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Abstract

Background: Thrombotic thrombocytopenic purpura (TTP) is frequently associated with renal abnormalities, but
there have been few reports about renal abnormalities in patients with hereditary TTP. In particular, little is known
about the long-term prognosis of patients with childhood-onset congenital TTP.

Case presentation: We report a Japanese patient with congenital TTP (Upshaw-Schulman syndrome) who was
followed for 19 years after initiation of hemodialysis when he was 22 years old. At the age of 6 years, the first
episode of purpura, thrombocytopenia, and proteinuria occurred without any precipitating cause. He underwent
living-related donor kidney transplantation from his mother, but the graft failed after 5 months due to recurrence of
TTP. Even after resection of the transplanted kidney and resumption of regular hemodialysis, TTP became refractory
to infusion of fresh frozen plasma (FFP). Therefore, splenectomy was performed and his disease remained in
remission for 10 years. However, TTP recurred at the age of 39 years. Plasma activity of ADAMTS13 (a disintegrin
and metalloprotease with thrombospondin type | domain 13) was less than 3%, while ADAMTS13 inhibitor was not
detected (< 0.5 Bethesda units/mL). The patient died suddenly after hemodialysis at the age of 41 years.
Subsequent genetic analysis of this patient and his parents revealed two different heterozygous mutations of
ADAMTS13, including a missense mutation in exon 26 (c.3650T>C causing p.l1217T) inherited from his father and a
missense mutation in exon 21 (c.2723G>A causing p.C908Y) inherited from his mother. The former mutation has
not been detected before in Japan, while the latter mutation is common in Japan. A retrospective review showed
that serum C3 levels were consistently low while C4 levels were normal during follow-up, and C3 decreased much
further during each episode of TTP.

Conclusion: Congenital TTP was diagnosed from the clinical, biochemical, and genetic findings. Infusion of FFP
controlled each thrombotic episode, but the effect was limited and of short duration. Review of the complement
profile in this patient suggested that a persistently low serum C3 level might be associated with refractory TTP and
a worse renal prognosis.
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Background

Thrombotic thrombocytopenic purpura (TTP) is a rare
disorder characterized by thrombocytopenia and
microangiopathic hemolytic anemia. Congenital TTP
has been reported to be associated with severe deficiency
of the plasma activity of ADAMTS13 (a disintegrin and
metalloprotease with thrombospondin type I domain
13), which is reduced to <5% of normal by mutation of
the ADAMTS13 gene, and this is known as the
Upshaw—Schulman syndrome (USS) [1,2]. Deficiency of
ADAMTS13 activity can also be caused by inhibitory
antibodies targeting ADAMTS13, leading to acquired
TTP. ADAMTS13 is a metalloproteinase that specifically
cleaves multimeric von Willebrand factor (VWF) [2],
while VWF is a large glycoprotein that is essential for
platelet adhesion and aggregation under high shear
stress conditions [3]. ADAMTS13 is mainly synthesized
in the liver by stellate cells [4,5]. In addition, it is
expressed by the podocytes and endothelium of the renal
glomeruli, where podocyte-derived ADAMTS13 might
have a local protective effect in the high shear stress
glomerular microcirculation [6].

TTP is often associated with renal abnormalities and
there have been some reports about such abnormalities
in TTP patients, but few about hereditary TTP. In
particular, there is little information about the long-
term prognosis of patients with childhood-onset
congenital TTP [7]. Here, we report a Japanese man
with congenital TTP confirmed by genetic analysis,
who was followed up for 19 years after initiation of
hemodialysis.

Case presentation

A 22-year-old man was admitted to our hospital for
renal transplantation. He was the third of five children
of non-consanguineous parents. There was no history of
severe neonatal jaundice. Purpura of the lower extre-
mities, thrombocytopenia, and proteinuria occurred
without any precipitating cause at the age of 6 years, and
hemolytic uremic syndrome (HUS) was diagnosed. This
episode subsided spontaneously without treatment, but
there were repeated recurrences and his renal function
deteriorated gradually. In 1990, at the age of 22 years,
hemodialysis was started for end-stage renal disease
(ESRD) along with the occurrence of cerebral infarction.
After 4 months, living-related kidney transplantation
was performed with his mother as the donor. Immuno-
suppressive therapy included prednisolone (70 mg daily),
cyclosporine (420 mg daily), antilymphocyte globulin
(1 g daily), and azathioprine (100 mg daily). At 7 days
after surgery, he developed thrombocytopenia (23.1 to
1.8 x 10*/pL) and hemolytic anemia (Hb: 10.3 to 8.2 g/dL),
along with an increase of serum creatinine (1.1 to 2.1 mg/dL),
lactate dehydrogenase (LDH: 208 to 785 IU), and total
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bilirubin (0.4 to 2.2 mg/dL). Haptoglobulin was decreased
to 3.4 mg/dL. Serum levels of C3 and C4 were also
decreased (C3: 63.0 to 51.7 mg/dL, normal range; 83
to 177 mg/dL, C4: 34.4 to 22.9, normal range; 15 to
45 mg/dL). Activation of HUS was suspected to have
been caused by cyclosporine, so it was switched to
deoxyspergualin (200 mg daily). After methylprednisolone
pulse therapy (500 mg/day for 3 days) and infusion of
fresh frozen plasma (FFP) (800 mL x 5 days), HUS sub-

" sided temporarily. However, there was frequent relapse of

HUS, so azathioprine was changed to mizoribine and
muromonab-CD3 was administered. Plasma exchange or
infusion FFP was effective for terminating each episode of
HUS. After 50 days, cerebral hemorrhage occurred,
followed by gastrointestinal bleeding at 90 days. Then
HUS recurred with thrombocytopenia and hemolytic
anemia, which was refractory to plasma exchange or infu-
sion of FFP, and his renal function deteriorated gradually.
In May 1991, removal of the kidney graft was performed
and hemodialysis was restarted. Examination of the
resected kidney showed thrombi, endothelial cell swelling,
and numerous red blood cells in the glomeruli and small
arteries (Figure 1). After nephrectomy, jejunal bleeding
was treated by transcatheter arterial embolization of an
arteriovenous malformation in the superior mesenteric
artery territory.

Even after hemodialysis was resumed, transient
ischemic attacks and cerebral infarction occurred every
time his platelet count decreased spontaneously,
subsiding in response to infusion of FFP. However, TTP
became refractory to FFP in 1998. Because indium plate-
let scintigraphy showed high uptake in the spleen and
his platelets had a short lifespan (1.76 days), splenec-
tomy was performed in order to prevent excessive platelet
destruction. Thereafter, thrombotic episodes requiring the
infusion of FFP did not occur for 10 years until 2008.
During this remission period, the serum level of C3 was
always lower than normal and serum C4 was normal,
while the C3 level decreased much further with each
episode of TTP. When cerebral infarction with throm-
bocytopenia occurred again at the age of 39 years, plasma
ADAMTSI13 activity was less than 5% of normal, as mea-
sured by the FRETS-VWE73 assay [8], while ADAMTS13
inhibitor was negative (<0.5 Bethesda units/mL) [9]. USS
was diagnosed because he had severe deficiency of
ADAMTSI13 activity without any detectable inhibitor in
conjunction with appropriate clinical criteria. Although
the thrombotic episodes subsided following infusion of
FFP, he died suddenly after hemodialysis in 2010 at the
age of 41 years. After the patient’s death, we measured
plasma ADAMTS13 activity and inhibitor in his parents
using a chromogenic ELISA [10]. Both of them had
ADAMTS13 activity around 30% of normal and the
inhibitor was negative.
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small arteries (arrows) and a glomerulus containing numerous red
blood cells {A: Heidenhain's azan trichrome stain, B: Periodic acid
methenamine silver stain x 400). C: Endothelial cell swelling (arrows)

(Heidenhain's azan trichrome stain x 400).

Genetic analysis

After obtaining consent from his parents, genetic ana-
lysis of the patient and parents was performed with the
approval of the Ethics Committees of Nara Medical
University, the National Cerebral and Cardiovascular
Center, and Toranomon Hosipital. Genetic analysis of
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the patient was carried out at the National Cerebral and
Cardiovascular Center using DNA extracted from the
resected spleen. For his parents, analysis was performed
at the Department of Blood Transfusion Medicine of
Nara Medical University.

It was demonstrated that the patient had compound
heterozygous mutations of ADAMTS13, comprising a
missense mutation in exon 26 (¢.3650T>C causing p.
11217T) that was inherited from his father and a mis-
sense mutation in exon 21 (c.2723G>A causing p.C908Y)
inherited from his mother. A diagnosis of congenital
TTP (USS) was confirmed by these findings (Figure 2).

Discussion

It is widely recognized that TTP is associated with renal
abnormalities, with renal failure occurring secondary to
damage caused by microthrombi that develop because of
decreased plasma ADAMTS13 activity. The common
renal manifestations of TTP are proteinuria and hema-
turia. Acute renal failure (ARF) affects 11% of patients
with severe congenital TTP and often recurs with
exacerbation of this disease [7]. Although ARF requiring
dialysis was reported to be less frequent (0—9.7%) in four
series of patients with acquired TTP [11-13], the
percentage of patients with congenital TTP who need
regular dialysis is unclear. Tsai et al. [7] reported that
five out of nine patients with USS progressed to ESRD
requiring dialysis, and three of them had episodes of
ARF. Therefore, repeated episodes of ARF may be
associated with progression to ESRD.

112177 C908Y
30% 30%
112177 €908y
ND N g <3% ND ND

Figure 2 Pedigree of the index patient with genetic haplotypes
and plasma activity of ADAMTS13 (a disintegrin and
metalloprotease with thrombospondin type | domain 13).
Squares represent males and circles represent females. Plasma
ADAMTS13 activity (%) is shown under the circles and squares.
Mutations of the ADAMTS13 gene are shown as one-letter amino
acid abbreviations numbered from the initial Met codon. The arrow
indicates the index patient. The mother and father of the index
patient are both asymptomatic carriers. Abbreviations P: patient, ND:
not determined.
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Because infusion of plasma is effective for acute
exacerbation of congenital TTP, plasma exchange is the
standard treatment. In patients with relapsing and/or
refractory TTP, splenectomy can be effective. The me-
chanism is assumed to be that splenectomy decreases
autoantibody production by removing a large reservoir
of B lymphocytes [14], which is a reasonable explanation
for patients with acquired TTP and elevated levels of
ADAMTS13 inhibitor. However, Snider et al. [15] repor-
ted a patient with relapsing and refractory congenital
TTP who remained in complete clinical remission for 4
years after splenectomy. In our patient, remission of
TTP persisted for 10 years after splenectomy, but the
effect was limited. The mechanism by which splenec-
tomy improves congenital TTP is unknown, although it
is possible that a state like idiopathic thrombocytopenia
purpura (ITP) might have coexisted with TTP in our
patient because his short platelet lifespan was compatible
with ITP. Since TTP remained in remission for 10 years
- after splenectomy without the need for FFP, this case
shows that splenectomy can be a useful option for relaps-
ing/refractory congenital TTP. There has only been one
previous case report of renal transplantation for chronic
renal failure in a patient with congenital TTP, and the
graft showed early failure due to disease recurrence [16].
In our case, the graft also failed due to chronic relapsing
TTP only 5 months after transplantation. Therefore, renal
transplantation may not a feasible option for ESRD in
patients with congenital TTP.

Several mutations of the ADAMTS13 gene have been
reported in congenital TTP. It is thought that specific
ADAMTS13 mutations are more common among
certain ethnicities {17]. Fujimura et al. [17] evaluated 43
USS patients in Japan and found ADAMTS13 mutations
that were specific to Japanese individuals with congenital
TTP. The present patient had p.C908Y with maternal
inheritance, which is one of the common ADAMTS13
mutations found in Japanese patients [17]. However, the
patient also had p.I1271T (inherited from his father) and
this has not been reported before in Japanese patients,
was although it is consistent with the missense muta-
tion reported by Park et al. [18] in a Korean patient
who had congenital TTP complicating moyamoya
disease. Fujimura et al. [17] reported that two out of 43
patients with congenital TTP progressed to ESRD
requiring dialysis. One of them was homozygous for
c414 + 1G > A, while the other was heterozygous for
¢.1885delT (paternal inheritance) and p.C908Y (maternal
inheritance). However, these mutations were also detected
in some of their TTP patients without progression to
dialysis. In fact, five of the 43 patients had the p.C908Y
mutation that was detected in our case, but only one of
them progressed to dialysis during follow-up. Therefore,
as Tsai et al. [7] concluded, the relation between
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ADAMTS13 mutation and the renal prognosis remains
uncertain [17].

With regard to the occurrence of renal impairment in
this patient, it may be important to focus on the comple-
ment system. Ruiz-Torres et al. [19] studied thrombotic
microangiopathy patients with congenital ADAMTS13
deficiency and patients with ADAMTS 13 inhibitors,
and they reported that four of out of six patients (66%)
showed a moderate decrease of C3 in the acute phase,
which was indicative of complement activation and con-
sumption. They hypothesized that platelet microthrombi
caused activation of the alternative pathway in patients
with ADAMTS13 deficiency. Moreover, Noris et al. [20]
reported 2 sisters who had the same compound hetero-
zygous ADAMTS13 mutations, while one sister also had
a heterozygous mutation of the gene encoding comple-
ment factor H, a plasma factor that inhibits activation of
the alternative pathway. The second sister had severe
disease, with renal involvement requiring chronic dialy-
sis, and eventually died of a stroke. She had subnormal
serum C3 levels and normal C4 levels. In addition, one of
the four congenital TTP patients reported by Ruiz-Torres
et al. had a subnormal C3 level even in remission and her
serum creatinine level was 5.73 mg/dL, suggesting ESRD.
Considering these reports, some patients with congenital
TTP may have persistently low C3 levels that may be asso-
ciated with a worse renal prognosis. The findings in our
case seem to support this hypothesis. If a persistently de-
pressed C3 level and normal C4 level, indicating selective
activation of the alternative pathway, is one of the causes
of severe TTP, the anti-C5 monoclonal antibody eculi-
zumab may be an effective treatment for refractory TTP.
In fact, Chapin et al. [21] reported that eculizumab was
effective for refractory TTP, so use of eculizumab might
have been a good treatment option in our case.

Conclusion

We encountered a male patient with congenital TTP who
remained on hemodialysis for 19 years. His ADAMTS13
gene had two mutations, which were p.I1217T (the first
report of this mutation in Japan) and p.C908Y (common
in Japan). Infusion of FFP was effective for controlling
thrombotic episodes, but the improvement was limited
and of short duration. The profile of complement compo-
nents in this patient suggests an association of persistently
low serum C3 level with refractory TTP and a worse renal
prognosis.

Consent

Written informed consent was obtained from the patient’s
parents for the genetic analyses, as well as for publication
of this case report and any accompanying images. We
could not obtain written consent from the patient himself
because he was already dead when we wrote this paper.
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sammary

Thrombotic thrombocytopenic purpura (TTP) is a disorder caused by excessive platelet aggregation in multiple or-
gans. Unless the patients are treated with plasma exchange, this disorder leads to early death. Recent studies show that
TTP is caused by deficiency of a plasma metalloprotease ADAMTS13, which specifically cleaves von Willebrand factor
(VWF). In the absence of ADAMTSI13, unusually large VWF multimers (UL-VWFMs) released from endothelial
cells are not cleaved appropriately, and cause platelet-rich microvascular thrombosis under high shear stress. Deficien-
cy of ADAMTSI13 is caused by autoantibodies against ADAMTSI13 in patients with acquired TTP and mutations of
the ADAMTSI3 gene in congenital TTP. ADAMTSI13 antibodies may inhibit enzymatic function or clear ADAMTSI13
from circulation. Anti-ADAMTS13 antibodies are comprised predominantly of immunoglobulin class G (IgG). Epi-
tope mapping studies showed that antibodies direct towards the spacer domain of ADAMTSI13 are present in most
patients with acquired TTP. The Spacer domain contributes to the binding of ADAMTS13 to unfolded VWE. Plasma
exchange therapy for acquired TTP is effective because of removing ADAMTS13 autoantibodies and UL-VWFMs,
and supply of ADAMTSI13. In addition to plasma exchange, corticostroids are usually used for reducing the produc-
tion of anti-ADAMTS13 antibodies. Recent studies have shown benefit in using rituximab as a first line therapy of
acute acquired TTP.

Key words—thrombotic thrombocytopenic purpura; ADAMTS13; anti-ADAMTS13 autoantibody; von Willebrand
factor
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IR TR A ESEEER (TTP) &, /MR S BEEREEE s L, £5ci/MunesEmahsc
LTRIET 5. BB T 90% L EDREFIASBEHIC TS T ABIEMER TH 52, von Willebrand KT (VWF)
YT E ADAMTSI3 IEHEAER ¢4 & THIET S C EBHEIN/. ADAMTSI3 BRIET S &, MER KM
B &5 S #’Lf:?éﬁ%’?ﬁ}%EVWF < F<— (UL-VWEM) ¥ nFIcdngky, &4 050 Chng
MR IR BT E N 5. HBRM: TTP 12 ADAMTSI3 BOH&IC XV, KM TTP & ADAMTSI3 BETER
k- T, REEMET 5. i ADAMTSI3 BHOHEICIE, HBEfdid s kb d» CBEORESBET AT
EMEO D BIEFFAEND S . K5O ADAMTSI3 HOHiAkiL 1gG C, BRI AR —F ALV THS
2, O ADAMTSI3 8 VWF L ESTHBICEETHAH. HBRME TTP IZ W TMER#E, ADAMTSI3
BOHifdEL UL-VWFM Ok %, ADAMTSI3 O RELZ EOBFIC L THEHTHS. A5 FHEER
ADAMTSI3 FiFEAMEH O/ DICBEFR I NED, BEOWETIE, VYFVTHEXRYE TTP OSMEE
BICENTH A EBMEINI .
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I e M I /N I A S5 BERS  (thrombotic throm-
bocytopenic purpura : TTP) 11, BEEiE CEETH
> T EFOBBICEEICRIET HEET, &
BEOHEL 90% L EDEFAISIET 3 HmD T
BARROEBETHAHY. BETE, HRELL ML
AR OBFHERHO»IT/R Y, BIEEIT 2061
BIETL Tw52. #MEx TTP O FRIEHRE
X, AO 100 GABIZD# 4 ALHmESNTED,
FEUMITEBTH S L oEBRBEPL, &
DENLEERDSH. L, FHIC Mgz
LW ETFEPEATHIEHRINTEDY,
M MRIEAEDEHIZET & L THICEBICE S N E
R EEDNhS.

TTP OB & L TMRZROFHEII RS M
T\, JRRED AR Th - 7D TR # A
B THHDO», BRHHPFHTE LWL ES
FE\7-. von Willebrand [RF (VWF) % HREAYIC
YW 9 85 ADAMTSI3 (a disintegrin-like and
metalloprotease with thrombospondin type 1 motifs—
13) BEBEHLA LD, TTP ORERHL
PICTlE -7z, TTPICIE, £RMELBREDFLE
THHB, TOHFERETH L. LXK TTP

TTP

(e P /MR T 5R)
MERD, Bl R m, BHERE. |

5238, BYEIERMAAEEER
ADAMTS13 EHEE R
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gk SEFTE SEER

BHES  BUEGELSE)

(Upshaw-Schulman fE{&#E : USS) (X ADAMTSI3
BERFOERICEY, BX%E TIP Tk
ADAMTSI3 IZR 3 5 HOHAEDPELEINS Z &I
& > T ADAMTS13 [EMEBER T 5 Z & P@E S
Ny, KF|{Tik, BCRABEEBRETH S LB
B L 7=k TTP ORERF 2B ET 572012,
VWF 35 L UF ADAMTSI13 IZ & A TTP OFFBEMEHT
& P ADAMTSI13 FLRIC DWW TR %

. TTP &¥EREE (K1)

TTP (&, 1P, wEgEm, BES, &
Zy, BRI R OB A 5 IRV THA T
BHH, BTl S BES 3~ THI D B mEEas
THBITNETHHEDEZ DD, MIZFERDK
WM & SR N CARREREED C L RE
BELE2OLNTWAY. TTP LEJNNRE nES L
L, BItERBEFEER (hemolytic uremic syn-
drome: HUS) % %. HUS &, m/READ, &
MmEE, EAE&0 3 E)TMONTWES, C
D3BIRIT TIP O SBERICTNTEETN TV 5.
HUS O 90% 1%, 0157 7z ¥ OBEH KB E
BYITHES DT, TIP L DEFIEE TH 5.
B O 10X T THRZEDT, JERE HUS FEh
TW5HE, MEHEETF CH % HETFL/HERSS

HUS

(B REBAEERE)

| tMEES. BEOERNL, BFE

BRABEOI157
REATRTERE

K1 TTP LEGEE & ORHE

TTP (% ADAMTS13 FEMOER, HUS BRBEHMEXBERE L RENLFRELSFET 20, BRIICIZENSEEL V.
TTP, HUS I, TMA iC&EhAREFENTZEETH D, InEOMMIMRAER THS. DICHE, FxaERRECH K

NOEWT T 4 TV VRSB ENS L TRET 5.
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C3 BEDBETFICREDP S LECAPRE SN, &
HEESINTWAY., 261, HPAF<A F<A
VvV CICE A HUS I EOHFEPFMON TV BB,
HUS & TTP L O&EFIIRKIIICHETH S Z &
b, MAEZEKZ TRFRT, MmN nEEEE
(thrombotic microangiopathy : TMA) & FE|Eh 5
ZEMBBHY. TMA LD &b ELTREERNLEAFRT
HLHPB, BHEETMALETELBEG L L TERS
NTn5.

ZOMMIC TTP LEEFITNEHRE L LT, BEKE
M PNEEREFERE (disseminated intravascular co-
agulation : DIC) % 5. TTP TE» A Mmiit+
LTl MRk, DICIE LT+ 7Y v
BEWOKERHERD SN, BEROICHEEZX
3B e PEELBEP LI LESHS. DICT
(3 H MR & R & B REREE N £ AEER T
A, TTP TRHMERIHTHS. Larl,
DIC ORI & BYEIZHED DIC I, I fER A A
A VT, FEROATIIFEETENTER.

1. TTP OBEEDES LIFERITOESR

TTP L& % G AR OEFIREIIIFFICH <,
1924 FE{ = 5 — 3 — 7 OEEHf Bli Moscheowitz 12 &
> TEAICZIND. ZORERMIE, 16 ROTH
T, EROBNERTREL, &, #BE, ETEO
REME, HmEMRERER & 2R, iKERE D
AL TR 1R & v D AR OREE TIET L 7.
REEEHD TN, (O, B, BOMEIRCEMIME

A B

NTFE
(Z ko)
UL-VWFM

FI/BES 164
\

I OWTRINESAED b AIEFICEE Rl
FETHLTEPHBAL /2. ZO% L EFEOIEMRE
WERENSPB, BELEEES T { Moschowitz
kL EHEIh, BhbhTnic. 1959 £
Rubenstein 5225, FEE M % 7o A2 8 1 28
TTP EMI TR IR R /-6 L2 & 2HEL
7=. F 7=, 1977 4= Bukowski 5%, £mofy
bOICMEEZACTLEYDTH S & xmEL 7.
UEFO ML, PEOMFELZH W/ -HDTH -
7o, FOBMBTHERO EIEEORZITH Y, K
EOMPHETBRTEL LD ko7 191 FiTH
FEOT N —T 5, MR & MR O R
HERDBHE SN, TP ICBW T IIETREE LSS
—FRTH A T LB I N/, L, YRR
KRB PEDTHAHD)», &L HARTE
-7z,

1982 4R 127 A V) D Moake B2, BHEFIRME
TTP OB E MEHICBES TE VWF E4{F (un-
usually large VWF multimers : UL-VWFM) (X 2)
BEETHI L xHEL, TTP & VWF OEIE R
MHTRIN=. TDH, BREKX EEEFEXF)
DOEHEGIZ, TTP BEICED bh 5 MklE VWF
ZEMAEE LM TH D, DIC BE T
ATV )E]T o TVVEERDT T VMIRT
HDHTERBPEL. 1996 ££1Z ADAMTSIS &
BB P HEST & 1518, 1998 4R TTP B3 Tl
ADAMTSI3 IEWEEDEFH T 5 &\ D BERGHRE RN
&N, ZOMEDFT, HBRETTP ICBW

ADAMTS13(= & A YIHTARE f

|

1605 1606 2813
CK
Iy

H,N D% D3 T COOH
5075 — : \_Y__J L_Y_J \__.Y_.} T
VIIEF M/ RGPIb aF5—5 M/MEGPIb/ la
~IRY A TAUM
WA

2 VWF O & #eE
A. VWE=ILF<—f@H BEATEIEADONTVIEEICKERSFED UL-VWEM (unusually large VWF multimer) 73,

TTP BEIMETRERDONS.

B. 120971y MCI/MRR IS =7V LREAT AL HFEAETS. ADAMTSI3 i, VWF A2 F A4 V/AD Tyrl605 &

Met1606 i % # RENCHINT 3 5.
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TiL ADAMTSI13 [EM%ZHET A8 (f vkl
2—) OFEBPRIN, [gGHTHSC LHFES
79,

IV. VWF

VWF {3, MmEMEME S /MR CEESINSM
HpE N7 EHETHH. MR TELEINS
VWF (2@ AR, MO VWFIHIZ LAY
MENFMETEELEINS. VWFI, 50 505
2000 FX NV EV/OBAGRESOGFEREOE
Gk (RIF<—) LLTHMBRPCHEETS (K
20). W2 FFENVEFVDO LI DOV T2y M E
12, 17RO GPIb ® GPIIb/Illa & &4 4 HERAL
2, BEE VI ERTRas—7 Ve 58
i EBRHEFET S (K 2B). ADAMTSI3 CUIlrah
HIALI, A2 FAAVERENSEY T2y FO
FIEPRTHAS. VWF IR 2 DOBEELFE »
B, /MR EMMRERBE S 55 FHE L TO®R
El, BEVIIRTFLEAL TEELI®ELENS
BERH5.

MM &S HENE, ZTOFFEOREE
IZIHU Chk iz ), MENEHR»OSWEED
UL-VWFM I3, JEHICHWIEEE RO, 207
®, UL-VWFM B IEFICHEET 5 C LG MgE
DRA LA MG, ADAMTSI3IC LD /22D
CHkrEh A, 7o, VWF OB E LT,
FOIBHEOMEERDS. TOIEH L, WHEEO

ADAMTS13I= & AN R IE

—

TERANT, MFEORIITHAIL, mMEFLEICK
B4 5. VWE I, KEIRZ &30S BENER
fTCIERITV BTN UVIMRIRZES WD, #uh
& & BT D IRIBRAE § AL TIEF | EEIE
INT, MPRIMEEIED ST <<kb. T/,
ADAMTSI3 2 k5 VWF OVIRIS S T 0I &
BIEL TWA. KBk &EDEWT VIS T T,
VWF @ ADAMTSI13 {2 & A YIrER6L A2 F A A4V
BHFVBEFTNTHBHDOTHIFICENTTH N T,
BFIEWT VIR T TS5 TSN TA2 FAA
VHBBEETAH T LT ADAMTSI3 IT X VIS h
RFL A, ZTOXDIL, VWF OEBEL

ADAMTSI3 IZ & » THERICHIBE I N TR D,
ADAMTSI13 (L:EFICE & ¥ ¥ CHIMER %k 3
izt EZONTVWS

ADAMTSI13 iEHEFHRED TTP ORERKF
X 31Z7R3. ADAMTSI3 EMEAER T 5854, Ml
EH MR BAW S UL-VWFM 38k s h
FICMBHFICEET S, KBRS TRITVETN
TWB 7o DM/ MR IR Z TR L e\ 25, Ml 7z
ETRHETOIRTICED UL-VWFM 1R S 1,
EHEAL L CliMEIE SR SN, Thil k- T,
Bl & ORRBEROBEDRETHEEZS
ns.

ADAMTS13E {35
[EE3c =Tk 7er
FRMEEGTFEE

FEMMIRAER

m/MRED BmEEmL SR

X3 ADAMTSI13 EMZREED TTP RERE
MEREMBETHWEN/: UL-VWEM %, EF 0N TOXEBRTRIFDEETh A, RFOME TIEE T DI
FVHEBBE LS. ERESLZNE, M/MREBELR T kb7, BEATIEI ADAMTSI3 IC XD En 5.
ADAMTSI13 FAER T 5581, UL-VWFM BMEFICEFL, MNEIR /MR 2B L T, TTP 2 RET 5.
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V. ADAMTS13 Q& & VWF OFRE

ADAMTS13 i3, HFEH IO FX IV VOEX
VISZEBET, TELLTHEMBTEELES AT,
%20, AR COREIZN lug/ml HEINTE
N2, VWF EBEDOR 1/10 TH 5. VWF &R
RIVF R AL VEETHEHD (K4A), FAAV
ORI N TV, 73 /KL HIE
2, YTFNRTFE (Sig), TaXRTFEF (P),
Aru/usr7—¥ ALY M), T4 AAVT
TYUVEEF A4V (D), PEVERARV/ YV 1E
F—7 (T) OD1FEH, VAFA VU FFALV
(C), AR=Y—=F AL (8), TO2-8%H,
CUB FAA VB2 FAALA VIEBETDH
5228 ZDO>5HLS EPOWSRTIVIZEST
T, MmMEFICERET %REE ADAMTS13
IR L sV, VWF 24 SBEEE ML,
MDTCS DG NEETH A Z EhHEINTW
AW, L CRWMEHIL, FTVIEITTOD
ADAMTS13 © VWF UJBIizhZ 4 &5 & & 34
LT 525,

@44MM%BB®%%kVWF&@%%%&(Yﬁmi
UETN::]

A. ADAMTSI3 O FF AL VS

VT FVRTFE (Sig), 7aXTFF (P), Azxns/oF
T—EFE ALV M), F4AAVFTIUVER ALYV (D),
FREVRARVIOVIEF—T (T), VAFA VY vFF
AAV (C), AR—PF—F AL (8)

B. IEREEEMEITIC XA MDTCS E5)V

CFAALVIE, BEHIZCL L D2 ODELITHT BT
LRTED.

C. ADAMTSI3 & VWF D&
EETHAHVWF 24 UV VBB TRLE. & LD,
C,S D 3 DDA T ADAMTSI3 & VWF 247 5. S F
AAVOWHOMH - ADAMTSI3 B ERES L,
ADAMTSI13 OiEEZEET 5.

INHDF AL VDL, SFALVERLS LEE
RIEEDELS AT L, BRETTIP TROLN5
AV ER—DKEHG OREETALHS F AL T
BDHT EBREINSW, S F A A /B VWFE U8
WCEETHAHI EBNHBHEL. L, Axorno
TT7T—E e L TORBEROMBETAITM F ALV
THY, BES FAALAVABEHIZESET 52007
B Tho7-. T/, ADAMTSI3 28 VWF % Ikt
I AT, VWF A2 F AL VHD 1605 FB OF
Oy e 1606 EEDAF =/ Thb. LrL,
T 55EE & LT 1596-1668 D 13 BDT I J
B (VWF73) BERERLETH S EBRIN
DB, TR CNFEERVWEEZNELTHOMLE
FITH - 7. MDTCS D GBEMRMTOBER &
MDTCS OEEMEZ FAWREIC LD, VWF L&
353008 (TFVYA M) PIREINID.
D, C, S FAALVIZ, VWFBICFNFNEEL,
HALIERRE/z > TWB S DODER EIZHHL Tnb T
ERHBAL (KA4AC), EROBEMBHER SN,
ADAMTSI3 13, TO XD ICIHERICHRICEELR
L, HEECHRE - CURRRALIC B < D TR
B C VWE 28T L T\ A C & BB O IT 7 - 7=

VI. 3 ADAMTS13 B2k

L ADAMTS13 B B Hifkicid, EEFRbeg
Avevx—) LIEPRBEDFETS. A VE
v —oHid, EEAEEICE > TRETS. B
5 U D 56°C, 30 5 CIEHL, i
Mm#ED ADAMTS13 [ % LE IR HBIC, £
OFFEMELEEINL T37°C, 2RHESHE L (B
FRiEEZEET S, EFMEPOBEEREREY 50%
FEET % Fffia 1 Nt AX LKL T 52, IEhFIP
AL FLISAR YT AF V7 0y Fig X THRIEHTE
55, FEFFPLEL MBEF 2 5D ADAMTSI3 D
7T S5 ADEM, L ITHEe VWF 22D
MAEEE~D ADAMTSI3 OES#HET 572 &
DOYERIZ & » T ADAMTSI3 OFERZE TR 5
CEBFEINTNA0. BRAEROHRME TTP
T, ADAMTSI13 EHZERL) 186 FlickiF 54 Vb
UH—DBHERIT 9% TH o720, COBMR
13, EFIOZMEECHER T AEREERERICEL DK
EL BT BN, TxDEHRL T3 ADAMTSI13
EHRIEED D, REAB WD, EFICENA V
LA —BHER LT TS EEZLNS.

BRE TTP THDH LN S HEIMED KIS,
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IgGY B ThHBH. —H IgA P92 1gM B30 3% %
B, BERNEEZRIPLLTEEY. IgGOY T 7
S A TIE, BERME TTP B3 TOBER,
1gG1 52%, 18G2 509%, 1gG3 33%, 1eG4 90% & 1G4
BEBERTH- 7. WHK TTP OATiE, 1gG4
VLB 18% T, DY T 75 X L FAKFIC
DB 68% L EHR TR TH-7z. —F, B
BITIE, &fITCIgGAEHETH A4, Hiltd 65% &
BRTH- 7. 1gG4 & 1eGl OHFAAMOHER L%
FBIL TED, 1gG4 BE <, 1gGl BEWEFIZHE
FELRTWEREINTWBEMN, Fi, A XZUYT
L OFE T, BT IgA, IgGl, 1G4 R F
% TTP Tid, MMREMENC ERFESI N T
53 . LaL, InN6DIgCY 775 ADOHEER
Hi2EN P LOLDOTHY, PEFITORFTH S
BEA2DAAANTORRERL>TEY, SBEA
ANTORRNIBLETH5H EE 2 TW5B0,
ADAMTSI3 HOHUE, BIZA Ve X —DOFH
WAL, VAFA VY v F (O, AX—P— ()
FAAVPBRLTHE8ED. ZD55H, SFAAL
VBFICEET, REOHMETIEA VEE X —DR
HIRATIE, ArgS568, Phe592, Arg660, Tyr661, Tyr665
D5DODT I /) BBEETHA EBRIN
723839 ThBbDT I /BRIE, ADAMTSI3 DIk
RS CHTOERRICHEE L TRET A I &5
RENTWE., MA4CITRT LD, O
ADAMTSI13 28 VWFT3 b iEE& 3 ABEOFNL & —F
LTHEY (FETHANLL), TOWICHEIE
ET5HIETVWF IMOBOEFBAIEET S &
BFFEI N0, Klaus 5 OHEIC L i,
ADAMTSI3 {EMER - R TTP ICE O LN 5
ADAMTSI3 4 Vb U X —DFRFEIBALIL, CS HIK
wxtd % s D5 100%, CUBL, 2%&H 64%,
MDT 56%, T D 1%H 56%, T O 2-8 & H 1 28%
THolc. MIEEBINTWAHDON, CERUGHEE
(T2-8FH & CUB FAA V) T HPUETH
5. TOERERSET AHMAEEEO TTPEMIE,
M/REB L VIENT EBRINTHEH, Ko
X 512 ADAMTS13 @ VWF FIiE R (K T I/ 5D
D BT TIE - Tz, ADAMTS13 O C KuntE
BT MEAELMEEOBEEYSL, $DIEATTO
VWF OFIHICESE L TWA I EBREINTE
N3, POLSHHEFTTIP ICEEL TWADHh
BBRER .

VII. ADAMTS13 B 25D $I#

BRETTIP LB AME—TI TV ADE L s
BRI, MmEEE#TH 5Y. ADAMTSI3 1 Vb
X —IZ & CRIEMEDFR L /oK TTP T
RTWPER THHEME & LT, 1) ADAMTSI3
RO, 2) ADAMTSI3 4 Vb H —DKE,
3) UL-VWFM Ok, 4) MRFOEE 2T A +
A VOBRE, REBEZLNTVWAY. @I T
3, M/MRERIERE LT % & CHEfE TR BT
ST &b, MEBAZBROBEITFE 158 (3-36
E) &OB|ERD D). BAENTE, RERZED
BIRCHEIC 3[E, AT 12 [E%E T & METHEOEE
BHBINTHBEDOT, EEPLETHS.
ADAMTS13 IEHERAL, W13 B8\ERTLLE
b TWBH, D OERIT Z O WEE T/ Mk
KPEETLEEZONS. COBRLD, BEH
DREFIZ ADAMTSI3 4 Vb ¥ X —DEAITRE
%2 BMEEOEIFICGAE ¥, —H ADAMTSI3
AV —%BRETHEFERL L LDV
%% bh, ADAMTSI3 HEHEOKEDELEDFF
LW EBRBINI .

/o, MEEASHL L FRFC AT 0 4 FIBRARERL
KSR TELY. BOBWERAERICES
BTl nwg, BRETIP REOHAEERETH 5
T EBRBOMITED, ADAMTSI3 £ Vb VX —E
ERH O/ DIZ AT L FIREPHEEINTY
59 . BRI MBZHRESHFIC BT, BV
AFV, TVFEFYY, Yr7aARY v, B Y
BTN TELR, PEBAITORIDDOAT, KEERY
ICEREINTEL.

BT, CD20ICkd %€/ 7 a—F )iy v
VT BERE TTP HEEICB W TAERNTH S T
EBRENTNWAESA, BHIfaZRET L LD
HOWGEOEAMEHZ B E LT, BEHEESY v <
F, FREME IR A SR B R £ O B CARER A
st L CESESRE I TWA. BRETTP IZ
BOWTCHHEEEORNILG, &L < I3HEEIHFERHAT
DV Y FV T OERFINERSNE0 5 HERE X
NN, Blt, TILPIRLBERAI TR &4
TTP OFEBEE L L CUYFVYT2ERAL, B
RECHBIET IR DL EOBRELAF U A
DEEIN/O. T2, TSUALDLLENEMOMm
RTBEANIGHNC VY F<TE2BMLT, ERET
OHMPBBEICEM L - LBMEI N, T0
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koK, BRETIP IR T HUVETTOFEH
i3, FESEIC ADAMTSI3 HOPfEz A S8 59 FE
BRI REEEEZONS. I, ADAMTSI3
A VYR —IC X BHRNE TTP O%E, M
CEDA Ve EZ—HIEBRBIC ER T 5865055
% (ADAMTSI13 inhibitor boosting)3®). i,
MR & - THEB & ADAMTSI3 BEER %
g HIET, TRICRILL TA Ve EX —E%H
WEEINLZ L TRETHEEZONA. O
&, MR EHRT S &SI Ve —Tfidss
RS LAEERES DD, BOIEOEENH DD
2, UYFUTDBIEFICAGTH S LR
ncnws. LaLl, BRTIEXRERNTTIIPICH
L CUYFVTIRERERIC 2> Ttk
BEBLETCHHH, SHEMESRBRSTEINT
W5,

EHYIC

HBRM TTP 25 ADAMTSI3 HOHiEIC L 5 HD
GEEBTHAH I ERPEHLMIRD, BERITTD
NTELBEREOFABRFPHETEL XS0
7o. EHIC, ADAMTSI3 f Ve EX—ABRDH LN
BWERE TTP 2B W T UVF 7 ORhRN
ROLND EDHEDDH YD, ADAMTSI3 LISFDHE
DHLESD B8R TTP OFFARICEE S L TV 5 HTHE
HEREWEEZONS. BEDBERIETIE, BIEER
N2WKEBELIBN 2D, £FEDSLESE
HADIzDITE, RN ILICEDHZ L, VY
FU T8 EOFHDOEBEEDRRE L EDPNETH
5.
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