123

Letters
to the Editor

ADAMTS 13 safeguards the myocardium in a
mouse model of acute myocardial infarction
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Dear Sirs,
Theadhesive protein von Willebrand factor
(VWE) plays an essential role on haemosta-
sis (1~3). However, excessive functions of
VWEF could trigger thrombotic compli-
cations. To prevent this, the VWF-cleaving
protease ADAMTS13 negatively regulates
VWE function by reducing the size of VWE
multimers, thereby decreasing their throm-
bogenic potential (1-3). Since the VWF
function is dependent on shear stress (1-4),
the relevance of ADAMTS13 may be more
pronounced in the microcirculation (5),
which is characterised by high shear stress
created by blood flow. Indeed, functional
deficiencies of ADAMTS13 cause throm-
betic occlusion of the microvasculature,
e.g. arterial capillaries, resulting in throm-
botic thrombocytopenic purpura (3, 6).
Previously, we (7) and others (8, 9) re-
ported that ADAMTS13 deficiency aggra-
vates the extent of brain ischaemic stroke in
a mouse model of ischaemia/reperfusion
injury by middle cerebral arterial occlu-
sion, suggesting that ADAMTSI3 is neur-
oprotective. These studies demonstrated
that ADAMTS13 plays a beneficial role in
the microcirculation, which is critical for
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the preservation of organ functions, raising
the possibility that ADAMTS13 might also
play a role in coronary ischaemic events
such as myocardial infarction. We investi-
gated this possibility in an experimental
model of acute myocardial infarction in
ADAMTS13 gene deleted (Adamisl3 -/-)
mice.

Adamts13-/- (KO) mice were generated
on C57BL/6 background by our study
group, as described (7, 10). All mice were
1214 weeks of age, healthy, fertile, and had
body weights of 25-30 grams. Mouse ex-
periments were done according to proto-
cols approved by the Ethics Review Com-
mittee for Animal Experimentation of
Nara Medical University. Researchers were
blinded to the genotype of each animal
until all studies were completed. Experi-
mental acute myocardial infarction (AMI)
in mice was induced as previously de-
scribed (11). Briefly, following anesthesia
by diethyl ether inhalation and insertion of
a polyethylene tube into trachea, the left
anterior descending coronary artery was li-
gated with a polyamide suture 2 mm from
the tip of the left auricle, under thoracot-
omy with ventilator-assisted respiration.
The same procedure without coronary ar-
tery ligation was performed in sham oper-
ations. In some experiments, recombinant
human ADAMTS13 (3 pg/mouse, equival-
ent to 2,800 U/kg) was injected intra-
venously in 30 minutes (min) after the op-
eration. This recombinant protein (desig-
nated as MDTCS) used was previously de-
scribed (12). In brief, MDTCS spans from
the metalloproteinase (M) domain to
spacer (S) domain (amino acid residues
75-685); it possesses VWE-cleaving activity
equivalent to whole ADAMTS13 molecule,
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as evaluated by the in vitro FRETS-VWF73
assay (12, 13)

Seven days after the coronary artery li-
gation, mouse cardiac (left-ventricular)
function was evaluated by M-mode echoc-
ardiography. Subsequently, mice were sac-
rificed and their hearts were excised for his-
tological analysis of myocardial infarction,
as previously described (11). In brief, the
ventricles of excised hearts were cut inio
1-mm transverse slices and subjected to
2,3,5-triphenyltetrasolium chloride (TTC)
and Azan staining. After inspection of the
TTC specimens confirmed that myocardial
infarction was successfully induced in
mice, the “infarction ratio” was calculated
from the Azan specimens by computer-as-
sisted image analysis (analySIS software-
version 2007; Olympus Soft Imaging Sol-
utions). Infarction ratio was defined as the
ratio of the area with fibrin deposition, cor-
responding to the infarct, to the total area
of left ventricle.

Echocardiography revealed significantly
increased end-diastolic diameter of left
ventricle and reduced ejection fraction in
knock-out (KO) mice, compared to wild-
type mice, indicating that cardiac functions
are relatively poor in KO mice (B> Fig. 1A).
In addition, histological studies revealed
significantly larger infarctions in myoc-
ardia of KO mice (B> Fig. 1B). Intravenous
administration of recombinant human
ADAMTS13 rescued the myocardial symp-
toms in KO mice (B Fig. 1). Thus, our re-
sults clearly indicate that as in brain is-
chaemic stroke, ADAMTS13 plays a role in
safeguarding the myocardium from coron-
ary ariery ischaemia,

During the preparation of this manu-
script, a similar study by De Meyer et al.
(14) appeared, demonstrating a protective
effect of ADAMTS13 in mouse myocardial
infarction. Those authors used a protocol
for AMI induction somewhat different
from ours: their study (14) and all previous
brain stroke studies (7-9) employed a tran-
sient ischaemia/reperfusion model to ex-
perimentally induce ischaemia. By
contrast, our approach to AMI induction, a
persistent coronary artery ligation, repre-
sents a greater challenge regarding recovery
of organ function following ischaemic
damage, further highlighting the favorable
effects of ADAMTS13. The successful res-
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cue by recombinant ADAMTSI3 in our
more stringent system, in which it was ad-
ministered just after the AMI induction,
may imply the therapeutic potential for pa-
tients with acute coronary syndrome. In-
terestingly, our truncated recombinant
molecule (MDTCS) was found to be fully
effective inn vivo, although the functional
relevance of carboxyl-terminai domains of
ADAMTS13, lacking in MDTCS, was con-
troversial under flow conditions (15, 16).

The mechanisms underlying the benefi-
cial effects of ADAMTS13 on myocardium
remain poorly understood. As discussed in
the previous brain stroke study (7),
ADAMTS13 possibly prevents the throm-
botic occlusion of microvasculature at the
post-ischaemic reperfusion stage. In light
of close associations between AMI and in-
flammation, the regulation of inflamnia-
tory mechanisms (17) could be critically
involved in this regard. Indeed, De Meyer et
al. (14) demonstrated that the recombinant
ADAMTS13 infusion effectively reduced
the neutrophil accumulation within infarct
area, underscoring anti-inflammatory ef-
fects of ADAMTS13.

Since the activity of VWF {1-4) as well
as ADAMTS13 (5) accelerates in a shear
stress-dependent manner, the down-regu-
lation of VWE-dependent inflammatory
responses by ADAMTSI13, such as leuko-
cyte recruitment (17), is assumed to be
more crucial in the microcirculation sys-
tem, where blood flow creates a typical high
shear stress. The small vessels of the micro-
vasculature, such as arterial capillaries, can
be plugged even by a single leukocyte. Such
blockage could cause ischemic damage in
vital organs even in the absence of throm-
botic vessel occlusion by platelet aggregate
formation. In fact, our histological examin-
ation did not reveal any increase in the inci-
dence of thrombotic lesions in the micro-
vessels in heart tissues of KO (results not
shown).

Qur results demonstrate that proper
functional regulation of von Willebrand
factor-dependent thrombotic or inflam-
matory responses by ADAMTS13 could
contribute to better local microcirculation,
which is crucial for healthy organ function.
These findings suggest that ADAMTSI3
may have therapeutic potential against
acute coronary syndromes.

© Schattauer 2012
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Figure 1: Evaluation of cardiac functions by echocardiography and histological evaluation in
wild-type (WT) or ADAMTS13 KO mice with induced myocardial infarction. Acute myocardial in-
farction (AMI) was successfully induced in 20 WT mice (9 male, 11 female) and 20 KO mice (10 male, 10
female). In another 20 KO mice (8 male, 12 female), recombinant human ADAMTS13 (3 pig/mouse) was
injected intravenously in 30 min after induction of AMI (KO+rhADAMTS13). Results of sham operation
in five WT mice (2 male, 3 female) are also included in the figure, A) Statistical analysis of M-mode echoc-
ardiography indicates that KO mice exhibited significantly (*p < 0.01) increased left ventricular end-
diastolic diameter (LvDd; left panel) and decreased ejection fraction (right panel) compared to WT. Note
that the reduced cardiac functions observed in KO mice were improved by rhADAMTS13 injection, to be-
come comparable {N.S.; not significant) with those of WT mice. All data are expressed as mean = stan-
dard deviation. Differences between two groups of data were evaluated by Student’s t-test. P-values <
0.05 were considered to denote statistical significance. B) Upper panels: representative microscopic im-
ages of transverse sections of ventricle subjected to Azan staining {criginal magnification; 20X, scale
bars, T mm). Vital heart tissue is indicted in red; fibrin deposition, corresponding to the infarct area, is
indicated in blue. In agreement with results of echocardiography, the infarction ratios (lower panel), cor-
responding to the upper images, indicated that myocardial infarctions were significantly (*p < 0.01)
Jarger in KO mice than in WT mice, but were reduced by rhADAMTS13 injection, to become comparable
(N.S.) with those of WT mice.
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Dear Sirs,

Vitamin K antagonists (VKAs) are increas-
ingly used in children. Data on dosing,
safety and efficacy in paediatric patients are
limited and mostly concern warfarin (1-3).
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Only one study prospectively investigated
the initial and maintenance dosages of ace-
nocoumarol in children, and no study
about phenprocoumon is available (2). Asa
consequence, treatment recommendations
are usually based on adult guidelines. We
performed this multicenter retrospective
cohort study to evaluate initial and main-
tenance dosages of phenprocoumon and
acenocoumarol in various paediatric age
groups, and to describe the treatment
quality, efficacy and safety of both VKAs.
We studied 163 consecutive children
aged 0 to 18 years treated with phenpro-
coumon or acenocoumarol in the Leiden
University Medical Center (LUMC), Aca-
demic Medical Center (AMC) in Amster-
dam and the anticoagulation clinics in
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Leiden, Amsterdam and Rotterdam be-
tween January 1998 and May 2009. Data
were collected from medical records and
databases. To study the pharmacody-
namics, two therapeutic international nor-
malised ratio (INR) ranges (therapeutic
range, TR) were used: INR 2.0 to 3.0 and
INR 2.5 to 3.5. These ranges were based on
international  recommendations  for
children, which did not change during the
ten-year study period (4, 5). To achieve and
maintain these TRs, the anticoagulation
clinics aimed for a slightly higher INR
range (2.0 to 3.5 and 2.5 to 4.0, respect-
ively). Treatment quality included: i) time
to achieve TR, ii) number of INR tests and
iii) dose changes, and (4) time spent within
the TR. The percentage time spent within
the TR was measured by linear inter-
polation, assuming that the INR values
vary linearly between two INR control mo-
ments (6-8). This is considered from 14
days before an INR measurement up to 14
days after the INR measurement. If the in-
terval between two INR measurements ex-
ceeded 28 days, the INR was considered not
predictable for the middle part of this inter-
val. The number of days that exceeded the
interval of 28 days was considered as per-

© Schattauer 2012
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Global haemostasis and point of care testing
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Summary. The evaluation of the coagulation profile has
used so far either clotting-based or chromogenic assays
with different endpoints. Clotting-based techniques are
the most used worldwide, and they certainly are useful
for diagnosis of clotting factor deficiencies, However,
the information provided is relatively limited, and
therefore the individual profile of coagulation is poorly
assessed. This is reflected by the weak correlation
between the results of these assays and the clinical
phenorype. Among the assays that benefited from
technological advances, thrombin generation and
thromboelastography are probably the most actively
investigated, but they require specific instruments and
are not fully automated. Their standardisation level is
rapidly progressing, and they are progressively entering
the clinical scene, with the attempt to provide additional
infofmarion on the coagulation process and a meaning-
ful clinical correlation. These inherited bleeding disor-
ders frequently require replacement therapy using

clotting facror concentrates that increase the plasma
level of the missing clotting factor. The classical
adjustment of the therapy is mainly based on the
measurement of the plasma clotting activity of the
protein administered. If one considers thar a certain
level of thrombin generated would predict clinical
efficacy, monitoring of thrombin formation might offer
new possibilities to individually predict the bleeding
phenotype, select the most adapted therapeutic product
and railor the dose. The same holds true for thrombo-
elastography/thromboelastometry which evaluate fibrin
formation as well as clot resistance to fibrinolytic
challenge, one step further down in the coagulation
process. In this regard, these 2 assays could be seen as
complementary in terms of informarion provided on the
coagulation profile at the individual level.

Keywords: aggregation, bleeding disorders, dense granule
release, platelet function

Introduction

Clot waveform analysis represents another assay for
assessing global clotting function. It is based on the
continuous monitoring of light transmitrance or absor-
bance during routine coagulation tests such as the
activated thromboplastin time and the prothrombin
time. During clot formacion in these assays, changes in
light transmittance are analyzed by continucus mea-
surements and are designated the clot waveform. This
assay has been applied not only for diagnosis and
evolution of sepsis, but also in the field of inherited
bleeding disorders. Among its interests is the fact that it
could be used on several coagulation instruments with a
dedicated software.

However, the correlation of the parameters deduced
from these various global clotting assays with in vivo
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e-mail: claude.negrier@chu-lyon.fr

Accepted after revision 15 Febrnary 2012

© 2012 Blackwell Publishing Ltd

bleeding phenotype and the clinical response to thera-
peutic agents still requires further clinical studies on
larger cohorts. If haemophilia has been mainly studied
so far, relatively lirtle is known for the rare inherited
coagulation disorders. In this regard, specific informa-
tion should be provided in the near future.

Placelet inherired function defects also contribute to
the aetiologies of bleeding disorders, with usually =
slightly different clinical phenotype. The investigation
of these platelet defects mainly uses light transmittance
aggregometry in response to various agonists and dense
granule release assays. They are relatively commonly
performed, but the standardisation of the concentra-
tions of each agonist is important for establishing
proper diagnosis of the plateler defect. In addition,
careful evaluation of the modification of the aggregation
curves in response to one or multiple agonists should be
considered for detection of common platelet function
defects. The detecrion of plateler release abnormalities
uses dense granule adenosine triphosphate evaluation.
Because ATP release shows significant variability,
abnormalities in platelet function should be confirmed
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on another sample. Implementation of recommended
guidelines using validated reference intervals for max-
imal aggregation and quality assurance should ensure
an improved diagnosis of platelet function disorders
which should limit the risk of false positive or negative
findings.

Thrombin generation assay

Haemostasis is a dynamic process that involves both
several plasma proteins and cellular components
interacting in a highly complex system that leads to
fibrin clot formation. The complexity of the haemo-
static system is associated with highly variable
responses of patients to haemostaric challenges. To
reliably determine the haemostatic profile of a patient
may be highly relevant for railoring therapies to the
individual needs of each given patient with bleeding
disorders. Routine coagulation assays, which use the
formation of detectable fibrin as end point, have
limited usefulness in evaluating the clinical outcome
of patients with bleeding risk. The reasons of the
phenotypic heterogeneity are not fully understood.
The co-inheritance of thrombophilia factors or in-
creased levels of other coagulation proteins might be
responsible for variations of the bleeding phenotype
[1-3]. Thrombin generation tests measuring the final
enzymatic product of the coagulation system, thus
taking into account not only factor VIIFIX levels but
also the activity of other coagulation® factors, imhib-
itors and the effect of platelers may better correlate
with the clinical haemostatic profile of patients [4,5].
A correlation between thrombin generation test results
and clinical bleeding phenotype has already been
reported by several groups. It has been reported that
patients with haaemophilia and severe clinical bleed-
ing tendency have a low thrombin generating capacity
(endogenous thrombin potential, ET? < 50% of nor-
mal), independently of their fVII/IX levels [6-8). A

recent case-control study showed that ETP measure- -

ment in platelet-rich plasma was able to identify
patients with severe haemophilia but with a mild
clinical phenotype [8].

The development of an inhibitor in patients with
haemophilia renders treatment and prevention of
bleeding episodes more challenging. The optimal use
of bypassing agents is hampered by a lack of labora-
tory assays to evaluate and monitor therapeutic
efficacy of these drugs and determine adequate dosing.
The capability of determining most effective therapeu-
tic option and the optimal individual dose of bypassing
agents for a given patient would represent a major
advance [9-12]. A recent prospective assessment of the
thrombin generation test for monitoring the coagula-
rion induced by rfVila and activated prothrombin
complex concentrate (aPCC) showed a correlation
between thrombin generating capacity and clinical

Haemophilia (2012), 18 (Suppl. 4), 81-88

outcome of patients with inhibitors in ten elective
surgeries [13]. In this study, dose tailoring of bypassing
agents was performed using a standardized three-step-
protocol including (i} i1 witro spiking experiments
evaluating the thrombin generation ability of increas-
ing concentrations of rfVIla and aPCC in order to
determine the minimal dose of each bypassing
agent that normalizes thrombin generation capacity
(Fig. 1A} (i) ex wivo confirmation step where throm-
bin generation is measured before and after the
administration of the bypassing agent which fully
normalized #m-witro thrombin generation (Fig. 1B)
and (iii) monitoring of the chosen dose of the bypass-
ing agenr during the surgery and postoperative period
{Fig. 1C).

Another potential interest of thrombin generation
measurement in haemophilia might be represented by
individual railoring of prophylaxis regimens. Two
pilor studies reported promising results showing that
24 h after factor replacement therapy, patients having
similar {VIII levels might have significantly different
thrombin generation capacity [6,14]. Furthermore,
pilot data have illustrated that the three step protocol
previously used in surgical setting might be helpful to
individually tailor prophylaxis regimen of patients
with severe haemophilia and inhibiters [15]. How-
ever, these hypotheses need to be prospectively
investigated.

Evaluation of the clinical bleeding risk of patients
with hereditary factor XI deficiency is another challenge
for haematologists. Most patients with fXI deficiency
are mild bleeders, but it has been recognized thar
patients with similar fXI activity may exhibic different
bleeding phenotypes. Routine laboratory assays such as

“measurement of fXI clotting activity is crucial for

establishing the diagnosis, but does not correlate with
the individual bleeding risk of patients. A recent study
assessing thrombin generation capacity of patients with
fX1 deficiency reported a dramatic impairment of
thrombin generation in parients exhibiting severe bleed-
ing tendency and patients having unusually good
thrombin generation profiles were associated with a
less severe bleeding phenotype, independently of their
fXT level [16].

Over the last decade, a large number of pilot studies
assessing thrombin generation tests have reported
promising data in the field of bleeding disorders. There
is now sufficient translational research data demon-
strating the potential interest of the assay in clinical
settings, as well as in clinical trials to test its correlation
with the clinical outcome of patients. A working party
of the ISTH fVIIVfIX SSC is currently expending
tremendous efforts to standardize the assay [17,18]
and will be making recommendations for the use of
thrombin generation assays in bleeding disorders, which
is a crucial step before bringing the test into clinical
haematology laboratories.

® 2012 Blackwell Publishing Ltd
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Whole blood thromboelastometry

The method

Asof today, the traditional thromboelastographic princi-
ple introduced by Hartert [19] has been adopted in
computerized version of the TEG® apparatus manufac-
tured by Haemoscope® and a modified version was
introduced in 1996 by Calarzis today named thrombo-
elastometry (ROTEM®) [20] in which the pin oscillates
instead of the cup. A ball bearing focusing the pin
apparently makes the ROTEM® less sensible for move-
ments. Both the TEG® and the ROTEM® provide a digital
signal allowing for additional computation of the contin-
uouscoagulationsignal leading to the derivarion of several
quantifiable parameters (Figs 1A and B).

TEG or ROTEM allows a continuous assessment of
the viscoelastic properties of a forming clor. Both
devices consist of a cup into which the sample (whole
blood, platelet-rich or —poor plasma) and reagents are
placed, and a pin which sits in the center of the cup
when the device is running. In the ROTEM® device
the pin is oscillating, whereas the cup is the moving
part in the TEG®. Clot formation reduces movement
of the pin and this is electronically registered and

visualized on a computer providing a coagulation
signal similar to that of the traditional thromboelas-
tography (Fig. 1A).

Table 1 Hsts currently recommended pre-analytical
and analytical procedures for performing thromboelas-
LOMeELry Imeasurements.

Complementary additional information on
overall haemostatic capacity

Each of the currently available assays reflects a part of
the haemostatic process. Thrombin generation mea-
surements are excellent in providing detailed informa-
tion on the kinetic pattern of thrombin generation. In
contrast, whole blood thromboelastometry reflects
process downstream of thrombin generation, thus
the integrared action of fibrin polymerisation and
platelet activation and their contributions to the
establishment of a three dimensional clot structure.
Furthermore, the formed clot can be challenged with
tissue plasminogen activator and clot stability can be
tested for resistance to accelerated fibrinolysis. Hence,
whole blood viscoelastic measurement is seen as a
complementary test to the elsewhere described throm-
bin generation methods.
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Abnormalities in clot stability and effect of clot
stabilizing intervention

Thromboelastometry complements thrombin genera-
tion measurements by being able to provide information
about clot firmness and clot stability. Clot stability and
resistance toward facilitated fibrinolysis can be investi-
gated in assays containing TF + tissue plasminogen
activator. Adopting such assays, thromboelastometry
studies have shown effect of tranexamic acid [21] and
also recently factor XIH supplementation [22].

Correlation of thromboelastography with clinical
phenotype

A number of studies have demonstrated considerable
heterogeneity in the baseline whole blood coagulation
patterns amongst patients with verified factor VI levels <
1% [23]. Furthermore, darta have illustrated that patients
diagnosed with severe haemophilia A (fVIII:C < 1%) but
having unusually good whole blood clotting profiles are
associated with a less severe bleeding phenotype [24].

Prediction of response to by-passing agents

The low tissue factor assay has also been used to
illustrate different response patterns to various levels
of coagulation factor VII concentrate. In addition,

both in vitro and iz vivo studies have demonstrated
the ability of thromboelastography to predict the
clinical response to bypassing agenrs in patients with
inhibitors [25-27]. A small clinical study bhas shown
that thromboelastography may be used to individual-
ize therapy and provide more judicious use of
bypassing agents as well as more convenient trearment
regimens {28]. Recently, thromboelastometry has been
utilised to correct the haemostatic performance of
recombinant factor VIla during surgery by showing
need for fresh platelet concentrate to secure effect of
recombinant factor VIia [29].

Future perspectives

Ongoing scientific activities aim to further standardize
the use of thrombin generation and thromboelastometry
for use in haemophilia. Important future questions will
include source and concentration of tissue factor for the
global assays.

A series of additional by-passing agents are in develop~
ment [30), thus further emphasizing the need for global
assay to monitoring and provide theranostic guidance.
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Clot waveform analysis

Clot waveform analysis {CWA) is a convenient method
for assessing global clotting function. It is based on the
continuous monitoring of light transmittance ar absor-
bance during routine coagulation rests such as the
activated thromboplastin time (aPTT} and the pro-
thrombin time (PT). Numerous automated instruments
are capable of performing CWA. Principally, CWA can
be conveniently performed simultaneously wich routine
coagulation tests [1]. Changes in light transmitrance are
determined by continuous measurements and are desig-
nated the clot waveform (CW). This complete clotting
process recorded in the CWA is categorized into three
parts, e.g. the pre-coagulation phase, the coagulation
phase and the post-coagulation phase. After the onset of
coagulation, light transmittance is decreased in associ-
ation with the formation of fibrin and is defined by a
slope in the waveform. The advantages of utilizing
CWA are provided by the quantitative assessment of
various parameters derived by mathematically process-
ing the waveform data. Early reports suggested, how-
ever, that Imin1l and Imin2! are promising paramerers
for quantirative evaluation of clotting funcrion [2].
Observations of CWA patterns during routine aPTT
and PT assays can provide supportive and novel data in
a variety of coagulation disorders and during monitor-
ing of anti-coagulant therapy such as heparin. Charac-
teristic CW patterns are observed in specific coagulation
abnormalities compared with normal reference plasma,
and two components, the duration of pre-coagulation
phase and the steepness of the slope of the coagulation
phase, appear ro be especially informative. A further
advantage ‘offered by the application of CWA is the
possibility of assessing fibrin deficiency and fibrinolytic
activity. Furthermore, modification to a “biphasic”
pattern is a useful tool for diagnosis of sepsis and
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Diagnostic usefulness of adenosine triphosphate
release assays and aggregation tests with native
or platelet count adjusted platelet rich plasma

Platelet function disorders are quite prevalent among
individuals with bleeding problems [1-5]. At present,
aggregation and dense granule release assays are the
commonly performed, and the most useful tests to
diagnose plateler funcrion disorders [1-4,6,7]. Lahora-
tories need to consider recent evidence on aggregation
and dense granule release tests for platelet disorders [1~
5,8], and the guideline recommendations on these as-
says [9-12] ro optimize their diagnostic evaluation of
platelet function disorders.

Light transmittance aggregometry (LTA) is consid-
ered the “gold standard” of platelet function tests,
despite its lack of srandardization [13,14]. The useful-
ness of LTA, for diagnosing impaired platelet function
among individuals referred for bleeding disorder assess-
ments, has been estimated in recent prospective studies
[1,3]. A merit of these studies is that they tested LTA in
accordance with guidelines [9,10], using validated
reference intervals {RI) for maximal aggregarion {MA)
[15]. When LTA MA is abnormal with two or more
panel agonists, there is a high likelihood (estimared as
OR, odds ratio} of impaired function from a bleeding
disorder (OR: >23), and an inherited secretion defect
{OR: 291) which is the most common type of platelet
function disorder [1,3). In comparison, the bleeding
“time Is much less useful (OR for bleeding disorders: 3.5)
[1]. Most LTA abnormalities with single agonists are
false positive results, not predictive of bleeding prob-
lems [1,3]. In general, LTA shows good reproducibilicy
and less variability than dense granule release endpoints
[2—4]. Receiver operator curves (ROC), which evaluate
sensitivity and specificity, indicate LTA has high spec-
ificity and moderate sensitivity for inherited platelet
disorders [1,3]. Abnormal findings can also reflect
acquired disorders [1,3]. LTA agonists that are sensitive
to common inherited platelet function defects include
commonly tested agonists {i.e. Horm collagen, tested at
1.25 pg mL™'; epinephrine; and arachidonic acid) and
thromboxane analogue U466192 [1], which is used less
frequently [7,14,16].

ontroversies have emerged abour whether LTA should
be performed using native platelet rich plasma (PRP) or
PRP adjusted to a standardized plateler count as native
samples show more aggregation with weak agonists
[3,17-20] A recent prospective study was the first to
rigorously compare these samples types for bleeding
disorder diagnosis, using non-inferiority analysis of the
areas under ROC for MA data, with predefined ROCarea
differences (<0.15 to define non-inferiority; >0 to define
superiority} to evaluate detection of bleeding disorders
and inherired plateler secretion defects [3]. Native and
adjusted PRP show small differences in their mean MA

@ 2012 Blackwell Publishing Ltd

responses to most agonists (ranges, controls: —3.3 t0 5.8;
patients referred for bleeding disorder assessments: =3.0
to 13.7), with native samples showing more variability
with ristocetin [3}. For detecting reduced MA from
bleeding disorders {with two or more agonists), native
PRP were non-inferior, whereas adjusted PRP were
superior, despite their wider RI with weak agonists [3].
While this study validates using either native or adjusted
PRP for LTA assessments of bleeding disorders, adjusted
PRP were superior to native PRP for detecting impaired
LTA from bleeding disorders {3). Furthermore, native
PRP {which show more variable responses to ristocetin)
have not been validated for ristocetin induced platelet
aggregarion assessments of von Willebrand disease [3].

North American guidelines recommend that labora-
tories consider a single abnormal agonist response by
LTA as a potential false positive findings {except with
collagen and ristocetin) as such abnormalities are not
predictive of platelet function disorders [1,3,10}. On the
other hand, evidence to date indicates that LTA
abnormalities with multiple agonists are strongly asso-
ciated with bleeding disorders (OR 223} and inherited
platelet secretion defects (OR 291), which are the most
commion type of platelet function disorder [1,3]. Studies
on the reproducibility of LTA indicate that most results
{be they normal or abnormal) are confirmed on repeat
testing [4]. Nonetheless, it is considered good practice
to confirm abnormalities on another sample to exclude
preexamination or analytical artifacts [10}. Abnormal-
ities with multiple agonists should be considered suspi-
cious of a plateler function disorder {10].

Like LTA, assays of dense granule adenosine triphos-
phate (ATP) release using Chronolume® (Chronolog
Corporation, Haverston, PA, USA), a commercial lucif-
erin~Juciferase reagent conraining magnesium, are help-
ful to detect impaired platelet function due to a bleeding
disorder {OR: 17; diagnosis based on clinical opinion, not
laboratory tests) or an inherited platelet disorder (OR:
128). ROC analyses indicate that like LTA, ATP release
has high specificity and moderate sensitivity for inherited
platelet disorders [2], with most function defects detected
by the combination of: 6 uM epinephrine, 5.0 pg mL ™
Horm collagen, and 1 pM thromboxane analogue
U46619 [2]. ATP release abnormalities are predictive of
platelet disorders, regardless of LTA findings {(respective
OR: if LTA abnormal: 261; if LTA normal: 105) [2].
However, the predictive power could been overestimated
for subjects with normal LTA findings as ATP release was
considered in the definition of platelet disorders {2].
Because ATP release findings show significant variability
[2], abnormalities in platelet function should be con-
firmed on another sample. Several experts recommend
performing aggregation and ATP release as separate tests
because Chronolume® potentiates sub-maximal aggre-
gation and falsely normalizes the aggregation findings for
some plateler disorders {e.g. Quebec plateler disorder)

Haemophilia (2012}, 18 (Suppl. 4), 81-88
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[5,21]. Furthermore, the agonists, and agonist concen-
trations, that are useful for LTA and ATP release differ
[5]. There have not been any reported prospective studies

Y. DARGAUD et al.

on the diagnostic usefulness of whole blood ATP release,

and ATP release assessed with native PRP or low platelet
count samples. Laboratories should be aware that the
sample platelet count influences how much platelet dense

granule ATP is available for release.

To optimize plateler function testing, laboratories
should consider the recent evidence, guidelines, and

Disclosures

strategies that help detect common platelet function

defects [1-5,8-12,22] including the use of properly

determined RI (based on adequate numbers of control
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Abstract Upshaw—Schulman syndrome (USS) is caused
by a congenital deficit in ADAMTSI3 activity owing to
genetic mutations. USS is characterized by severe neonatal
jaundice with a negative Coombs test and repeated child-
hood episodes of thrombocytopenia reversible by fresh
frozen plasma (FFP) infusions. We present two patients
with USS, both of whom underwent exchange blood
wansfusions as newborns, although the disease subse-
quently developed along different clinical courses. USS-
CCS5 initially received a diagnosis of neonatal jaundice due
to fetomaternal ABO incompatibility with an indirect
positive Coombs test, which masked the diagnosis of USS.
Before prophylactic FFP infusions were initiated, USS-
CCS had chronic thrombacytopenia. In contrast, thrombo-
cytopenia developed in USS-HH4 only in response to
infections and spontaneously normalized without FFP
infusions. Analyses of the ADAMTS13 genes in USS-CC5
and USS-HH4 revealed compound heterozygotes of
p-R398C/.Q723K and p.Q449X/p.Q13748(s, respectively.
Analysis of von Willebrand factor (VWF) multimers in
plasma samples taken from both patients in remission
showed single symmetrical multimer bands, which differ
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from the triplet structure of bands observed in normal
samples. These data suggested that plasma VWF multimers
in the patients had not been proteolytically modified, Our
results indicate the presence of a previously unknown
regulatory mechanism for VWZF-dependent high-shear
stress-induced platelet aggregation.

Keywords Upshaw—Schulman syndrome - Fetomaternal
ABO incompatibility - ADAMTS13 gene analysis -
Van Willebrand factor muitimers

Introduction

Upshaw--Schulman syndrome (USS) is caused by muta-
tions in the ADAMTSI13 (a disintegrin-like and metallo-
protease with thrombospondin type | motifs-13) gene that
disrupt the activity of the encoded enzyme; the disorder is
also referred to as congenital thrombotic thrombocytopenic
purpura (TTP) [1-4]. Reduced ADAMTSI13 activity results
in increased circulating levels of unusually large von
Willebrand factor multimers (UL-VWFEMs), which cause
microcirculatory platelet thrombi in response to high-shear
stress. Although approximately 100 patients with USS have
been identified in 80 families worldwide, the precise inci-
dence of this rare disease is still unknown [5]. Kokame
et al. [6] recently analyzed ADAMTS13 cDNA sequences
and found rare non-synonymous ADAMTS13 gene muta-
tions in 128 normal Japanese individuals, leading to esti-
mates of 80-160 patients with USS among the 138 million
individuals in the Japanese population.

USS typically results in severe neonatal jaundice with a
negative Coombs test and a requirement for exchange
blocd transfusion, and repeated childhood episodes of
thrombocytopenia that are reversed by infusing fresh
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frozen plasma (FFP) [7]. More recently, however, two
distinct clinical phenotypes have been identified in patients
with USS: the major population exhibits the early-onset
phenotype that includes newborn-onset disease, whereas
the minor population shows the late-onset phenotype, in
which overt TTP develops after adolescence [4, 8].

In this paper, we describe two young, unrelated patients
with USS who both had severe neonatal jaundice that
required exchange blood transfusions. The subsequent
clinical courses of disease in these individuals, however,
differed; one patient requnires periodic prophylactic plasma
infusions, whereas the other does not. Further, fetomaternal
ABO incompatibility masked the diagnosis of USS in the
first patient. We performed a comparative study of the two
patients with USS and their family members, including
ADAMTSI3 genotyping, YVWF multimer analysis during
remission and the natural histories of disease.

Materials and methods
Patients

‘Clinical and laboratory data for two unrelated patients with
USS (cases USS-CC3 and USS-HH4) and their family
members are described in the “Results” section.

Analyses of VWF antigen and VWF multimers

Plasma VWEF antigen levels were measured using sandwich
enzyme-linked immunosorbent assays (ELISAs) and rabbit
anti-human VWF polyclonal antiserum (DAKO, Denmark)
19]. VWF antigen levels in 1 mL of pooled normal human
plasma were defined as 100 %. VWF antigen levels in the
20 healthy control subjects were 102 = 33 % (mean £ SD)
[10].

Analysis of VWF multimers was performed according
to the method described by Ruggeri and Zimmerman [11],
with the following modifications. Briefly, plasma samples
were separated by electrophoresis on sodium dodecyl sul-
fate (SDS)-1.2 % agarose gels, and samples were subjected
to Western blotting with anti-VWF polyclonal antibodies
and luminographic detection [12]. Blots were scanned and
densitometric analyses were performed using Imagel
software (National Institutes of Health; http://rsb.info.nih.
gov/ijf).

Assays of ADAMTS13 activity and ADAMTS13
inhibitor levels

Plasma levels of ADAMTSI13 activity and ADAMTSI13
inhibitor were measured using a chromogenic activity
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ELISA (ADAMTS13-act-ELISA; Kainos, Tokyo) [13].
ADAMTS13 activity in pooled normal plasma was defined
as 100 %. The detection limit of the assay was 0.5 % of
normal values. ADAMTSI3 iphibitor titers are expressed
as Bethesda units (BU); one unit was defined as the amount
necessary to reduce ADAMTS13 activity to 50 % of con-
trol levels. A titer of <0.5 BU/mL in the assay was con-
sidered negative.

Assays of ADAMTSI3 antigen

Plasma levels of ADAMTS13 antigen were determined in
quantitative sandwich ELISAs using two anti-ADAMTS {3
monoclonal antibodies, as previously reported [14]
ADAMTSI13 antigen levels in pooled normal plasma were
defined as 100 %. The detection limit of the assay was
0.1 % of normal values. Plasma ADAMTSI3 antigen
levels were also analyzed quantitatively and qualitatively
on Western blots nnder reducing conditions [15]. Two
milliliters of diluted or undiluted plasma samples were
added to each lane and separated using SDS-5 % poly-
acrylamide gel electrophoresis under reducing conditions.
Proteins were electrophoretically blotted onto microporous
polyvinylidene difluoride membranes, Blots were probed
for ADAMTSI13 antigen using WH2-11-1 as primary
monoclonal antibodies, and horseradish peroxidase-conju-
gated goat anti-mouse IgG as secondary antibodies (Kirk-
egaard & Perry Laboratories, Gaithersburg, MO, USA).
The epitope for WH2-11-1 antibodies resides in the fourth
TSPl domain. After incubations with Western Lightning
Chemiluminescence Reagent (PerkinElmer Life Sciences,
Shelton, CT), blots were exposed to X-ray films. Densito-
metric analysis of ADAMTS13 antigen was performed by
examining the 190-kD band using ImageJ software. The
detection limit of plasma ADAMTSI13 antigen nsing this
method was 3 % of normal values.

ADAMTSI3 gene analysis

All DNA analyses were performed with permission from
the Ethics Cominittees of the hospitals at which the sam-
ples were collected and the institute where the genes were
analyzed. Written informed consent was obtained from all
subjects. Nucleotide sequences for all 29 exons of AD-
AMTSI13, including iniron-exon boundaries, were deter-
mined by directly sequencing polymerase chain reaction
products, as previously described [16, 17]. All disease-
causing ADAMTS13 mutations described in this paper
were determined not to be common polymorphisms based
on screening 96 individuals from the Japanese general
population.
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Results
Patients
Case USS-CC5

The propositus was born in 2004 in Nihonkai General
Hospital, the last of three offspring of non-consanguineous
parents. The delivery was natural after a gestation period of
37 weeks and 6 days and the newborn weighed 2,750 g.
Eleven hours after delivery, the baby developed severe
Jjaundice (total bilirubin 17.6 mg/dL at 12 h after delivery)
and petechize. The direct Coombs test was negative,
whereas the indirect Coombs test was positive. Further, a
weak anti-B antibody signal was detected in antibody
dissociation experiments using the patient’s red blood cells.
His blood type was B-Rh{D), whereas that of his mother
was O-Rh(D). Therefore, the patient was suspected of
having newborn hemolytic anemia doe to fetomaternal
ABO incompatibility. Two exchange blood transfusions
using mixed blood containing O-Rh(D) red blood cells
and AB-Rh(D) FFP were performed followed by photo-
therapy. Subsequently, the patient’s platelet count dropped
to 7 x 10° platelets/L, and platelet concentrates (total of
8 » 10' platelets on two occasions) were infused without
any notable adverse reactions. The jaundice gradually
improved, although his platelet count remained low
(40-60 x 10° platelets/L). The patient was discharged
7 days after birth.

At 7 months of age, the patient was infected with
influenza A and showed mild anemia (hemoglobin 7.8 g/
dL) and thrombocytopenia (10 x 10° platelets/L). Labo-
ratory tests showed elevated sernm levels of lactate dehy-
drogenase (LDH) (1,502 IU/L), low haptoglobin levels
(<10 mg/dL), and negative Coombs tests. Examination of
the bone marrow revealed no significant abnormality.
Thus, a diagnosis of chronic idiopathic thrombocytopenic
purpura was made, and high-dose intravenous IgG therapy
was initiated, although no marked increase in platelet
counts was noted (20-50 x 10° platelets/L.).

Since then, the patient has developed repeated episodes
of thrombocytopenia, particularly together with febrile
conditions. He received one more treatment with intrave-
nous IgG and steroid, without any notable benefit. In fact,
his plasma levels of LDH remained high (446-1,502 TU/L),
and platelet counts were low (20-50 x 10° platelets/L).
Further, at the age of 2 years and 8 months, he suddenly
developed a transient speech impediment and incomplete
right hemiparesis, which spontaneously resolved within a
few hours; head computed tomography scans revealed no
notable abnormalities. Because of the unusual clinical
history, the patient was referred to Nara Medical University
at the age of 2 years and 9 months for ADAMTSIS

analysis. A severe deficiency of ADAMTSI13 activity
(<0.5 % of normal values) and lack of ADAMTSI3
inhibitor (< 0.5 BU/mL) were confirmed, suggesting a
diagnosis of USS. The patient has since been receiving
prophylactic FFP infusions every 2 weeks, which have
produced transient increases in the platelet count (Fig. 1)
Plasma ADAMTSI3 activity levels in his father, mother
and two older brothers were 46, 30, 40, and 23 % of normal
values, respectively.

ADAMTSI3 gene analysis

The patient was found to be a compound heterozygote for
two mutations in the ADAMTS13 gene: p.R398C (c.1192
C > T, exon 10) and p.Q723K (c.2167 C > A, exon 18).
The parents and two older brothers were heterozygous
carriers of one of the two mutations. No single nucleotide
polymorphisms that caused a missense mutation were
found in the patient or his family members.

Plasma levels of ADAMTS13 based on antigen ELISAs
were <0.1 % of normal values in the patient, and 24, 36, 23
and 36 % of normal values in the father, mother and two
siblings, respectively. Further, plasma levels of ADAM-
TS813 antigen based on Western blotting were <3 9% of
normal values in the patient, and 36, 34, 38, and 38 % of
normal values in the father, mother and two siblings,
respectively (Fig. 2).

Case USS-HH4

In 2003, the proposita was born in a neighboring maternity
clinic as the second of two offspring of non-consanguine-
ous parents. Her delivery was assisted with a vacuum
extractor after a gestation period of 40 weeks and 2 days.
The newborn weighed 3,018 g. One day after birth, she
was transferred to Nihonkai General Hospital because of
severe jaundice (total bilirubin 23.7 mg/dL. at 27 h after
delivery), cyanosis, and thrombocytopenia (10 x 10°
platelets/L}. Direct and indirect Coombs tests were nega-
tive. Her blood type was AB-Rh(D), whereas those of her
father and mother were A-Rh(D) and B-Rh(D), respec-
tively. Thus, the etiology of the severe jaundice was
unclear. After admission, she was received a total of four
exchange blood transfusions using a mixed blood con-
taining O-Rh(D) red blood cells and AB-Rh(D) FFP. She
also underwent four platelet transfusions (a total of
14 x 10" platelets). Subsequently, she developed tansient
renal insufficiency (blood urea nitrogen, 32.4 mg/dL,; cre-
atinine, 1.0 mg/dL). She also had patent ductus arteriosus,
which was treated with surgical ligation 29 days after birth
to prevent congestive heart failure. During the periopera-
tive period, she received FFP infusions to replenish
hemostatic factors, and was discharged 48 days after birth.
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Fig. I Laboratory data and the clinical course of USS in patient CCS.
The patient was a male born in 2004 in Nihonkai General Hospital.
Soon after birth, he developed severe jaundice and petechiae. He
received two exchange blood transfusions and phototherapy. Platelet
concentrates were infused twice to address thrombocytopenia of
unknown eticlogy. At 7 months of age, he received a misdiagnosis of
chronic idiopathic thrombocytopenic purpura. At the age of 2 years
and 9 months, he was received a diagnosis of USS caused by severely
deficient ADAMTSI3 activity (<0.5 % of normal values) and no

At 14 months of age, she developed chicken pox with
mild thrombocytopenia, and a few weeks later presented
with upper respiratory infection with a fever and cough,
followed by severe thrombocytopenia (17 % 10” platelets/
L) and elevated serum levels of LDH (1,007 IU/L). A test
for C-reactive protein was negative. Examining her bone
marrow revealed hemophagocytosis in 3.8 % of the
nucleated cells; subsequent fluid therapy increased her
platelet count to 144 x 10° platelets/L, resulting in a pre-
liminary diagnosis of viral infection-associated hemo-
phagocytic syndrome. One month later, however, she
developed mild anemia (hemoglobin, 9.7 g/dL) and mod-
erate thrombocytopenia (75 x 10° platelets/L), which was
not specifically treated. She then developed several epi-
sodes of petechiac with fever due to upper respiratory
infections. Of note, she was infected with influenza A at
2 years and 2 months old, which induced severe throm-
bocytopenia that gradually resolved after administration of
the anti-inflienza drog oseltamivir, After she became
3 years old, the incidence of petechiae decreased together
with the frequency of febrile episodes. Because of the
recurrent episodes of purpura, the patient was referred to

@ Springer

ADAMTS13 inhibitors («<0.5 BU/mL). Since the USS diagnosis, the
patient has received prophylactic FFP infusions every 2 weeks.
Marked, yet tansient, increases in platelet counts and decreases in
LDH levels were observed 2-3 days after the FFP infusions. BUN
blood urea nitrogen, Cr creatinine, Hb hemoglobin, EXBT exchange
blood transfusion, PC platelet concentrate, /V-lgG intravenous
immunoglobulin, /TP idiopathic thrombocytopenic purpura, {/SS
Upshaw—Schulman syndrome, FLU influenza A infection, UR{ upper
respiratory infection

Nara Medical University for ADAMTS 13 analysis in 2008.
She received a diagnosis of USS based on severe defi-
ciency of ADAMTSI3 activity (<0.5 % of normal values)
and a lack of ADAMTS13 inhibitor. Plasma ADAMTSI3
activity levels in her father, mother and older brother were
50, 44 and 38 % of normal values, respectively.

Although she had a history of severe neonatal jaundice
followed by an exchange blood transfusion, the patient did
not receive FFP infusions outside of the newborn period
owing to the mild clinical signs and symptoms of her
disease. She is now 8§ years old and has not developed any
major complications, such as renal insufficiency or neu-
rologic abnormalities (Fig. 3).

ADAMTSI13 gene analysis

Patient USS-HH4 was found to be a compound heterozy-
gote for ADAMTSI3 gene mutations: p.Q449X (c.1345
C> T, exon 12) was inherited from her father and
p.Q1374S8fs (c.4119del, exon 29), which resulted in pre-
mature stop codon at amino-acid residue 1395, was
inherited from her mother. Her parents were heterozygous
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Fig. 2 Pedigree and ADAMTSI3 analysis of USS-CC5 and his
family. The propositus (denoted as P) USS-CCS is the third of three
offspring of non-consanguineous parents. His parents and iwo
brothers are asymptomatic and in good health. Sguares and circles
indicate males and females, respectively and shaded symbols show
individuals who were not examined. The cross denotes a deceased
individual. Half-black symbols show agymptomatic carriers,

carriers of one of the two mutations. No single nucleotide
polymorphisms causing missense mutations were identified
in this patient or her family members.

Plasma levels of ADAMTS13 antigen based on antigen
ELISAs were less than 0.1 % of normal values in the
patient, whereas her father, mother and older brother
showed antigen levels that were 48, 45 and 54 % of normal
values, respectively. Further, plasma levels of ADAMTS13
antigen on Western blots were shown to be <3 % of normal
values in the patient, and 47, 45 and 54 of normal values in
her father, mother and older brother, respectively. Thus, the
p.Q449X/p.Q1374Sfs mutations may have resulted in pro-
teins that were not secreted into plasma (Fig. 4).

VWE multimer analysis of the patients with USS
during remission

Despite the common features in the two USS cases,
including a lack of plasma ADAMTS 13 activity and severe
jaundice as newborns, the subsequent clinical courses of
disease markedly differed. To examine potential proteo-
Iytic mechanisms other than ADAMTS13, we performed
VWEF multimer analysis using plasma samples obtained
when the patients were in remission. VWF multimer bands
from the patients’ plasma samples were each represented
by a single symmetrical band, which differed from the
triplet structure of bands observed with normal plasma
(Fig. 5). Morcover, a predominance of high-molecular

ADAMTSI3 activities were determined using activity ELISAs and
ADAMTSI3 levels were measured using antigen ELISAs and
Western blotting. Results are shown as percentages of normal values.
Tdentified mutations in ADAMTS13 are depicted as one-letier amino-
acid abbreviations (right upper panel). Western blot analyses of
plasma ADAMTSI3 antigen in the patient's family members are
shown in the right lower panel

weight VWF multimers was noted in the plasma samples
from both patients, suggesting that their plasma VWF
multimers had not been subjected to any alternative pro-
teolytic modifications.

Discussion

Analysis of the natural history of USS in 43 Japanese
patients found that 42 % (18/43) had an episode of severe
jaundice as newborns that required exchange blood trans-
fusion, suggesting that jaundice is the earliest clinical sign
of bouts of TTP in patients with USS [4]. Although the
underlying mechanism has not been fully elucidated,
hypoxia can induce the release of UL-VWFMs from vas-
cular endothelial cells by upregulating the production of
such inflammatory cytokines as interleukin-6, interleukin-8
and tumor necrotizing factor o [18, 19]. Moreover, new-
borns can be subjected to hypoxic conditions during pro-
longed labor, which may induce the release of UL-VWFMs
from vascular endothelial cells and cause TTP bonts,
Newborns with USS often show severe jaundice with a
negative Coombs test that requires exchange blood trans-
fusion as well as repeated childhood episodes of thrombo-
cytopenia that resolve in response to FFP infusions. Thus,
patients with newborn-onset USS have been categorized as
having the early-onset phenotype, and are treated through-
out their lives with occasional or periodic plasma infusions
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Tig. 3 Laboratory data and the clinical course of USS in patient
HH4. In 2003, the proposita was born and transferred to Nihonkai
General Hospital because she developed severe jaundice, cyanosis,
and thrombocytopenia. After admission, she received exchange blood
transfusions and platelet transfusions. At 14 months of age, she
received a misdiagnosis of hemophagocytic syndrome associated with
a viral infection. Since that time, she developed several episodes of
petechiae with fever due to upper respiratory infection and influenza
A. After she turned 3 years old, the incidence of petechiae decreased
together with less frequent febrile episodes. In 2008, she received a

either prophylactically or in response to bouts of TTP [20].
On the other hand, patients categorized as having the late-
onset phenotype develop the first episode of TTP after
childhood. Patients with USS, however, occasionally show
isolated mild thrombocytopenia during childhood, and,
therefore, are overlooked or received a misdiagnosis of
idiopathic thrombocytopenic purpura. These results indi-
cate that USS with the late-onset phenotype may result from
several different pathogenic processes. Generally, however,
bouts of TTP in patients with USS are thought to be induced
by various triggers, including pregnancy, upregulated
cytokine expression during severe infections and excessive
alcohol intake, among others [4].

Camilleri et al. [21] reported that a p.R1060W missense
mutation in the ADAMTS13 gene was associated with USS
with an ethnically specific late-onset phenotype; a Cauca-
sian patient who was homozygous for the mutation showed
plasma ADAMTSI3 activity levels that were <5 % of
normal values. Recently, we reported that a Japanese patient
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diagnosis of USS based on severely deficient ADAMTSI3 activity
(<0.5 % of normal values) and no detected ADAMTS13 inhibitor,
Interestingly, because ber clinical signs and symptoms were mild, she
did not receive FFP infusions. She is now 8 years old and has not
developed major complications, such as remal insufficiency or
neurologic abnormalities. BUN blood urea nitrogen, Cr creatinine,
Hb hemoglobin, PDA patent ductus arteriosus, EXBT exchange blood
transfusion, /7P idiopathic thrombocytopenic purpura, ¢SS Upshaw—
Schulman syndrome, FLU influenza A infection, UR! upper respira-
tory infection

with USS was homozygous for a p.Cl1024R missense
mutation, resulting in an Asian-specific late-onset pheno-
type. The patient received a correct diagnosis of USS at
77 years old and was shown to have moderately reduced
plasma ADAMTS13 activity levels (24-3.4 % of normal
values) using a sensitive chromogenic assay [13]. In vitro
expression studies using HeLa cells transfected with plas-
mid encoding the p.C1024R mutant revealed that mutant
protein was secreted into culture medium but at a signifi-
cantly lower level than the wild-type protein. Further,
the activity of the secreted p.C1024R mutant protein was
three times that of the wild-type protein, indicating that
p.C1024R was a gain-of-function mutation [22]. These data
suggested that the plasma levels of ADAMTSI3 activity in
this patient prevented TTP during his childhood unless a
strong stimulus-induced UL-VWEM release. Even in nor-
mal individuals, however, plasma levels of ADAMTSI3
gradually decrease with age, in contrast to increasing
plasma VWF levels [23]. Thus, in patients with USS, an
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Fig. 4 Pedigree and ADAMTSI3 analysis of USS-HH4 and her
family. The proposita (denoted as P) USS-HH4 is the second of two
offspring of non-consanguineous parents. Her parents and brother are
asymptomatic carriers. ADAMTSI3 activities were determined nsing
activity ELISAs and ADAMTS 3 antigen levels were measured using
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Fig. 5 Plasma VWF multimers from two patients with USS during
remission phases. We analyzed VWF multimers in plasma samples
obtained when the patients were in remission. Compared with the
triplet bands observed in normal plasma (upper panel), VWF
multimers in the patienis’ plasma samples consisted of single
symmetrical bands (middle panel USS-CCS, bottom panet USS-
HH4). Further, the patients' plasma samples showed high percentages
of high-molecular-weight VWF multimers

imbalance in increased substrate levels (highly multimeric
VWF) and the reduced ADAMTSI3 enzymatic activity
generates prothrombotic conditions, leading to more fre-
guent TTP. Thus, mild or moderate deficiency of ADAM-
TS13 activity in patients with USS may contribute to
conditions that allow the late-onset phenotype to develop.
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antigen ELISAs and Western blotting. Results are shown as
percentages of normal values. Identified mutations in ADAMTSI13
are depicted as one-ferter amino-acid abbreviarions (right upper
panel). Western blot analyses of plasma ADAMTS13 antigen in the
patient’s family members are shown in the right lower panel

Here, we have described two patients with USS (USS-
CC5 and USS-HH4) who both had severe jaundice as
newborns, requiring exchange blood transfusions. The
subsequent clinical courses of disease in these patients,
however, differed; USS-CC5 experienced chronic throm-
bocytopenia unless he was treated with prophylactic FFP
infusions, whereas USS-HH4 developed transient throm-
bocytopenia only when she had an infection. USS-HH4 is
now 8 years of age and has never been treated with FFP
infusions. Notably, severe neonatal jaundice due to feto-
maternal ABO incompatibility in USS-CCS—uncovered
via an indirect positive Coombs test—masked a correct
diagnosis of USS. ADAMTSI13 gene analyses revealed that
USS-CCS and USS-HH4 were compound heterozygotes of
p.R398C/p.Q723K and p.Q449X/p.Q1374Sfs, respectively.
Among these mutations, p.Q449X was found in USS
patients [16], but p.R398C, p.Q723K, and p.QI13748fs have
not been previously reported in USS patient. Of these,
p.Q723K alone was found as a rare noasynonymous
mutation in 128 normal individuals [6]. Both patients in
this study showed plasma ADAMTSI3 activity levels that
were less than 0.5 % of normal, and ADAMTS13 antigen
levels that were less than 0.1 % of normal. Therefore, it
was suspected that p.R398C, p.Q723K, and p.Q13748fs
were not secreted in plasma. Thus, the pathogenesis of the
milder clinical presentation of USS-HH4 probably did not
reflect the same mechanisms that contributed to the late-
onset phenotype observed in the patient who was homo-
zygous for the p.C1024R missense mutation. To determine
whether UL-VWEFMs were modulated by proteases other
than ADAMTS 13, we performed VWF multimer analysis
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using patient plasma samples obtained during remission;
each VWF multimer band in plasma from the two patients
was represented by a single symmetrical band, rather than
the triplet structure observed in normal plasma, indicating
that VWF multimers from the patients had not been sub-
jected to alternative proteolytic modifications.

In patient USS-HH4, the mechanism regulating the
interactions between platelets and hyperactive UL-VWFMs
without induction of overt TTP is presently unknown.
Because we did not observe alternative proteolytic modifi-
cations of VWFMs in the patients with USS, we are now
interested in potential fluid-phase regulatory mechanisms
during high shear stress-induced platelet aggregation
(H-SIPA). H-SIPA is dependent on VWEFM size, and is
inhibited by compounds that disrupt interactions in the
VWZF-platelet GPIb axis and subsequent platelet activation.
Platelet activation during H-SIPA is mediated by endoge-
nous ADP released from platelet 8-granules in microenvi-
ronments; thercfore, ADP scavengers block H-SIPA
without modifying VWEFM structures. Indeed, we previ-
ously reported that human placental or vascular endothelial
cell ectonucleoside triphosphate  diphosphohydrolase
(E-NTPDase) efficiently inhibited H-SIPA [24]. Further, we
also indicated the presence of soluble E-NTPDase in
plasma, which is cleaved from the cell surface or generated
by alternative splicing [25]. Thus, studies focusing on
potential relationships between E-NTDase and H-SIPA
would be of great interest, and may help to elucidate the
pathogenesis of TTP in patients with USS.
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