attack complex, MAC) & L CHEFEREIZR
EHITDH, ZO—EOMEOEEIMIZE
T > TITAEETH LD, BT
HRIZ S OFEHIEEFIZ LV SF D
nTWs, MENEMBOERRIZSY
aV )7V B RN LTHE HEF
(CFH) . JEZ > /X7 & T¥%H % membrane
cofactor protein (MCP)<e b & L RE Y
= U > (THBD) & N 7= RHARHI B R F 25
ELTWA, 260X RXITEEFTm
TT =B THAIMEIRF(CF) D=7 7
7 E—L L TEE. I RFPEEEICE
EAL L7z C3b ZopfE L CAREMRID €31
~NEBBRTHRGEMB LTS, &
b OREEIHRFICEBEFEENETL T
EMENMET 5 L. BOHITHEEDRK
B Lo REINRLSZRY, BECM
R EECEEEZZIT 5, ThREEER
HUS DHIFAEERA T =X L ThH D, E£7-.
C3 %° B [&F- (CFB) T, fAHIEE +H &
ELICE RN A U D & REHIEE I X
BN 2 FORERMED
EHEIC L2 BEMBOBEENEL S,
L7e23-C, FEER HUS OREX., fiE
SAEKF <& D CFH, MCP, CFI, THBD i&
BT OWREEREER, b LITHEER
FTH D C3 & CFB BB T OHRETLIERE
EREBEERERD, ZHETEKRTITDN
T-WFZE Gk, FEER HUS BEICIT HET
DEEBFEERPRLEZRADND,
ABFFEIE, BARANEZIIRIZIEER HUS
BRIE LI BE OREROHEHEERR
FBLOHEEE LG T OEERSIFENT 21T
v, FEERY HUS OBEAIE R EZA L NT
TAHZELEEHBNET D,

B. WFFEHIE

#= B IR S ER R S R CHEERHUS &
W SN 5 FRDBEOFRM M DY
EADNAZ TR U | fH{EFREI R+ (CFH, MCP,
CFI, THBD) ¥ X UMAREF (C3, CFB) ™
Z R Ehka— RTHEEOEBTFO
HEFRH AT 24T > T2, 6 BIEFICET 5
WRREDNE. =7 VBl 2R 1ICE
DTz, BENFRE I NTHE., FREHK
B ODNAGUEIAME 2 285A 18, F 4 6 (DDNA
BB O F ¥ % Restriction fragment
length polymorphism (RFLP) &7 & &
THER L FAESNZI AR AERF
PolyPhen2% FIVNCHSRE~ DR B HE L
7=

(wEEm~DBELE)
ARFFEILE M EREHS LU~ DNA &R
BEBROES, 250V, e
NG b BARTFRENTRFRICEE T SR
feet (FAk 16 42 12 H 28 B &EKIE) .
TERRBPFEIC BT 5 mERfe st (AL 16 &
12 A 28 H&EHKIE) |, EFHEICET
% iaHEiEs (R 1948 A 16 B2k
iE)] 28T 5, AFRIXENERZR
et —BILORREIERKZED
REREBTEBDITB VT, EEE DX
BEZITTITo 2,

C. WFoEfER

5 ROIEFER HUS BED 6 BEMHER
FOEFIFTOFEREZE 2177, KIT,
FNENDRROENEREZHAT 5,

FR L OBETHENT
CFH, MCP, CFI, THBD, C3, CFB D& /%
B % a— T HEBOEETFOEER



ST 24T o723, RRERE L Bbihvd
R EIZ R N2 R 220y o 7, CRH IZHEE
DE V621 Z5E, Y402H ZZRE, V8371 &
B B9 EEAZFE LI, Wihd—
AOIZLRLNAERTHERAERETIX
RNk EZT,

F R X OBETFHENT :

CFH, MCP, CFI, THBD, C3, CFB M % .//%
78 xk a— T 5 EEOERTF OEAER
YR 21T\, CFH IZBEE D&V V62l 2
E Y402H B &, E936D BRI Z. Fip
RI1215Q BEZFE Lz, RI215Q BEITE
Floz, RE (WER) OEEEFIAE
W CHLRIEI NN, B E LB
EENRhotz, iz, RERET, &F
& AT PCR-RFLP VA CHRERE S, AR
ZE D PolyPhen2 TOFHE|IL Probably
damaging ThHo7-, RRERKOHEIE T,
BEOERMFEEOTTEZFEO TE
WM IEMEDOTLENL CFH B FOERTH
F B SN, CFH @ R1215Q &I,
TTIcg—nr v/ ROIEER HUS BEICE
EINTREY, 4250HRINFEINT
WHDT, ZOEERZDEEDIEEE
HUS ORRELEFEREELEE L, I—n1
v ROREIZL D L REREREFOM
FFHEIEVZAZ T ry METHNS
LIEE Cdh o7 (Caprioli et al, J Am Soc
Nephrol, 2001), MCP |z S13F &£, CFB
{Z R32WZEE  THRD |2 A4T3VEEAZRIEL
e, WINDL—BEARICHORARONDE
AECTRRERTIEIRNWEEZ T,

F % 2-A DEEFHENT
CFH, MCP, CFI, THBD, C3, CFB M & /%

7B % a— N DEEOERLRFOEEE
FIFENT 24TV, C3 IZFa7e 11157T ZER % [H
E LTz, RERITEEFICMAZ, KB (X
WELEE) OBEEFIFEITCTLRES
N, BRICEFRES N -T2, F
7. AERIZ, BE L ABIC PCR-RFLP ik
THHEREI N, REED PolyPhen2 T
DFHENE Benign THolz, KEEIL C3
DFFZATIVER AL NZHDH, K
ERIZTNE TICHCROIEER HUS B
WWRWEERTWADT, ALELIEE
B HIS DRRERTHD LE X, KE
FELIAMZ CFH (T Y402H 22 £ THBD |Z A473V
TREZRELEZS., Wb —&RADIIC
bRONDIERTREEERTEIRNEE
Z 77,

F % 2-F OBETHENT -

CFH, MCP, CFI, THBD, €3, CFB M™% 1%
JEEa— RT 2EBOBLEFOEER
FIFRAT 24TV, C3 I2Fs72 S562L R % [FH
ELl, RERITEFICMA, BHOE
EEFIEFT CTHLRE SN, £, AL
FE 3, B & BT PCR-RFLP 1T b FERR
ENTz, AZEED PolyPhen THOTFHEIZE
Benign Tho7z, AEELISMZ, CFH IZ
V621 22 £, Y402H 22 £, E936D AR A FE
L7, Wiy —iRARIZHRARLND
ERCRRERTIERWEE X,

F % 2-C DFEETHENT -

CFH, MCP, CFI, THBD, €3, CFB ®m# /%
7 &% a— N7 2HEBOE G F OEER
FIEAT 24T > 1=, CFHIZ V621 252, Y402H
ZEE. THBD I A473V R ZRIE L7223,
WITNL—RADICLRONAEETH



RERETEIRWEBE 2T, LizRno T,
FRZR L BEDNABRERIIRWEY
RnoTr,

D. B

EEPRAER 2> D IEER HUS &2l s iz
54 DBE ZXIEIT, 6 BsF (CFH, MCP,
CFI, THBD, C3, CB) O&¥ /X7 E%h a—
R~ 2B OB EELS 2T LTz, £0
FEER. 14 OEER HUS BEIZIEER HUS
DRRERTHD CFHRI215Q BEZFIE
L7, BUOIEER! HUS BEIZIEER HUS
DFERERTHS C3 I15TT EEEFE
L7z, 7=, BIOBEFICIEER HUS DR
REEDOFREMD & 5 C3 S562L £ % [F
7E L7z, CFHR1215Q 2R3 LT C3 11157T
ERIIFKOIEER HUS BEICEE SN
TEREFE—THoT, —JF. C3 S562L
TRIT, FEERHS OERERETH B0
EHoE, BEERL ECHERT HMNE
N5, AHFETHEE Lz 3 >OEEN
FEERHIS DIRRERLTD L, 54D
JEERIHUS BEF 3LIZERA & 72 5B
FEREFFEECERZECRD, TNE
TOBAANDIEER HUS BE DEf= T
B TOIZRHN TS, LR
ST, RAFRIOREREEL LT, &
FEAIIZ B A N DFEERL HUS BE OBInF
BT AT LB TE VR D, B
B EZFRETE CTVWRVESIIX, CFHRS &=
FDOXREY UL ik CFH B F DOEsy K&
WZEBFATH NI EORED A RENE
W DD T, MLPAEZ AVVTHEITT 5T
ETH D,

G 2A
E. g ﬁ@

BARANIEER HUS BE 54 DELETHE
FrEiTn, RRERLEbhbdIREY
AEREPIHZOBEICRE L, £,
EFNEFNOEERZREIZERHET D
PCR-RFLP V£ % fESL L 72,
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F1. FHECEBTEIIFETONEIZ L6 BET
Gene name CFH MCP CF} C3 CFB THBD
membrane j
. nplement : fement nt npl t .
Protein name Cogiim n cofactcoé é)éotem. corgig:\;m ;Orjn};p;i?rig coggg:gm thrombomoduiin
C’g‘gﬁi’;ﬁ“c 1432-32.1 132.2 425 19013.3-013.2  6p21.33 20011.21
Number of exons 23 exons 14 exens 13 exons 41 exons 18 excns 1 exon
Amino acid
residues 1.213 amino 382 amino 583 amino 1,663 amino 764 amino 575 amino
{inctuding signal acids acids acids acids acids acids
peplide)
Moleculac weight 45y 55-75kD 88 kD 185 kD 30 kD 74 %D
of protein
tranizzg?}jane soluble transmembrane soluble soluble soluble transmembrane
Function cofactor cofactor protease comp%emen} comp%emerit cofactor
componerit component
#z2. S5HRROIFEHHS BEICEESNTCIAB L ALR
Family aHUS-L aHUS-X aHUS-2A aHUS-2F aHUS-2C
CFH V62l R1215Q* Y402H V62I V62l
Y402H V62l Y402H Y402H
V8371 Y402H E936D
E936D EQ936D
MCP no mutation S13F no mutation no mutation no mutation
CFl no mutation no mutation no mutation no mutation no mutation
C3 no mutation no mutation 11157T** S562L*** no mutation
CFB no mutation R32W no mutation no mutation no mutation
THBD no mutation A473V A473V no mutation A473V

CFH, R1215Q*: identified in proband and father as hetero, not in mother and brother.
C3, 1157T**: identified in proband and father as hetero, not in mother.
C3, $562L***: identified in proband, mother, and brother as hetero, not in father.
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Atypical Hemolytic Uremic Syndrome

BAT 7 = L ¥ AFEHEE 31(1) 1 27-32, 2012

EO#-%k N F &

Yoko Yoshida, Masanori Matsumoto, Masaki Hayakawa and Yoshihiro Fujim‘ura

Department of Blood Transfusion Medicine, Nara Medical University

Summary Hemolytic uremic syndrome (HUS) is characterized by the triad of microangiopathic
hemolytic anemia, thrombocytopenia, and renal impairment. HUS is classified into two groups:
diarrheal-associated (D+HUS) and non-diarrheal [atypical (a)-HUS]. D +HUS is the common form,
accounting for 90% of cases of HUS. D+HUS is caused by the infection of Shigatoxin produced by
bacteria, such as E. coli 0157 : H7. aHUS is rare and has a poor prognosis, with mortality rates of up to
25% and 50% requiring renal transplantation. Recent studies have revealed that aHUS is a disease of
complement dysregulation with 50-60% of cases involving the complement regulatory genes, factor H
(CFH), membrane cofactor protein (MCP;CD46) and factor I (FI) and so on. However, to date
there are a few reports of aHUS in Japan. This may be caused by paucity of diagnostic strategy for
aHUS. Therefore, it is necessary to establish an appropriate diagnostic pathway focusing on the
complement system for choosing the most favorable therapeutic approach in Japan.

Key words : hemolytic uremic syndrome, complement system, complement factor H

1. 3 U & (£

A I 1k FR 35 5 O 1 B hemolytic uremic syndrome
(HUS) &, /hmEREESEMES, ©LAMURD,
BREE IBBELTLIEETHSY. HUS DK 90%
TR 24 HUS (diarrheal HUS, D+HUS) TV,
0157 : H7, O111:HS8, 0103:H2, 0121, 0145,
026 % EDEBBEREAMBEICEGT S L THE
T5.

—75 HUS @ HTH 10% DEIE % 5D, THZED
7+ \» HUS % atypical HUS (aHUS) & M 5. D+
HUS 28 BE/NRTECRO6N 2D L, aHUS
BABRORACESL ECRIEVERETROSN, L
ELIERBRECRET S, T/, FRIZFEFICER
TERIIH 25%, WEHPENZLELTLIEEDT
AREEDEEDNTVSY.

VLA aHUS ORI & U CHIRTIEBEE O 2525
B&n, 50~60% OEFTCHREFZIEILDET A
e WA AGRTFORBETFEEFREINTYS
(F D3, T2, 2009 FFICiF aHUS BEIT b v R
EVaY Y (TM) OEEFREIHRESNLRLE,
aHUS 12 BT 2 HRREMBITIEIBRICEATY S, AFT

3, WARRE PRI aHUS OFFRE - RESIZOWT
AT 5.

2. aHUS &k

21 # # %

aHUS Oz HET 5 ) 2T, MREHELE LD
S OME 2 BB 52 L IZUATH L. HIRR
BAEAORERIGICEET 2 —HOEAETHY, 30
FEED EomEROCHREESE»SERINE. £
DI LEEDOLETHIENSL L DIEEZIRTHD,
INHIZCl~COTEDLENS., EERNICEYIEA
T5 &, WRIGESEBUSIICKR A EERILEND L
THETRIEL, BEWoOREZTT).

WAROEMALIZIE, HHEE (classical pathway),
& T % (alternative pathway), V7 F VB &I
ENh5 3BY) ORENEET S, TNOORETIEZ
NENBEREE O RBBRFSEZ D, HHERTIE
FEE S LPRIC LY CLANEEILS B 2 LI
L WA DOEMAL2SERA L, R CIIMREERE
T C3AEHE LI NS Z &I & ) EEALA BT
B, T, L2FURETCTRIBELVSFID1IDOTH
BRIV —AREELVFUPMEBERERORT Y —2

HAT7 7 = Ly A28 31515 (2012) 27



®£1 HUS O

DR EH

D+HUS B

B RREE (0157 1 H7 2 &)

atypical HUS ~ #REF-HIHEF

-TEHALE T

HRETEGEFEE

i H B+ B oy
THETEETER

MCP (CD46) #inFEE
THBD BfA TR
BHETFEEFEE
CIEBIETRE

A
Z D1t

Bl Bk
PAAHA] (mitomycin C % &), F=v il
IR E
Rz A
EEE

MCP : membrane cofactor protein, THBD : thrombomodulin.

(SCHk 4 %)

 Eculizmab.

Pt |4
e [ C3b | mmmmmb [ G30BDC3D | C5 | -ﬂk—» .
Csav~RILa—t
C3a c7
“1 M x\;m/v «— gg
IERS st
r
omz R A
C3av RN A—E ™

1 FBAEZREOEHEEFHHRET
BEREBTIE C3OTBEIHEERILORMBEE LS. HRF, IEF, MCP, TM
EHEEOFEEAZHM T2 FRIC/ERL, BEFEEE{MAT S HFRICE . MCP:
membrane cofactor protein, TM : thrombomodulin, TAFI: thrombin-activatable fibri-
nolysis inhibitor (CHk4 & W T 2B THE).

CREET A2 L TRIBH AL, C2-C4 - C3 2R
FNIEEIL SN S, WTFRORRIIBW TS C3 D5
%R U CRUBASEIT L, RIS R
EkTdH 5 C5b6789 (MAC) ZAERT 5.

2.2 aHUS &fFEMH(EE_FR

1974 4ELIF%, aHUS BEIZC3DETAR OB —
5T, CADETRESNEWEDRENP R SN2,
TR T, IEBALRISIC C3 DGR E S Mo
BELIZELRY C4AODBIEDLEY. ThbnZ &
M6 aHUS 121, £EZRBEOFEERAISFENICES
LTWwaZERFHEINAY,
MAREELEZRE (K1) <&, C32MKT#
FISZE D C3a & C3h oo ENFTISH BT 5.
CIDHMRIZE > THERL7ZC3bIEBRFEFEAL,
BWTDRHEFICL YIRS T ETC3bBb (C3 2
YRNVE =) BT S, C3I IV E—EIECS

28

HAET 7 = ¥ RAS2EHRE

DR RESE, EL72Ch EELITHELTCS
a2y~ F—+ (C3bBbC3b) BT 5. C5 I~
Ny —F¥iECs % Cha &k Cob AL, AL
C5b 28 C6~C9 &AM (C5b6789) % TEEL, IR{ZHEE
BEARE LCHERICES LER - MaEmELs &
o9, ¥, FIBERTHEME{LE N C3b, C5b
WA 7Y e LTHRICE 27 4 v AR S/ER
R ERERTAERAERED, C3a, Cha ldiFiEHEIkS
EEEP ORI VR ERRBEES, TF74
ShFEUELTEL.

3. WFEEET L aHUS

HWADTEEALIZENICRA L7 E AR 7 HEE IR
L, B 2MEOER ;B ZOMEZED TS
CEDBHVED), WEREETICL o TEHEIZa Y b
=V ENTw5, HERERETEmEOEELZ R

31% 1% (2012)



FTHEECETF &, EE b2 IHT 5 HEE I a8
N5, EELEEFORENZLDICIEBEF, DA
T, TEN=VrRERDY, HIEETFIISRETRE
HAFTHsIHT, HREFH DA, SHICHMEELD
M HEF & L T membrane cofactor protein (MCP,
CD46), decay accelerating factor (DAF) 72 &3]
LNTW5,

aHUS Tl, TN OHARHREFOFTHRIIE
BEOHERHBEFOREIBELZCHRESN TV,
AR5 B F 1% regulators of complement activation
(RCA) protein &M:EH, b b Tldfik 1932 LI
gene cluster ZFHE L TwbH., ChHERFIEIHBLT
complement control protein (CCP) & I:iEh 5, #
60 D7 X VERPLBAMHEEAEOE WV F A A V&L
Fo. C3AFy 7 TORIBEEFICIEHREF, C4H
#&H, ikl t7%—1 (CR1), MCP, DAF »*&
INb. aHUS BT A TN O HAEFRERFOREL,
R S AEOBE AR A L 2 BHOMIEE %5
EREIFTLEZONS.

3.1 FIEHEFEE

3.1.1 HE¥ (Factor H)

HRERFE45 T2 150kDa DIEHEEHETH Y,

FELTHBTEESNS., 205 TIid 20 o CCP
PO EN, FTFRICENZEN 3 2O C3b #&
RAL Ee~Y VAN VEFD (B2). H
AFEECE_RBCBIAHHRFELCHE, O
IRFIC L5 C3b EO#E, @C3b~DBREFD
BAMEE, @C3ary~uy—+¥ (C3bBb) DEFEER
EREOREZFED., Cho0@ &3 NRKEHO
CCP1~4 TfrbM, ZOMEBUIHIME N X ¥ LT
na., FLHERTFEI T OTFF 7080282/ LT
MENEMIEZ EICHEEL, BRCL2KBIOHE
DL REST S Vo 2 REDFOY, HMMERE
~DFEET CERF|E D CCP19, 20 4L TiThbnb
CEHLIOEBMIIAR AL Y ERIENS.

HREF & aHUS & OBfRIE 1981 SFICH0 THE &
¥, 1998 4£(Z1x Warwicker 512X b aHUS BE (2
NHTHRFBEFONTFUBEAKEEIHESL
729 FOBSOORBEL IR - MFROFER
aHUS @ 20~30% CTH AFOBEFEEVFEET S
ZEDHLPpER DY AHUS KB B EEZETFEE
DR TERIFEEIBVW ERENS (R2). #E
SNTBEFEFEINTERIIRDONED, 20K
60% DFRFE N AL »THAH CCPL9, 20 ICHEFLTH

Heparin Heparin
C3b i
Heparin C3b C3b
N|IH2H3K4RS5R607 489 R10q11A12713K14H15816R17018R19H20| C
32X Q400K S714X Q950H D1119G 11170v
R78G Y951H V1134G E1172X
774X T956M Y1142D R11828
136X 479X C973Y W1I57R WI118L
V835L W978C C1163W WI1183R
y E850K 1168X T1184R
C630W

Q635D Tog7a ||| TVS22+1 IS:; ig?ﬁ
o7y oy | | Yoo £ SL191W
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RI215G
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P12268
A3747T
3749del24bp
3768del14bp
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#£2 aHUS OEGETFER CBERER

- SRR OUSH | WERECNT S | EBOTE GECEE | o o
RHEH RERET | e (%) SRS REEEREE) (o | ORRORES
HHEF CFH 20~30 BEE 60% 70~80% BE5%E 80~90%
CFHRI & 3 CFHRI1/3 |6 MERETEME | SEBTRE0~40% | BHEE20%
+¥ H BFPiE 70~80%
MCP MCP 10~15 MEEEEOERZ L | 20% i BREE 15~20%
I1HF CFI 4~10 ERE 30~40% 60~80% BHEE= 80~90%
BHARTF CFEB 1~2 EfEE 30% 70% 1 BIES
C3 c3 5~10 ERE 40~50% 60% BEEE 40~50%
rarvREY Y Y| THBD 5 B RE 60% 60% 1 BIFE%
CRR 45 1)

CFH : complement factor H, CFHR : complement factor H-related, MCP : membrane cofactor protein, CFI: comple-
ment factor I, CFB : complement factor B, THBD : thrombomodulin.

h (M2), ZOEBICETERTERGHREERA
BT ABEOLE, S OREREOMREETIEES
FrEZLNTWAE, ChoERTERORTHHR
FORBWGERS % 0 TEMNIPERTH Y, Ko
WEWRZBRETHAEEZONTVWS, HRFOE
SRBEFIZE DD THRVD, BAEE TI655% 34
BInHEShTwaY, F-HETFOERTFERID
BEANTHRONEZERD, aHUS OFREIZ D
BENDHCIEIBENERSESLTWELEEZ LN
TWw5,

¥/, aHUS BE D 6~10% CHRERFIZHTLHD
FAROFHELHEREINTVAEY, HRFIIHTLHE
Piikid IgC B CRIZTREEOHRMLL R L C Kin
EmAREBL, CIOHNOHAEEZHEETHI LT, W
KO BE ZERALEFI SR T, EE, HEFIIXN
T HOHAEEROEFE ICIE HRFBEE (comple-
ment factor H related, CFHR) ZHE 1~5 D&+
BENMELCEboTWAIZ EFHLPE o TE .
HEYEBR S EE T3 CFHRI & CFHR3 D&M
RBLTWA I EMFHEIN TS, Zhb CFHR
EAEOREFIEHRETF LA, 641932 EITF
L, HEFEFEFICEM L -REFRES ZHD.
20X HEFHRERET, »2 CFHR EfZ+0
RIBHR SN B aHUS FEH S DEAP (Deficiency of
CFHR plasma protein)-HUS & L CEEFER S Tw
5.

3.1.2 MCP

MCP O#EZFEE 1T aHUS BE DK 10~15% TH
EENTWAY, MCPRERZEGHEEDT, IRT
DWBETF & LCH—#ME Lo C3b % Cib 20T
A, HEFEIFRELZD C3a vy —X¥OREIRE
FEIZIZEE L., MCPEETFRFEOBRETE, H

30 HART 7 = L ¥ AZSHEE

HFEE R ECMORFORFE ISR, HBHTFESRE
W ERHIENTWS (£2). iz, MEHRFEOE
MICEDFHROEIRLE L, 90% UL EOREGF CTEBS

BN TWRY, BRHEEZOBERERLEL, ThIE

BT 7% MCPAEINTWAELDEEZLNS.

3.1.3 I1RAF

IRFOREZETFEEIZ, aHUS BED 4~10% TH
BEENTwAEY, TET IS T2 88kDa DILiEHEE
HThY, FICHBETEREINS, IRFEIHRETFR
MCP, CA#E&EARZ MR FELLT, C4b®
C3b 20T A2MEFO 7T T—ETHbH, K2
RS & DI, MR & OWBEIIHS 5 UG E
(FREIARTHS.

3.1.4 Thrombomodulin (TM)

2009 4£1Z Delvaeye 212X b, TM OEETFEE
2R aHUS IS5 LTwa Z &R EaN/z. TM i
EHEMELICEEYT 2EAT, VMg - FURE - M
FREEAEAEL TS, 513 15260 aHUS B
Z0 b THOBRBEICBWT, 6 E D THBD
(thrombomodulin) BEFERZFERALZ. TM
C3b & HEFIZHEEL, IRFEA L7 C3b DARE
L% REST 5. FEFIC, M4 thrombin-activatable
fibrinolysis inhibitor (TAFI) ZEMEL$T A2 LI X
Y, C3a, Coa ODAMEILERETHE LS (K1),
TM IZEEFERFR I S L C3b AlE(LRE L TAFI
OEMALARE L, HRe L TFEEL L mETey
BBHEEIMET L aHUS B BET A EELN TV A,

3.2 EM{LEFEE

321 BEAF, C3

aHUS TIIAEEEILEFTH S BET L C3DE
EFREICIY, BEEEMNEY L L CHlARENE
FNEEALT 2EADME SR TWEEY | BEFO
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EEILZ, aHUS O 1~2% ICROONBHRERET
H5bH. EEBRETFIXCIb ~BEIHEL, C3arx
VE—BEEEALT A ETCI ZBRENICEESE
5. F7:, CCHEDOEBETEED aHUS EFD 4~
10% TROHDLNTWE, ZOBE, BE CIIKRELE
ATA, C3b D HEFR MCP ~DOEAMFET L
C3b DIENREHT 5L INTWAE.

4. aHUS Di&E

1970 FHE¥ED 6 aHUS 123 U TSR # < M4
TE 7% EoMBBRESEA SN, FBLEERT 50% 7
L25%ICETETIELZDDD, KKELTFER

BORETH L. aHUS DWEN A F 74 Y2 L,

ADAMTSI3 EHRBE 2 G0 &N M 21TV,
aHUS & W3 g 24 R DI IMEE ST %2 4T 9 X
XLENTWBE?,
HEFOEWEEORFEEL LT, mEHEEr R
HICBRT A E CERREE R T LA TE B L
DHEND 2. KEHROMWERBEEEES T,
FrgdiEmAE (FFP) # B MEREN AR TH 5
A, T RCOEFTMAESIE 1T ) LEIE R v, I
BB R T 2 ERBICRBHEEPH VD, 08k
REEOEREL o256, TREEMOBREEL
80~90% L FRIIAETH L (K2)9. BlE & T
OFRBEBETRERTENBRVEOHELH Y, &
NEFBEICIVEE2 HRTOEETHOIA X
AR BIDEEZLND,
WHAHHTFEE O aHUS 2B 5 MEEREDOR)
RER2ITRTY, WINDRLTHETESL DT
7z, B4R aHUS, $5 12 MAEEE S 2 R4
BT L CHIEE ST B IR E 5 B+
TAHE/ 7u—FIHiR, =7 X< 7 (Eculizu-
mab) THhb. T7 YA TR EEMEEANEIOE
VIRE (PNH) OEESREE LT 2007 FICRKK T, &
FBTIX 2010 FIWZAREENTWAE, RELZ YT T
® aHUS 123t 25 AESBCROEE D 7 v — 712
IVMESNTVE, TNEZITT, KRETIEIRKHEE
ZERBBRAYT O, o 20114 9 A2 aHUS DiE
BEREE L CEAREIN:, 7 VAR TORAREE L
Tk C545Cha & Cob A fEINBDEHEL,
Chb6789 I & 2 MBERBIEHZ IR T2 L E 25
htws (F1).

5. AFICH (T B aHUS B

RFGTHA L7 aHUS BT 5 WM& L3 < CiEst
PHEDOHOTHY, RIFTIEINE TaHUS DR
BB AR AT b T Wi oo, EB, &I aHUS
BECBVWTEGETERPRE SN TR REMNITHLT
D2BITHY, b 1ENET TV AITENZERD,
b9 1 ENIEINKF TR T b iz® . FINKE
DIEFITIZIT -0y XTHESN TV IBEETFEED
1oh?, BEAANEXBRICAEESNTNS,

ZREKBIMETIE 1998 44 5 ADAMTSI3 &M
DHEEBEL T, TMA BEOBH - BEFEToTw
b, FDHBLERE TMA &£ 2 5N BEHH 86 F)
HFHEL, IB43BFOEBFICODVWTIHEREY
ADAMTSI13 & #E 4 T & % Upshaw-Schulman syn-
drome (USS) THAI L ZFEELRY, By D43
BIZDoWT, ZOBKRER, REEZ EH»5 aHUS
ThHAHIHUREPEVEEZ TS, ZO43FDEHE
2T RRICEL, BMH334, KEI0&TH- 7.
HBHFOMERET O R TIE HERTFZERBER X
RINTVRWR, FEELR &, HBENRRIEE
DNDEBINELEBELET S, C0X) RBREEF
Z, BAIIHE HUSEMOF—EBEELTHRET
FRATICERZ ST, BILT v &4 % v/ HAaREHE
FORBEMATY, ELISA 2% H/-#t H BTHHEA
7)==y 79 EDaHUS A7 ) — = v S R AT
bR, e RATHA.

6. 5 H W L

aHUS OB Wik B X OB EIEOMML D012, &
FICBIT 5 aHUS IRRERITIZEE TH 5. BEEDHT -
BEIRED TR L 2T aHUS BEDOEBITEA L%
F#ET I ENTE, BEOFRLELHMO QOL ®
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%5 aHUS OBRPHO MR AZ 2L, ik
LA ==V P REFHREE S 2 L TREMITIC
ZDOTOEZ,

X 23

1) Gasser C, Gautier E, Steck A, et al:Hemolytic-uremic
syndrome : Bilateral necrosis of the renal cortex in acute
acquired hemolytic anemia, Schweiz Med Wochenschr 85 :
905-909, 1955

2) Noris M, Remuzzi G:Atypical hemolyticuremic
syndrome. N Engl ] Med 361 : 1676-1687, 2009

3) Kavanagh D, Goodship T:Genetic and complement in

BER7 72 LI REESHE 31%1F (2012) 31



atypical HUS. Pediatr Nephrol 25 : 2431-2442, 2010
4) BAFER] : EE B MR BEE®ES. Annual Review
I 174-181, 2011
5) Stuhlinger W, Kourilsky O, Kanfer A, et al:Letter:
Haemolytic-uraemic syndrome : Evidence for intravascu-
lar C3 activation. Lancet 2:788-789, 1974
6) Noris M, Ruggenenti P, Perna A, et al : Hypocomplemente-
mia discloses genetic predisposition to hemolytic uremic
syndrome and thrombotic thrombocytopenic purpura:
Role of factor H abnormalities. Italian Registry of Familial
and Recurrent Hemolytic Uremic Syndrome/Thrombotic
Thrombocytopenic Purpura. ] Am Soc Nephrol 10:281-
293, 1999
7) Noris M, Remuzzi G:Hemolytic uremic syndrome. ] Am
Soc Nephrol 16 : 1035-1050, 2005
8) Thompson RA, Winterborn MH : Hypocomplementaemia
due to a genetic deficiency of beta 1H globulin. Clin Exp
Immunol 46 : 110-119, 1981
9) Warwicker P, Goodship TH, Donne RL, et al:Genetic
studies into inherited and sporadic hemolytic uremic
syndrome. Kidney Int 53 : 836-844, 1998
10) Richards A, Buddles MR, Donne RL, et al:Factor H
mutations in hemolytic uremic syndrome cluster in exons
18-20, a domain important for host cell recognition. Am J
Hum Genet 68 : 485-490, 2001
11) Caprioli ], Bettinaglio P, Zipfel PF, et al: The molecular
basis of familial hemolytic uremic syndrome : Mutation
analysis of factor H gene reveals a hot spot in short
consensus repeat 20. ] Am Soc Nephrol 12 :297-307, 2001
12) Perez-Caballero D, Gonzalez-Rubio C, Gallardo ME, et al:
Clustering of missense mutations in the C-terminal region
of factor H in atypical hemolytic uremic syndrome. Am J
Hum Genet 68 : 478-484, 2001
13) Neumann HP, Salzmann M, Bohnert-Iwan B, et al:
Haemolytic uraemic syndrome and mutations of the factor
H gene:A registry-based study of German speaking
countries. ] Med Genet 40 : 676-631, 2003
14) Dragon-Durey MA, Fremeaux-Bacchi V, Loirat C, et al:
Heterozygous and homozygous factor H deficiencies
associated with hemolytic uremic syndrome or membrano-
proliferative glomerulo-nephritis: Report and genetic
analysis of 16 cases. ] Am Soc Nephrol 15: 787-795, 2004
15) Caprioli J, Noris M, Brioschi S, et al : Genetics of HUS : The
impact of MCP, CFH, and IF mutations on clinical
presentation, response to treatment, and outcome. Blood
108 : 1267-1279, 2006
16) Dragon-Durey MA, Loirat C, Cloarec S, et al : Anti-factor H
autoantibodies associated with atypical hemolytic uremic
syndrome. ] Am Soc Nephrol 16 : 555-563, 2005
17) Jozsi M, Licht C, Strobel S, et al : Factor H autoantibodies
in atypical hemolytic uremic syndrome correlate with
CFHR1/CFHRS3 deficiency. Blood 111:1512-1514, 2008

18) Delvaeye M, Noris M, De Vriese A, et al : Thrombomodulin
mutations in atypical hemolytic-uremic syndrome. N Engl
J Med 361 : 345-357, 2009

19) Goicoechea de Jorge E, Harris CL, Esparza-Gordillo J, et al :
Gain-of-function mutations in complement factor B are
associated with atypical hemolytic uremic syndrome. Proc
Natl Acad Sci USA 104 : 240-245, 2007

20) Fremeaux-Bacchi V, Miller EC, Liszewski MK, et al:
Mutations in complement C3 predispose to development of
atypical hemolytic uremic syndrome. Blood 112:4948-
4952, 2008

21) Remuzzi G, Misiani R, Marchesi D, et al : Treatment of the
hemolytic uremic syndrome with plasma. Clin Nephrol 12:
279-284, 1979

22) Ariceta G, Besbas N, Johnson S, et al:Guideline for the
investigation and initial therapy of diarrhea-negative
hemolytic uremic syndrome. Pediatr Nephrol 24 : 687-696,
2009

23) Nathanson S, Fremeaux-Bacchi V, Deschenes G : Success-
ful plasma therapy in hemolytic uremic syndrome with
factor H deficiency. Pediatr Nephrol 16 : 554-556, 2001

24) Davin JC, Olie KH, Verlaak R, et al : Complement factor H-
associated atypical hemolytic uremic syndrome in mono-
zygotic twins: Concordant presentation, discordant re-
sponse to treatment. Am J Kidney Dis 47 : e27-30, 2006

25) Nathansos S, Ulinski T, Fremeaux-Bacchi V, et al:
Secondary failure of plasma therapy in factor H deficiency.
Pediatr Nephrol 21 : 17691771, 2006

26) De S, Waters AM, Segal AO, et al:Severe atypical HUS
caused by CFH S1191L-case presentation and review of
treatment options. Pediatr Nephrol 25: 97-104, 2010

27) Dragon-Durey MA, Sethi SK, Bagga A, et al:Clinical
features of anti-factor H auto antibody-associated hemo-
lytic uremic syndrome. ] Am Soc Nephrol 21 : 2180-2187,
2010 :

28) REFFHHER, OEEE, FEREEETF, b MEHEHEF fac
tor H OEIETFEE % 0 e 8 175 1 JR B A FE B 5E D
16, BARKSE115(1) © 107-112, 2011

29) Caprioli J, Castelletti F, Bucchioni S, et al: Complement
factor H mutations and gene polymorphisms in haemolytic
uraemic syndrome: The C-257T, the A2089G and the
G2881T polymorphisms are strongly associated with the
disease. Hum Mol Genet 24 : 3385-3395, 2003

30) Fujimura Y, Matsumoto N, Isonishi A, et al:Natural
history of Upshaw-Schulman syndrome based on
ADAMTSI3 gene analysis in Japan. ] Thromb Haemost 9:
283-301, 2011

31) Sanchez-Corral P, Gonzalez-Rubio C, Rodriguez de Cordo-
ba S, et al:Functional analysis in serum from atypical
hemolytic uremic syndrome patients reveals impaired
protection of host cells associated with mutations in factor
H. Mol Immunol 41 : 81-84, 2004

32 AR7 7= LY AEEHME 31515 (2012)



Journal of Thrombosis and Haemostasis, 9 (Suppl. 1): 283-301

DOI: 10.1111/5.1538-7836.2011.04341.x

INVITED REVIEW

Natural history of Upshaw-Schulman syndrome based on

ADAMTS13 gene analysis in Japan

Y. FUJIIMURA,* M. MATSUMOTO,* A. ISONISHI,* H. YAGI,* K. KOKAME, T K. SOEJIMA,I

M. MURATAS and T. MIYATAY

*Department of Blood Transfusion Medicine, Nara Medical University, Nara; tDepartment of Molecular Pathogenesis, National Cerebral and
Cardiovascular Center, Suita, Osaka; 1The First Research Department, The Chemo-Sero-Therapeutic Research Institute, Kumamoto; and
§Department of Laboratory Medicine, Keio University School of Medicine, Tokyo, Japan

To cite this article: Fujimura Y, Matsumoto M, Isonishi A, Yagi H, Kokame K, Soejima K, Murata M, Miyata T. Natural history of Upshaw-Schulman
syndrome based on ADAMTS13 gene analysis in Japan. J Thromb Haemost 2011; 9 (Suppl. 1): 283-301.

Summary. Upshaw-Schulman syndrome (USS) is an extre-
mely rare hereditary deficiency of ADAMTSI3 activity, termed
congenital TTP. The clinical signs are usually mild during
childhood, often with isolated thrombocytopenia. But their
symptoms become more evident when patients have infections
or get pregnant. We identified 43 USS-patients in Japan, who
ranged in age from early childhood to 79 years of age.
Analysing the natural history of these USS patients based on
ADAMTSI3 gene mutations may help characterise their clinical
phenotypes. Severe neonatal jaundice that requires exchange
blood transfusion, a hallmark of USS, was found in 18 of 43
patients (42%). During childhood, 25 of 43 patients were
correctly diagnosed with USS without gender disparity. These
25 patients were categorised as having ‘the early-onset pheno-
type’. Between 15 and 45 years of age, 15 were correctly
diagnosed, and, interestingly, they were all female. The
remaining three patients were male and were diagnosed when
they were older than 45 years of age, suggesting that they were
‘the late-onset phenotype’. Two of these three males developed
sudden overt TTP when they were 55 and 63 years old,
respectively. These two men had two different homozygous
ADAMTSI3 gene mutations, p.RI193W/p.R193W and
p.C1024R /p.C1024R, respectively. Both of which were not
discovered in the US or Western countries. [n vitro expression
studies showed that these two proteins were consistently
secreted into the culture medium but to a lesser extent and
with reduced activity compared to the wild-type protein. Our
results indicate that ‘the late-onset phenotype’ of USS is formed
with ethnic specificity.
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Introduction

Upshaw-Schulman syndrome (USS) is an hereditary deficiency
in the activity of von Willebrand factor-cleaving protease
(VWF-CP) [1], termed ADAMTSI3 (a disintegrin-like and
metalloprotease with thrombospondin type 1 motifs 13) [2-4].
In the absence of ADAMTS13, unusually large VWF multimers
(UL-VWFMs) released from vascular endothelial cells are not
cleaved appropriately, which induces platelet hyperagglutina-
tion under high shear stress [5]. Thus, USS s alternatively called
congenital thrombotic thrombocytopenic purpura (TTP). On
the other hand, approximately half of congenital atypical
haemolytic uremic syndrome (aHUS) cases are caused by
genetic mutations in complement regulatory factors, such as
factor H, I, and B, and membrane cofactor protein, or
thrombomodulin [6]. However, the majority of both TTP and
HUS occur in the acquired form, and it has been said that TTP
and HUS patients predominantly exhibit neurotropic and
nephrotropic signs, respectively. Further, it is often difficult to
discriminate between these two diseases in clinical practice [7-9]
because both diseases are identified based on common patho-
logical features termed thrombotic microangiopathies (TMAs),
which are characterised by organ dysfunction due to platelet
thrombi in the microvasculature, consumptive thrombocytope-
nia, and microangiopathic haemolytic anaemia (MAHA) [10].

The classic hallmarks of USS are severe neonatal jaundice
with a negative Coombs test that requires an exchange blood
transfusion and repeated childhood episodes of thrombocyto-
penia and MAHA that are reversed by infusions of fresh frozen
plasma (FFP) [11]. However, recent studies indicated that the
clinical signs of USS during childhood may be much milder
than expected, and often only an isolated thrombocytopenia
occurs, causing physicians to sometimes overlook this impor-
tant disease [12].
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Despite a lengthy history of clinical diagnoses of USS, only
10 years have passed since the disease-related enzyme, AD-
AMTSI13, was discovered [3,4,13,14]. Furthermore, USS is an
extremely rare disease, and to date, it is estimated that there
have been approximately 100 patients worldwide [15]. In this
regard, Nara Medical University has functioned as a TMA
referral centre in Japan since 1998 and collected a large dataset
of 919 patients with TMA between 1998 and 2008 [16]. In this
registry, we identified 41 USS patients in 36 different families
who ranged in age from early childhood to 79 years old.
Subsequently, until the end of March 2011, we have identified
two new USS-patients belonged to different families in Japan.
Analysing the natural history of these 43 USS-patients will
further our understanding of the clinical significance of
ADAMTSI13, which functions to regulate the size of platelet-
thrombi that form in the microvasculature under high shear
stress.

Historical backgrounds

In 1953, Dacie et al. [17] reviewed 12 patients with atypical
congenital haemolytic anaemia and identified a 6-year-old girl
who had experienced repeated episodes of severe jaundice,
thrombocytopenia, haemolytic anaemia, and schistocytes since
she was a newborn. Before first visiting Dacie, this patient had
received a splenectomy but did not improve. She died of renal
failure at 7 years of age. This patient was the third of four
children, and both the first and second children were jaundiced
at birth and died of haemorrhage at 2 years and 4 days old,
respectively. The fourth child and the parents were asymp-
tomatic. Thus, the authors concluded that these three patients
must have a hitherto unrecognised hereditable blood disease.

In the absence of any known concept of TTP, in 1960,
Schulman et al. [18] reported an 8-year-old girl who had no
coagulation abnormalities but repeated bleeding episodes due
to chronic thrombocytopenia and MAHA. These symptoms
dramatically improved with fresh plasma infusions, suggested
that the patient had a congenital deficiency in a ‘platelet-
stimulating factor’ in her plasma. In 1978, Upshaw [19]
reported the case of a 29-year-old female who had repeated
episodes of thrombocytopenia and MAHA starting in child-
hood and was successfully treated with plasma infusions. Of
note, both Schulman and Upshaw determined that plasma
infusions successfully treated their patients. Rennard and Abe
[20] reported a case that was originally identified by Upshaw
with ‘a slightly decreased level of plasma cold-insoluble
globulin (fibronectin} during the acute phase’, and proposed
a nomenclature of USS for these types of patients. However, no
correlation between the fibronectin levels and disease activity in
USS patients was reported by Koizumi et al. [21] and
Goodnough et al. [22], including Schulman’s original case.
Furthermore, after the thrombopoietin assay was established,
Miura et al. [23] reported five Japanese USS patients with a
normal plasma level of thrombopoietin. Thus, all the patho-
genic features that were initially postulated for USS have been
entirely excluded by subsequent investigations.

For this reason, the term USS was almost forgotten in 1997,
when the assay for VWF-CP (now ADAMTS13) activity was
established. Instead, the practical diagnostic term of ‘chronic
relapsing TTP (CR-TTP) has been historically used. This term
was coined by Moake et al. [24], who found that UL-VWFMs
were present in the plasma of four CR-TTP patients including
the Upshaw’s case during the remission phase, but disappeared
during the acute phase. In 1997, Furlan et al. [25] showed that
four CR-TTP patients, who were distinct from the cases of
Moake et al. [24], lacked VWF-CP activity, but did not
examine the presence of ADAMTSI3 inhibitors. However, it
was retrospectively determined that two CR-TTP patients in
both the case reports by Moake et al. [24] and Furlan ez al. [25]
had congenital TTP, while the remaining two cases in each
report had acquired TTP. Under these circumstances, we re-
visited the term USS [11], which included analysing three
Japanese patients with USS, and found that they uniformly
had a severe deficiency in VWF-CP activity (determined based
on the VWFM assay in the presence of 1.5 mol L™! urea) and
no evidence of inhibitors. The parents of these patients were
asymptomatic and had moderately decreased VWF-CP activity
(17-60% of normal), except for one carrier who had very low
VWEF-CP activity (5.6% of normal). Later, this carrier was
shown to have a unique single nucleotide polymorphism
(SNP), a p.P475S mutation in the ADAMTSI3 gene in one
allele, which is very common among Japanese people (9.6% of
normal individuals are heterozygous for the p.P475S mutation)
[26].

In 2001, Levy et al. [3] provided solid evidence that linked
congenital TTP or USS and ADAMTS13 gene mutations, and
simultaneously other research groups successfully purified this
enzyme and/or cloned the encoding cDNA [2,4,13,14].

Patients, materials and methods

USS patients

Forty-three USS patients (28 females and 15 males) belonging
to 38 different families and their family members were enrolled
in this study.

Assays for plasma ADAMTS13 activity and ADAMTS13
inhibitors

Between 1998 and 2004, our laboratory examined ADAM-
TS13 activity using a classic VWFM assay in the presence of
1.5 mol L™ urea following the method of Furlan et al. [27].
The detection limit of this assay was 3% of the normal control
[11]. In 2005, Kato et al. [28] developed a novel chromogenic
ADAMTS13-act-ELISA using a recombinant VWF substrate
(termed GST-VWF73-His). The detection limit of this assay
was 0.5% of the normal control [28]. Both assays had a high
correlation, and since then, the VWFM assay was completely
replaced with the act-ELISA. In our patients with USS, the
ADAMTSI3 activity was determined at least two different
occasions, using their plasmas obtained at more than 2 weeks
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after the last plasma infusion therapy. Further, in some
experiments with normal individuals as described below,
FRETS-VWF73 assays [29] were used.

The ADAMTS13 inhibitor titers were evaluated using the
Bethesda method, and the values < 0.5 Bethesda U
(BU)mL™ were negative, but those between 0.5 and
1.0 BU mL™" were assumed to be marginal.

Assay for IgG-type plasma ADAMTS13 binding antibody titers

Measurement of plasma anti-ADAMTSI13 IgG antibody
titers in USS-patients was performed as described by Ferrari
et al. [30] with a slight modification. Briefly, the recombinant
(r) ADAMTSI3 was directly coated to micro-titer plates, and
after blocking with Protein-Free Blocking Buffers (Pierce,
Rockford, IL, USA), the coated plates were incubated with
normal and patient plasma dilutions. The IgG-type antibody
bound to rADAMTSI3 was detected by using horseradish
peroxidase-conjugated goat anti-human IgG (AbD Serotec,
Kidlington, UK) with a TMB substrate kit (Thermo
Scientific, Rockford, IL, USA) at absorbance 450 nm at
room temperature for 15 min. The results were calculated as
a ratio of sample OD at each dilution divided by normal
plasma OD at each dilution. The IgG antibody titer of a
sample corresponds to the last dilution at which the ratio is
above the cut-off level. This assay kit was kindly provided
from Drs Barbara Plaimauer and Friedrich Scheiflinger of
Baxter BioScience. In our laboratory, 25 normal plasmas (15
males and 10 males, aged between 20 and 40 years)
consistently showed the titer of IgG-type binding antibody
with a < 25-fold dilution (shown as < 25 x in Table 1).

ADAMTS13 gene analysis

All DNA analyses of the ADAMTSI3 gene were performed as
previously described [26], with permission from the Ethics
Committees of both the sample-collecting hospitals and the
institute that performed the gene analysis. Hereafter, the
disease-causing mutations (DCMs) of ADAMTSI3 are high-
lighted in bold.

Results

ADAMTS13 SNPs among Japanese individuals

The human ADAMTSI3 gene is located on chromosome
9q34. The gene consists of 29 exons, and the translated
enzyme contains 1427 amino acid residues with a multi-
domain structure [2,4]. To date, more than 10 SNPs in
ADAMTSI3 have been identified worldwide [3,26]. Among
these, Japanese people (n = 3616) had six SNPs with the
following allele frequencies, respectively: p.T339R (exon 9)
(2.7%), p.Q448E (exon 12) (19.2%), p.P475S (exon 12)
(5.0%), pP618A (exon 16) (2.7%), p.S903L (exon 21)
(4.8%), and p.Gl18IR (exon 25). (2.2%) [31]. Both
p.T339R and p.P618A are almost completely linked in the
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general Japanese population, but this linkage may not exist
in the Caucasian population as some reports have described
individuals carrying p.P618A but not p.T339R [32,33].
Plasma and rADAMTSI13 with the Asian-specific SNP,
p.P475S [26,34,35], has markedly reduced activity compared
to the wild-type protein in both the VWFM assay in the
presence of urea (1.5 mol L™") [26] and the FRETS-VWF73
assay in the absence of urea [36], although the contribution
of this polymorphism to thrombotic diseases has not been
determined.

Recently, we have analysed the nucleotide sequences of
ADAMTSI3 in 128 individuals without a history of TTP and
identified 14 rare nonsynonymous mutations. Interestingly,
among these 14 mutations, three mutations of p.I673F (exon
17), p.Q723K (exon 18), and ¢.3220del TACC, were also found
as DCMs for USS in this study (below). Thus, the remaining 11
mutations may or may not be associated with a reduced activity
of plasma ADAMTSI13 [31].

Natural history of 43 USS-patients in Japan

Until the end of March 2011, we identified 43 USS patients in
38 different families (Family USS-A~LL) who ranged in age
from early childhood to 79 years old. Hence, we present an
up-dated natural history of these 43 USS patients together with
their family members (Tables 1 and 2).

Family USS-A

Patient

One male (USS-A4) born in 1999.

Brief clinical data

The history of USS-A4 (ADAMTSI3 genotype: p.R268P/
p.Q448E-p.C508Y) before he reached 5 years of age was
previously described [11,26,37]. He currently receives biweekly
FFP infusions (10 mL kg BW™) that are prepared from
several fixed donors to prevent allergic reactions. He contracted
the seasonal influenza A virus in 2010 and became severely ill
with a reduced platelet count but did not develop overt TTP.
He is currently in good clinical condition and has not had signs
of renal or hepatic dysfunction. Both of his parents are
asymptomatic carriers, but his father, aged 45 years old, has a
p-R268P/p.P475S genotype and very low plasma ADAMTS13
activity at 5.6% of normal by the VWFM assay in the presence
of 1.5mol L™ urea [26] and 3.6% by the chromogenic
ADAMTS13-act-ELISA in the absence of urea (unpublished
data).

Family USS-B

Patient
One female (USS-B3) born in 1986.
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Table 1 Fourty-three Japanese patients with USS registered in Nara Medical University and their ADAMTSI3 gene mutations

ADAMTSI13 ADAMTS13 gene mutations
Father’s origin Mother’s origin
- Year of Activity  Inhibitor  Titer of IgG-type binding Reference numbers
No. Patient birth Gender (%) (BU mL™") antibody (Year of examination) DCM Missence SNP DCM Missence SNP and remarks
1 A4 1999 M < 0.5 < 0.5 < 25x%(2001), < 25% (2011) p.R268P p.C508Y p.Q448E 11,26,37
2 B3 1986 F < 0.5 <05 < 25 % (2005), < 25x (2008) p.Q449X p-Q449X 11,26,38
3 C3 1972 M < 0.5 < 0.5 < 25 % (1999) c4ld+1G>A c4ld+1G>A 39,40
4 D4 1978 F < 0.5 < 0.5 25 % (2001), < 25 x (2009) p.1673F c4l4+1G>A 40,41
5 E4 1985 M < 0.5 < 0.5 < 25x (2001), < 25x (2011) p.I673F p.C908Y 40
6 F3 1993 M 0.6 < 0.5 < 25%(2002), < 25x%(2009) p.RI193W c.1244+27T>G 40
7 G3 1987 F < 0.5 < 0.5 < 25 % (2009) p.R1123C c.686+1G>A 40
8§ H3 1951 M 0.6 < 0.5 * p.A250V ¢.330+1G>A 42
9 4 1972 M < 0.5 < 0.5 < 25x(2003), < 25x(2009) p.H234Q p-R1206X 43
10 J3 1977 F < 0.5-0.8 < 0.5 < 25 x (2000) p-R312C ¢.3198delCT '
11 J4 1979 M < 0.5 < 0.5 < 25 x (2000) p.R312C ¢.3198delCT ¥
12 K3 1976 F < 0.5-0.7 < 0.5 200 x (2003), 400 x (2011) p.Y304C p-G525D p.T339R, p.Q448E, p.P618A 12
I3 K4 1978 F < 0.5 < 0.5 25 x (2003), 100 x (2011) p.Y304C p.G525D p-T339R, p.Q448E, p.P618A 12
14 L2 1967 F < 0.5 < 0.5 < 25 % (2003) p.Q1302X p.P618A p-RI125VfsX6  p.T339R, p.Q448E 12
15 L3 1972 F <05 < 0.5 < 25 x (2003) p.Q1302X p.P618A p.RI25VEsX6  p.T339R, p.Q44SE 12
16 M3 1969 F < 0.5 < 0.5 < 25x(2002) p.-R193W p-R349C 12
17 M4 1971 F < 0.5 < 0.5 < 25x(2002) p-R193W p.R349C 12
18 N6 1986 F < 0.5 < 0.5 < 25x%(1999), < 25x(2005) p.H234R p.P4758 ¢.3220delTACC 11,37
19 04 1958 F <05 <05 < 25 x (2009) pI178T p.Q929X 12
20 P3 1971 M < 0.5 < 0.5 < 25 % (2003), < 25x (2005) p.Co08Y 45 de novo mutation
(p.C322G, p.T323R,
p.F324L)
21 Q1 1983 M < 0.5-0.7 <05 25 x (2004), 25 x (2009) p.G227R p.G1181R p.Co08Y 46
22 Q2 1988 M < 0.5 <05 < 25x(2007), < 25x(2009) p.G227R p.G1181R p.Co08Y 46
23 RS 1982 F < 0.5 < 0.5 25 x (2005) p-R193W p-A6G06P p.T339R, p.Q448E, p.P618A 12
24 S3 1982 M 0.9 < 0.5 < 25 % (1998) * * ¥
25 T4 1981 F < 0.5 < 0.5 < 25 x (2009) ¢.3220delTACC ¢.3220delTACC 47
26 U3 1990 F < 0.5 < 0.5 < 25 x(2009) ¢.2259delA ¢.2259delA t
27 V3 1983 F < 0.5 < 0.5 < 25 % (2009) p.-WI1081X p-R193W i
28 W4 1990 F < 0.5 < 0.5 < 25 % (2005), < 25x (2009) p.G550R p-Q448E * p.P475S ¥
29 X5 1963 F < 0.5 < 0.5 200 x (2004) * p.G1181IR * p.P475S t
30 Y3 1960 F < 0.5 < 0.5 < 25 % (2005) p.G385E p.R1206X f
31 Z3 1971 F < 0.5 < 0.5 < 25 % (2006), < 25 % (2009) p.R193W p-R193W 12
32 AA3 1987 F < 0.5 < 0.5 200 x (2006) * * f
33 BB3 1947 M <05 < 0.5 < 25 x (20006) p-R193W p-R193W i
34 CCs 2004 M < 0.5 < 0.5 < 25 % (2007) p.Q723K p-R398C t
35 DD5 2007 F < 0.5 < 0.5 25 % (2007), < 25 x (2009) p.R268P p.Y304C ¥
36 EE4 2003 M < 0.5 < 0.5 200 x (2008), 200 x (2011) ¢.2259delA ¢.2259delA t
37 FF3 1991 F < 0.5 <05 < 25 x (2008) p.Q449X p-Q449X 43
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Brief clinical data

USS-B3 (ADAMTSI3 genotype: p.Q449X /p.Q449X) is an only
child who was born in Hokkaido to non-consanguineous
parents. Her history prior to reaching 5 years of age was
previously described [11,26,38]. Since childhood, she has
received prophylactic FFP infusions. As a consequence, she
was infected with hepatitis C and has received interferon therapy
on two different occasions. In both instances, accelerated
thrombocytopenia was observed despite the regular prophylac-
tic FFP infusions. Furthermore, during her early childhood, she
received DDAVP (1-desamino-8-p-arginine vasopressin) infu-
sion once that immediately aggravated her clinical signs,
including haematuria and thrombocytopenia. Currently, her
renal function is normal and her liver function is well preserved
(communication with Dr Mutsuko Konno). Her parents
initially stated that they had a non-consanguineous marriage.
However, a subsequent ancestral analysis revealed that two
great-grandparents of USS-B3 on the paternal and maternal
sides migrated from the same area (a small fisherman’s village)
of Iwate to Hokkaido at the end of the 19th century when
Hokkaido was an undeveloped island, and the pioneers settled
from the Japanese mainland (Honshu). This fisherman’s village
is located in the northern part of Honshu (Tohoku) facing the
Pacific ocean, an area severely damaged several times by
earthquake and tsunami — most recently in March 11, 2011. In
the old days, this small village was isolated from neighbours,
and was surrounded by mountains, suggesting that there were
many consanguineous marriages within this village.

Family USS-C

Patient
One male (USS-C3) born in 1972.
Brief clinical data

USS-C3 (4ADAMTSI3 genotype: c.414+1G>A/c.414+
1G> A) is the last of four children to consanguineous parents
(first cousins). Notably, the patient’s elder brother (third sibling)
died of melena soon after birth. The history of this patient was
previously described [39,40]. At 8 years of age, USS-C3 was
clinically diagnosed with USS. Since then, he has received
prophylactic FFP (160 mL) infusions every 2-4 weeks. How-
ever, his renal function due to chronic nephritis gradually
deteriorated, and in 1995 he required continuous ambulatory
peritoneal dialysis (CAPD). Because of repeated peritonitis
associated with CAPD, his therapy for renal insufficiency was
changed to haemodialysis (three times per week) in 1999.
However, his cardiac function decreased, and he eventually died
of chronic heart failure in 2010 at 38 years of age.

Family USS-D

Patient

One female (USS-D4) born in 1978.



