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Summary

Upshaw-Schulman (USS) 15 a thrombotic
thrombocytopenic purpura (TTP) due to mutations in the gene that
encodes for ADAMTS13 (ADAMTS13), but its clinical signs may be mild or
absent during childhood. We have identified 37 patients with USS (24

females, 13 males) belonging to 32 families. The nine women from six

syndrome congenital

families who were diagnosed during their first pregnancy are the focus of this
report. Six of the nine women had episodes of thrombocytopenia during
childhood misdiagnosed as idiopathic thrombocytopenic  purpura.
Thrombocytopenia occurred during the second-third trimesters in each of
their 15 pregnancies, with 16 babies (one twin pregnancy), often followed by
TTP. Of 15 pregnancies, eight babies were stililborn or died soon after birth,
and the remaining seven were all premature except one, who was born
naturally following plasma infusions to the mother that had started at
8 weeks’ gestation. All nine USS women had severely deficient ADAMTS13
activity, ADAMTSI3 analyses demonstrated that eight women were
compound heterozygotes of Y304C/G525D (2 siblings), RI125V(sX6/
QI1302X (2 siblings), RI93W/R349C (2 siblings), 1178T/Q929X, and
R193W/A606P; one woman was homozygous for RI93W. Only the R193W
mutation has been previously reported. These observations emphasize the
importance of measuring ADAMTSI3  activity in
thrombocytopenia during childhood and pregnancy.

the evaluation of

Keywords: Upshaw-Schulman syndrome, pregnancy, ADAMTS13 mutation,
thrombocytopenia, haemolytic anaemia.
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Upshaw—Schulman  syndrome [USS, also  described as
congenital thrombotic thrombocytopenic purpura (TTP)] is
a congenital deficiency of ADAMTSI3 (A Disintegrin-like
And Metalloprotease with ThromboSpondin type 1 motifs-
13} activity due to ADAMTSI3 gene mutations (Kinoshita
et al, 2001: Levy et al, 2001, Kokame el al, 2002). When
ADAMTSI3 activity is deficient, unusually large von Wille-
brand factor (VWF) multimers accumulate in the circulation
that can cause platelet thrombi under high shear stress of the
microcirculation (Yagi of al, 2001; Moake, 2002). In 2005, the
presence of roughly 100 patients with USS in 80 families
worldwide was estimated (Kremer-Hovinga ef al, 2005). But
still USS patients may often be overlooked in clinical practice.
Therefore, the frequency of USS is presumably underesti-
mated,

Acquired TTP, caused by neutralizing or non-neutralizing
ADAMTS13  that
ADAMTSIY activity, is a disorder with an incidence of 17

autoantibodies  to reduce  plasma
per million population; 73% of the patients were women
and most women were of child-bearing age (Terrell ef al,
2005). Although acquired TTP and USS have some similar-
ities, USS has important differences in clinical features from
acquived TTP (Furlan & Lammle, 2001; Fujimura et al,
2002).

During the past 10 years, we have diagnosed 37 patients
with USS by assaying ADAMTS13 activity and its inhibitor
titres in the laboratory of Nara Medical University. Fur-
ther, analysis of the natural history and ADAMTSIS
mutations in these patients showed that severe neonatal
jaundice requiring exchange blood transfusions, a classic
hallmark of USS, was seen in only 16 (43%) of 37 patients.
Twenty-nine (79%) of the 37 patients had a history of
thrombocytopenia during childhood that was misdiagnosed
as idiopathic  thrombocytopenic  purpura  (ITP).  Nine
women from six families were first diagnosed during
pregnancy. Further, we documented that thrombocytopenia
inevitably developed during the second or third trimester
of all 15 pregnancies in these nine women. Often, the
initial isolated thrombocytopenia was followed by overt
signs of microangiopathic haemolytic anaemia and TTP.
Notably, of 13 pregnancies (one twin pregnancy), eight
babies were stillborn or died soon after birth, and seven
babies were all premature but survived. Only one mature
baby was born at full term following plasma infusions to the
mother that had started at & weeks gestation. Six of these
nine USS-women had episodes of severe to mild thrombo-
cytopenia  during  childhood that had been incorrectly
diagnosed as I'TP.

Because of the important association between USS and
pregnancy we report the detailed natural history and clinical
characterization of these nine women as well as their
ADAMTSI3 mutations. Our experience emphasizes the
importance of measuring ADAMTS13 activity as part of
the evaluation of thrombocytopenia during childhood or
pregnancy.

Pregnancy-induced USS

Patients, materials and methods

Patients with USS

Between July 1998 and April 2008, 37 patients with USS (24
females and 13 males) belonging to 32 different families were
identified at Nara Medical University. Severe neonatal jaundice
that required exchange blood transfusion, a hallmark of USS,
was found in 16 (43%) of these 37 patients. Notably, nine USS
patients belonging to 6 families (designated as K, L, M, O, R
and Z) had been pregnant and they all developed thrombo-
cytopenia, often followed by TTP, at the second or third
trimester. Thus, these 9 patients were extensively studied here.
None of these nine women had received contraceptive agents
before their pregnancies. It is also important to note that the
remaining 15 USS women had no pregnancies. These data will

be published elsewhere.

Assays of ADAMTSI13 activity and ADAMTSI13 inhibitor

Plasma levels of ADAMTSI3 activity and ADAMTS13 inhi-
bitor were measured by both a classic VWF multimer assay
{Furlan ef al, 1998) and a chromogenic ADAMTSI3-activity-
enzyme-linked immunosorbent assay (ADAMTS13 act-ELISA)
(Kainos Inc., Tokyo) (Kato ef al, 2006). The ADAMTSI3
activity of pooled normal plasma was defined as 100%, and the
detection limits of classic VWF multimer assay and the act-
ELISA were 3% and 0-5% of the normal controls respectively.
The ADAMTSI inhibitor titres were expressed in Bethesda
units (BU), where one inhibitor unit was defined as the
amount necessary to reduce ADAMTSI13 activity to 50% of the
control level. A titre of 20-5 BU/m} in both the assays was
considered to be significant.

Assays of ADAMTSI13 antigen

Plasma levels of ADAMTSI3 antigen were determined by a
quantitative sandwich antigen ELISA (ag-ELISA) by using two
anti-ADAMTS13 monoclonal antibodies (mAbs); a neutraliz-
ing mAb A10 as the coating antibody and a non-neutralizing
mAb C7 labeled with horseradish peroxidase (HRP) as the
detection antibody (Yagi et al, 2007). The cpitopes recognized
by mAbs A10 and C7 were determined to reside in the
disintegrin-like domain and the 7th and 8th thrombospondin
type-1 domains respectively (Uemura e al, 2005). The
ADAMTS13 antigen of pooled normal plasma was defined as
100%, and the detection limit was 0-1% of the normal controls.

Further, ADAMTS13 antigen was analysed by Western blot
under reducing conditions, quantitatively and qualitatively
(Ishizashi er al, 2007). Briefly, this was performed as the
follows. An aliquot (2 pl) of diluted or undiluted plasma
sample per lane were separated by sodium dodecyl sulfate-5%
polyacrylamide gel electrophoresis (SDS-5%PAGE) under
reducing conditions. After electrophoresis, the proteins were
electrophoretically blotted onto polyvinylidene difluoride

© 2008 Blackwell Publishing Ltd, British Journal of Haematology, 144, 742-754 743



Y. Fujimura et af

(PVDEY microporous membranes. We probed the blots for
ADAMTS13 antigen with WH2-11-1 as the primary mAb,
followed by secondary staining with HRP-conjugated goat
anti-mouse 1gG {Kirkegaard & Perry Lab, Gaithersburg, MO,
USA). The epitope of mAb WH2-11-1 resides in the fourth
thrombospondin type-1 domain (Soejima et al, 2006). After
incubation with  Western  Lighting  Chemiluminescence
Reagent (PerkinElmer Life Sciences, Shelton, CT), the blots
were exposed to X-ray film. Densitomeric analysis of ADAM-
TS13 antigen was performed for the 190-kD band using the
National Institutes of Health (NIH) image | {developed by
NIH, http://rsb.Info.gov/noh-image/). The detection limit of
plasma ADAMTS13 antigen by this method was 3% of the
normal controls.

ADAMTSI13 gene analysis

All DNA analyses were performed with the permission of
Ethics Committees of both the sample-collecting hospitals and
the institute that performed the gene analysis. Written
informed consent was obtained from all patients. The nucleo-
tide sequences of the entire 29 exons of ADAMTSI3, including
the intron—exon boundaries, were determined by direct
sequencing of polymerase chain reaction (PCR) products, as
previously described in detail (Kokame ef al, 2002; Matsumoto
et al, 2004). All the disease-causing ADAMTS13 mutations
reported here were excluded as common polymorphisms by
screening 96 individuals in the Japanese general population.

Results

The natural history, clinical characterization, and ADAMTSI13
activity of the 9 women with USS and their family members
are summarized in Table I. Detailed descriptions of these
patients are provided in the text.

Family K, clinical data

Proposita K-3, born in 1976, was the older of 2 siblings born to
non-consanguineous parents (Fig 1, top). She had no history
of severe neconatal jaundice. At the age of 6 years, she
developed nasal bleeding with thrombocytopenia and was
diagnosed with ITP. She then had repeated episodes of
thrombocytopenia during childhood. Her first pregnancy was
at the age of 27 years. The initial platelet count was normal
(180 x 10”/1), but at 24 wecks gestation the platelet count
decreased to 17 x 10”71, She received steroid therapy and then
high-dose immunoglobulin G (IVIg) infusions in a local
hospital without clinical improvement. She subsequently
developed microangiopathic haemolytic anaemia with neuro-
logical and renal abnormalities, was diagnosed with TTP, and
treated with plasma exchange, Her fetus died at 25 weeks
gestation and was removed by Caesarean section; necrotic
lesions and intravascular thrombi were identified in a large

area of the placenta and also the uterus, necessitating

hysterectomy. Following hysterectomy and plasma exchange
(twice during 2 d), a normal platelet count (2150 x 10°/1) was
achieved, but a few weceks after cessation of plasma exchange
the platelet count dropped again requiring an additional
plasma exchange treatment. Following recovery, her plasma
ADAMTSI13 activity and ADAMTS13 inhibitor were assayed
by the VWF multimer method, demonstrating a severe
deficiency of ADAMTSI3 activity but without an inhibitor,
suggesting a diagnosis of USS.

At the same time, her younger sister (K-4), born in 1978
{age 25 years), was a primigravida at 22 weeks gestation, and
she also had mild thrombocytopenia (59 x 10771 and anaemia
(Hb 91 g/1). She had a history of severe neonatal jaundice that
required exchange blood transfusion. At the age of 4 years, she
had an episode of severe thrombocytopenia with bleeding (site
unknown) that required blood transfusion, and was diagnosed
as ITP. Because of her elder sister’s diagnosis of USS, this
patient was tested for ADAMTSI3 activity and ADAMTSI3
inhibitor, demonstrating the same results as her elder sister.
Thus, prophylactic FFP infusions {320 ml every 2 weeks) were
instituted to maintain pregnancy. Under these circumstances,
at 29 weeks gestation the patient had a premature boy by
Caesarean section.

After the diagnosis of USS, both the siblings had receiving
320 ml of FFP infusions every 3 weeks. In 2005, the plasma
levels of ADAMTSI3 activity in both K-3 and K-4 were
examined by the act-ELISA, and indeed they were shown to be
severely deficient (<0-5% of the normal) but without its
inhibitors (<0-5 BU/ml).

ADAMTSI3 analysis (heterozygous Y304C/G525D
mutatioir)

The ADAMTS13 mutations of both the affected siblings (K-3
and K-4) were shown to be the compound heterozygotes of
Y304C {¢. 911A > G, exon 8) and G525D (¢. 1574G > A, exon
13), and their parents were heterozygous carriers of either of
the mutations. Five common single nucleotide polymorphisms
{SNPs) found in the two affected siblings ave listed in Table 1L

Plasma levels of ADAMTSI3 antigen by ag-ELISA were
0-4% of normal in both the affected siblings, and 31% and
36% in their father and mother respectively. Further, plasma
levels of the respective ADAMTS13 antigen by Western blot
were shown to be 519, 4-8%, 39% and 34%. Thus, the
Y304C/G525D mutation was apparently secreted into the
plasma, but with a markedly reduced level (Fig 1, top right
and Fig 2).

Family L, clinical data

Proposita L-2, born in 1967, was the second of five siblings to
non-consanguineous parents. Of her five siblings, the first
child died at 20 weeks gestation with a diagnosis of intrauter-
ine fetal death of unknown aetiology, and two brothers (the
third and fourth siblings) were apparently healthy. She had no
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ADAMTS13 ADAMTS13 ADAMTS13
activity (%} antigen (%) gene
act-ELISA VWFM  ag-ELISA  Ty;304 Gly525 Haplotype
K-1 22 31 62 YiC  G/G YG/CG
K-2 26 35 58 \73% G/ID YG/YD
K-3 <08 <a 04 Yic  GIB CG/YD
K-4 <05 <3 04 Yic GO CG/YD
ADAMTS13 ADAMTS13 ADAMTS13
activity (%) antigen (%) gene
act-ELISA VWFM ag-ELISA Argi25 GIn1302 Haplotype
L 48 76 58 Rffs QQ RQ/sQ
L-2 <05 <3 <01 Rifs QX 1sQ/RX
L-3 <0-5 <3 <01 Rifs Qn 1sQ/RX

Fig 1. Pedigree and ADAMTSI3 analyses of USS-Family K and L. Squares and circles indicate males and females, respectively, and arrows with P

indicate the proposita. Filled symbols represent USS-patients. The half-filled symbols represent asymptomatic carriers. The cross indicates deceased,
The ADAMTSI3 activity by both act-ELISA and VWF multimers are shown as a percentage of the normal control. The ADAMTS13 antigen by
ag-ELISA is shown as a percentage of the normal control. Mutations found in ADAMTSI3 are shown as one-letter amino acid abbreviations.

history of severe neonatal jaundice or childhood thrombo-
cytopenia. She was a primigravida at the age of 27 years, and
her platelet count was 180 x 10”/1 at 6 wecks gestation, which
dropped to 38 x 10°/1 at 27 weeks, complicated with acute
renal failure, followed by intrauterine fetal death. She was
suspected to have HELLP (Hemolysis, Elevated Liver enzyme,
and Low Platelet count) syndrome or anti-phospholipid
antibody syndrome. Interestingly, soon after Caesarean section
her platelet count returned to normal. Because of this episode,
her physician recommended that she took a low-dose aspirin
(81 mg/d) whenever she had thrombocytopenia in association
with pregnancy. At the age of 28 years, she had her
second pregnancy, and again developed thrombocytopenia
{21 x 107/1) and proteinuria during the third trimester, and
low-dose aspirin was administered. She delivered by Caesarean
section at 37 weeks gestation. After delivery, her platelet count
soon returned to normal (150 x 10%/1). At the age of 30 years,
she had her third pregnancy and was treated similarly as above,
and was delivered by Caesarean section at 37 weeks gestation.
Finally, at the age of 33 years, she had her fourth pregnancy
with twins. Even with the administration of low-dose aspirin,
she developed haemolytic anaemia with thrombocytopenia
(53 x 10°/1) at 30 weeks gestation, which was suspected to be
Coombs’-negative Evans’ syndrome and therefore she was
treated with oral steroids and IVIg therapy. Her platelet count
did not increase, she developed generalized oedema and
pleural effusions at 32 weeks gestation, and her premature
twins were delivered by Caesarean section. One week after

© 2008 Blackwell Publishing Ltd, British Journal of Haematology, 144, 742-754

delivery, her platelet count spontancously increased to
200 x 10°/1. Since then, she has never taken steroid or aspirin.

The vounger sister (L-3), born in 1972, had no history of
severe neonatal jaundice. At the age of 3 years, she had mild
thrombocytopenia (70 x 10%/1) at the time of a respiratory
infection, and was diagnosed with ITP. Attheage of25 years, she
was a primigravida, and at 24 weeks gestation developed
proteinuria and thrombocytopenia (20 x 10°/1) that was sus-
pected to be Evans’ syndrome and was treated with steroids.
Then she had a stillbirth at 25 weeks gestation. After delivery, her
platelet count soon recovered to normal. She had her second
pregnancy when aged 27 years, and at 23 weeks gestation she
developed thrombocytopenia (14 x 10%/1) and gross hematuria
accompanied by renal failure. She was suspected to have
haemolytic-uremic syndrome (HUS) and was treated with
plasma exchange for 2 d (once per day) and haemodialysis.
Despite this intensive care, she showed no clinical improvement,
and at 24 wecks gestation she delivered a premature baby
transvaginally but it died soon after birth. Her platelet count
recovered within 1 week after delivery. These two sisters were
referred to Nara Medical University in 2003, and plasma levels of
ADAMTS13 activity and ADAMTS13 inhibitor were assayed by
the VWF multimer method, demonstrating a severe deficiency of
ADAMTS13 activity but without an inhibitor, consistent with a
diagnosis of USS. In 2005, the act- ELISA revealed that the plasma
levels of ADAMTS13 activity in both L-2 and L-3 were severely
deficient (<0-5% of the normal control), but without an
inhibitors {<0-5 BU/ml).

747
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Table . Discase-causing mutations and common SNPs of ADAM-
TS13 gene in 9 patients with Upshaw-Schulman syndrome.

Patients Exon/ Amino
with USS  Intron Nucleotides acid Remarks
K-3 exon & H1TA>G Y304C discase causing

K-4 mutation
exon 9 1016 C > G T339R
exon 12 1342 C > G Q448E

exon 13 1574 G > A (525D

common SNP

common SNP

discuse causing
mutation

5 1716 G > A silent

6 1852 C > G P618A

2280 C>T silent

exon common SNP

exon common SNP

1

1
exon 19 common SNP

4

L-2 exon ¢ 3712 ins GT R125VfsXe  disease causing
L-3 mutation

exon 9 1016 C > G T339R common SNP

exon 12 1342 C > G Q448E common SNP

exon 15 1716 G > A silent common SNP

exon 16 18532 C > G POI8A common SNP

exon 19 2280 C > T silent common SNP

exon 28 3904 C>T  QI302X disease causing
mutation

M-3 exon 6 577 C > R193W disease causing

M-4 mutation
exon 9 1045 C >'T R349C disease causing

mutation
C>T silent common SNP
"> C 1178T

A%

exon 19 2280
O-4 exon 5 5331 disease causing
mutation
exon 19 2280 C > T silent
exon 22 2785 C > T Q929X

common SNP

discase causing
mutation

R-5 exon 6 577 C>T R193W disease causing
mutation

exon 9 1016 C > G T339R

exon 12 1342C> G Q448E

exon 15 1716 G > A silent

exon 16 1816 G » C A6OGP

conmumon SNP
common SNP
common SNP
discase causing
mutation
exon 16 1852 C > G P618A
exon 19 2280 C

common SNP

v

T silent common SNP

Z-3 exon 6 577 C > T R193W disease causing
mutation
exon 19 2280 C > T silent common SNP

ADAMTSI3 analysis (heterozygous R125VfsX6/Q1302X
mutation)

The ADAMTS13 mutations were the compound heterozygotes
of RI25VEsX6 (c.372insGT, exon 4) and Q1302X (¢
3904C > T, exon 28) in both the affected siblings (L-2 and
L-3). Their parents were heterozygous carriers of either of the
mutations, Seven common SNPs found in the two affected
siblings are listed in Table IL

Plasma levels of ADAMTS13 antigen by the ag-ELISA were
severely deficient in both patients, <0-1% of the normal, and
58% in their mother. The ADAMTS13 antigen analysis by

Western blot confirmed these results: <3% of normal in both
the patients, 79% in their mother, and no other bands with a
molecular weight less than 190 kDa. Thus, neither mutant
protein, R125VIsX6 or Q1302X, was present in plasma (Fig 1,
bottom right and Fig 2).

Family M, clinical data

Proposita M-3, born in 1969, was the second of four siblings to
non-consanguineous parents (Fig 3, top). She had no history
of severe neonatal jaundice or thrombocytopenia during
childhood. The st child in this family died of utero-placental
thrombosis at 32 weeks gestation, and the 4th child (M-5) has
never been pregnant and is apparently healthy. At the age of
33 vears, M-3 was a primigravida and at 17 weeks gestation
she developed petechiae and oedema in both the lower
extremities, and was diagnosed as TTP at 19 weeks gestation.
She was treated with plasma exchange twice for 2d but
eventually miscarried at 20 weeks gestation. Thereafter, her
platelet count quickly recovered, but 1 month later her platelet
count again dropped to 24 x 10°/1. She received plasma
infusion, which increased her platelet count to normal.

Her younger sister (M-4), born in 1971, also had no history
of severe neconatal jaundice or thrombocytopenia during
childhood. At the age of 30 years, she had her first pregnancy
and at 28 weeks gestation she developed thrombocytopenia,
hypertension, and proteinuria, suggesting a diagnosis of
HELLP syndrome. A Caesarean section was performed, but
the child was stillborn. The next year, she had her second
pregnancy, and at 33 wecks gestation she developed
thrombocytopenia, and Caesarean section was performed at
36 weeks gestation, delivering a live female infant.

Both the affected siblings (M-3 and M-4) in this family
were diagnosed with USS in 2003 after determination of
ADAMTSI3 activity and ADAMTS13 inhibitor by VWF
multimer assay. In 2005, the act-ELISA revealed that the
plasma levels of ADAMTSI3 activity in both M-3 and M-4
were indeed severely deficient {<0-5% of the normal), without
inhibitors (<05 BU/ml).

ADAMTSI3 analysis (heterozygous R193W/R349C
mutation)

The ADAMTSI3 mutations were compound heterozygotes of
R193W (c. 577C > T, exon 6) and R349C (c. 1045C > T, exon
9) in both affected siblings (M-3 and M-4); their parents were
heterozygous carriers of either of the mutations. One common
SNP was found in these two affected siblings (Table 11).

Plasma levels of ADAMTSI13 antigen by the ag-ELISA were
8:6% and 7:7% of the normal in the patients, 57%, and 63% in
their parents. Further, plasma levels of ADAMTSI13 antigen by
Western blot were 24% and 23% in two patients, and 45% and
43% in their parents. Thus, the R193W/R349C mutation is
apparently secreted into plasma, but at a significantly reduced
level (Figs 2 and 3, top right).
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anti-mouse 1gG, and finally detected by luminography. Densitomeric analyses of ADAMTS13 antigen were performed for the 190-kD band using NIH

image ).

Fanmily O, clinical data

The proposita 0-4, born in 1958, was the second child of two
siblings to non-consanguineous parents (Fig 3, bottom). She
had no history of severe neonatal jaundice or thrombocyto-
penia during childhood. At the age of 26 years, she had her

© 2008 Blackwell Publishing Ltd, British Journal of Haematology, 144, 742-754

first pregnancy, and at 23 weeks gestation she developed
thrombocytopenia {20 x 10°/1} and a diagnosis of ITP was
made. At 25 weeks gestation she delivered a premature infant,
but it died soon after birth. After delivery, she developed overt
TTP, and received plasma exchange for 2 d (one each day). She
was diagnosed with chronic relapsing TTP and received
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Family M
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Family O

ADAMTS13 ADAMTS13 ADAMTS13
activity (%) antigen (%) gene
act-ELISA VWFM ag-ELISA  Arg193 Arg349 Haplotype
M-1 63 44 57 RW R/R AR/WR
M-2 43 49 63 R/R R/C RR/RC
M-3 <05 <3 86 R/W R/C WR/RC
M4 <05 <3 77 RIW R/C WR/RC
M-5 127 142 115 R/R R/R RRA/RR
ADAMTS13 ADAMTS13 ADAMTS13
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01 27 18 44 T QiQ QTQ
0-2 26 16 51 1 QX QX
0-3 28 26 57 7] QX 1anx
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0-5 29 26 65 T QQ [a7210]

Fig 3. Pedigree and ADAMTS13 analyses of USS-Family M and O. Symbols are the same shown in Fig 1. Mutations found in ADAMTS13 are shown

as one-letter aminoe acid abbreviations,

prophylactic plasma infusions (400 ml) every 2-4 weeks, At
the age of 31 years, she had her second pregnancy and was
managed with prophylactic plasma infusions every 1-2 weeks,
but at 8 weeks gestation she developed proteinuria and
thrombocytopenia (93 X 10°11), and therefore she received
more frequent plasma infusions (fresh frozen plasma, about
10 ml/kg; 400-480 ml per week) beginning at this time. Under
these circumstances, at 39 weeks gestation, she naturally
delivered a mature baby who weighed 2-984 kg. The platelet
count of this patient decreased to 73 x 10°/1 at 7 d after
delivery and plasia was administered every 3—4 weeks. In this
patient, plasma levels of ADAMTS13 activity and ADAMTS13
inhibitor were assayed in 2004 by the VWF multimer method,
showing a severe deficiency of enzyme activity but without an
inhibitor, suggesting a diagnosis of USS. In 2005, the act-
ELISA revealed that the plasma level of ADAMTSI13 activity in
this patient was severely deficient (<0-5% of the normal),
without an inhibitor (<05 BU/ml).

ADAMTSI3 analysis (heterozygous 1178T/Q929X
mutation)

The ADAMTS13 mutation was the compound heterozygote of
117871 {c. 333T > C,exon 5) and Q929X (¢.2785C > T, exon 22)
in the proposita (0-4), and her parents, elder brother, and 2nd
child (girl) were heterozygote carriers of either of the mutations.
One common SNP was found in the patient (Table II).

Plasma level of ADAMTSI13 antigen by the ag-ELISA was
<0-1% of the normal in the proposita, and ADAMTSI13

antigen levels of her 4 family members were 44~65%. These
results were also confirmed by Western blot studies (Fig 2).
Further, no other band with a molecular weight less than
190 kDa was tound. Thus, neither the mutant protein of 1178T
nor Q929X was present in plasma (Fig 2).

Family R, clinical data

The proposita R-5, born in 1982, was the last child of 3 siblings
to non-consanguineous parents (Fig 4, top). She had no
history of severe neonatal jaundice. At the age of 8 months she
developed  generalized  petechiae  with  thrombocytopenia
(20 x 10°/1) and was diagnosed with ITP. Until aged 5 years
she had repeated episodes of purpura accompanied by fever
that improved spontaneously within a few days. Her two elder
siblings were asymptomatic with no history suggesting TTP. At
the age of 23 years, she had her first pregnancy. At 23 wecks
gestation, she developed mild thrombocytopenia (82 x 1()9/1),
which further decreased to 47 x 10%/1 at 29 weeks gestation,
and was diagnosed with ITP exacerbated by pregnancy. At
30 weeks gestation she had headache and nausea, and a week
later she had sudden intrauterine fetal death. After Caesarean
section, she developed overt TTP, treated with steroids and
plasma exchange, which was performed eight times during the
following 23 d. On this occasion in 2005, she was diagnosed
with USS after determinations of ADAMTS13 activity (<0-5%
of the normal) and ADAMTS13 inhibitor (<05 BU/ml) by the
act-ELISA. After the diagnosis was confirmed, she has received
prophylactic plasma infusions (320 ml every 2 weeks).
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Fig 4. Pedigree and ADAMTS13 analyses of USS-Family R and Z. Symbols are the same shown in Fig 1. Mutations found in ADAMTS13 are shown

as one-letter amino acid abbreviations.

ADAMTSI13 analysis (heterozygous R193W/A606P
mutation)

The ADAMTSI3 mutation was the compound heterozygote of
R193W (exon 6) and A606P (c.1816G>C, exon 16) in the
proposita (R-5), and her parents and elder sister were both
heterozygote carriers of either of the mutations. Five common
SNPs were found in this patient (Table 1I).

Plasma level of ADAMTSI3 antigen by the ag-ELISA was
1:6% of normal in the proposita; the levels in her three family
members were 25~65%. These results were also confirmed by
Western blot studies (Fig 2). Thus, the RI93W/A606P mutant
protein is secreted into plasma, but at a markedly reduced level
(Fig 2).

Family Z, clinical data

The proposita Z-3, born in 1971, was the last of three siblings
of consanguineous parents; the patient’s grandparents were
cousins (Fig 4, bottom). She had had neonatal jaundice of
moderate severity. She was diagnosed of ITP at the age
of 7 years, and had been treated with steroids until 15 years of
a

ge. She had her first pregnancy at age 25 years, and at
2 weeks  gestation

she  developed  thrombocytopenia

1
{15 x 10°/) and was diagnosed with pregnancy-associated

ITP. At 32 weeks gestation, she had a live birth by Caesarean
section, after which she developed overt TTP, which was
treated effectively with daily plasma exchange. This patient was
referred to our laboratory in 1998, and plasma levels of
ADAMTSI3 activity and ADAMTSI13 inhibitor were assayed
by the VWF multimer method, demonstrating a severe
deficiency of enzyme activity but without an inhibitor,
suggesting a diagnosis of USS. Prophylactic plasma infusions
were not initiated in this patient, and she had more than 5
episodes of TTP during 1998-2005. Each episode was treated
with a single plasma infusion (320 ml). In 2006, when she had
TTP triggered by a respiratory infection, infusion of plasma
induced a severe anaphylactic reaction requiring steroid
treatment. The act-ELISA confirmed her plasma level of
ADAMTSI3 activity was severely deficient (<0-5% of the
normal) and ADAMTS13 inhibitor was negative (<0-5 BU/ml).

ADAMTS13 analysis (homozygous R193W mutation)

The ADAMTS13 mutation was homozygous R193W (exon 6)
in the proposita (Z-3), and her parents and child were
heterozygote carriers of this mutation. One common SNP was
found in this patient (Table 1),

The plasma level of ADAMTS13 antigen by the ag-ELISA
was 11% of normal in the proposita; the levels in her three
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family members were 17~83%. These results were also
confirmed by Western blot studies (Fig 2). Thus, the R193W
mutation is apparently secreted into plasma, but at a reduced
level.

Discussion

Coombs’-negative haemolysis with neonatal jaundice requiring
exchange blood transfusions and thrombocytopenia have been
considered to be a clinical hallmark of USS (Fujimura et al,
2002). However, only 16 (43%) of our 37 USS patients had
episodes of exchange blood transfusion for severe jaundice in
this period. Since USS is an autosomal recessive order, the
ratio of female-to-male patients should be 1-to-1, but there
was female predominance (24-to-13) among our 37 patients.
The reason for this apparent gender disparity is probably
because many USS patients have a mild disorder and
thrombocytopenia is misdiagnosed as ITP. Physicians may
overlook this important sign, as in fact 29 (78%) of our 37 USS
patients had a history of thrombocytopenia; the remaining 8
were unclear as to whether their platelet count had been
checked during their childhood.

Episodes of pregnancy and infections are well known
precipitating factors for overt TTP in USS patients, but it is
not well understood how often and why TTP episodes are
induced by these factors (Weiner, 1987; Vesely ef al, 2004;
Terrell ef al, 2005; Scully et al, 2006). In contrast, a chemical
compound, DDAVP (1-deamino-8-D-arginine vasopressin),
is well documented to induce TTP in USS patients (Hara
et al, 1986; Veyradier ef al, 2006), presumably through a
rapid increase of plasma VWF by releasing ultra large(UL)-
VWF multimers from vascular endothelial cells, leading to
platelet thrombi formation under high shear stress (Yagi et al,
2001).

This study has clearly shown that pregnancy consistently
induces thrombocytopenia during the second-third trimester,
often followed by overt TTP. In normal pregnancies, plasma
VWE increases steadily during gestation and reaches a
maximum level (200~500% of the normal control) at term
with appearance of UL-VWF multimers. The elevated plasma
levels of VWF return to normal within one week after delivery
(Stirling et al, 1984). Thus, the plasma milieu during the third
trimester and at delivery appears to be similar to that seen after
DDAVP administration. Thus, it is conceivable that the rapidly
increased plasma level of UL-VWF multimers plays a critical
role in precipitating overt TTP in pregnant women with USS.

More interestingly, however, the onset of clinically overt
TTP observed in our USS patients during pregnancy is in
contrast to mice with ADAMTSI3 knock-out (Motto et al,
2005; Banno ef al, 2006). As previously shown, the ADAMTS13
knock-out mice have UL-VWF multimers in their plasma and
were potentially thrombogenic in in vitro studies using a
parallel plate flow-chamber system under high shear stress.
However, no thrombotic complications were found in the
mice after pregnancy. We assume that it is important to note

that haemodynamics formed by anatomically different vascu-
lature networks in these two species significantly differs.

It has been proposed that there may be clinically distinet
phenotypes of USS, with early-onset and late-onset types
(Furlan & Liammle, 2001; Camilleri ef al, 2008). Our experi-
ence supports this hypothesis. In fact, three out of the nine
women who were diagnosed with USS during pregnancy
appeared to lack any clinical signs of TTP during their
childhood. The distinction of USS patients into two pheno-
types by their plasma levels of ADAMTS13 activity is less likely,
because all nine of our USS patients had undetectable
ADAMTSI3 activity (<0:5% of the normal control) by the
sensitive act-ELISA. In the nine wonmen, eight of the ADAM-
TS13 mutations were compound heterozygotes of Y304C/
G525D (2 siblings), R125VEsX6/Q1302X (2 siblings), R193W/
R349C (2 siblings), 1178T/Q929X, and R193W/A6060P, and
one was homozygous for RI93W/RI93W. Except for R193W,
these mutations were all novel, and distributed from exons 4-
28. The location of the ADAMTS 13 mutations in our nine USS
patients, seven in the metalloprotease domain and the
remaining two on the disintegrin/cysteine-rich domains, may
be relevant to the clinical presentation. Camilleri et al (2008)
recently reported that prevalence of R1060W missense muta-
tion at the seventh thrombospondin-1 domain was associated
with late-onset adult TTP, but we have not found the R1060W
mutation in our 37 Japanese patients with USS (unpublished).
Thus, presently there is no clear evidence dividing USS into
two phenotypes on a basis of ADAMTSI3 activity levels or
ADAMTSI13 mutations. Our observations below also support
this concept; two siblings of family M (M-3 and M-4) were the
late-onset type, whereas other two siblings of family L (L-2
andL-3) shared two different onset types.

Veyradier et al (2003) described that prophylactic plasma
infusions (fresh frozen plasma at a single dose of 10 ml/kg)
every 3—4 weeks were efficiently performed to prevent periods
of TTP in their USS-patients, but more plasma infusions
(10 ml/kg during 2-5 consecutive days) were required during
each relapse as early as possible. However, a standard
therapeutic protocol for plasma infusions for pregnant women
with USS has not been established. Our experience here clearly
demonstrates that women with USS during pregnancy expose
their infants to high risk without prophylactic plasma
infusions. The risks for fetal loss are presumably caused by
the disturbance of utero-placental circulation with platelet
thrombi formed, as shown in Patient K-3 with extensive
necrotic lesions in both the placenta and uterus. Among 15
pregnancies (one twin pregnancy), eight infants were stillborn
or died soon after birth, and the remaining eight survived but
they were premature except for one mature baby (O-5 in
Fig 3). Further, seven of eight surviving infants were born by
Caesarean section; one with prophylactic plasma infusions,
two without plasma infusions, and four with aspirin. Notably,
one mature baby (0-5) was born at 39 weeks gestation by
natural delivery following plasma infusions to the mother that
had started in the very early stage of pregnancy (8 weeks

752 © 2008 Blackwell Publishing Ltd, British Journal of Haematology, 144, 742754



gestation). This experience clearly indicated that prophylactic
plasma infusions (fresh frozen plasma, about 10 ml/kg; 400~
480 ml per week) at this stage of pregnancy allowed an
uneventful delivery. But the best protocol for plasma infusions
to women with USS during pregnancy remains to be deter-
mined in future studies.

It is clear that deficient ADAMTS13 activity in maternal
plasma is harmful to both the mother and fetus. Retrospec-
tively, we suspect that the first two children from asymptom-
atic carriers of L-1 (Fig 1, bottom) and M-1/-2 {Fig 3, top)
might have had USS, because the former died of intrauterine
fetal death at 20 weeks gestation and the latter was a stillbirth
at 32 weeks gestation. This speculation is based on the
observation of UL-VWF multimers in normal newborn cord
blood, despite of subnormal levels of ADAMTSI3 activity
(Johnson et al, 1981; Tsai et al, 2002).

Because of these clinical observations, here we strongly
recommend that ADAMTS13 activity, and ADAMTS13 inhib-
itor should be measured in patients with thrombocytopenia
during childhood and in association with pregnancy.
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Abstract A questionnaire survey of Japanese patients
with thrombotic microangiopathy (TMA) was carried out
to investigate the frequency, laboratory abnormalities, and
outcome in 2004. Out of 185 patients, there were 13 with
familial TMA and 172 with acquired TMA. In acquired
TMA, there were 66 with Escherichia coli O-157 infection
(0-157)-related TMA, 35 with ADAMTSI13-related TMA,
and 22 with other types of TMA. The frequency of TMA in
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0O-157-related TMA was high in patients from 0- to
15-year-old, and acquired TMA without O-157 was fre-
quently observed in patients ranging from 31 to 65 years of
age. In the treatment of acquired TMA, including plasma
exchange (PE), steroid, antiplatelet agent, and anticoagu-
lant, PE was carried out in 94.3% of ADAMTS13-related
TMA, 77.3% of other TMA, and 7.6% of O-157-related
TMA. The efficacy of PE and steroid therapy tended to be
higher in ADAMTS13 TMA than in other types of TMA.
The complete remission rate is the highest in O-157 TMA.
The mortality rate was the lowest for O-157 TMA, and this
rate also tended to be lower in ADAMTS13-related TMA
than in other types of TMA. However, the determination of
ADAMTS13 was not universal in Japan at the time of this
questionnaire.

Keywords TMA - ADAMTS13 - Acquired TMA -
Familial TMA - O-157

1 Introduction

Thrombotic thrombocytopenic purpura (TTP) [1--3], which
is characterized by thrombocytopenia and microangiopathic
hemolytic anemia, is often associated with neurological
dysfunction, renal failure, and fever. Unusually large Von
Willebrand factor (VWF) multimers, produced in and then
quickly released from vascular endothelial cells, are found
in patients plasma in both familial and non-familial
thrombotic thrombocytopenic purpura (TTP) [4, 5]. These
unusually large VWF multimers are thought to interact with
circulating platelets, thus resulting in platelet clumping
due to an elevated shear stress [5]. ADAMTS13 (a disin-
tegrin and metalloprotease with thrombospondin type I
domain 13), which was identified in 2001 [6-8], is a zinc
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metalloprotease that specifically cleaves unusual VWF
multimer at the Tyr (1605)-Met(1606) bound located in the
A2 region of VWF [9, 10].

TTP was previously a life-threatening syndrome, and the
survival rate has increased from 20 to 80% since the
development of plasma exchange (PE) [11], and recently it
has reached about 90% [12]. The mainstay of treatment is
therapeutic PE, both to remove the causative antibody to
ADAMTS13 and to replace ADAMTS13 [13]. The current
guidelines [14] for thrombotic microangiopathy (TMA)
recommended that PE should be initiated within 24 h of
presentation [15]; however, considerable discussion is
ongoing with regard to the optional schedule for therapy
and the type of replacement fluids to be used [11].

Several questionnaires survey for Japanese patients with
TMA were carried out in 2004 and 2005 [16]. This ques-
tionnaire survey ‘was carried out to investigate the fre-
quency, laboratory abnormalities, and outcome in 2004.

2 Materials and methods

One hundred eighty-five patients diagnosed with TMA
from January 1, 1999 to December 31, 2003 were exam-
ined by a national questionnaire survey. The questionnaire
was mainly a selective type, and the contents of the
questions were about age, sex, underlying disease, acute
symptoms, laboratory data, including ADAMTS13, treat-
ment, outcome, and so on. The questionnaire was sent to
994 departments of hematology in Japanese hospitals or
institutes: 429 hospitals replied and 73 had 185 cases of
TMA. The list of replying hospitals was as follows: Anjo
Kosei Hospital, Akashi City General Hospital, Chiba
Children’s Hospital, Cyukyo Hospital, Fukui Prefectural
Hospital, Gunma University Hospital, Higashiosaka City
General Hospital, Higashi Sapporo Hospital, Himeji
Medical Center, Hiroshima-Nishi Medical Center,
Hiroshima University Hospital, Hyogo College of Medicine
Hospital, Hyogo Prefectural Cancer Center, Hyogo
Prefectural Nishinomiya Hospital, lizuka Hospital, Ikeda
Municipal Hospital, Iseikai Hospital, Juntendo University
Shizuoka Hospital, Kagoshima City Hospital, Kagoshima
Rousai Hospital, Kawasaki Medical School Hospital,
Kitano Hospital, Kokura Medical Center, Kokura Memo-
rial Hospital, Komaki City Hospital, Kure Medical Center,
Kyoto City Hospital, Mie University Hospital, Nagaoka
Red Cross Hospital, Nagasaki University Hospital of
Medicine and Dentistry, Nara Medical University Hospital,
National Defense Medical College Hospital, Nihon Uni-
versity Itabashi Hospital, Niigata City General Hospital,
Nippon Medical School Hospital, Osaka City General
Medical Center, Osaka City University Hospital, Osaka
General Medical Center, Osaka University Hospital,

Research Hospital, The Institute of Medical Science, The
University of Tokyo, Rinku General Medical Center, Saga
University Hospital, Saiseikai Maebashi Hospital, Saitama
Medical University Hospital, Sapporo Hokuyu Hospital,
Sapporo-Kosei general Hospital, Sasebo City General
Hospital, SHIN-KOKURA Hospital, Shinsyu University
Hospital, Shizuoka General Hospital, Showa University
Fujigaoka Hospital, Takasaki National Hospital, Tokai
University Hospital, Tokyo Medical And Dental University
Hospital Faculty of Medicine, Tokyo Metropolitan Bokutoh
Hospital, Tokyo Metropolitan Geriatric  Hospital,
Tokyo Women’s Medical University Hospital, Tottori
Prefectural Chuou Hospital, Toyama University Hospital,
Tsukuba University Hospital, University of Fukui Hospital,
University of Miyazaki Hospital, University of Occupa-
tional and Environmental Health Hospital, Usui Hospital,
Uwajima City Hospital, Yaizu City Hospital, Yamada Red
Cross Hospital, Yamagata Prefectural Central Hospital,
Yamaguchi University Hospital, Yodogawa Christian
Hospital, Yokkaichi Municipal Hospital, Yokohama City
University Hospital, and Yokohama Minami Kyousai
Hospital.

Derangement, lethargy, behavior disorder, convulsion,
stupor, coma, and other neurological abnormalities were
considered as neurological symptoms. Creatinine levels
>1.3 mg/dl indicated renal injury. A body temperature
>37.5°C was considered as fever.

TMA was classified to 4 groups; ADAMTS13-related
TMA (ADAMTS13 TMA), ADAMTSI13 levels was less
than 20% or positive for inhibitor for ADAMTS13; Esch-
erichia coli O-157 infection (O-157)-related TMA (O-157
TMA), the cause of TMA was due to an O-157 infection;
other TMA, the cause of TMA was not known; not mea-
sured TMA (NM TMA), the ADAMTS13 level was not
measured and the cause was not due to an O-157 infection.

The study protocol was approved by the Human Ethics
Review Committees of Keio University School of Medi-
cine and Mie University School of Medicine.

2.1 Statistical analysis

The data are expressed as the median (25-75% tile). Dif-
ferences between the groups were examined for signifi-
cance using the Chi-square for independence test. A P
value of less than 0.05 was considered to indicate a sig-
nificant difference. All statistical analyses were performed
using the SPSS II software package (SPSS Japan, Tokyo).

3 Results

The patients include 13 with familial TMA and 172 with
acquired TMA. In familial TMA, the ADAMTS 13 level

@ Springer



330

N. Ito et al.

was markedly reduced in 8 (ADAMTS13 TMA), but not in
1 (other TMA), and it was not measured in 4 (NM TMA).
In acquired TMA, the 66 cases of TMA were caused by
0-157 infection (O-157 TMA), and 35 were ADAMTSI13
TMA, 22 were other TMA, and 49 were NM TMA
(Table 1). There tended to be more females than males
among those with ADAMTS13 TMA and O-157 TMA of
acquired TMA. The frequency of TMA in O-157 TMA was
high in patients from 0- to 15-year-old and that in acquired
TMA without O-157 tended to be high in patients from
31- to 65-year-old (Fig. 1). O-157 infection was the most
frequent underlying disease in patients with TMA, collagen
disease was the second, malignant tumor was the third, and
transplantation- and drug-induced TMA were the forth, etc.
(Table 2). In collagen diseases, the rate of acquired
ADAMTS13 TMA (42.9%) tended to be higher than that of
other TMA (P = 0.09). In Malignant tumor, drug-induced
TMA and post-operation, the rate of other TMA tended to

Table 1 Subjects

Number Sex Number Sex

(F:M) (F:M)
Familial 13 9:4 ADAMTS13 TMA 8 7:1
Other TMA 1 0:1
NM TMA 4 2:2
Acquired 172 92:79* ADAMTSI3 TMA 35 20:15
0-157 TMA 66 40:25%
Other TMA 22 11:11
NM TMA 49 21:28

ADAMTS13 TMA ADAMTSI13 activity markedly decreased; Other
TMA ADAMTSI13 activity did not markedly decrease; NM TMA
ADAMTSI3 activity was not measured; O-157 TMA O-157-related
TMA

? One patient did not describe any symptom

45
1 Acquired NM TMA
40 b
Acauired Other TMA
35+ B Acquired 0157 TMA
w golh fl Acquired ADAMTS13 TMA
5 3
-g ) Familial NM TMA
=] i Familial Other TMA
2
E 20+ B Familial ADAMTS13 TMA
[
=
3
o

N

Age

Fig. 1 Patient’s age at the onset of TMA
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be higher than that of ADAMTS13 TMA. In underlying
disease, the rate of ADAMTS13-related TMA was signif-
icantly higher in collagen diseases than in malignant tumor,
transplantation, and drug induced TMA (P < 0.05,
respectively). Icterus neonatorum was observed in most
patients with familial TMA (70%). The acute symptoms
are shown in Table 3. Neurological symptoms tended to be
more frequent in acquired TMA than in familial TMA
(P = 0.12), and it was significantly lower in O-157 TMA
than in all other types of acquired TMA (P < 0.001). The
frequency of renal dysfunction was significantly higher in
other TMA than in ADAMTS{3 TMA (P < 0.001), and it
tended to high in O-157 TMA. Fever was observed in more
than 50% of acquired TMA. Respiratory symptoms were
not regularly associated with TMA.

The laboratory abnormalities are shown in Table 4. A
decreased platelet count, red cell count, and hemoglobin
and an increase of total bilirubin (T-bil) and lactate dehy-
drogenase (LDH) were frequently observed in each type of
TMA. The platelet count was less than 110,000/ul in
98.9%, less than 50,000/ul in 85.4%, and 30,000/ul in
66.9% (Fig. 2). Hemoglobin was usually less than 13.0 g/dl
and usually between 5.0 and 10.0 g/dl (Fig. 3). In
acquired TMA, the frequency positive for antinuclear
antibody was higher in ADAMTS13 TMA than in other
TMA (P < 0.05). The frequency positive for PAlgG was
higher in acquired TMA than in familiar TMA (P < 0.01).

'The Coombs test was negative in more than 90% of those

with TMA. The haptoglobin level was reduced in most
patients with TMA. Anticardiolipin antibodies (ACA) were
not observed in most patients with TMA. Fibrin and
fibrinogen degradation products (FDP) and p-dimer levels
increased in most TMA patients, but fibrinogen was
reduced in a few TMA patients.

Treatment of acquired TMA is summarized in Table 5.
Plasma exchange (PE) was carried out in 94.3% of
ADAMTS13 TMA, 77.3% of other TMA, and 7.6% of O-157
TMA. The efficacy of PE tended to be higher in ADAMTS13
TMA than in other TMA (P = 0.052). Transfusion of
fresh frozen plasma (FFP) was frequently performed in
familial TMA and ADAMTS13 TMA. The efficacy of FFP
tended to be high in familial ADAMTS13 TMA (80.0%)
but not high in acquired TMA. In acquired TMA, steroid
treatment was carried out in 85.7% of ADAMTS13 TMA,
in 72.7% of other TMA, and in 4.5% of 0-157 TMA, and
the efficacy of steroids tended to be higher in ADAMTSI13
TMA than in other TMA (P = 0.38). Pulse therapy of
methylprednisolone was frequently done in 65.7% of
ADAMTSI13 TMA and 68.2% of other TMA; but the
efficacy was low. Antiplatelet therapy was carried out in
57.1% of ADAMTS13 TMA, 59.1% of other TMA, and
3.0% of O-157 TMA,; but the efficacy was low. Hemodi-
alysis was carried out in 37.9% of O-157 TMA and 31.8%
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Table 2 Underlying disease

0-157 Collagen Malignant Transplantation Drug induced Pregnancy  Post-operation
infection diseases turnor TMA
Number 66 14 11 7 9 4 2
Familial
ADAMTS13 TMA 8 0/66 0/14 0/t1 017 0/9 2/4 (50.0%) 0/2
Other TMA 1 0/66 0/14 0/11 07 0/9 0/4 0/2
NM TMA 4 0/66 0/14 0/11 0/7 1/9 (11.1%)  0/4 0/2
Acquired
ADAMTSI13 TMA 35 0/66 6/14% 5+ (42.9%) 1/11 (9.1%) 0/7 0/9 0/4 0/2
0-157 TMA 66 66/66 0/14 0/11 017 0/9 0/4 0/2
Other TMA 22 0/66 2/14 (14.3%) 5/1172 (45.5%) 217 (28.6%) 3/972 (33.3%) 0/4 2/2+2
NM TMA 49 0/66 6/14 (42.9%) 5/11 (45.5%)  5/7 (71.4%) 5/9 (55.6%)  2/4 (50.0%) 072
#1 P < 0.05 in comparison to acquired ADAMTS13 TMA in malignant tumor, transplantation, and drug-induced TMA
#2 P < (.05 in comparison to acquired ADAMTS13 TMA
+1 P = 0.09 in comparison to acquired other TMA in collagen diseases
+2 P = 0.06 in comparison to acquired ADAMTS13 TMA
Table 3 Acute symptoms Neurological Renal Fever Respiratory
symptoms dysfunction (above 37.5°C)  symptom
Number 82 82 113 14
Familial
ADAMTS13 TMA 8 2/6 (33.3%) 3/8 (37.5%) 3/8 (37.5%) 1/8 (12.5%)
Other TMA 1 0/1 0/1 1/1 0/1
NM TMA 4 0/2 0/2 212 0/2
Total 13 2/9 (22.2%) 3/11 (27.3%) 6/11 (54.6%) 1711 (9.1%)
Acquired
ADAMTS13 TMA 35 26/34 (76.5%) 9/34 (26.5%) 25/32 (78.1%) 1/20 (5.0%)
0-157 TMA 66 11/64 (17.2%)*+'  33/64 (51.6%) 36/64 (56.3%) 3/56 (5.4%)
#xl P < 0.001 in comparison to Other TMA 22 14/22 (63.6%) 19/22 (86.4%)***  14/20 (70.0%) 0/7
all other type of Acquired TMA N A 49 20/46 (63.0%)  18/49 (36.7%)  32/49 (65.3%)  9/49 (18.4%)
##2 P < 0.001 in comparison to Total 172 80/166 (48.2%)  T9/169 (46.7%)  107/165 (64.8%) 13/132 (9.8%)

Acquired ADAMTS13 TMA

of other TMA; the efficacy was relatively high in O-157
TMA. Anticoagulant therapy such as heparin and synthetic
protease inhibitor was carried out in about 30% of acquired
TMA, and the efficacy was higher in O-157 TMA than in
other types of TMA (P < 0.01). Platelet concentrate (PC)
transfusion was carried out in 49.0% of NM TMA, 34.8%
of 0-157 TMA, 22.7% of other TMA, and 20.0% of
ADAMTSI13 TMA,; however, the efficacy was markedly
low in ADAMTS13 TMA.

The outcome of acquired TMA is summarized in
Table 6. The complete remission (CR) rate was the highest
in O-157 TMA (P < 0.001), and the mortality rate was the
lowest in O-157 TMA (P < 0.001). The mortality rate
tended to be lower in ADAMTS13 TMA than in other
TMA (P = 0.53).

4 Discussion

This study registered 185 patients, including 13 with
familial TMA and 172 acquired TMA. In acquired TMA,
the frequency of O-157 TMA was highest, and with the
exception of O-157, ADAMTS13 TMA was 35 patients
(61.4%) in 57 patients measured ADAMTS13. No mea-
surement of ADAMTS 13 was made in 46.2% of the patients
with acquired TMA without O-157. Although ADAMTS13
TMA may be among the most frequent types of TMA, this
questionnaire survey may reflect the bias of the participat-
ing physicians. Widespread use of the ADAMTS13 assay is
required before it is possible to determine the frequency of
ADAMTS13 TMA. A fluorescence resonance energy
transfer (FRET) assay [17] for ADAMTS13 activity and an

@ Springer
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enzyme immunoassay (EIA) [18] of the ADAMTSI13
activity have recently been developed, and is very easy to
perform and not time-consuming. There was a high fre-
quency of collagen disease, administration of ticlopidine,
and the idiopathic type associated with ADAMTS13 TMA.
Auto-antibodies for ADAMTS13 may be produced in
collagen disease, administration of ticlopidine [19] or
idiopathic state. Indeed, the frequency of positive antinu-
clear antibody was higher in ADAMTS13 TMA than in
other TMA. While the detection of auto-antibodies for
ADAMTSI13 is rare in malignant diseases, post-operation,
post-transplantation, infections etc., these conditions
may cause TMA via vascular endothelial injuries and
inflammation [20].

The frequency of several symptoms of TMA such as
neurological symptoms, renal dysfunction, and fever were
different in each type of TMA, but may depend on the
sensitivity of diagnosis of TMA. In O-157 TMA, O-157
infection is initially diagnosed and then TMA is secondarily

detected. The diagnosis of O-157 TMA is easily following
the diagnosis of O-157 infection, and it is possible to
diagnose the early state without other symptoms. With the
exception of O-157 TMA, microangiopathic hemolytic
anemia (MHA) with markedly decreased ADAMTSI13
might be diagnosed as TMA, but MHA without markedly
decreased ADAMTSI13 requires a neurological symptom,
renal dysfunction or fever for the diagnosis of TMA.
Therefore, only about 25% of ADAMTS13 TMA has the
symptoms of renal dysfunction.

The platelet count was decreased in 98.9% of TMA, but
the frequency of a markedly decreased platelet count (less
than 30,000/ul) was 66.9%. Abnormal red cell counts,
hemoglobin, T-Bil, and LDH were frequently observed, but
these abnormalities were not significantly dominant.
Therefore, it is difficult to diagnose as TMA using only
these laboratory abnormalities. FDP and p-dimer levels
increased in most TMA patients, but fibrinogen was
reduced in a few, suggesting that TMA includes thrombotic
events but not marked secondary fibrinolysis. However, a
few cases of TMA were either associated with dissemi-
nated intravascular coagulation (DIC) or were considered
to have been caused by DIC.

PE is administered to treat most TMA patients without
0-157 TMA, and the efficacy of PE tended to be higher in
ADAMTS13 TMA than in other TMA, indicating that PE
is usually applied as the standard therapy in Japan. It is
clear that PE is effective by both removing the antibody to
ADAMTS13 and to replacing ADAMTS 13 in ADAMTS13
TMA [13], but it is not clear how PE affects other TMA.
PE may remove platelet aggregation factors [21] and
inflammatory cytokines [22]. Transfusion of FFP was fre-
quently performed in familial TMA and ADAMTSI13
TMA. The efficacy of FFP transfusion tends to be high in
familial ADAMTS13 TMA but not high in acquired TMA.
A Canadian Apheresis Study suggested that PE was more
useful than FFP transfusion [23]. Steroid treatment was
administered to most patients with acquired TMA without
O-157 TMA, and the efficacy of steroids tends to be higher
in ADAMTS13 TMA than in other TMA. Immunosup-
pressive therapy, including steroid therapy [24], is per-
formed to inhibit of the synthesis of autoantibody against
ADAMTS13. Anti-platelet and anti-coagulant therapies
were administered to from 30 to 60% of the patients with
acquired TMA without O-157 TMA, but these were not
effective in this study. Although PC transfusion was not
recommended in TMA, this therapy was still carried out in
acquired TMA, and the efficacy was markedly low in
ADAMTS13 TMA.

The mortality rate of TMA was the lowest in O-157
TMA and tended to be lower in patients with ADAMTS13
TMA in comparison to those with other TMA. The
mortality of TMA in Japan was 26.8% in 1988 [25],
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Table 5 Treatment of TMA
PE FFP Steroid Pulse Antiplatelet Hemodialysis Anticoagulant PC
Number 90 78 87 57 58 43 53 63
Familial
ADAMTSI3 8 Enforcement 2 (25.0%) 5 (62.5%) 2 (250%) 0(©0.0%) 2(250%) 0(0.0%) 0 (0.0%) 2 (25.0%)
T™MA Efficacy 50.0% 80.0% 50.0% 0.0% 100.0% 0.0% 0.0% 0.0%
Other TMA 1 Enforcement 0 (0.0%) 0 (0.0%) 0(0.0%) 00.0%) 1(100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%)
Efficacy 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 100.00%
NM TMA 4 Enforcement 1 (25.0%) 2 (50.0%) 1(25.0%) 1 (25.0%) 0 (0.0%) 1 (25.0%) 1 (25.0%) 1 (25.0%)
Efficacy 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total 13 Enforcement 3 (23.1%) 7(53.8%) 3 (23.1%) 1(7.7%) 3(23.1%) 1(7.7%) [ (7.7%) 4 (30.8%)
Efficacy 66.7% 57.1% 33.3% 0.0% 100.0% 0.0% 0.0% 25.0%
Acquired
ADAMTSI3 35 Enforcement 33 (94.3%) 23 (65.7%) 30(85.7%) 23 (65.7%) 20 (57.1%) 1 (2.9%) 7 (20.0%) 7 (20.0%)
T™MA Efficacy 455%F  21.7% 23.3% 13.0% 20.00% 100.0% 0.0% 0.00%
0-157 TMA 66 Enforcement 5 (7.6%) 12 (182%) 3 (45%) 2 (3.0%) 2((3.0%) 25(37.9%) 23 (34.8%) 23 (34.8%)
Efficacy 60.0% 41.7% 33.3% 50.0% 50.0% 48.0% 47.8%** 43.4%
Other TMA 22 Enforcement 17 (77.3%) 7 (31.8%) 16(72.7%) 15 (68.2%) 13 (59.1%) 7 (31.8%) 7 (31.8%) 5 (22.7%)
Efficacy 17.7% 0.0% 12.5% 13.3% 7.7% 0.0% 0.0% 20.0%
NM TMA 49 Enforcement 32 (65.3%) 29 (59.2%) 35 (711.4%) 16 (32.7%) 20 (40.8%) 9 (18.4%) 15 (30.6%) 24 (49.0%)
Efficacy 46.9% 34.5% 34.6% 37.5% 20.0% 66.7% 20.0% 16.7%
Total 172 Enforcement 87 (50.6%) 71 (41.3%) 84 (48.8%) 56 (32.6%) 55 (32.0%) 42 24.4%) 52 (30.2%) 59 (34.3%)
Efficacy 41.4% 28.2% 26.2% 21.4% 18.2% 452% 26.9% 25.4%
PE plasma exchange; FFP fresh frozen plasma; PC platelet concentrate
+ P = 0.052 in comparison to acquired other TMA
*% P < (.01 in comparison to all other types of Acquired TMA
Table 6 Outcome CR Without remission Mortality
Number® 98 8 28
Familial
ADAMTS13 TMA 4 0 4 0
Other TMA 1 0
NM TMA 2 1 (50.0%) 1 (50.0%) 0
Acquired
#% p < 0,001 in comparison to ADAMTS13 TMA 19 13 (68.4%) 2 (10.5%) 4 (21.1%)
all other types of Acquired 0-157 TMA 55 53 (96.4%)** 0 2 (3.6%)**
™A Other TMA 6 4 (66.7%) 0 2 (33.3%)
* Number of patients where the NM TMA 47 26 (55.3%) 1 (2.1%) 20 (42.6%)
outcome was reported
26.0% in 1999 [26], and 22.0% in 20035, thus suggesting  References

that the mortality of TMA is improving. An early
diagnosis of TMA due to the development of an
ADAMTS13 assay and the spread of PE treatment have
all contributed to the improvement in the mortality of
TMA patients.
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