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Twenty percent to 30% of transient abnor-
mal myelopoiesis (TAM) observed in new-
borns with Down syndrome (DS) develop
myeloid leukemia of DS (ML-DS). Most
cases of TAM carry somatic GATAT muta-
tions resulting in the exclusive expres-
sion of a truncated protein (GATA1s).
However, there are no reports on the
expression levels of GATA1s in TAM
blasts, and the risk factors for the progres-
sion to ML-DS are unidentified. To test
whether the spectrum of transcripts

derived from the mutant GATA7 genes
affects the expression levels, we classi-
fied the mutations according to the types
of transcripts, and investigated the mo-
dalities of expression by in vitro transfec-
tion experiments using GATAT expres-
sion constructs harboring mutations. We
show here that the mutations affected the
amount of mutant protein. Based on our
estimates of GATA1s protein expression,
the mutations were classified into GATA1s
high and low groups. Phenotypic analy-

ses of 66 TAM patients with GATA1 muta-
tions revealed that GATA1s low muta-
tions were significantly associated with a
risk of progression to ML-DS (P < .001)
and lower white blood cell counts
(P = .004). Our study indicates that quan-
titative differences in mutant protein lev-
els have significant effects on the pheno-
type of TAM and warrants further
investigation in a prospective study.
(Blood. 2010;116(22):4631-4638)

Introduction

In children with Down syndrome (DS), the risk of developing acute
megakaryocytic leukemia (AMKL) is estimated at 500 times
higher than in children without DS. Interestingly, neonates with DS
are at a high risk of developing a hematologic disorder referred to
as transient abnormal myelopoiesis (TAM). It has been estimated
that 5% to 10% of infants with DS exhibit the disorder, and in most
cases, it resolves spontaneously within 3 months. However,
approximately 20% of the severe cases are still subject to fatal
complications and 20% to 30% of patients who escape from early
death develop AMKL referred to as myeloid leukemia of DS
(ML-DS) within 4 years.'*

Recent studies found that high white blood cell (WBC) count.
failure of spontaneous remission, early gestational age (EGA) and
liver fibrosis or liver dysfunction are significantly associated with
early death.”” Most of the same covariates were found in all of the
reports. However, the risk factors for the progression to ML-DS
remain elusive.

Blast cells in most patients with TAM and ML-DS have
mutations in exon 2 of the gene coding the transcription factor
GATA 1.%" which is essential for normal development of erythroid
and megakaryocytic cells.'>'® The mutations lead to exclusive
expression of a truncated GATAT1 protein (referred to as GATA 1s)

translated from the second methionine on exon 3. These findings
strongly suggest that the qualitative deficit of GATAI contributes to
the genesis of TAM and ML-DS. The analysis of megakaryocyte-
specific knockdown of GATA in vivo has revealed a critical role
for this factor in megakaryocytic development. Reduced expres-
sion (or complete absence) of GATA1 in megakaryocytes leads to
increased proliferation and deficient maturation as well as a
reduced number of circulating platelets.!?2 Mice harboring a
heterozygous GATA 1 knockdown allele frequently develop erythro-
blastic leukemia.?! These observations indicate that the expression
levels of GATA1 are crucial for the proper development of
erythroid and megakaryocytic cells and compromised GATAI
expression is a causal factor in leukemia.’> Nevertheless, the
impact of a quantitative deficit of the factor on the pathogenesis of
TAM and ML-DS has not been examined.

In this study, we classified the GATAJ mutations observed in
TAM patients according to the types of transcripts, and investigated
the modalities of gene expression by in vitro transfection assays
using GATA/ expression constructs. We report here that the
spectrum of the transcripts derived from the mutant genes affects
protein expression and the risk of progression from TAM to
ML-DS.
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Methods

Patients

This study was approved by the Ethics Committee of Hirosaki University
Graduate School of Medicine, and all clinical samples were obtained with
informed consent from the parents of all patients with TAM, in accordance
with the Declaration of Helsinki. The following clinical data were collected:
sex, gestational age, birth weight, time of diagnosis, symptom at diagnosis.
and clinical presentation. The following laboratory data were obtained: a
complete blood cell count at diagnosis including WBC and the percentage
of blasts in the peripheral blood. coagulation parameters. liver enzymes
(alanine aminotransferase and aspartate aminotransferase), and total biliru-
bin. The procedure for the detection of GATAI mutations was described
previously."* Genomic DNA was directly extracted from peripheral blood
or bone marrow with the QIAamp blood mini kit (QIAGEN). Total RNA
was extracted from white blood cells prepared by removal of erythrocytes
by hypotonic buffer treatment of peripheral blood. Clinical features,
outcomes, and characteristics of GATA/ mutations are indicated in Table 1.

Construction of GATA1 expression vectors

To construct GATA] minigene expression vectors, fragments of the normal
human GATA/ gene from a part of intron 1 to the stop codon located on
exon 6 were amplified by polymerase chain reaction (PCR; Prime STAR
HS: Takara Bio) and subcloned to mammalian expression vector pcDNA3. 1
(+)/Neo (Invitrogen). To introduce mutations identical to those observed in
TAM patients into the expression vector, the regions containing mutations
were amplified by PCR from patient samples and inserted into the
expression plasmid. To construct expression vectors carrying ¢cDNA,
we performed PCR using ¢DNA derived from baby hamster kidney
21 (BHK-21) cells transfected with GATAI minigene vectors. The PCR
products were subcloned to pcDNA3.1(+ )/Neo. Details of the sequence of
each expression construct are described in Table 2.

Transfection

BHK-21, a baby hamster kidney fibroblast cell line, was cultured
with Dulbecco modified Eagle medium supplemented 10% fetal bovine
serum. GATAI expression vectors were transfected into BHK-21 cells
using FuGENE HD transfection reagent (Roche Diagnostics) according
to the manufacturer’s methods. After 24 hours, protein and total RNA
were extracted.

Western blot analysis

Lysates of transfected BHK-21 cells were transferred to Hybond-P
(GE Healthcare) and processed for reaction with anti-GATA1 antibody
M-20 (Santa Cruz Biotechnology) or anti-neomycin phosphotransferase
11 (NeoR) antibody (Millipore) as described previously.?

Northern blot analysis

Two micrograms of total RNA were transferred to Hybond-N+ (GE
Healthcare) and hybridized with GATAI or NeoR DNA probe. Hybridiza-
tion and detection were performed with the Gene Images AlkPhos Direct
Labeling and Detection System (GE Healthcare) according to the manufac-
turer’s instructions.

RT-PCR

To detect alternatively spliced transcripts derived from GATAI minigene
constructs or from patients” peripheral blood mononuclear cells (obtained
by Ficoll-Hypaque fractionation), we performed reverse transcription
(RT)-PCR using primers T7: 5" AATACGACTCACTATAG 3" and GATA1
AS1, and GATA1 S1 and GATA1 ASI. respectively.”* Densitometric

Bio-Rad Laboratories).
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Statistical analysis

The cumulative incidence of the progression to ML-DS was analyzed with
the Gray test. Differences in the distribution of individual parameters
among patient subsets were analyzed using the Pearson x° test or Fisher
exact test for categorized variables and the Mann-Whitney U test for
continuous variables. The univariate Cox proportional hazards model was
used to obtain the estimates and the 95% confidence interval of the relative
risk for prognostic factors.

Results

Patient characteristics and outcomes

From 2003 to 2008, we screened GATA/ mutations in clinical
samples obtained from 78 patients with TAM upon request from
referring hospitals. Acquired GATA/ mutations were detected in a
total of 72 (92.3%) patients among them. Of the 72 patients,
6 harbored multiple GATA 7 mutant clones and were excluded from
this study because we could not determine a dominant clone in
these patients. Those 6 have not progressed to ML-DS. For the
remaining 66 patients (32 male and 34 female), the clinical
characteristics and laboratory data at diagnosis are described in
Table 1 and summarized in Table 3. Early death within the first
6 months of life occurred in 16 patients (24.2%). The covariates
correlated with early death were as follows: EGA, low birth weight,
high WBC count at diagnosis, high percentage of peripheral blast
cells, complication of effusions, and bleeding diatheses. These
prognostic factors were identified in previous studies.>7 Eleven
(16.7%) cases subsequently developed ML-DS. The median age at
diagnosis of ML-DS was 396 days (range 221-747 days). Univari-
ate analysis revealed no covariates correlated with progression to
ML-DS except the low total bilirubin level at diagnosis (P = .023).

GATA1 mutations affect expression levels of GATA1s protein

We first asked whether the spectrum of transcripts derived from the
mutant GATA genes affected the expression levels of the transla-
tion products. The transcripts coding GATA1s protein were catego-
rized into 3 groups as follows: loss of the first methionine, splicing
errors, and premature termination codon (PTC). Furthermore, the
PTC group was divided into 2 subcategories by the location of
introduced PTC. In this report, we refer to the mutation that causes
PTC before the second methionine at codon 84 as PTC type 1, and
after codon 84 as PTC type 2. We constructed cDNA expression
vectors for each class of mutations observed in TAM patients, and
transfected these constructs into BHK-21 cells (Figure 1). The
details of the GATA] mutations are described in Table 2. Western
blot analysis revealed that GATA s proteins were most abundantly
expressed in mutants with splicing errors. The transcripts from
mutants that had lost the first methionine were also efficiently
translated. In contrast, in the cells expressing PTC type 1 or type
2 constiucts, GATA1s expression levels were uniformly low. Note
that the translation efficiency of the PTC type 2 transcripts was
lowest among them.

To test the possibility that mutations in GATA [ have an effect on
the quantity of the transcripts, we next prepared human GATA/
minigene expression vectors, and assessed the expression levels.
Consistent with the results using cDNA expression vectors, West-
ern blot analysis showed that the expression levels of GATAls
were lower in cells expressing PTC type 2 mutations, whereas the
expression levels of the proteins from PTC type 1 mutations were
not uniformly low (Figure 2Ai). Northern blot analysis revealed
that the lowest expression levels of GATA/ mRNAs were observed
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Table 1. Clinical features and mutation characteristics in TAM patients with GATA 7 mutations

Patient No. Sex WBC, x10%L Outcome GATA1 mutation” Consequence of mutation Mutation type
11824 F 63.9 CR 207C>G Tyré9stop PTC1-3

21 F 89.0 Early death 199 G=>T Glué7stop PTC1-3

3 E NA NA 174 ins 19 bp CAGCCACCGCTGCAGCTGC Frame shift at codon8, stop at codon 73 PTC 1-3*

41 F 128.8 CR IVS1 to IVS2 del 1415 bp Splice mutant Splicing error
[ 51 NA NA 48C>T Gin17stop PTC1-5

[ F 2486 NA Loss of 2nd exon Splice mutant Splicing error
™ F 31.2 CR Loss of 2nd exon Splice mutant Splicing error
8w M 109.6 CR —11to +33 del 44 bp No translation from Met1 Loss of 1st Met
g1 M 44.9 Early death 45insC Frame shift at codon15, stop at codon 39 PTC 1-5

107 M 50.9 CR 37G>T Glu13stop PTC1-5’

1 F 103.0 Early death 90-91 del AG Frame shift at codon 30, stop at codon 38 PTC1-5'

1213 F 14.6 Evolvedto ML-DS 116 del A Frame shift at codon 39, stop at codon 136 PTC2

13 M 4230 CR 185 ins 22 bp GCTGCAGCTGCGGCACTGGCCT Frame shift at codon 62, stop at codon 74 PTC 1-3

1412 M 201.2 CR 189 C>A Tyré3stop PTC1-3

151 M NA NA 1A>G No transiation from Met1 Loss of 1st Met
16% F 28.3 CR 189 C>A Tyré3stop PTC1-3'

1718 M 203.0 Evolvedto ML-DS ~ 38-30 del AG Frame shift at codon 13, stop at codon 38 PTC 1-5

181 M 31.3 CR 189 C=>A Tyr63stop PTC1-3

191 M NA NA 90-91 del AG Frame shift at codon 30, stop at codon 38 PTC 1-8

20" F 114.0 Early death 187ins T Frame shift at codon 63, stop at codon 67 PTC 1-3'

21 F 26.0 Evolvedto ML-DS 194 ins 20 bp GGCACTGGCCTACTACAGGG Frame shift at codon 65, stop at codon 143 PTC2

225 F 25.0 Evolvedto ML-DS 194 ins 20 bp GGCACTGGCCTACTACAGGG Frame shift at codon 65, stop at codon 143 PTC2

23 F 499 CR 3G>T No transiation from Met1 Loss of 1st Met
24 F 46.2 NA IVS1 3’ boundary AG>AA Splice mutant Splicing error
25 B 10.5 CR 194 ins 10 bp GCACTGGCCTACTACAGGG Frame shift at codon 665, stop at codon 73 PTC1-3

2624 F 244.0 Evolvedto ML-DS 1A>G No transiation from Met1 Loss of 1st Met
27 F 383 CR Loss of 2nd Exon Splice mutant Splicing error
284 F 34.6 CR IVS1 to exon2 del 148 bp Splice mutant Splicing error
29 M 259 Evolvedto ML-DS ~ 160ins TC Frame shift at codon 54, stop at codon 137 PTC2

30 F 52.3 Evolvedto ML-DS 187 ins CCTAC Frame shift at codon 63, stop at codon 138 PTC2

3124 F 2210 CR 183-193 del 11 bp CTACTACAGGG Frame shift at codon 62, stop at codon 63 PTC 1-3

32 M 149.7 CR 2T>G No translation from Met1 Loss of 1st Met
334 M 1323 Evolvedto ML-DS ~ 101-108 del 8 bp TCCCCTCT Frame shift at codon 34, stop at codon 36 PTC1-5

34 F 220.0 Early death 90-81 del AG Frame shift at codon 30, stop at codon 38 PTC 1-5’

352 M 166.0 Early death V82 5’ boundary GT>CT Splice mutant Splicing error
364 M 57.6 Early death 1983-199 GACGCTG >TAGTAGT Asp65stop PTC1-3

374 M 2476 Early death Exon2 to IVS2 del 218 bp Splice mutant Splicing error
384 M 93.3 Early death IVS1 3’ boundary AG >AA Splice mutant Splicing error
3024 M 200.8 Early death 186 ins 12 bp GGCACTGGCCTA Tyré2stop PTC 1-3'

40 F 7.8 CR 27>C No translation from Met1 Loss of 1st Met
4124 M 1366 Early death IVS2 5’ boundary GT>GC Splice mutant Splicing error
42 M 331 Early death 187 ins 8 bp TGGCCTAC Frame shift at codon 63, stop at codon 139 PTC 2

43 M 9.0 CR 22ins G Frame shift at codon 8, stop at codon 39 PTC 1-§

44 M 24.1 Evolvedto ML-DS 149 ins 20 bp AGCAGCTTCCTCCACTGCCC Frame shift at codon 50, stop at codon 143 PTC2

4524 F 533 CR 1783 C>TGCTGCAGTGTAGTA Frame shift at codon 58, stop at codon 141 PTC2

46 P 119.0 CR 1A>C No translation from Met1 Loss of 1st Met
a7 M 330 CR 189 C>A Tyré3stop PTC1-3'

48 M 178.2 Early death 188 ins 22 bp GCAGCTGCGGCACTGGCCTACT Frame shift at codon 63, stop at codon 74 PTC 1-3'

49 B 73.6 CR 3G>A No translation from Met1 Loss of 1st Met
50 F 12.9 CR 158 ins 7 bp AGCACAG Frame shift at codon 53, stop at codon 68 PTC 1-5

51 M 13.0 CR 154-161 del 8 bp ACAGCCAC Frame shift at codon 52, stop at codon 64 PTC 1-§'

52 M 1055 Early death 4G>T Glu2stop PTC1-5'

53 F 8.3 CR 4G>T Glu2stop PTC1-8’

54 F 356.9 CR 219A>C Splice mutant Splicing error
55 I 258 Evolvedto ML-DS 167 ins CA Frame shift at codon 53, stop at codon 137 PTC2

56 M 97.4 Evolvedto ML-DS 185-188 del 4 bp ACTA Frame shift at codon 62, stop at codon 135 PTC 2

57 F 973 Early death 3G=>A No translation from Met1 Loss of 1st Met
58 M NA CR 3G>A No translation from Met1 Loss of 1st Met
59 M 20.2 CR 150 ins 5 bp TGGCT Frame shift at codon 50, stop at codon 52 PTC1-5'

60 M 1334 CR 174 ins 19 bp CAAAGCAGCTGCAGCGGTG Frame shift at codon 58, stop at codon 73 PTC 1-3'

61 M NA CR 220 G>T Splice mutant Splicing error
62 M 120.2 CR 220G>A Splice mutant Splicing error
63 E 30.0 CR 97-138 del 43 bp Frame shift at codon 33, stop at codon 122 PTC2

64 F NA NA 156 ins C Frame shift at codon 52, stop at codon 67 PTC1-5'

65 F 324 CR 174 ins 7 bp CTGCAGC Frame shift at codon 58, stop at codon 69 PTC 1-3*

66 M 69.4 Early death 174-177 GGCA>TGCGGTGG Frame shift at codon 58, stop at codon 68 PTC1-3'

We previously reported the GATA 7 mutations of the indicated patients.

F indicates female; M, male; CR, complete remission; NA, not available; and IVS, intervening sequence.

*For ¢cDNA nucleotide numbering, nucleotide number 1 corresponds to the A of the ATG translation initiation codon in the reference sequence.
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Table 2. GATA1 expression vectors used in this study

BLOOD, 25 NOVEMBER 2010 - VOLUME 116, NUMBER 22

Name Patient no. GATA 1 mutation* Last normal GATA1 amino acid PTC Mutation type
WG - - Ser413 = Nomal

SP1 24,38 intron1 3’ boundary AG>>AA Serd13 - Splicing error
SpP2 41 intron2 5’ boundary GT>GC Serd13 - Splicing error
k 46 1A>C (Met1 is replaced by Val1) - Loss of 1st Met
P1-1 11,19,34 90, 91 del AG Gly31 38 PTC 15’

P1-2 14,16, 18,47 189 C>A Tyr62 63 PTC1-3

P1-3 25 194 ins 19 bp Argé4 73 PTC1-3'

P14 17 38, 39 del AG Ser12 38 PTC1-5

P15 33 101-108 del 8 bp Phe33 36 PTC1-5

P1-6 50 158 ins 7 bp Tyr52 69 PTC1-5

P1-7 3 174ins 19 bp Ala58 73 PTC1-3

P1-8 48 188ins 22 bp Try62 74 PTC1-3

P21 21,22 194 ins 20 bp Argé4 143 PTC2

P22 44 149 ins 20 bp Ala49 143 PTC2

P2-3 29 160ins TC Ala53 137 PTC2

—indicates not applicable.

*For cDNA nucleotide numbering, nucleotide number 1 corresponds to the A of the ATG translation initiation codon in the reference sequence.

in cells transfected with PTC type 2 constructs, whereas the mRNA
levels in mutants that had lost the first methionine and PTC type
1 mutants were almost comparable to those of control minigene
constructs harboring wild type GATAI gene (Figure 2Aiii). Thus,
abundant proteins were produced from GATA/ mRNAs in mutants
with splicing errors and those that lost the first methionine.
Conversely, relatively low levels of protein were produced by PTC
type 2 mutants because of inefficient translation and reduced levels
of message (Figure 2Ai,iii). However, in the case of PTC type
1 mutations, especially P1-1 and P1-4, we could find no correlation
between the amount of transcripts or translation efficiency and the
expression levels of GATATs proteins (Figure 2Ai,ii1).

GATA1s expression levels largely depend on the amount of the
alternative splicing form

To investigate the precise relationship between PTC type 1 mutations
and GATATs protein levels, we examined more type 1 mutations

using the minigene constructs. Western blot analysis showed
relatively higher expression of the proteins in samples expressing
P1-5. P1-7, P1-8. P1-2, and P1-3 than the other constructs (Figure
2Bi). Each mutation in the mutant minigene construct is described
in Table 2. Interestingly. all samples that expressed higher levels of
GATAls protein exhibited intense signals at lower molecular
weights than the dominant GATA1 signal (Figure 2Biii). Because
the size of the lower molecular weight band was identical to that
observed in the splicing error mutant (Figure 2Biii), we speculated
that the signal might be derived from a transcript lacking exon
2 (Aexon 2) by alternative splicing. To examine that possibility, we
attempted Northern blot analysis using the GATA/ exon 2 fragment
as a probe, and as expected, only the longer transcript was detected
(Figure 2Biv). To confirm the correlation between the amount of
Aexon 2 transcript and GATAIs protein, we performed a quantita-
tive assessment by densitometric analysis. The results showed a
strong correlation between Aexon 2 transcript and GATA 1s protein

Table 3. Findings at diagnosis and during the course of TAM were significantly associated with early death and the progression to leukemia

(univariate analysis)

Variable Total (n = 66) Early death (n = 16) P Progressed to ML-DS (n = 11) P
Sex

Male, n (%) 32 (48.5) 11 (68.8) 5(45.5)

Female, n (%) 34 (51.5) 5(31.3) .088 6 (54.5) 947
Median gestational age, wk (range) 37.35 (30.0-40.6) 34.6 (30.0-38.4) 38.1 (32.6-40.6)

Term versus preterm

Term (= 37 weeks), n (%) 27 (58.7) 4(30.8) 5(71.4)

Preterm (< 37 weeks), n (%) 19 (41.3) 9(69.2) .021 2(28.6) 465
Median birth weight, kg (range) 2.5(14-3.5) 22(1.6-2.7) 2.5(1.6-3.5)

Not LBW versus LBW

Not LBW ( = 2.5 kg), n (%) 24 (52.2) 3(23.1) 3(42.9)

LBW (< 2.5 kg), n (%) 22 (47.8) 10(76.9) .025 4 (57.1) 184
Median WBC, ~10°/L (range) 69.4 (7.8-423.0) 104.3 (33.1-290.8) 26 (14.6-244.0)

WBC < 70 x 10%L vs WBC > 70 x 10%L

WBC < 70 = 10°/L, n (%) 30 (50.8) 4 (25.0) 7(63.6)

WBC > 70 ¥ 10°/L, n (%) 29 (49.2) 12 (75.0) .020 4(36.4) 755
Median peripheral blasts, % (range) 56.0 (4.0-94.0) 78.0(8.0-93.0) .031 49.5 (6.0-66.0) 752
Median AST, IU/L (range) 61 (16-4341) 79 (41-3866) .620 51 (16-153) 553
Median ALT, IU/L (range) 39 (4-653) 41 (7-473) 455 12 (4-96) 615
Median T-Bil mg/dL (range) 6.3 (0.6-46.0) 6.06 (2.4-16.5) 922 3.01 (1.82-6.50) .023
Effusions, n (%) 16 of 44 (36.4) 8of 11 (72.7) .007 10f7(14.3) 912
Bleeding diatheses, n (%) 13 of 45 (28.9) 8 of 12 (66.7) .001 10f7(14.3) 123

Some clinical data were not available. We defined the number of patients for whom clinical data was available as (n).
LBW indicates low birth weight; AST, aspartate transaminase; ALT, alanine transaminase; and T-Bil, total bilirubin.
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Figure 1. Effects of mutant transcripts of GATA1 on the expression level of the
truncated protein. The GATA 1 mutations observed in TAM patients are classified
according to the types of transcripts. The translational efficiency of each transcript
was assessed by Westem blot analysis in BHK-21 cells transfected with GATA71
cDNA expression vectors (top part of the panel) and Northern blot analysis (bottom
part of the panel), respectively. WG indicates wild type GATA1; SP, splicing error
mutation (Aexon 2); L, loss of first methionine mutation; P1, PTC type 1 mutation; P2,
PTC type 2 mutation. The details of the GATA 1 mutations are summarized in Table 1.
NeoR indicates Neomycin phosphotransferase Il

levels (r =0.892, P =.003), but not with the long transcript
containing exon2 nor total GATA] mRNA (supplemental Figure
1, available on the Blood Web site; see the Supplemental Materials
link at the top of the online article). Next, we performed RT-PCR
using primers recognizing both transcripts, and calculated the ratio
of Aexon 2 to the long transcript (Figure 2Bvi-vii). The intensive
short transcript was detected in all samples with higher expression
of GATAls (P1-5, P1-7, P1-8, P1-2, and P1-3; Figure 2Bvii).
Interestingly, most of these mutations were clustered in the
3’ region of exon 2 (Table 2, Figure 2Bvii). These results suggest
that the location of the mutation predicts the efficiency of
alternative splicing and GATA Is expression levels.

To examine whether differential splicing efficiency could also
be observed in TAM blasts with PTC type 1 mutations, RT-PCR
analysis was performed using patients” clinical samples. Intense
transcription of the short form was observed in the samples from
the patients who had GATA] mutations located on the 3’ side of
exon 2 (+169 to +218 in mRNA from the ATG translation
initiation codon; Figure 3A-B). We refer to them as PTC type 1-3’
and the mutations located on the 5’ side of exon 2 as PTC type 1-5".

Correlation of the phenotype and GATA 7 mutations in
TAM patients

Based on these results, GATA/ mutations were classified into
2 groups: a high GATAIs expression group (GATA1s high group)
including the loss of first methionine type, the splicing error type.
and PTC type 1-3", and a low GATA1s expression group (GATA s
low group) including PTC type 1-5" and PTC type 2. We classified
TAM patients into these 2 groups in accordance with the GATA 1s
expression levels estimated from the mutations and compared their
clinical data. High counts of WBC and blast cells were significantly
associated with the GATA Is high group (P = .004 and P = .008,
respectively: Table 4). Although high WBC count was correlated
with early death, there were no significant differences in the
cumulative incidence of early death between the 2 groups (Figure
4). Importantly, TAM patients in the GATAls low group had a
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significantly higher risk for the development of leukemia (P < .001;
Figure 4). Of 11 TAM patients who progressed to ML-DS, 10
belonged to the GATAIs low group. Notably, 8 patients among
them had PTC type 2 mutations (Tables 1, 5).
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Figure 2. GATA1 mutations affect the expression level of the truncated protein.
(A) The expression levels of GATA1s protein and mRNA were assessed in BHK-21
cells transfected with human GATA 7 minigene expression vectors carrying mutations
observed in TAM patients. Western blot analysis was performed with anti-
GATAT1 (i) or anti-NeoR antibody (ii). Northemn blot analysis was carried out with
GATAT exon 3-6 fragment (iii) or NeoR cDNA (iv) as probe. (B) The expression levels
of GATA1s protein and mRNA in BHK-21 cells transfected with human GATA1
minigene expression vectors with PTC type 1 mutation. Levels were assessed by
Western blot analysis with anti-GATA1 antibody (i), anti-NeoR antibody (ii). Northem
blot analysis was performed with GATA1 exon 3-6 (jii), exon 2 (iv), or NeoR cDNA (v).
To detect the transcripts derived from the human GATA7 minigene expression
construct, RT-PCR analysis was cartied out using primers described in “RT-PCR” (vi).
Ex 2(+) and Ex 2(- ) indicate PCR products or transcripts with or without exon 2,
respectively. Ratio of Ex 2(—)/(+) was calculated from the results of a densitometric
analysis of the RT-PCR. The asterisk denotes unavailable data (vii).
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Figure 3. The location of the PTC type 1 mutation affects the efficiency of
alternative splicing in TAM blast cells. (A) The location of the GATA 7 mutation in
each TAM patient. Details of the mutation in each sample are described in Table
1.(B) RT-PCR analysis of GATA1in TAM blast cells harboring PTC type 1 mutations.
RT-PCR was performed using primers recognizing both the long transcript including
exon 2 and Aexon 2 (top). All of the patient samples consisted of mononuclear cells
from peripheral blood. The numbers in parentheses indicate the number of nucleo-
tides in mRNA from the translation initiation codon. Ex 2(+) and Ex 2(—) indicate PCR
products with or without exon 2, respectively (middle). Ratio of Ex 2(—)/(+) was
calculated from the results of a densitometric analysis of the RT-PCR (bottom). Note
that the intense bands of the short form were observed in the samples from the
patients who have GATA 7 mutations located on the 3' side of exon 2 (lanes 7-11).

To validate this observation, we examined the proportion of
mutation types in 40 ML-DS patients observed in the same period
of time as this surveillance. The results showed a significantly
higher incidence of GATA1s low type mutations in ML-DS than in
TAM (P = .039; Table 5). These results further support the present
findings that quantitative differences in the mutant protein have a
significant effect on the risk of progression to ML-DS.

Table 4. Correlations between patient covariates and GATA1
expression levels

GATA1s expression group

High (n = 40) Low (n = 26) P
Sex: male/female, n 19/21 13/13 843"
Gestational age, wk 37.3(30.0-40.0) 37.9(32.640.6)  .487
Birth weight, kg 25(1.63.3) 25(1.4-35) 698
WBC, ~10°/L 105.65 (7.8-423.0) 39.0(9.0-220.0) .004
Number of blasts, < 10%/L 72.1 (0.42-301.6) 13.4(0.45-189.2) .008
AST, IU/L 68.5 (23-501) 46.5 (16-4341) 113
ALT, UL 41.0 (5-407) 12.5 (4-653) 075
T-Bil mg/dL 6.7 (0.6-15.3) 4.65 (1.82-46.0) 270
Effusions, n (%) 11 0f 27 (40.7) 50f17(29.4) 447t
Bleeding diatheses, n (%) 8 of 29 (27.6) 50f16(31.3) 528t

Values are given as the median (range). P values estimated by Mann-Whitney
Utest.

*Pearson x? test.

tFisher exact test.
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Figure 4. Cumulative incidence of early death and of ML-DS in children with
TAM. Based on the estimated GATA1s expression levels, patients were classified in
2 groups: GATA1s high and low groups. TAM patients in the GATA1s low group had a
significantly higher risk for the development of leukemia (P (gray) < .001).

Discussion

In TAM, GATA] mutations lead to the expression of proteins
lacking the N-terminal transactivation domain. In addition to this
qualitative change, we showed here that the mutations affect the
expression level of the truncated protein. The mutations were
classified into 2 groups according to the estimated GATAls
expression level. Comparison of the clinical features between the
2 groups revealed that GATA1s low mutations were significantly
associated with a high risk of progression to ML-DS and lower
counts of both WBC and blast cells. These results suggest that
quantitative differences in protein expression caused by GATAI
mutations have significant effects on the phenotype of TAM.

GATATs was shown previously to be produced from wild-type
GATAI through 2 mechanisms: use of the alternative translation
initiation site at codon 84 of the full-length transcript and alterna-
tive splicing of exon 2.122¢ However, the translation efficiencies of
GATATls from the full-length of mRNA and short transcripts have
not been investigated. Our results clearly showed that the Aexon
2 transcript produced GATA 1s much more abundantly than did the
full-length transcript. The translation efficiencies of GATAls from
full-length transcripts containing PTC were also lower than the
alternative spliced form. These results support our contention that
GATATls expression levels largely depend on the amount of the
Aexon 2 transcript. Thus, one cannot predict the expression level of
GATAIs protein from the total amount of the transcript.

The differences in the quantities of GATA s proteins expressed
by PTC type 1-5" and -3 mutations revealed the importance of the
location of the mutation for splicing efficiency and protein
expression. The splicing efficiency is regulated by cis-elements
located in exons and introns (referred to as exonic and intronic
splicing enhancers or silencers), and transacting factors recogniz-
ing these elements.”’*® The PTC type 1-3' mutations induced
efficient skipping of exon 2 (Figures 2Bvi-vii, 3A-B). These
mutations might affect exonic splicing enhancers or silencers
located in exon 2. To predict the splicing pattern from the mutations
more accurately, the elucidation of cis-elements and transacting
splicing factors, which regulate the splicing of exon 2 of GATA,
will be very important.
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Table 5. Summary of outcomes and GATA 1 mutation types in TAM patients
Outcome of TAM TAM ML-DS
Mutation type CR Early death Evolved to ML-DS NA Total (n = 66) Total (n = 40)
High group
Loss of 1st Met, n (%) 7 1 1 1 10(15.2) 3(7.5)
Splicing error, n (%) 7 4 0 2 13(19.7) 40 (15.2) 6(15.0) 16 (40.0)
PTC 1-3', n (%) 10 6 [ 1 17 (25.8) 7(17.5)
Low group
SPTC 1-5", n (%) 6 4 2 3 15 (22.7) 26 (39.4) 14 (35.0) 24 (60.0)
PTC 2, n (%) 2 1 8 0 11(16.7) 10(25.0)

The nonsense mediated RNA decay pathway (NMD), a cellular
mechanism for detection of PTC and prevention of translation from
aberrant transcripts,>”** might regulate the expression of GATA 1s
protein derived from PTC type 2 mutations, which contained PTCs
after the second methionine at codon 84. We consistently detected
low amounts of transcripts of GATA/ in samples expressing PTC
type 2 mutations, whereas the expression levels of GATA] mRNA
from PTC type 1 mutations were comparable with that from
wild-type GATAI (Figure 2Aiii). These results suggest that the
location of PTC relative to alternative translation initiation sites is
important for effective NMD surveillance.

Available evidence indicates that acute leukemia arises from
cooperation between one class of mutations that interferes with
differentiation (class II mutations) and another class that confers a
proliferative advantage to cells (class I mutations).?! Recent reports
showed that introducing high levels of exogenous GATAT lacking
the N-terminus did not reduce the aberrant growth of GATA 1-null
megakaryocytes, but instead induced differentiation.’>*3 This obser-
vation suggested that abundant GATATs protein functions like a
class I mutation in TAM blasts. In contrast, reducing GATAI
expression leads to differentiation arrest and aberrant growth of
megakaryocytic cells.!”20 The present data suggest that GATA s is
expressed at very low levels in TAM blasts with GATAls low
mutations. These levels may not be sufficient to provoke normal
maturation. Together, these findings suggest that the low expres-
sion of GATA1s might function like class I mutations in TAM
blasts. Additional class I mutations or epigenetic alterations might
be more effective in the development of leukemia in blast cells
expressing GATAs at low levels.

In the present study, we identified a subgroup of TAM patients
with a higher risk of developing ML-DS. Of 66 children,
11 (16.7%) with TAM subsequently developed ML-DS and 10 of
them belonged to the GATA1s low group harboring the PTC type
2 or PTC type 1-5" mutations. Surprisingly. 8 of 11 patients
(73%) with the PTC type 2 mutations developed ML-DS (Tables
1, 5), whereas 2 of 15 patients (13.3%) with PTC type 1-5’
mutations developed leukemia. The estimated expression levels of
GATA1s from PTC type 2 mutations were lower than those from
PTC type 1-5" mutations (Figures 1, 2Ai). These results suggest
that the type 2 mutations may be a more significant risk factor for
developing ML-DS (supplemental Figure 2). However, our classifi-
cation of GATAI mutations mainly rested on extrapolation from in
vitro transfection experiments (Figures 1-2) and RT-PCR analyses
of a small number of patient samples (Figure 3). The stability of the
transcripts and the splicing efficiency of the second exon of GATA
will be regulated through complex mechanisms. To confirm our
findings, precise mapping of the mutations that affect the expres-

sion levels of GATA1s and a prospective study with a large series
of TAM patients are necessary.

Finally, we proposed the hypothesis that the quantitative
differences in GATAls protein expression caused by mutations
have a significant effect on the phenotype of TAM. The observa-
tions described here provide valuable information about the roles
of GATAI mutations on multistep leukemogenesis in DS patients.
Moreover, the results might have implications for management of
leukemia observed in DS infants and children. Because the blast
cells in both TAM and subsequent ML-DS appear highly sensitive
to cytarabine,***’ the preleukemic clone could be treated with
low-dose cytarabine without severe side effects, and elimination of
the preleukemic clone might prevent progression to leukemia.
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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
molifs) as a possible tumor marker for EWS using the
retrovirus-mediated signal sequence trap method. ADAMTS4
is a secreted protcin 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 ADAMTS+4 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,
ADAMTSH 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-
FLIT due to 1(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 arc EWS-ETVI, EWS-EIAF and EWS-FEV, each
resulting from t(7;22)(p22;q12), 1(17;22) (q12;q912) 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
lcukocyte mono-Ig-like receptor (LMIR) by the SST method
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(18-23). In this study, we identificed a secreted molcecule
ADAMTSY (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. ADAMTSS was originally purified from
chondrocytes and synovial cells stimulated with interleukin-1
(28). The structure of ADAMTSH 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¥™-Ala*™™, and therefore is also
named as aggrecanasel (29-32). The aggrecanase activity
of ADAMTS4 is inhibited by TIMP-3 (tissuc inhibitor of
metalloproteinase-3) (33), which was originally identified as
an inhibitor of matrix metalloproteinases. Yamanishi et a/
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 «2-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,
Sa082 and U20S), neuroblastoma cell lines (KPNSI-FA,
LAN-1 and NB69), a lung cancer cell line H460, a liver
cancer cell line PLC/PRF/S, a cholangiocarcinoma cell line
HuCCTI, a colon cancer cell line SW-48, T-ALL cell lines
(Jurkat, PEER, CEM and HPB-ALL), B-ALL cell lines
(NALMI16, NALM?24 and IM9), AML cell lines (MOLMI13
and ML1), an acute myclomonocytic leukemia cell line
U937, EWS cell lines (SJES-2, SJIES-3, SJES-5, SJES-6,
SJES-7 and SJES-8), rhabdomyosarcoma cell lines (RMS
and SIRH-30), pancreatic cancer cell lines (AsPC-1, BxPC-3
and Capan-1), glioblastoma cell lines (U87MG, U251 and
T98G), and gastric cancer cell lines (HGC-27, MKN45,
GCIY and KATO-II) 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)

MINOBE o7 al: EXPRESSION OF ADAMTSH IN EWING'S SARCOMA

(R&D Systems, Minncapolis, MN, USA). A rctrovirus
packaging cell line Plat-E (36) and NIH3T3 were cultured in
Dulbecco's modificd Eagle's medium (DMEM) (Sigma-
Aldrich) containing 10% I'BS. Human mesenchymal stem/
progenitor cells (hMSCs) were purchased {rom Sanko Junyaku
(Tokyo, Japan).

Patient samples and normal controls. Samples from 7 patients
with EWS, 13 osteosarcoma, 4 chondrosarcoma, 4 synovial
sarcomd, and 3 rhabdomyosarcoma, which were obtained at
initial surgery at the department of orthopacdic surgery at
Mic 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 [rom 25 EWS patients
who underwent an open biopsy or a surgical resection. For
enzyme-linked immunosorbent assay (ELISA), we used
serum samples of 3 ostcosarcomas, 1 osteofibrous dysplasia,
I chondrosarcoma, | 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 cach 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 [gG 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 [gG (Dako, Kyoto, Japan), an HRP-
conjugated anti-rabbit [gG 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 §ST. A human EWS
¢DNA 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
¢DNA 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
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Table I. Primer sequences used in RT-PCR analyses in murine tissues.

Gene Sense Antisense
DKFZP56400823 S-CCATTGCCTGTCTCTCTCATGACA-3 5-GAGCTGTGCTCTTCTGTTGGTGA-3'
ADAMTS4 5-GAGCTGTGCTCTTCTGTTGGTGA-3' 5S-CAGAGAAGCGAAGCGCTTGGTT-3
DNER 5-GACATAATCCTGCCCCGCTCT-3' 5'-CTCTGATGGCTTCGTGGCACAT-3'
NGFR 5-CGTGTTCTCCTGCCAGGACAA-3 S-GCTGTGCAGTTTCTCTCCCTCT-3'
LRRN6GA 5-GTCTTCACCGGCCTCAGCAA-3Y 5-CCCTCGATTGTACCGATTGGGTT-%
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 §'-CGCTGTCTCTTGGGCTGTGAAT-3' 5-GGCACCTTCTCCTCAGTGATGTT-3
RCNI 5-CTAAGCCCGGACGAGAGCAA-Y 5-GGCCATTGTCCTCGTGGGAA-3
MMP14 3'-CATGAGTTGGGGCATGCCCTA-¥ 5-CGGCCAAGCTCCTTAATGTGCTT-3'
SDC2 S-CTCCATTGAGGAAGCTTCAGGAGT-3' 5S'-CTTCTGGTAAGCTGCGCTGGAT-3'
DAGI 5'-GGAAGCCCACGGTCACCATT-3 5-GCTTGAGCTTGTCGGTAGTGGTA-3'
EPCR 5-GGCAACGCCTCTCTGGGAAAA-3 5'-CGGCCACACCAGCGATTATGAA-3'
CD97 5-CTGGAACAAAGCCTTCGGACCTT-3' S-GTCGGTGTCCCAGTACCCATT-3"
CD99L2 5-GTCCAGAGAGGATATGGAGACACA-3' S-GGTTCTGCAGACTGCGTTTCTTG-¥
IGFBPS 5'-GCGACGAGAAAGCTCTGTCCAT-3' 5-GCCTTGTTCGGATTCCTGTCTCA-3'
CLU -GAAGGCATTCCCGGAAGTGTGTA-3 5'-GCTGGACATCCATGGCCTGTT-3'

5
LSAMP 5-GCTCTGGAATACAGCCTCCGAA-3'

NPTN 5-GTAACCTCACTTCCAGCTCTCACA-3
EFNAS 5-GCAGCAACCCCAGATTCCAGA-3
PODXL 5-CCTTCACCAGTAGCAGTGGACAA-3
TMEMI123 5-CCACTCAGTGCTGACCTCCAA-3¥
GAPDH S-CAGTATGACTCCACTCACGGCAA-3'

5-GTGTCATCCCGGTACCACTCAA-3'
5'-GGAGGCAGAGCCAATGGAGTT-3'
5-GATGGCTCGGCTGACTCATGTA-3'
5-CCACTGTAGACGCCATAGACTGT-3'
5-GTTCGTCAATGCTTCGGTACCGAA-3'
5-CAGATCCACGACGGACACATTG-3

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

RT-PCR analvsis. 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 jrg 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
cthidium bromide staining. The primers used for RT-PCR
was described in Tables [ and II.

Cloning of the full-length ¢DNA encoding ADAMTSY. Full-

length ADAMTSY was generated as follows. The first hall of

ADAMTSY (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 ADAMTS+. The primers used for amplification are as
follows: 8ST5', 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 gg/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 sSiRNA (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-¥
ADAMTS4 5-GTGGAGTCTCCACTTGCGACA-¥ 5-CCAGGGCGAGTGTTTGGTCT-3'

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

CD97 5'-CAAGACAAGCTCAGCCGAGGT-3' 5-CTCCCCATCGGAGGACTCAA-3"
CD99L2 5'-CAAGAAACCCAGTGCTGGGGAT-3 5-GTACGCTGAACAGCTGGCTCT-3
IGFBPS 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
EFNAS 5'-CCAGAGGGGTGACTACCATATTGA-3' 5-CGGCTGACTCATGTACGGTGT-3'
PODXL 5'-CTCCACAGCCACAGCTAAACCTA-3¥ 5-CTGGCAGGGTAGGTGTTCTCAA-3'
TMEMI123 5-CCATGGCGGCATCTGCAAACAT-¥ 5CGATACCGAATGCCTCTTCTTGAGT-3'
PCOLCE 5-CGGACGCTTTTGTGGGACCTT-3 5-GGCAGCTTGACTTTAGGCTCAGTT-3'
SEZ6L2 5-GCACCTGCACTTTGAAAGGGTCT-3 5-GTCCCCTTCCCGCACATTCAATAT-3
IGFBP4 5-GAAGCCCCTGCACACACTGAT-3 5-GAAAGCTGTCAGCCAGCTGGT-3'
IGFBP3 5-GCATCTACACCGAGCGCTGT-¥ 5'-GGGACTCAGCACATTGAGGAACTT-3'
LOX 5-GTCACTGGTTCCAAGCTGGCTA-3' S'-GGAATATCTTGGTCGGCTGGGTA-3'
CTGF 5-GCGTGTGCACCGCCAAAGAT-3 S-CGGTATGTCTTCATGCTGGTGCA-3
SPARC 5-CTGCCAGAACCACCACTGCAA-Y 5-CTGCCAGTGTACAGGGAAGATGT-3
QSCN6 5 -GGCTGACCTGGAATCTGCACT-3' 5'-CATTGTGGCAGGCAGAACAAAGTTC-3'
EDIL3 5-CTGTGAGTGCCCAGGCGAATTTA-3' 5-GATTTCATACCCAGAGGCTCAGAACA-3
MXRAR 5-GTACACCTGCAACCTGCACCAT-3 S-GGGACGATGACATTGATGACGTTGT-3'
PRRT3 5-GCTGACAGTCACAGGAACTCTGA-3 5'-GCCTCCTGCAAGTGTTCCTCAA-3
LRPI 5'-CAATGGCCTGACGCTGGACTAT-3' 5-CGGTGTCACACTTCCACCAGA-Y

ISLR 5-GCTCGCTGCAACTCAACCACAA-Y 5-CTCAGCACTGCCCAGCTCATT-3'
COL6A1 5'-GCAGTACAGCCACAGCCAGAT-3¥ 5-GTCAAAGTTGTGGCTGCCCAC-3'
TIMP1 5-GACCTCGTCATCAGGGCCAA-3' 5'-GCAAGGTGACGGGACTGGAA-3
LAMPI1 5'-CACGTTACAGCGTCCAGCTCAT-3' 5'-CCTTGTAGGAAAAACCGGCTAGAAC-¥
SERPINHI S-CTGCTGCGCTCACTCAGCAA-3 5'-CGTGATGGGGCATGAGGATGAT-3
COLI1A1 5-CACCTCAAGAGAAGGCTCACGAT-3 5-CCACGCTGTTCTTGCAGTGGTA-3'
GAPDH 5'-ACCACAGTCCATGCCATCAC-¥ 5-TCCACCACCCTGTTGCTGTA-Y

The RNA sequences used are as follows: siEF1 (sense 5'-GGC
AGCAGAACCCUUCUUAJCAG-3', antisense 5'-UAAGA
AGGGUUCUGCUGCCACAG-3"). SIES-5 cells were plated
on a 6-well plate and propagated in RPMI-1640 medium
supplemented with 109% FBS. Twenty-four hours later, for
transfection, 1 gl of 10 pmol siRNA was diluted with 99 pl

of Opti-MEM (Invitrogen), and 2 ul of siFECTOR reagent
(B-Bridge International, Mountain View, CA, USA) was
diluted with 98 ul of Opti-MEM. Both solutions were mixed
gently and incubated at room temperature for 5 min. The
mixture was diluted with 800 u1 of Opti-MEM, and left at
room temperature for 15 min. Next, 1 ml of RNA/liposome
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Table IIE. Genes isolated by the retrovirus-mediated signal sequence trap method (SST-REX).

[solated gene Accession number® Frequency®
Granulin (GRN) NM_002087 22
Alzheimer disease amyloid B A4 precursor protein NM_201414 16
Procollagen-proline, 2-oxoglutarate 4-dioxy genase NM_000918 14
NODAL modulator 2 (NOMO2) NM_173614 12
NODAL modulator 1 (NOMO1) NM_014287 12
NODAL modulator 3 (NOMO3) NM_001004067 13
Golgi apparatus protein 1 (GLGI) 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_(00598 6
Basigin NM_198589 6
Dystroglycan 1 NM_(104393 6
DKFZP56400823 protein NM_015393 5
Ephrin-AS NM_001962 4
SPARC NM_003118 4
CcDY7 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
Scizure-related 6 homolog like 2 NM 201575 3
CD276 NM_025240 3
TMED7 NM_181836 3
Ribophorin 11 NM_002951 3
Niemann-Pick disease, type C1 NM_000271 3
TMEMI165 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 | NM_002901 2
Hemicentin 1 NM_031935 2
Matrix metallopeptidase 14 (MMP14) NM_(04995 2
Collagen, type VI, «l NM_001848 2
MHC class I polypeptide-related sequence A NM_000247 2
Low density lipoprotein-related protein 1 (LRP1) NM_002332 2
TMEMI23 NM_052932 2
Collagen, type XV, «l NM_001855 2
Protein kinase C substrate 80K-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 {rame 56

TIMP metallopeptidase inhibitor 1 (TIMP1)
Insulin-like growth factor binding protcin 5 (IGFBPS)
Solute carrier family 24 member 6 (SLC24A6)

Neural cell adhesion molecule 2 (NCAM?2)

Collagen, type V., «l

CD248

Fc fragment of 1gG, receptor, transporter, a
Nucleobindin |

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

— b e e e bk b e e e e b e et e ek e e e bewd el med e e

“Accession 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-
FLI1-S, 5-GGGTATGGCACTGGTGCTTATGAT-3"; EWS-
FLI1-AS, 5-GGCTCCAAAGAAGCTGGAGGAA-3: EWS-S,
5'-GCCCAGCCCACTCAAGGATAT-3", EWS-AS, 5-CCC
CTGTGCTAGATTGAGGTTGA-3'; FLII-S, 5'-GCCAACG
CCAGCTGTATCA-3": FLII-AS, 5-GTGTGAAGGCACGT
GGGTGTT-3".

IP-Western analvsis. IP-Western blot analysis was per-
formed as previously described (39) with some modifications.
Briefly, cells were lysed in RIPA buffer [50 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 pm 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 EWS

DKFZP56400823 =
ADAMTS4 -
DNER -
NGFR -
LRRNOGA -
ECSM2 -
LGALS3BP -
PTPRF -
FCGRT -

+ 4+ o+

s
£
w

B. hMSC

LAMP2
RCN1
MMP14
SDC2
DAGI1
EPCR
CD97
CD99L2
IGFBPS
CLU
LSAMP
NPTN
EFNAS
PODXL
TMEM123

+
+

R S S T S S S S S S S R e R
AAAAAAAAAAAARAR A
+ 4+ + o+

=
v

C. hMSC E

PCOLCE
SEZ6L2
IGFBP4
IGFBP3
LOX
CTGF
SPARC
QSCN6
EDIL3
MXRAS
PRRT3
LRPI

ISLR
COL6AL1
TIMPI
LAMPI1
SERPINHI
COLIALI +

+ 4+ 4+ o+
V V VYV

+
+ &
v

+
R R T Tk S T S S S A N T

++, 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 | 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 p1 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 (1 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 V). They
were classified into 3 groups by mRNA expression profiles;
the first group with high expression levels only in EWS
(Table TVA), 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.
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Spl. spleen; stm, stomach: s. int, small intestine: |. int, large intestine: mus, muscle; tes, testis: thy, thymus: BM, bone marrow; OC,

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

SiEF1 $iGFP

EWS-FL

FLi

GAPDH

ADAMTS4

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 siRNA. GAPDH (glyceral-
dehyde 3-phosphate dehvdrogenase) 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:
ADAMTSH, DNER (delta/notch-like EGF-related recepior),
NGEFR (nerve growth factor receptor), LRRN6A (leucine rich
repeat neuronal 6A) and ECSM2 (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-FLI-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,
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LRRN6A and ECSM?2 in human cancer ccll lines by RT-PCR
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but not siGFP, led to significant decrease of the expression
level of the EWS-FLII fusion transcript (Fig. 1). In agreecment
with the specificity of siEFI against the EWS-FLII fusion
genc, the expression level of LWS or IFLII was not affected.
Interestingly, suppression of KWS-FLI] expression resulted
in decreased expression of ADAMTS4 transcript. These
results suggested that ADAMTSH cxpression was upregulated
by EWS-FLII.

Immunohistochemical analvsis on ADAMTSY protein
expression. In order to confirm the cxpression 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 subccllular 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
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Figure 2. Immunohistochemical analysis of ADAMTS4 protein in the tissue section of the patient with Ewing's sarcoma. (A) Hematoxylin and cosin staining,

(B) rabbit 1gG, (C) anti-ADAMTS4 antibody

"

200um

Figure 3. Immunofluorescence staining of ADAMTS4 protein in Ewing's sarcoma cell lines (SJES-2 and SJES-5), osteosarcoma cell lines (MG63 and Sa0S2)
and NIH3T3 cells expressing ADAMTS4. (A) NIH3T3, (B) ADAMTS4/NIH3T3, (C) SJES-5, (D) SJIES-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).

ADAMTSH 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 ADAMTS 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 superatants 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), supematants.
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Figure 5. RT-PDR analysis of ADAMTS4 expression in the paticnt samples. GAPDH expression was used as an internal control.
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Figure 6. ELISA of ADAMTS4 protein in the paticnt scra and the supernatants of the cell tines. The error bars represent | standard deviation.

and Schwannoma were also examined as controls. In all  ADAMTS4 is expressed in normal cartilage cells. Also, 2
7 EWS samples, ADAMTSS transcripts were highly expressed.  out of 13 samples of ostcosarcoma and | out of 4 samples
Three out of 4 samples of chondrosarcoma moderately  of synovial sarcoma cxpressed ADAMTS4. ADAMTS4
expressed ADAMTS4. This result was predictable, since  transcripts were not detected in the 3 samples of rhabdomyo-



