5, serum from the
same patient showed the high level of ADAMTS4 protein in
ELISA as shown in Fig. 6 (middle lane among osteosarcoma
samples). The other positive samples of osteosarcoma in both
figures are not derived from the same patient, because only
either serum or RNA was available in these two patients.
ADAMTS4 protein was not detected in the 6 EWS patient
sera examined. These results indicated that ADAMTS4 is
expressed and secreted in EWS cells, but that the ADAMTS4
protein in the serum is not suitable as a marker for EWS.

Discussion

EWS is an aggressive neoplasm with a strong propensity to
spread into neighboring tissues. Many patients are diagnosed
at advanced stages of EWS. Since EWS has worse prognosis
than other soft-tissue sarcomas, it is clinically important to
distinguish EWS from other sarcomas. The reason for the
poor prognosis in EWS patients is suggested to be that the
micro-metastases are formed before clinical symptoms arise
and tumors are detected (42). Currently, diagnosis of EWS is
determined mainly by CD99 expression or by genetic aberra-
tions that are exemplified by EWS-FLII fusion gene. Since
both markers show lack of sensitivity, specificity or
feasibility, more useful biomarkers such as surface antigens
or secreted proteins are required in clinical areas.

In the present study, we searched for membrane and
secreted proteins derived from EWS cell lines using the
retrovirus-mediated signal sequence trap method SST-REX,
and identified ADAMTS4 as a possible EWS marker. We
demonstrated that ADAMTS4 was expressed in EWS cell
lines and tissue samples derived from EWS patients.
Interestingly, expression of ADAMTS4 was correlated with
expression of EWS-FLII, which is a hallmark of EWS. In
addition, we demonstrated that ADAMTS4 was secreted
from EWS cells, although we could not detect ADAMTS4 in
serum samples derived from EWS patients.

It should be noted that two cases of the osteosarcoma
patient samples were found to express high levels of
ADAMTS4. 1t is tempting to speculate that a subclass of
osteosarcoma with different property may exist.

In conclusion, we identified ADAMTS4 as a possible
marker of EWS by using SST-REX. This is the first report to

MINOBE et al: EXPRESSION OF ADAMTS4 IN EWING'S SARCOMA

show the correlation between ADAMTS4 and EWS. Although
ADAMTS4 protein in the serum could not be used as a bio-
marker for EWS, our study suggested that RNA transcripts of
ADAMTS4 in the tissue sections are useful markers of EWS.
Further studies will be required to determine the usefulness
of this molecule in differential diagnosis and/or evaluation of
the disease activity in clinical settings.
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