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Abstract

Bloom syndrome (BS) is a rare autosomal genetic disorder characterized by
lupus like erythematous telangiectasias of the face, sun sensitivity, infertility, stunted
growth, and upper respiratory infection, and gastrointestinal infections commonly
associated with decreased immunoglobulin levels. The syndrome is associated with
immunodeficiency of a generalized type, ranging from mild and essentially
asymptomatic to severe. Chromosomal abnormalities are hallmarks of the disorder, and
high frequencies of sister chromatid exchanges and quadriradial configurations in
lymphocytes and fibroblasts are diagnostic features. BS is caused by mutations in
BLM , a member of the RecQ helicase family.

We determined whether BLM deficiency has any effects on the cell growth
and cell death in BLM-deficient cells and mice. =~ BLM-deficient EB-virus-transformed
cell lines from BS patients and embryonic fibroblasts from BLM-/- mice showed slower
growth than with wild-type cells. BLM deficient cells showed abnormal p53 protein
expression after irradiation. In BLM-/- mice, small body size, reduced number of fetal
liver cells, and increased cell death were observed. BLM deficiency causes

up-regulation of p53, double-strand break and apoptosis which are likely observed in



irradiated control cells. Slow cell growth and increased cell death may be one of the

causes for the small body size associated with BS patients.

Introduction

Bloom syndrome (BS) is a rare genetic disorder caused by mutations in BLM,
a member of the RecQ helicase family (1). There are five human RecQ-like proteins
(RECQLI1, BLM, WRN, RECQL4 and RECQ5), each having 3’ to 5° DNA helicase
activity but little sequence similarity outside the helicase motifs (2,3). Three of these
helicases (BLM, WRN and Rothmund-Thomson) show genomic instability and cancer
susceptibility, but each also has distinctive features (4,5). The unique features of BS are
severe pre- and post natal growth retardation and a wide spectrum of cancers that
develop at a young age. Other BS phenotypes include facial sun sensitivity,
immunodeficiency. and male sterility/female subfertility (6.7). Compared with Werner
syndrome. small body size is one of the characteristic features associated with BS
patients.

Here. we determined whether BLM deficiency has any effects on the cell

growth and cell death in BLM deficient cells and mice.

Materials and Methods
BS patient

AsOk, who was identified in BS registry number 97, was born at 2250 g.
Cafe-au-lait spot and mandibular hypoplasia were prominent. A 3bp deletion was
detected in the BLM sequence of AsOk DNA (8). This deletion caused the generation of
a stop codon at amino acid 186.
Cell culture

EB-virus-transformed cell lines from BS patients and control subjects were
previously reported. PBMCs were isolated from the heparinized blood of patients by
gradient centrifugation in Ficoll-Paque (Pharmacia AB, Uppsala, Sweden). PBMCs were
suspended at a density of 10%ml in culture medium consisting of RPMI 1640
supplemented with 10% heat-inactivated fetal calf serum, l-glutamine (2 mmol/L),
penicillin (100 U/ml) and streptomycin (100 u g/ml). PBMCs (10%ml) were cultured in
the presence of 10 ¢ g/ml phytohemagglutinin (PHA) for 3 days (9).
Detection of p33 protein



PBMCs cultured with PHA for 3 days were irradiated (6 Gy). After 1 hour, the
cells were collected by centrifugation and protein was extracted from the PBMCs. Using
anti-human p53 antibody (Santacruz, USA), immunoblotting was performed.
BLM-deficient embryonic fibroblasts

Heterozygous BLM deficient (BLM+/-) mice were kindly provided by P.
Leder. BLM-/- mice were obtained by mating of BLM +/- mice (10). Embryonic
fibroblasts from BLM-/- mice were obtained from 12.5-day embryos. None of the
BLM-/- embryos could survive over 13 days.

Cell proliferation ussay

Cell proliferation and cell viability were determined by trypan blue or MTT
assay. MTT assay was performed following the manufacture’s protocol. Embryonic
fibroblasts were cultured with methyl methanesulfonate (MMS) (Sigma, Japan) for 24
hours (11). Then. the viable cell number was determined with trypan blue.

Detection of single strand DNA

Paraffin and cryostat sections were prepared from the brain of BLM +/- or -/-
mice at 12.5 days postcoitus. Polyclonal rabbit anti-ssDNA antibody (IgG, 100 pg/ml,

Dako Japan, Kyoto. Japan) 1:300 dilution was used to detect the formation of
single-stranded DNA (ssDNA) at dilution 1:300 for I hr at room temperature.
Immunoreactivity was detected with peroxidase-labeled- goat anti-rabbit

immunoglobulins.

Results
Abnormal regulation of p33 protein expression

After the irradiation of PHA-stimulated PBMCs, p53 protein expression was
“induced in control cells (Fig. 1). In the BS patient’s PBMCs, high p53 protein expression
was detected even without irradiation. Irradiation slightly induced p33 protein in BS
cells. In the BS EB cell line, p53 phosphorylation by ATM was up-regulated compared
with that in the control EB cell line (data not shown). These results suggested that
BLM-deficient cells have abnormal regulation of p53 protein expression and elevated
frequency of apoptosis. Next, we investigated the apoptosis in vivo and in vitro using
BLM deficient cells.
Slow growth in BLM-deficient cells



The growth rate of EB cells from BS patients was slower than that of control
cells (Fig. 2). After irradiation. the growth rate of BS cells was slower than that of
control cell. MMS action causes double-stranded DNA breaks. The sensitivity of BLM
-/- cells to MMS was higher than that of wild type cells. Embryonic fibroblasts
originating from BLM-/- mice also showed slow growth rate.

Augmented cell death in embryonic brain of BLM-/- mice

Anti-single-stranded DNA was detected in the brain of BLM-/- mice with the
number being higher than that detected in the brain of BLM+/- mice (Fig. 3). This result
suggested the augmented cell death in BLM -/- mice.

Discussion

In this study. we showed the abnormal regulation of p53 protein expression
and augmented cell death in BLM-deficient cells both in vitro and in vivo. Stalled
replication forks can result in double-strand breaks thereby triggering the activation of
ATM (12). Consistent with a previously reported study, the deficiency of BLM is
radiomimetic (13).

Originally, MMS was considered to directly cause double-stranded DNA
breaks, because homologous-recombination-deficient cells are particularly vulnerable to
the effects of MMS. However. it is now considered that MMS stalls replication forks,
and cells that are homologous-recombination-deficient have difficulty repairing the
damaged replication forks.

Studies in yeast and human cells suggest a pivotal role of RECQ-like helicases
in maintaining genomic integrity during the S phase (14). BS patients show small body
size from birth. This small size body continues over their life time. At 12.5 days
postcoitus, BLM-deficient mice have smaller body size than wild-type mice (10).

BLM deficiency renders cells highly susceptible to apoptosis, suggesting a
possible explanation for the pre- and postnatal growth retardation observed in BS
patients. In the absence of BLM. many cells fail to repair the damage rapidly enough,
whereupon pS3 signals those cells to die. Individuals with BS may continually lose cells,
owing to excessive apoptosis, particularly during pre- and postnatal development, when
cell proliferation 1s excessive (15). Excessive apoptosis would leave many tissues with
chronic cellular insufficiency. and hence, a small size. thereby explaining the pre- and

postnatal growth retardation.



p53 is crucial for the apoptosis of BS cells. This apoptosis is not accompanied

by an increase in BAX or p21 protein expression. Thus, p53 may induce apoptosis

independent of its transactivation activity, consistent with the finding that p53 is

transcriptionally inactive during the S phase. p53 may mediate the death of damaged BS

cells by directly inducing mitochondria-mediated apoptosis or because of its
transactivation activity.

In conclusion. BLM deficiency causes dysregulation of pS3 and augmented

apoptosis similarly to that in irradiated wild-type cells. These slow cell growth and

increased cell death may cause the small body size associated with BS patients.

Figure legends

Fig. 1 p53 protein expression in PBMCs from a control subject and a BS patient.
PBMCs cultured with PHA for 3 days were irradiated (6 Gy). After 1 hour, cells were
collected and p53 protein expression was detected.

Fig. 2 Cell proliferation and cell viability were determined using trypan blue.
Embryonic fibroblasts were established from BLM +/- and BLM-/- mice at 12.5 days
postcoitus. Embryonic fibroblasts from BLM-/- showed a slow growth rate and a high
sensitivity to MMS compared with those from BLM+/- mice.

Fig. 3 Detection of single-stranded DNA. Immunohistochemical staining of BLM +/-

and BLM-/- embryo at 12.5 days post coitus was performed.
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ABSTRACT

In type 2B von Willebrand disease (2B VWD), abnormal von Willebrand factor (VWF) spontaneously binds to
platelets. This leads to the clearance of the high molecular weight multimers (HMWM) of VWF and results in
thrombocytopenia. Herein we report a family of 2B VWD with an R1306W mutation which caused
thrombocytopenia with giant platelets. The most important finding in this study is dynamic changes in VWF
values in association with platelet counts. When the proband (2 years of age) had severe thrombocytopenia,
his HMWM were normal, however, hematological examination showed a low level of VWF and a lack of
HMWM after platelet count recovered. His affected sister also exhibited similar phenomenona. These results
suggest that the severe thrombocytopenia leads to decreased clearance of VWF HMWM and restoration of
VWF HMWM in plasma. We must consider 2B VWD in the case of recurrent thrombocytopenia following
infection or other stress condition.

polymorphism

Introduction

Von Willebrand disease (VWD) is a common heterogeneous bleeding
disorder and is represented by a reduction and/or abnormal function of
the von Willebrand factor (VWF) [ 1].In type 1 and 3 VWD, deficiencies or
the absence of the vWF protein are responsible for the bleeding
syndrome. Type 2 VWD is characterized by a wide heterogeneity of
functional and structural deficits. Type 2B VWD (2B VWD) is caused by
the increasing binding affinity of VWF for platelet glycoprotein Ib
(GPIb) and is characterized by the relative loss of VWF high
molecular weight multimers (HMWM) in plasma [2]. Though
patients with 2B VWD often have diverse symptoms, including
moderate to severe thrombocytopenia, giant platelets and sponta-
neous platelet agglutination, the degree of these reported symptoms
is highly variable {3]. Thrombocytopenia associated with 2B VWD is
notarare finding, especially in children {4]. It is found to be transient or
persistent with variable platelet counts on different occasions. It is known
that infusion of desmopressin (DDAVP) can induce the release of VWF
from endothelial cells |5]. Other situations, such as physiological
(pregnancy) or pathological (infections, surgeries) stress conditions,
also induce the release of VWF in 2B VWD plasma [6,7]. These events are
associated with the occurrence of thrombocytopenia and spontaneous
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platelet agglutination in 2B VWD. Saba et al. referred to 2B VWD patients
with giant platelets, chronic thrombocytopenia and spontaneous platelet
agglutination as type 2B Tampa {8].

The VWF gene, located on the short arm of chromosome 12 spans
178 kb in length and contains 52 exons. There is a pseudogene on
chromosome 22 corresponding to VWF exons 23-34. These sequences
have about 97% homology, which makes it difficult to detect
mutations in these regions [9]. The gain of functional mutations in
exon 28 of the VWF gene encoding the VWF Al domain is reported to
be responsible for 2B VWD.

Herein we present a family of type 2B VWD with an R1306W
mutation which caused severe thrombocytopenia with giant platelets.
We describe the mutation analysis of this family and the dynamic
changes in their platelet count, VWF and HMWM, which are useful for
understanding the mechanism of the loss of VWF HMWM and severe
thrombocytopenia in 2B VWD,

Patients

The proband

The proband was a 2-year-old Japanese boy who was admitted to
our hospital due to presenting several purpura spots on the elbow
following acute bronchitis. The patient's father had a past medical
history of idiopathic thrombocytopenic purpura (ITP) during child-
hood. A hematological examination revealed thrombocytopenia
(16,000/pl) measured by automated counter. PT was 83% (normal
range: 70-120%), APTT was 45.0 s (normal range: 25.0-43.0 s) and
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fibrinogen was 320 mg/dl (normal range: 150-350 mg/dl). Ristocetin
cofactor activity was within the normal limit (151%). Platelet-
associated 1gG (PAIgG) was 85.7 ng/107 platelets (normal range:
9.0-25.0 ng/10” platelets). A blood smear showed that most platelets
were enlarged, most of them close to the size of red blood cells, some
even larger than erythrocytes (Fig. 1A). Review of the bone marrow
aspirate confirmed the normal number and morphology of mega-
karyocytes. The patient was tentatively diagnosed as ITP. A high-dose
immunoglobulin therapy (1 g/kg) was done, but the platelet count
remained at a low-level for a week. Because of the familial history and
giant platelets in peripheral blood, the patient was considered as
having inherited thrombocytopenia with giant platelets (macro-

Fig. 1. Platelet morphology on peripheral blood smears (light microscopical images of
peripheral blood films after May-Giemsa stain). A. The platelets of the patient are larger
than red blood cells {arrow). B. The platelets of his father are also enlarged, but smaller
than those of the patient (arrowhead).

thrombocytopenia). Immunomorphological evaluation of myosin [IA
distribution within granulocyte cytoplasm excluded MYH9 disorders
[10]. Flow cytometry for platelet GPIb expression excluded Bernard-
Soulier syndrome [11]. The platelet count was gradually increased to
more than 100,000/ul and the patient was discharged. The diagnosis
was uncertain at that time. Within half a year, the patient experienced
several episodes of prolonged and excessive nasal hemorrhage and
thrombocytopenia, 1 to 3 weeks after acute viral infection. The
platelet count was recovered spontaneously without therapy. When
the platelet count was 264,000/ul during the third hospitalization,
hematological examinations showed factor VIII coagulant activity
(VIIL:C), von Willebrand factor antigen (VWF:Ag) and von Willebrand
factor ristocetin cofactor (VWF:RCo) decreased; 50%, 40%, 13%,
respectively. The electrophoretic pattern obtained from the patient’s
plasma showed a lack of VWF HMWM. In the following year, we
observed a similar finding in the proband when he suffered from high
fever and nasal hemorrhage associated with influenza A virus
infection. A hematological examination revealed thrombocytopenia
(52,000/ul) and VWF multimer pattern was normal. As his platelet
count increased (179,000/ul) after a week, he lost the VWF HMWM
and his VWF: Ag decreased.

His father

His father had a history of bleeding characterized by mucosal
bleeding and purpura in childhood and was diagnosed with ITP. His
platelet count was 100,000/ul, he had a low-level of VIII:C, VWF:Ag
and VWF:RCo and enlarged platelets on a peripheral blood smear
(Fig. 1B). The plasma VWF showed a loss of VWF HMWM.

His elder sister

The patient's 5-year-old sister experienced severe bronchitis
induced by respiratory syncytial (RS) virus infection. Though she
had no symptoms of a hemorrhagic state, severe thrombocytopenia
(9,000/u1) and giant platelets on a peripheral blood smear were noted
(data not shown). Her factor VIll-related activities were within
normal limits. The thrombocytopenia improved for a few days
without therapy. When the platelet count was 197,000 /ul, her
VWF:RCo was low-level. Her plasma VWF showed a loss of VWF
HMWM.

Materials and Methods
PCR amplification and sequencing of VWF gene

Informed consent for the study was obtained from his parents.
Genomic DNA was isolated from EDTA anticoagulated peripheral
blood mononuclear cells, obtained from the patient and his family
members according to standard procedures [12]. The exon 28 of the
VWEF gene was amplified using previously reported primers [9].

Primer U1 intron 27 g7525-7544: sense 5'-TGGGAATATGGAAGT
CATTG-3/,

Primer U2 intron 27 g7504-7523: sense 5'- GGTGGAACAGAGGAG
ATTCT-3,

Primer L1 exon 28 g8150-8169: antisense 5'- TGACCTTCTTCTTCTT
CAGG-3,

Primer L2 exon 28 g8129-8147: antisense 5'- CTGGACGTAGCGGA
CAAAG-3'.

Four base-mismatches with the VWF pseudogene in the U1 primer
are underlined. The primers of U2 and L2 were designed to amplify the
fragments of both the VWF gene and the pseudogene. The PCR
conditions were initial denaturation at 95 °C followed by 40 cycles of
30 seconds of denaturation at 95 °C, 30 seconds of annealing at 58 °C,
45 seconds of polymerization at 72 °C, and finally 10 min of extension
at 72 °C. A PCR fragment was directly sequenced with an ABI PRISM
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3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). In the
case of fragments amplified by U2 and L2 primers, sequencing was
done after subcloning into plasmid vectors using a Mighty cloning kit
(Takara Bio, Ohtsu, Japan).

RT-PCR

RNA was isolated from the platelet pellet by using an RNA isolation
kit (Isogen, Nippon Gene, Tokyo, Japan) and cDNA was synthesized
with oligo dT primers and SuperScript Il Reverse Transcriptase
(Invitrogen, Carlsbad, CA). The PCR products were amplified using U3
(exon 27 g5430-5448: sense 5'-TCCCAGTGACCCTGAGCAC-3’) and L2.

Result
Functional diagnosis of 2B VWD

The proband showed a lack of VWF HMWM. We performed a
ristocetin-induced platelet agglutination (RIPA) study. The addition of
ristocetin at a low concentration (0.5 mg/ml) resulted in platelet
agglutination to the proband's platelet-rich plasma (PRP) but not in
normal PRP. and 1.25mg/ml of ristocetin induced an almost full
agglutination in even the control PRP (Fig. 2A and B). This suggests
that PRP from the patient was more sensitive to the induction of
platelet agglutination by the low concentration of ristocetin. These
findings are typical of previous findings in type 2B and platelet-type
VWD [1]. To distinguish these conditions, a mixing study was
performed. The proband's platelets did not show enhanced RIPA
when they were suspended in control plasma (Fig. 2C); in contrast,
the proband's plasma with control platelets caused enhanced RIPA at
0.5 mg/ml of ristocetin (Fig. 2D). Therefore, the patient was diagnosed
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with 2B VWD. In addition, a study of the sister's sample showed the
same results (data not shown).

Mutation analysis of the family

The DNA fragments of exon 28 in the VWF gene from the proband
and his family were amplified by using the primer pair Ul and L1,
which were reported to be specific for the active gene sequence. A
heterozygous mutation c¢.4166C>T (g.7859C>T, R1306W) was
identified in the proband hy direct sequencing, as shown in Fig. 3.
However, this mutation was not detected in the affected sister and the
father by direct sequencing. To study the discrepancy between gene
analysis and their phenotypes, PCR was performed using other primer
pairs, U2 and L2, which could amplify exon 28 fragments from both
the VWF gene and the pseudogene. After subcloning PCR products
from the proband, 16 independent clones were sequenced. Five of
them were revealed to be derived from the pseudogene by
comparison of sequence differences between the functional VWF
gene and its pseudogene. Out of 11 clones derived from the functional
VWEF gene, 4 clones had c4166C>T (g.7859C>T, R1306W) and 7
clones did not. In addition, all clones derived from the functional gene
had a g.7541A> G substitution (a prevalent polymorphism) within
primer U1 (intron 27) which identified both alleles. Familial analysis
using this method revealed that this polymorphism was identified in
the fragment with c.4166C>T (g.7859C>T, R1306W) but not in the
fragment without c4166C>T in both the father and sister. We
concluded that this polymorphism on the site of the Ul primer
hindered amplification of the mutant allele with this polymorphism
(father and sister) although mutant and normal alleles were amplified
with similar efficiency in the case of a homozygote of this
polymorphism (the proband) (Fig. 4). We further confirmed the
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Fig. 2. Ristocetin-induced-platelet agglutination (RIPA) and mixing analysis. A. control PRP; B. patient PRP; C. patient platelets in control plasma; D. control platelets in patient

plasma; Values within figure represent ristocetin concentrations (mg/mil).
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A C7859 heterozygous c.4166C>T (g.7859C>T, R1306W) mutation in the
proband, the sister and the father by RT-PCR using primer U3 and L2.

ATGGAG ..(_:._G GCTGC Dynamic changes in platelet count and vaiues in VWF analyses

Fig. 5 shows the laboratory data and the multimer electrophoresis
analysis of the plasma VWF in the family. The multimer pattern of the
proband with at the time of severe thrombocytopenia demonstrated
an almost normal pattern, together with normal values of VIII: C,
VWF: Ag and VWF: Rco. The multimer pattern with an adequate
platelet count clearly showed a lack of HMWM. At the same time, the
values of VIII: C, VWF: Ag and VWF: Rco were low. This pattern was
observed twice independently in the proband. The multimer pattern
and VWF study of the sister demonstrated a similar pattern. When the
sister was affected by severe bronchitis with an RS virus infection, her
VIII: C, VWF: Ag and VWF; Rco were within normal limits and HMWM
were present. However, when the platelet count was normalized after
bronchitis, her values of VIII: C, VWF: Ag and vVWF; Rco had decreased
B C7859—>T and the multimer pattern lacked HMWM. The study of the father

without symptoms showed a low level of VIII: C, VWF: Ag and VWF:
Rco and a lack of HMWM.

MctlJM G]ulJOS Argl306 Leu1307

ATGGAGCGGCTGC

Discussion

Here we presented a family with 2B VWD characterized by the
presence of a heterozygous R1306W substitution in the VWF A1 domain.

First, we should caution about exon 28 amplification of active VWF
gene. The DNA fragments of exon 28 in the VWF gene have been
widely amplified by the pair of primers U1 and L1 [13]. These primers
can amplify the active VWF gene but not the pseudogene because U1
includes four different nucleotides from the pseudogene sequences at
its 3’ ends. However, there is a prevalent A to G polymorphism at
g.7541. In an Asian population, the frequency of A at nucleotide 7541
is 0.411, and that of G is 0.589 (Reference SNP: rs216312). This
polymorphism is located in the fourth nucleotide from the 3’ end of
1306 primer U1, hinders PCR amplification in case of the G allele and results
in misunderstanding of mutation status (Fig. 4). Two previous reports

Met”®  Glu

Fig. 3. DNA sequence analysis of an amplified fragment of exon 28 of the VWF gene.
A. control, B. the proband.

The proband
Primer mismatch anncaling amplification
7541G Mo, Codon1i06
7859C — CGTTG ——————CGG—— Muchless
(Wild-type) ~——— GCAAC ——GCC T emen
Primer mismatch LI 7541G 751G
Ul A 8/9C = 7859T
7541G {Wild-type) (Mutant)
7859T — CGTTG —————— TGG—— Muchless
(Mutant) — GCAAC ACC—  efficient
—
L1
The father and sister
7541A anncaling amplification
Ul
Codon1306
(wild-type) — GCAAC—— Ggce—
L ‘o 7541A 7541G
416 ll'Jnlmer mismatch T859C N 59T
75 A
7859T (Wild-type) (Mutant)
—CGTTG —————— TGG——— Muchless
(Mutant) — GCAAC ——— ACC——  efficient
—
LI

Fig. 4. Schematic illustration of problematic amplification of exon 28 using Ut and L1 primers in the presence of a g.7851A> G polymorphism There is a prevalent polymorphism at
8.7541A> G. Primer U1 isdesigned to fit g.7541A. Primer U1 is much less effectively anncaled to the fragment of the §.7541G allele than g.7541A because of nucleotide mismatch. The
proband had 7541G in both atleles. Primer Ut was less effectively annealed to fragments from both alleles and fragments from both alleles were amplified with equal efficiency.
Hence the 7859C>T mutation was casily detected by direct sequencing. The father and the sister had the 7541A allele with no mutation at 7859 and the 7541G allele with a
7859C> T mutation. In this case, the 7541A allele was much more effectively amplified than 7541G. Hence fragments of 7541A with no mutation at 7859 were predominant. Hence
direct sequence mis-diagnosed the father and the sister as having no mutation at 7859.
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Fig. 5. Laboratory data and multimer electrophoresis pattern of plasma. Plasma VWF
multimers analyzed by sodium dodecyl sulfate-agacose gel electrophoresis displayed
selective reduction in the high molecular weight forms. Proband {1): On first
admission, he had severe thrombocytopenia. (2): On third admission, his platelet
count recovered. {3)(4): He sutfered from high fever associated with influenza A virus
mfection and recovered afrer a week. Sister {1): She was attected by severe bronchitis-
induced RS virus intection. (2j: Her platelet count was normalized after bronchitis
recovery. Father: a screening exammation without symptoms. NR - normal range. VII1:C
- factor VIIl coagulant activity. VWF:Ag - von Willebrand factor antigen. VWF:Rco - von
Willebrand factor ristocetin cofactor

also pointed out this phenomenon {13,141, RT-PCR or additional
genomic PCR as described in this paper is necessary for mutation
analysis.

The mutations in the VWF Al domain that cause 2B VWD can
influence phenotype | 15]. Previous studies with recombinant proteins
mutated at different residues have confirmed that they bind with
different affinities to GPIb [16]. The R1306W mutation that we found
in our family was first reported in 1991 [17]. Cooney et al
demonstrated that the R1306W mutation is sufficient to confer
increased binding of large VWF multimers to platelet GPIb, resulting
in the 2B VWD phenotype, and sufficient to produce the specific type
2B “gain-of-function” phenotype, and confirms that no other factors
relating to VWF posttranslational processing or secretion in endothe-
lial cells are required for this effect | 18]. Another study demonstrated
that the R1306W mutation produced similar binding of the VWF to
platelets both spontaneously and when induced by ristocetin [ 19].

Federici et al. reported a cohort study of 67 2B VWD patients from
38 unrelated families for 48 months [15]. Thrombocytopenia was
found in 20 patients (30%) at baseline and in 38 (57%) after stress
conditions were observed. According to the report, phenotypic
variation was associated with genotypes. Patients with H1268H,
R1306W, R1308C, 11309V, V1316M or R1341Q/W had thrombocyto-
penia after stress but patients with P1266L or R1308L did not. In the
study, 15 patients (9 families) with the R1306W mutation, aged 14-
77 years (median 43 years), were followed-up. Their platelet counts
at base line was 165 (54-214)x 10°/ul and the platelet morphology
was enlarged platelets without aggregates, as with our patients.
During pregnancy, infections and surgery, patients with the R1306W
mutation had thrombocytopenia with median trough platelet counts
of 56 (n=4), 85 (n=2), and 73 {n= 3)x 10%/, respectively. Our
proband (2 years old) and his sister (5 years old) who also had the

R1306W mutation developed more severe thrembocytopenia than
the patients in that report. The physiologic factors, age, sex, blood
group, pregnancy, and exercise are factors that influence plasma VWF
levels and that may thus affect a type 2B VWD phenotype and
differentially influence its diagnosis [20|. Maybe age is a factor
influencing the severity of thrombocytopenia in this genotype.

One of the important findings in this study is dynamic changes in
VWEF values in association with platelet count. When the patient had
severe thrombocytopenia, his HMWM were normal, however,
hematological examination showed a low level of VWF and a lack of
HMWM after platelet count recovered. His sister exhibited similar
phenomenona. Although a cohort study of a large number of type 2B
cases including 15 patients with the same R1306W mutation did not
found this dynamic changes in VWF values in association with platelet
count, all the patients with R1306W mutation in the study were much
older (14-77 y) than our sibling case. We could not find such dynamic
change in their father with the same mutation. Hence we speculate
that dynamic changes in VWF values in association with platelet count
are also age-dependent. This phenomenon could be explained as
follows: Since VWF is an acute phase reactant {G,7], a large number of
mutant VWF are expected to be released from vascular endothelial
cells in acute phase of infection. This induction may facilitate platelet
agglutination and increased clearance of platelet- VWF complex and
result in thrombocytopenia. If VWF induction lasts in the condition of
thrombocytopenia, this may lead to decreased clearance of VWF and
restoration of mutant VWF HMWM. Similar phenomenona were
reported very recently in a patient with 2B VWD complicated by ITP
with a different mutation from ours [21].

The present case presented macrothrombocytopenia at admission.
Inherited forms of giant platelet disorders or congenital macrothrom-
bocytopenia are rare. Recent research demonstrated that clinical
laboratory-based tests might differentiate at least half of undifferen-
tiated macrothrombocytopenia {11]. The most common congenital
macrothrombocytopenia includes MYH9 disorders and the Bernard-
Soulier syndrome, however, 2B VWD must be considered because
about 30% of the patients with 2B VWD have giant platelets.

From the lesson of our study, it is important to consider 2B VWD in
the case of recurrent thrombocytopenia following acute viral infection
or other stress, with giant platelets and/or a familial history of
thrombocytopenia. Our present study clearly indicates the impor-
tance of studying VWF during a patient's non thrombocytopenic
condition.
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Expression of ADAMTS4 in Ewing's sarcoma
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Abstract. Ewing's sarcoma (1EWS) is a malignant bone tumor
that frequently occurs in teenagers. Genetic mulations which
cause EWS have been investigated, and the most frequent one
proved to be a fusion gene between WS gene of chromo-
some 22 and the #LI} gene of chromosome 11. However, a
limited numbers of usetul biological markers tor diagnosis of
EWS are available. In this study, we identified ADAMTSS
(a disintegrin and metalloproteinase with thrombospondin
motifs) as a possible tumor marker for EWS using the
retrovirus-mediated signal sequence trap method. ADAMTSH
is a secreted protein of 837 amino acids with a predicted
molecular mass of 98-100 kDa. 1t 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 mvolved in arthritic diseases and
gliomas. Herein, we show that ADAMTS4 mRNA was
expressed in all primary EWS samples and all EWS-derived
cell lines examimed, while its expression was detected only in
small subpopulations of other solid tumors. IFurthermore,
ADAMTS4 expression was found to be regulated by EWS-
FLII tusion gene-dependent manner. We also demonstrated
that ADANT S4 protein was highly expressed in tumor
samples of the patients with EWS by using immunchisto-
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. 1t is recognized that EWS
is a part of Ewing's sarcoma tamily of tumors (ESFT's) 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 LWS 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 1(11,22)(q24,q12) (4.5). Five to 10% of the cases
pocess EWS-ERG due to ¢(21:22)(q22:q12) (6). The other rare
cases are EWS-ETVI, EWS-EIAF and EWS-FEV, each
resulting from ((7;22)(p22:q12), t(17:22) (q12;q12) and
1(2;22)(q33:912), 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
1299 immunohistochemistry (11-13), and by genetic aberra-
tion. However, CD99 expression is also reported to be positive
m 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, S-year survival rate is ~20-30%
in cases with metastasis. This study was performed to find a
usetul tumor marker for EWS.

The signal sequence trap (SST) is a strategy to identify
complementary DNAs (cIDNAs) containing signal sequence
that encode secreted and type I membrane proteins (17).
To date, various important molecules have been detected
including SDF-/, a member of the tumor necrosis factor
receptor superfamily TROY, Xenopus-Tsukushi, Vasorin and
leukocyte mono-lg-hke receptor (LMIR) by the 8T method
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(18-23). In this study, we identified a secreted molecule
ADAMTS4 (a disintegrin and metalloproteinase with throm-
bospondin molifs) 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 metalloproleinase domain, a disintegrin
domain, a thrombospondin type 1 motif, a cysteine-rich
domain and a spacer domain. It has been demonstrated to
cleave the aggrecan at Glu3™-Ala¥, and theretfore is also
named as aggrecanasel (29-32). The aggrecanase activity
of ADAMTS4 is inhibited by TIMJ-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, ADAMTSS is
considered to play an tmportant 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 ADAMTSY mRNA
was expressed in all tissue samples of EWS patients and all
EWS cell lines examined, and the mRNA level of ADAMTSH
was regulated by EWS-FLII in the cell line. We have also
demonstrated the ADAMTS4 protern 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 U208), neuroblastoma cell lines (KPNSI-FA,
L.AN-1 and NB69), a lung cancer cell line H360, a liver
cancer cell line PLC/PRIVS, a cholangiocarcinoma cell line
HuCCT1, a colon cancer cell hne SW-8, T-ALL cell lines
(Jurkat, PEER, CEM and HPB-ALL), B-ALL cell lines
(NALMI6, NALM24 and IM9), AML. cell lines (MOILM13
and ML.1), 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 (U87MG, U251 and
TO8G). and gastric cancer cell lines (HGC-27, MKN45,
GCIY and KATO-HI) 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% }BS and 1 ng/ml murine interleukin-3 (I1.-3)

(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 ((MSCs) 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 Umiversity 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 (IELISA), we used
serum samples of 3 osteosarcomas, 1 osteofibrous dysplasia,
1 chondrosarcoma, 1 synovial sarcoma, 6 I:WS 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 Mic 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
L.aboratories, 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 1gG (Dako, Kyoto, Japan), an HRP-
conjugated anti-rabbit IgG antibody (Nichirei Biosciences,
Tokyo, Japan) for immunohistochemistry, and an Alexa<488-
conjugated anti-rabbit 1gG antibody (Invitrogen, Carlsbad,
CA, USA) for immunofluorescence microscopy. For ELISA,
a monoclonal anti-ADAMTI S84 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 $§T. A human EWS
c¢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
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 8s1X1
sites of pMX-SST (25) using BsiX1 adaptors (Invitrogen).
Ba/F3 cells were infected with the retroviruses expressing
the EWS-denived cDNA library and selected for growth in
the absence of IL.-3. Genomic DNAs extracted from 11.-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

DREZP36400823

ADAMTS4 S-GAGCTGTGCTCTTCTGTTGGTGA-3'
DNER S-GACATAATCCTGCCCCGCTCT-3
NGFR S-CGTGITCTCCTGCCAGGACAA-S
LRRN6A S-GTCTTCACCGGCCTCAGCAA-3
LCSAM2 S-OGACAACTCAGACCTCGCAGGAA-R
LGALS3BP S-CAGGACTACTGTGGACGGCTT-3'
PTPRE S-GCTGGCCCAGGAGAAGAGTT -3
I'CGRT S-GCTGTGAACTGGCCTCGGATA-3
FAMP2 S-CGCTGTCTCTTGGGCTGTGAAT -3
RCONI S-CTAAGCCCGGACGAGAGCAA-3
NP4 S-CATGAGTTGGGGCATGCCCT A3
Spe2 5-CTCCATTGAGGAAGCTTCAGGAGT -3
DA S-GGAAGCCCACGGTCACCATT-3
EPCR 5-GGCAACGCCTCTCTGGGAAAA-S
CY7 S-CTGGAACAANAGCUTTCGGACCTT -3
CDYoL2 S-GTCCAGAGAGGATATGGAGACACA-Z
IGEFBP3 5-GCGATGAGAANAGCTCTGTCCAT -3
CLU S-GAAGGCATTCCCGGAAGTGTGTA-3
LSANP S-GCTCTGGAATACAGECTCCGAA-R
NPTN S-GTAACCTCACTTCCAGCTCTCACA-R
LINAS S-GCAGCAACCCCAGATTCCAGA-3
PODXI. 5-CCTTCACCAGTAGCAGTGGACAA-3
TMENMI23 SCCACTCAGTGCTGACCTCCAA-Y
GAPDH S-CAGTATGACTCCACTCACGGCAN-R

SCCATTGOCTGTCTCTCTCATGACA SR

Sy

S-GAGCTGTGCTCTTCTGTTGGTGA-3
S-CAGAGAAGCGAAGOGCTTGGTT-3
S-CTCTGATGGCTTCGTGGCACAT -3
S-GCTGTGCAGTTTCTCTCCCTCT -3
5-CCCTCGATTGTACCGATTGGGET -3
5-CATTGGCTGTGGAGCAGCTTTCA-3
S-CTACTCCAGGTGGAAGAGGTGTA-3
S-GOTCTGCCCATTGTACAGGATCTT -3
SCCAGCAATGACCATGCGTGGAA-3
S-GGCACCTTCTCCTCAGTGATGTT-3
S-GGCCATTGTCCTCGTGOGAA-R
5-CGGCCAAGCTCCTTAATGTGCTT-3
S-CTTCTGGTAAGCTGCGCTGGAT -3
5-GCTTGAGCTTGTCGGTAGTGGTA-3'
§-CGGCCACACCAGCGATTATGAAZ
5-GTCGGTGTCCCAGTACCCATT-3
S-GGTTCTGCAGACTGCGITTCTTG-3'
S-GCCTTGTTCOGATTCCTGTCTCA-3
S-GCTGGACATCCATGGCCTGTT -3
SGTGTCATCCOGOTACCACTCAAR
5-GOAGGCAGAGCCAATGGAGTT-3
S-GATGGCTCGGCTGACTCATGT A-3
S-CCACTGTAGACGCCATAGACTGT -3
5-GTTCGTCAATGCTTCGGTACCGAA-S
S-CAGATCCACGACGGACACATTG-3

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

RT-PCR analvsis. RT-PCR was carried out to detect ADAMTS4
transcriptl 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 1n a total volume of 33 pl with random
hexamers by using the Ready-To-Go You-Prime First-Strand
Beads (G5 Healthcare UK, Buckinghamshire, UK). RT-PCR
was performed with the programmable cyclic reactor under
the following conditions: denaturation at 94°CC for 3 min
followed by 30 cycles of ampliticaton (94'C for 30 sec, 60 C
for 30 sec. and 72 C for 43 see). PCR product was separated
by 1-2% agarose gel electrophoresis and visvalized by
ethidium bromide staining. The primers used for RT-PCR
was described in Tables 1 and I1.

Cloning of the full-length ¢[DNA encoding ADAMTS4. Full-
length ADAMTSS was generated as follows. The first half of
ADAMTS4 (1-1194 bp) was isolated from pMN-SST vector
by digestion with Bamtll. ased on the sequence data, the
last hall (1195-2514 bp) were amplified by PCR from cDNAs
of the IWS cell line SJIES-5, and digested with Bamtll
and Nofl. The fragment was subcloned into a pMXs-puro

retroviral vector (37). The resultant vector was digested with
Bamll, and then ligated with the BamH] fragment of the first
hall of ADAMTSH. The primers used for amplification are as
follows: SST5, 5-GGGGGTGGACCATCCTCTA-3", S8T3',
S-CGCGCAGCTGTAAACGGTAG-3", ADAMTS4-FL-S,
SSGAAAGAATTCGCTGCAGTACCAGTGCCATG-3Y
ADAMTS4-FL-82, 5-GAGCACCTCTCGCCATGTCA-3",
ADAMTS4-FL-AS, 5-GAAAGAGAANTTCGCGGCC
GCTTATTTCCTGCCCGCCCAGG-3", ADAMTSH-AS2,
5-CTTTGGATCCACATGAGCCATCACAGGGGCCA
TGACATGGCGAGAGGTGCTCAAAGGCCCATTCAAA
CTGATGCATG-3'.

Transfection and infection. Retroviral transfection was done
as described previously (36,37). Briefly, retroviruses were
gencrated by transient transfection of Plat-I3 packaging cells
(36) with FuGENT: 6 (Roche Diagnostics, Basel, Switzerland).
Ba'l3 and NIH3T3 cells were infected with the retroviruses
in the presence of 10 ug'ml polybrene. Selection with G418
or puromycin was started 48 h after infection.

Small interfering (si)RNA design and Iransfection experi-
menits. 1EWS-FLIL specific sIRNA (siEF1) for SJES-5 cell
line was designed as previously described (38). As a negative
control, siGHP was employed (Hayashi-Kasel, Osaka, Japan).



