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Atypical HUS Lia H’%?ﬁﬁ‘ﬁ‘“ﬁ)ﬁ BIESWI Y AT A O L BigH
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BYEFAZIZHT 5 ADAMTSI3 EHENE, MRE ¥ HBFRANEC L 2ERRZFOUES LVEL
ERBREREL Y ¥ — fﬁh%ﬁﬁhléﬁ#@ﬁk%%%#ﬁ¢Lto*ﬁﬁ%fu%ﬁ%%lb PUWRELT

F 1 BEEFCENNTOBIP TS & o7,
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1
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B REERE %3 (Hemolytic uremic syndrome :
HUS) &, #vMuEEESMETIm, R,
BHBMELIEHRLTIERATHD, NNETIEE

7 #7390 % 7 Enterohemorrhagic Escherichia coli

0157 : H7 i3 U & T A BB B EE A S B
PEA S B IR e (< (3 5 HUS (JLEE HUS) T
Hho —H, BHDI0BITEEHERICHALL 2w
JER) HUS (atypical HUS : aHUS) Tdh, #0
MRS, BEE EGTFH BFHELBN
HUSICH UIERICEL, Z0XBU E2HER
HFREEICERHLCREL, REE 22 REHE
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1 MM HUS OHB (LA 11) L D3I
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ANV Za—-) 4 ey —
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A g i
VEGF FE#|
bR R M

OB % R L7 Warwicker 5 O #t4 Y LIk 120 B
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UHIEAE S IRED aHUS O T &R § &
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FHEHIHETFREEC XD aHUS OiaEEBiE
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b EFINERENBICON, FRFRERBEICEE
5% aHUS OEFERE, FNFH (BRRGHE),
RUTH (FFk £6TH), BHEBRERLY
RELRRAIEIWLLER-TEL (FDV,
M OHERMET-CTH 5 MCP Lohid, B
DE—H{IRE S b MEEFRICHT 2 ek, &
B2Ed (%) F& TBHETFE (BHEERES)
FTRTHRIFERZVZBVWBIRICH 5,

aHUS M #id expert opinion & LT, IM4EEHTE,
MEFZZR LV ) 2 DOHEMUCRR S NS MFEHAS

aHUS O F—BIRUCM BT b h, B 24 BH
PAQEA R ShTWSE P, 27, #IET
B b EOBRRBINICES TN EZET
57:%, EHECRMiKRE 2 EORYIEICHERT
LHUSRBEFRELZIEILDLETAHUSREL DY
EAZRINDRLPFENTE, ADAMTSIS ifitk
FRIC & B 2R et /MU AR (typi-
cal thrombotic thrombocytopenic purpura : typical
TTP) &N O OBAERMAKRT LI2ERET,
typical TTP O##AHIEE V) Il b & TIFERE
BICMATHI LR DY, HEAKILIE (fresh
frozen plasma : FFP) ICXEEROHETF, BH
F, CINVEENRTBY, ZNOoEFHRTOHES
M¥EHEOBENTH S, —F, MPERB/TIII NS
EEASANARFOMTE VI BWICHA TRER
HEHERFLECHAZRE LBARNREEEY
ZILZBMEL, SHCRFRANOERDZO
BEE 25220, —HOCIZMPERRLEZDOHE
—BROFEFE LTHRINATND, LIL, £2
CHRT L) K ZOERNEIEILTLOWBETE
B5HOTIEL V.

I Y X TI3HMAEESETF (C5) KH¥3E
J7u—F g Thh, C5Hh b Cha C5h D
MEEHEIEL, MACERLZILT S, itk i
WM EREREOERE L LTS, HAT
b 2010 FEICARRBE N HHTH S5, 20094 & Y
MKW T aHUS CH T 2 AP HE S h 19 &
KTIE 2011 FEIZaHUS ~DRFE L LTRAENT,

aHUS KBITH2HRHITR, BHBOEREDON

SLBRGOBREREREL ) 27 O S MEE

h, BUUIARTIHOUEZERFICLIVZFOHERE
FERRL2Y, MCPUANEBHAEEEBIUESR
BRI EEREEY R 7 RISV, 3k,
ERETFUEMCH BRI L ) OFBiN 2 iS55

& MPESEVFFHSNENTHL LORELD

51" —%, 2000 SE LA, ARSI O BHI%

BRORPBEKZEEOFH YL LAizs ) X<

TORMENER - ELhTwE Y, Zhoo
ZEnh, BEEIIBITS aHUS T2 EBH
DEFRSEE, BEOTFHESREFERYAZIISL
LT EEET A ETHD, Thbb, W
BED aHUS OB B4 %2 Fo%4 %, CFH, CFI
NDIER %, CFB, C3 M gain of function mutation
LREBELBRIAZAETALEILNDISEEIC
B, PUiNETs Y XAv7H&E5E21T, REICh:
Y $ CFH $ifk A ke tk o 8 ) - MCP #t{ZF 5261
LEBHBEOBRE) A 7PEVWEEIONRLEAIC
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R e ' o TRBUSHE S BMIFE BT
ERBET REEE BED) (gewy) (ko WEE K) (BHEERE %)
CFH HAF 20~ 30 60 70 ~ 80 80~ 90

CFHR1/3 HR1 BH+¥., HR3 A+ 6 70~ 80 TIEHE 30 ~ 40 20
(#i H I§T-Hifk) :

McP Membrane cofactor protein 10 ~ 15 43RO EFBEL 2 L <20 15 ~ 20
CFI 1IRF 4~10 30 ~ 40 60 ~ 70 70 ~ 80
CFB BHF 1~2 30 70 1 BDH
c3 C3 5~10 40 ~ 50 60 40 ~ 50

THBD ravEEYY Y 5 60 60 1 Bl A

13 F RSB L 7 ) A2 T DR 5134TH
BWEWI T EEFERTHY, 7, BBHZT
B FF—dEOTERBETFIFRESIA TR
W&, FF—IZCFH, CFI, CFB, C3D&EE
2RO HYEITIE, EHE EBIC KT —1C aHUS
ERIET AERESTFIET -0 EEH» > OER
BRIV,

ZD LI, aHUS BEFICH T 5 EBHERZ R
WEEHLDICE, aHUSORERREEL OIS
WAEHNEEFREZHEO &L, ERBL TS
F—F—=AA FRERTFHREHELL ZLILET
Y, BETBRITE D& aHUS WEDORHK -
T2BWM Y AT A OMERMEHIRPTIENTESR
WHIETH B,

aHUS B 3 EERGHIERFORES LU
FIICHI(F D2HIROREIL

aHUS O#ERIE, BrbmEEESmEREm, -
WD, BHERERELY LY, 0Bkl

LTIEBAEHES - BANRREE AR O A |

BMERGREEREEDHERERBAKICLD
2013 44 JE SR B8 1tk PR A FE (R T B IT A HE AR
FENLT, COBWEIES S &I aHUS DB
DREREEZBOBOENL, WMENHEFREE
W2& 5 aHUS LD BWICE B S ICHRELS
BHERFOREFLEL 55, GEEROZ 2
J==YZ7ELTIXC3 C4%iLDdET2HHA
TR, BRF, AR LD MCP RHBlELR &%
TITEFEREATVEY (B1) 2, KFics
VTR HEFRIEF 2 EOMEHEETF R mE
EHEEFCH2BEFRLEDOERIZBLALD
MR TANETH D, &HI2, IV ITRT LIS
EHHEHABETFREETHo TOHET 2 4%
HEBOUVARVBEETHALEGOMEINTS
D, MBEHOERDOATREESIICES 2y,
CDLORKBHICERIZTFRHILELELION

Twb, LaL, B0 HUS OREA & % 5 H#ifk
HARTRETE, R4DIRT L) ICEFICKE
LZBEFTHY, TRTOFEFERE TRTOE
BUCBWT—HFICEBN BN 2T L IREH
T, BTN EHGEHHEFRETFOEERLO®
EVLETH S, LIz oT, X THaHUS YW
BEOBEHAETREEOBIICBVCIE, BRE
Y ERRFHOBIIBWCHAANNTFREEDR
EFERBMORED L CELER SRR L >~
¥ —TORIEFHRITE V) ZEBTOMITY A7 4
PHEE SN, EREVERNKER M TIX
ELISA 12 & A M ADAMTSIS &tk s & 8%
DALYy —EROWE, YAy Ty bE
FHWH HEFHEOM, Sanchez-Corral &
DFERSEL Ly VRlERE Hw/-anReg
W HGEHERTFREDBREZRI2DE > L2 F
ERICX DR L ERICIEE IFRMIC, aHUS
BFMmYED ADAMTSI3 ERB L VEDL v ¥
y—wEEzHEL, ADAMTSI3 EEDERTLE
e /MM O HRER (TTP) 23R
T 5. BB TTP BB ESNABAITIZEMmER
BBIUBRNHRAFICLABMBERREZTH,
FMABRPBECHNHINFICL Y BmMAHE X
NHHECEHEFRYEZROEY, RHEHEF
REEOHBELHRT 5. HHBFHESBET
HhiL, MHEFHRECL S aHUS E 2L,
CFHRI, CFHR3 DR{ETHN%1TH. i HEFH
HEEORE I, HEFREES LT CFHO#
BEFRT 2T ). BMARFBETHL DIHMUH
HF CHMAHE SR WEEIcit, HEFUAD
EHRIMYEPICHEET S CFl, CFB, C3 7% XD i#iz
TFREZREC, ChoOBWEEEL, BB
BREDOHEICE, BEEEAMOMCPR oy RE
Ta) v YORFREZEEL MCP, THBD %
BEL TR 5,
COBEBACEBIT O RICETE, EIIEREE
Wfget >~ ¥ —I2T CFH, CFI, MCP, CFB, THBD,
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« BBEH NS BEBRE NIRRT —~EHEC-HUS DB TE
+ ADAMTS13 iEMRIE—~ER—~EML TTP OfR5

First Step [ > * C3CACFB DRE—~C3 {&ffi+C4 E¥+CFB (E¥ b L < (&)
=HEEBROERL

- BMI O MCP RRRE—E D —~MCP B&EFRIT~MCP-HUS

* 1 CFH $ifkRIE ~ B3t — i CFH $i4k HUS

C3{ET
Second Step :>}7t CFH #ifkpats

+ +

C3, CFH, CFI, MCP IE%

o # CFH # thRate

@\@% \.y
v

CFH, CFl, MCP, C3,

[CFHMETRN|  [CFHMETMIA| [C3, CFH, CFIMETHH |CFB SOBNMMETHAT

CFH :MLPA

i N CFH I BETH-»TH, THBD #8871
LT — A AR P e

E1 aHUSoO@ZEH 7Y s (X#k13) L b5IH, —8HEE)
EHEC : enterohemorrhagic Escherichia coli (B&HiintdK#EHE), HUS : hemolytic uremic
syndrome (MR FEERE), ADAMTSI3 : A disintegrin and metalloproteinase
with a thrombospondin type I motif 13, CFB : complement factor B (B HF), MCP:
membrane cofactor protein, CFH : complement factor H (H 8 ), CFI: complement
factor I (I BF), MLPA : multiple ligation dependent probe amplification, THBD :

thrombomodulin (PR Y HRET 21 V)
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e ﬁélix‘! or R - .o

BRFREBL — ‘ —
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THBD EH# EH or B4 ND ND ND- E®

CFHR1, CFHR3

(L H @FHE)  EH B or GER)  EWH or (BD) I
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& DR 2 0E LEETFERZRE L.
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LHAREHREOMFEIL2~3H, BEFHEITFICH
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DIBWATREE 2 o720 TORIC L DA aHUS 10
BIOMF A E N L A D, 9BIC BT
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RAOoND, SHREANZERTAILICIVAERAT
D aHUS IR S M2 S EMME SR 2,

ER or (BA) E%

B oW

anp

Al, SREERAKEHME, EZmERESm
Py —I2& D aHUS I BT 2 Hi ARG HEF R
BIEOBN Y AT ADPHETE, bHPEICBVTD
I1~22BEV) EFIEHETCORGETENZ D
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SUBHRTHLILHh D, RENRBEIFRAE
LTHEBIIERREHOSTCOLH ¥ FFE=F
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ETREBEICAB I LE Lo TW D, SIRERINER




B AR TH R HISE A Vol 1(1) 2013

#F4 aHUS oA & i S hlEmT

R o
a— FHAR HHF Membrane THF C3 BHEF btorHEE
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Establishment of diagnostic network of atypical hemolytic uremic syndrome

Akira Ashida, Yoko Yoshida?, Xinping Fan”, Masanori Matsumoto®, Motoshi Hattori”,
Toshiyuki Miyata®, Yoshihiro Fujimura®
Department of Pediatrics, Osaka Medical College”
Department of Blood Transfusion Medicine, Nara Medical University?
Department of Molecular Pathogenesis, Research Institute National Cerebral and Cardiovascular Center®
Department of Pediatric Nephrology, Tokyo Women's Medical University®

Hemolytic uremic syndrome (HUS) is characterized by the triad of microangiopathic hemolytic anemia, thrombocy-
topenia, and acute renal failure. Over 90% of such cases are due to Shiga toxin-producing Escherichia coli (STEC) in-
fection ‘typically’ presenting with a diarrheal prodrome. The remaining 10% of childhood HUS comprises so-called,
atypical HUS (aHUS) which is a heterogeneous disease associated with defective regulation of the alternative com-
plement pathway in over 50% of cases. In contrast to typical HUS, aHUS is associated with a poor long-term prog-
nosis, and is characterized by frequent relapses and progression to end-stage renal disease. Furthermore, the inci-
denee of aHUS recurrence after renal transplantation is high, and has been reported to depend on the underlying
complement defect. Therefore, it is necessary to diagnose aHUS as accurately and quickly as possible. For the diag-
nosis of HUS/TTP, analysis of the gene mutation site through measurement of ADAMTSI3 activity and protein as-
say including hemolytic assay and measurement of CFH autoantibodies have been performed at Nara Medical Uni-
versity, and the final diagnosis based on gene mutation analysis of CFH, CFI, C3, THBD, CFB, and MCP has been
done at the National Cerebral and Cardiovascular Center. A diagnostic network for HUS/TTP centered on these in-
stitutions has thus been established. Through this diagnostic network, the analytical procedures from measurement
of ADAMTSI3 activity to genetic mutation analysis can be completed within one month.

key words atypical hemolytic uremic syndrome, complement regulatory abnormality, Hemolytic assay, CFH au-
toantibodies
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TOYUXIYT :aHUS™

RE R

NooE XS
/1

EH

I Eusic

ST I PR BFAESE B (atypical hemolytic
uremic syndrome : aHUS) 1%, HH#H3 (Shiga
toxin : Stx) 12X % HUS & ADAMTS13 i3
WA & 2 MR NG A SR BE  (thrombotic
thrombocytopenic purpura : TTP) Bl4to ek
8/ 1 % B % (thrombotic microangiopathy :

TMA) C, f/MEREREmMER L, /R
A, BMEREE 3EMETIEMLEHKS N

BV BIEICHE T AMERSBIC DB 1B
FIRIM KIS (enterohemorrhagic Escherichia
coli ' EHEC) EEH@iElTest L, W ARIC s
At RFEE®EE (hemolytic uremic syn-
drome : HUS) 2l LAMMIFHEAEL, B
bEWVWEVDbRL TV,

20134 9 B, aHUS 2317 5 MARMERU A RE
# (thrombotic microangiopathy : TMA) Ol
Ry AEFEEAE LT FCSE/ JU—F
PETHBTs ) A7 (eculizumab) AR é
Nize AEETHE, aHUSBLUZOmFEE L
@17UX?7®ﬁﬁ%%x@bu.ﬁwS®ﬁ
BT A2 ) X T OMESITIC o TS
ERA

| aHUS &HIREREREF

LHOFRA aHUS DIHEICHE T2 %,
EHOEADBERADORE TH D L 2h?, !f“?
JHTHEEE (alternative pathway) OFHEITVED
FHEZZSNTVD, aHUS BHICBITLHEA
T (complement factor H : CFH) ZHRoBMii%
1998 4= Warwicker #%#ft# L CLAkY, CFH E
12120 U Lo IR REPHRE SN, aHUS @
50~60% S CFH ORERHETHBEEN S L I
% olze CFH LMMC Y CFH L FAR, Hifkoifi:
LT 5 RTF L LT BT (complement fac-
tor 1: CFD), hO Y #EY 21 > (thrombomodu-
lin : THBD), membrane cofactor protein
(MCP), #7z, #HitkoiHibz s sHFE L
T B (complement factor B : CFB), C3 @
RENPOPEINTES, 72 CFHIZHT 5
Bk G H BFid) 295HOER S HE S
L, =0% {2 complemet factor H-related pro-
tein (CFHR) 1/3 DRED BG5S 57, b ED
i < b RS A A T R E R S
nTH *) O ChoHikMEET, EEERTFO
ST L), SIBBoMNEEEL BEREEET
(membrane attack complex : MAC) OB 2%
B S MAE PRS2 27 L, /MRS B
M, MEATER E WA HUS 258953 5.

* Therapy with eculizumab for aHUS
key words : TV YXRY T, aHUS, £/ 7 0—FILiE
¥ KIRERIASNER Askipa Akira and Tamal Hiroshi
(7569-8686 EMETMIALET 2-7)
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% AR NUSCSUHETFEREDARERDE LTS

o ) SO MR PyE BBETE
ZROET BE (6) | o R @RS | LU ERED) | (BHEEES)
CFH 20~30 ‘ 60% 70~80% 80~90%

(MR 5 £ U 7)

CFHR1/3 6 70~80% BRI 20%
(31 CFH F5) (S RETBIFEE & ) 30~40%

MCP 10~15 | MEXBRFEOBEENESIE S L <20% 15~20%
CF! 4~10 30~40% 60~70% 70~80%
CFB 1~2 30% 70% 160
[6X) 5~10 40~50% 60% 40~50%
THBD 5 60% 60% 150H

CNFTOEMAOER - T L W ES B
HRHHRTFOMEERIC LY, 2HETFE BRIEFA
TS (FRMEERE) BRICFT LI
BEEET, BRIBESHCEHRESNS CFH
REIESR D TFHVEL, —F, BEAHOHE
HIMBET Tdh 5 MCP RHE TR ILBNT RIS
FTH s LHESATVEY,

IOYXTT

aHUS 253 % ki, BERARMEETFTH
5 MCP BEEX BT, EHEHEHSETFOR
Fe, PEHAHEETF Y CFH ko217
T LI O MARRHEREEREL, ETERA
i HEHES 5 Z & % B I AR ATHEAT X
11, controled clinical trial IZFEL WL DD,
aHUS 12344 5 first line therapy & LCHEIE 81
TE72, Lal, RICDRT I, AMFRE
WOBFUCHEL TATH, TORRIIHENT
HOWBRTELSDOTIER,

Iy YA, fiEES Co ks sy a
Y v b bES 70— F0 1gG kT, ik
BORBEMET 7Oy 7 $AHEAME LTHER
L, SEFEYAi ) i 5 3% PR AE (paroxysmal nocturnal
hemoglobinuria : PNH) o3 e L CHHH S
TWizo IgGCROPETH S Z Ehnn, Mt
70 ug/mL DWETHLET S SR
Uy 735700 3Bbug/mLLtors) X<
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(k2. 7) LO5IH, —BEE)

THELETH D EEZ bR, EXlofmdEEiig
#I123HTSH B, $7, IgG2HoHifETH
ZIEHD, BAEEELZLLEEZILATY
b 2N AR THEET B C5 _ LOPFEERE
M FHEESMICIE Coa L IR THELET S
2, BFEFINV ETIE C5 AT & C5 BIZESE (C5
convertase) D[ L ICHFHET L EHEEZ NS,
IOZERDL, LY AXTTHCE HTFICEET
%L C5 T CoOlEMBEDFERFLICIEE VA
LI ENTES, C5 DOMENTHIE SR C5-9 D
Bk I E A AR AR (functional inhibition)
REUDEHEEESNS (B)Y,

) X TIEHERS C5 e L, #ifko
BB ETay 7T 5BATHLIEN D, B
AT DR, B BB AR S 2 T
T 5, PNHIZH 32 HAZAETIF/ )T
RS O R S I 42 A/1000 B - 4E TRl
REBIEIRT 7 ) X< 75T T2 A/4T41 B
L EUEORERTHo ERESIRTY
B, b0 LEBT A Y A THEIC
BrLCid, BREHEICHT 27 7 F U BEHRLE
EENTWA, 51, FNBIZOWTIR, BL
BB IR T AMRIRE, BEASA Y7y
WREICMT AL T 7 7 F B b &
DEENLETH 5,
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CS5 convertase

(CoIRBEER)

b

C5 convertase
{CoEitEE)

L aHUSBEREETIOUXRT

complex C5b-9
(MAC)

IOY AT T O BEE
CIOYXRTHERLEVES, TVURXTIHE

Be7, COGBBRCREATHICEFEENRAE

C5a & C5b IZHMEE N, C5-9) MAC £HEHL T B,
b IV/YXTTHEEL, CENHAEMEET 3158,
CSICT T URTTHES L, C5 HEBEDEE T
DMT CE A IEFE AT, C5a, C5b ~DEIZIHE
EEh3d, (K13 X HBIH, —B%E)

o [

[ aHUSBEICBIF2 I/ U X T DB

2009 4, MEEBEHIHIIMED aHUS (S5 2%
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RAT/HREN 11 Fla & 24 BlOBERE HET LR
5 L7z Zuber 5 O#UE TS, 24 lr 21 FlA%IL
WM REETEMICED, BHERICMEL TR, &
BB A DS STz 6P 4 BASERT & 8E L.
10 WA EEE LTz T/, BiEER
BEOREN aHUSHIEL H =7 U X 7HIEEA
FTOMMESMY L vz, aHUS I3 3
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BRI E 2 ) b aHUS Bt B 17 4,
BIUNUMEBEAZZO Wb ODHELE Y
BRNO 20 &2 M HIHITE N, 62 MOBIENY
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by, Bloxzy ) X<v 7% AViBIRT A BT
RIS S L, BRI ISR E &
bR 4 IR L2z LB S hTw»a Y,
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