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ADAMTS13 Activity in Childhood Hemolytic Uremic Syndrome(HUS)

Department of Pedimtrics’, Institute for Clinic Researd, Department of Medicine®,
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Jun Ho Lee, ML.D.Y, Hae Il Cheong, M.D.Y, Sun Ju Lee, M.D.? and Hyve Won Parl, M.D.!

Purpose : HUS usually occurs in children after infection with shiga toxin—producing micro-
organism(D+HUS). In contrast, non—postdiartheal(D-) HUS occurs at any age and has a high
rate of relapse and a poor prognosis. The clinical pregentation of D-HUS iz similar to that of
thrombotic thrombocytopenic purpura(TTP). Recently severe deficiencies of ADAMTS13 were
reported not only in TTP and D- HUS but also in D+ HUS during their acute phase. The
purpose of the study is to evaluate the plasma ADAMTS1S activity in D+ and D-HUS.
Methods : Nineteen children with HUS(D+ HUS 12 and D- HUS 7) were enrolled. The
assays of plasma ADAMTS13 activity were performed during the acute stage in the D+
HUS and at various stages of relapsing courses in the D- HUS patients by multimer assay,
bazed on electrophoresis.

Results : The median plasma activity of ADAMTS13 in D+ HUS and D- HUS were
B80.9%(37.8-132.4%6) and 53.9%6(1.0-94.1%0), respectively, which were not statistically signifi-
cantly different from contrnl(86.4%, 34.2-112.3%)(F>0.05). One hoy with D- HUS had severe
deficiency of ADAMTS13(1.0%). His platelet count was normalized temporarily by fresh
frozen plasma infusion.

Conclusion : We have demonstrated that there is no significant difference of the plasma
ADAMTS13 activity between D+ HUS, - HUS and control. We detected severe deficiency
of ADAMTSI13 in one boy who presented with relapsing episodes of D- HUS, ADAMTS13
deficiency should be considered in the subgroup of D- HIJS especially with early onset and
rectitrent courses. Plasma therapy can be  beneficial in this subgroup. {J Korean Soc
Pediatr Nephrol 2006;10:109-118)
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I3t HUS)2 ¥ ]@% S8 WE, €40 gL
F, B4 ARAE EHe2 d= ez Got
U o™l Aot %L"é AAe A £ Q4]
THI, 2] o] 32 ohokst Aol 2A7H 2 4
FE Ze AFToz 4AAE AT e g
A¥H2l H(postdiarheal HUS; ©]3F D+
HOUSH 2%87 €2 8 (non-postdizrrheal HUS;
ol3f D- HUSye 2 v 5 31H1-3] ¢ ¥ D+
HUSE= A=dAd D enterohermorriagic Es-
cherichin coli}o|\ Shigelln dysenteriaes] 235t
3E F, HAitE shiga 54 X shiga-like 5
47F Ao @ & S5 @A (glycolipid)
A4S Bol 7kxl AFF W AR ZEst
o, AEF 7 AZ7E AT Aol AAHA
A EoH4] 9HR D- HUSE So|gt d7 &4
gol St Agelolyd Aol A E3tm HF
7} D+ HUSH H3iA ¥ sl
A =z 2 7S] 3
7t A AgA 14
A=E AfE g sbrdge=z @i D-
HUSS A= A7 HY9, cyclosporine, mito-
mycin C 59 24U Chickenpox, Coxsackie
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B virus, Streptococcus pneurnoniae =2
o I 9 Kawasaki disease, 441, 43 2@
o4, FF, AIDS F o8] A4 o3 LA
g oobzl I 7)dE BgEtA] goibl HUS #
7 AFE 34 vAE®E  ES(thrombotic
microangiopathies; ©3F TMA)}oIH, AL H
g 27 g A4S dehie HE F2 329
= A dE4Am g FekE(thrombotic
thromocytopenic purpura; ©)3F TTE)= HUSS

FAE BT FEez AAAR BT F
3 D- HUSS 7% D+ HUSS TTP Abold
ez AZ=EI JH5-7]. TTPe] $a ¥

BFA ADAMTSI B4 w8 diE

Rleze wAEdA fH AEe] &4 ow
4o s g@d wAdel LA Sk
TTP &7be] = HAdsez & £33
EdgBdE ¢z ok (inusually large von
Willebrand factor multimer; ©]3F UL-VWF
multimer}?} #EEH®, UL-VWF multimer=
Bowate] FEAe] A AA BAE P45
£ 74 dele] dAoh o2y VWFE 2#3t=
EAZ VWF-cleaving protease® 2EAd
ADAMTS13(a disintegrin-like and metallo-
protease with thrombospondin type 1 motif,
13)2] g4 29 E= HA9 A inhibitor)2 2}
S8t FtaAd o gA4= Aol UL-
VWE 2o deles AZrEcHg] ol#fd HA
el UL-VWFE D+ HUSE E3IH¥ HUS
FAl Az 2AHD, ADAMTSI3 4% 4
7F HUSe] #elegw 25| o4 = uH9, 10],
oo B AFdME Aok HUS  FeldA
ADAMTSI3 ﬂ/‘jEiﬂ wis A48t A &
obre] AT H £4jstgct
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1) ADAMTS13 4= AL

Ag diate] 44 015 M NaClst 10 mM
Tris-HCI(pH 74) §4& F7Fste] 200 H4&
F Phenylmethylsulionylfluoride(PMSF)} 1T mM
£ Y3tk o34 10 mM BalCl, & 23 37T
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Al 58 B HAE F FAD VWF(EHA,
Korea}Z #7beted F4Jstfoh. F492 50 mlL
tubesl 15 M Urea$t 5 mM2]
Tris-HClo| #H7Md 54 4 (pH 200 A+
3, A EATH0.025 gm, VEWP, 25mm,
Millipore}& &8Ex F48 A55 T £9
o YA AA 37TAA 2047F B2AHd T4
F ¥ ADAMTSI3 242 02 M EDTA
(pH74)E AH7igte=sH 98& FXAZEZ, 2
AL ASYF AlFl F  nitrocellulose mem-
branes]| electroblotting &t 217t VWF4| gt
A (A0082, Dako, Denmark)2 #H2A|ZeH,
peroxidase-conjugation® goat anti-rabhit IeG
2 53 F, DAB=Z &4 AZH 208 FE 640
M7bA] eatd ez sas AYd g3 A"
VWEFES #h2A1A ek 248 A8 control
2 Agtm 20d] 48 ADAMTSI32] ZA4:®
2 100%= 3t 24Ee] BEF 548 HE F
Z4Zhe] FAAA Y2 FhE H@Et] WEE(%)
2 E7EEd. AR WelAl S (coefficient of
variation, CVi}= 6.94%015lth

2) AHM2IXL ZAL

ADAMTSI3 24=71 4% o8t Fobe] B
T Ao BAE 7% EFete] 37CHAA 308
1A Fot 234171 F Felsls ADATMSIS
ﬂ"éEE SAstact. AdEe] g4=E 50%
&"‘*?’\ = oA|97te] k2 1 Bethesda unit/ml

Screw-cap

=4 =2 3% (version 2.2}
g Agdte] HES B e 2 Kruskal-Wallis
test, Wilcoxon rank sum test, Chi-square test,
Fisher's exact test® A|8atH, S9ghat ¥4
2 FAISFHEC Pghel 005 wshel A fofg
Aol 2 g
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1 el
1999 @e}l = 129S D+ HUS o|dxm, 7
e D- HUS oIgich D+ HUS ols} D- @
of Ateld] 4w, vol, sz 43, e

2], BUN, 84 Z#oled 2], B2a 3
4, "oy ﬁﬂ%oﬂ i = P -

5 og 2bo)7F 219l Table
1), 44 A = é@h D- HUS| At 33 A
date] T oFzhe] BAEE 2pelrt flAgH(P<
0.05, Table 2). AATH =20 JlZa Au oA
o 87 sge sARHe s {9 Aol @
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Table 1. Clinical and Laboratory Features in D+

and T HUS

o+ HUS o+ HUS P

n=12 n=7
Male(%) 5(4284) 1014%)  1g*
Agelyear) 3101 13 3001 11) st
Hemoglobin(g/dL)” 65045 10.2) 86(8.3 11.3) NS*
Platelet eount 255(10 320) 48(7 93) IS
(x10%1)"

BUN(mg/dL)" 505(18 122) 4205 114) SS
Cr{mg/ary’ 2.25(06 100 15004 62) NS
Ca<50mg/dL (%) 10143%)  1(20%) NS
Positive stool cultre  D(09) o) st

(%6

‘minimum value, during illness, T maximum value
during illness, " 12 of patlents tested, NS : not
sigraficant

Table 2. Clinical Progresses in D+ HUS and D

HITS
D+ HUS D HUS
n=12 n=T
MNeurologic symptoms 1(83) 2(28.6) NI
(24)
Rerurrence(%4) nIkn) 30429 <005
Family history(%6) o o Ny
Complete recovery(%) 10(83.3)  4B671) g

‘IS not significant.
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Table 3. Clinical and Laboratory Characteristics in Tt HUS

Hemo Paltelet BUN Cr C3 : :
Ea " Gend ‘[qg'? globin count mg/ <30 Neurot]ogm Recur Eja.r;u]y Outcome
ents er  OU1) Cary GaghL)” dL) dL) mg/dl, Symptums rence history
1 F 22 178 80 7% 62 Not dome Mo No No CR'
2 F 10 &3 36 114 34 Yes Mo No No CR'
3 F 53 113 o3 54 18 No Yes'  Yes No CRE'
4 F 08 101 o3 42 15 Mo Mo Yes Mo Death
o F 3 87 43 20 08 Mo Mo o No CR'
8 M 11 &6 22 3B 13 No Yes'  Yes No CRF' and
nenrclogic deficit
T FoNl T2 7 5 04 Not done HNo o No Hypertension

‘minirmum valne dunng illness,

Pmaximum value during illness,

* hypertensive encephalopahy, *right

hemiparesis and farlal palsy. Abbreviations: CR, complete recovery; CRF, chronic renal failure

g

g 10 11 12 13 14 15 16 17 18

Fig. 1, ADAMTS13 activity In D+ HUS. Lane 1 §@assay calibration with

dilutions

of normal plasma of 100% activity, 50%,

20%, 1252, 622, and 3.12%.

Lane T 18: ADAMTS13 activity determination in D+ HUS.

PouH(Table 2), D+ HUS Bob A=s| vy
ws mEYel 27 B AT A JoE 84
SR99L D- HUS folsl A4 @4 A9

13, D@ 13, AA%E £43 19, A 19

9 #HESE FLStAA D+ HUS Eoprt &
A FEe] B AE BEHTable 2, 3). D-
Fol & % W Strepitococcus pneumoniae dg

T, GelA BolEe IwE 4% 2

1) D+ HUS, D- HUS, tiZz2| ADAMTSI3
By=
1272 D+ HUS #ofels ADAMTSI3 %
Az Foghd 80.9%(37.8-1324%) ©1351(Fig.
I, 3, 4), 799 D- HUS ZollHE 4z
53.9%(1.0-941%)2 ¢ dxTe T4= £F

Ik 86.49%(342-1123%)7 EAstze=
2hol7b §121CH P>0.05, Fig. 2-4).
2) ADAMTS13 H#[2Ix} ZAl
ADAMTSI3 4=t 4% ngtez A7)

e AL ADAMTSI3 HA4a ZAE dde
b FEEA g,
3 &8t ADAMTS13 4= Ml fis &
ot 7S

D- HUS #e} & ZH=7F LO%=E A3HA
Astd Folrt HAHAG Fotz 124FE Hof
2 AF 294 Aot nllejFvdSez ¥
WEsE dhs "2o] glen o]F dEFHe &
FA4 W82 Evans syndrome® 2 AW 2w A~

H2ol=e eIz giies Agdgey do
E 537} glgich Feol= AT Zalez @
% gt&Fdnt](hemiparesis} ¢ 4= 4173 =t
Hl(facial nerve palsy}e] AAH FHZo] ¢
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2 3 4 5 3] 7

8 g 0 11 12 13

Fig. 2. ADAWTS1S activity in ' HUS. Lane 1 & assay calibration
with dilutions of normal plasma of 100% activity, S0%, 5%, 125%,
6.2%, and 3.12 %4 Lane T 13: ADAMTS13 activity determination in
It HUS. Lane 12: severe deficiency of ATAMMTS1Z in one patient

lactivity 1.0%).

1 2 3 4 &5 68 7 8 9810 11121214151617 18 19 20 21 22 23 24 25

Fig, 3. ADAMTI1S activity in healthy children. Lane 1 &:assay calibration with

dilnticns of normal plasma of 100% activity, 509,

Lane 7 25:ADAMTS1S activity determmation in healthy children

A, AdH HAZFERGAAA F=5 71HY
(basal ganglia}e] AA=3 254 (lateral ven-
tricle}e] #go] AT HIHAXGEY HS F
e S (middle cerebral artery}e] & A3A
o] 1 cHFig. 5). Feote H2 AvAd Exst
Sy, o] whAlEted TMA &4 3t
ADAMTSI3 4= AALE AlEsH] A3z 4l
AFZE3Hfresh frozen plasma) Fo] F UA]
Hez FHiAd TAZo] FEEHE AL g2E
T Atk @ope] 2 FIS9E =T FSAt0]
A, FEA, deh o] g4z A 618
%, 50.3%, 55.7% ©|A} Fig. 6).

k

A% e Fam

TMAE A48 & =
4879 A9 &3

&% dan FaT, J8x

25%, 125%, 6.29%, and 3.12%.

1%
£ 120
E ]
Tl ' , )
= s P
i
s -
% 43 ¢ X

it : = Wadinn

& , LI

viawibg Dk U - L%

ek

Fig. 4. ADAMTIZ activity among three groups.
There -were no significant differences among
three groups.

EAez 3 vAEE H4 2delth o]y

TMAZ= HUSS TTPE & ohq_ HUS
sZobl A ZF JElvgn F4%-44

(platelet-fibrin thrombile] = /\\l%—fv}@&% Al

e e o
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Fig. 5. Newoimaging of the boy who has severe ADAWTS13 activity deficiency. &)
MRI, infarction in left basal ganglialamow) and dilatation of left lateral ventricle. B :
brain arteriography, narrowing of left middle cerebral artery without collateral vessel

laTrow ).

1 2 3 4 5 B 7 8 2 10
Fig. 6. ADAMTS12 activity for ome hov who has
severe deficiency and s family. Lane 1 §° assay
calibration with dilufions of normal plasma of
100% activity, H0%6, 25%, 12.5%6, 6.2%, and 312%.
Lane 7:patient. Lane &:@his brother Lane 9:@his
mother. Lane 10 : his father.

Mstm A3 3ol de FAE) AU
d HAER U Bam 2ot ¥ 5o 3
N8 HIsts TIPS 728 + 49 A%,
T 282 233 sl owe, 35 4
s AwEx gm sl shEeol g D-
HUSS A+ TTPS 22 Wag & 48

TTP= Moschcowitz[11]4] 213f & <155
A1, HUSE Gasser T[12]9] 2l8fd &= 9]
o o] F Zgg TF 190d 7R = "ele] &
DA A Egred 19824 UL-VWFE multi-

mer7} SHF o2 HHEE= TTP #2be]
o AEAA ZBH=H FF A SHEHE Fo
HAHAT, o] H T mulimer?] £33 FH F
& Aol Helez AZLEA HIAGI3L
ADAMTSI3E o8&t VWFE £33l= cleav-
ing protese® disintegrin® metalloprotease
domain® thrombospondin type I motif 8717}
HHEE = TRE zinc metalloprotease
family o <aci14, 15](Fig. 7).

ADAMTSI3S] #3A7s 494 9de East
B 20709 exono] TEEY Sl 145 kDO ©
g2 7t FEFEHTH M E(perisinncidal
cell}ell A AAECHI6] VWEF= g3 &4 2.9
A Eaze] I 34 FAze T4
gz Fduiy Az sfelddatz A
(Weibel-Palade hody)slA 220 kD =Zz]e] &
EAb e oA "dHE @5 EHETI7,
18], AAddez VWEZF 25" 834 Jo 3
= ADAMTSI3 3l 140 kDI 176 kD] £
A2 FIE egdd =%, VWEZF FobA
A 49 2EEE BaE HE 2
71 ¥ H(shear stress}® $A Heol BHAA
(unfolding} =1L, o] Fiwe FEa F3

L
%%’t
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1 2 3 45 78 9101 1213 141516 17 1819 20 21 7e 23 24 2526 27 28 29
L T I I O I [ |
A | HIBEBE | ] | |
. b rm; Ol d cus | cuB

Fig. 7. Structure of ADAMTS13. The ADAMTS13 gene A) contains 29 exons in 37kb on chromosome

9534, dashed lines show relationship of exons to
signal peptide(3), propeptide(P),

ATIAMTELS protein. B) structural domains nclude
metalloprotease, disintegrin domainiDis),

thrombospondin 1 repeats

(numbered 1 &), cystine rich domain(Cys), spacer domain, and CUE domains.

o] F YeojutA "ot arg Sy WEH
o] ZAY EH 7 Z 292 + gls &4,
S ADAMTSI3Y eizk Siotd 4] Bow
et &3 Aol F=A 19l

Te Loo H[9]& Zeof D- HUS ZFoldA
ADAMTSI3 24T ZRHE BUddHy, Ha-
berle F[20], Allfold F{21], Barbot F[22]¢] &
ZE8 A44 TTP 182 F3A4 TTPA A2
ADAMTSI3 4= ZHEES Bustgch oefd
ZI35E ADAMTSI3 4= 293 UL-VWF
multimer?] A7} D- HUSY #WHeldz Z&
Ade] d2& A4 b 2#Y D+ HUSH
A Aelst A7 27l Base, UL-VWF
mutimer & A= Mannucei F(23] =9
EA . sFE T, Sutor F[24]4] =9 )
ge=on FfEed, VWFEY =5 A=
Rose F[26]4] st S7F Moake F[17]4 <
3 Fasdam SEd. Ed ADAMTSI3 #
AZE Hunt S10]¢] w29 Fadg side
U, Tsa F[26]2 Adelstn Bostdoh £ 4
T ZdA= D+ HUS Fel2] ADAMTSI3
Bz G4 Lotst HlwEte] s Eyhoh
a8 VWES ADAMTSI3E D4+ HUSH
AME Fag ele] HEg AGEHY 9eg ¢
22 D+ HUS FeolE dide= ADAMTSIS
A= FArst tEe] VWF £40] Had sle
2 AZdd.

2 @74 D- HUS #ole] ADAMTSI3

&)

ZHTE AN Lohyd D+ HUS Fopel] ul3A
A e 2 fFoftd] ghdAe E¥n E
AT A UdFe] FoloAz ADAMTSII 24
= Azt gh=g e dAHe2E D+ HUS
Fotgl Atol7b gle A2 AAHT o D-
HUS7E ohoFst dels Zhe o|Z3 ZFT 0]7]

= A Zo

D- HUS®e] ¢ wo] Fopoaes L0%2 4
2T Azs LAsHed, o Fote ¥
A g5 44 ALT, 384 WE
AL BRI, A4 2 F TEE 4% T4a
dalHgez FAHADG o]zl 19534
ofsted AL BuEHAT, 19609
Schulman F{27], 19703 Upshaw F[28]1& A
#1979 Rennard®t Abe F[29]] =3 w= 5
o] 7 Upshaw-Schulman syndrome( o] 5 1SS)2]
qd F4 5 HEEE vdEgHd £84 WE,
FAam FAaSs BolHA B 7384 4w F
A2Fo] TAEE A Fged. USSe Ad4
TTPY & F8o|v Levy F[30]o] 434 TTP
oA 12702l ADAMTSI3 #7A#te] Edwol=
LASAL olF A AAdez o 204 A &
FF EFAWo 71— HAHT I F exond HH

ok
gl

Froon

el

r

Dacie S

AR ok A PRATE Bolw 270
s D- HUS #etbs] ofges ADAMTSI3
o # Joz AZE0, ADAMTSI3 A=

Hol
s g9 dolst 2 2ge) delolgn PN 2
Ak olHF BIEL BF £Fo] 2V
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T4 =50l
ADAMTSI3 #A47e] 97 A8 £4&
#aA B Hol
o] B Az =

Hea, FHopEa S AlA
E35he
Bz melAts: ez A
| Helg Azdo
2 e %

= AH:HUSE HE chiga toxing AA3=
Ade] AEE Fo #ASRHD+ HUS). 29
Arb gle] W= D- HUSE o= A g
A" 5 glen, AT Agde] =3, oF A
gaFsich. D- HUS2 44 o2 TTPe #4F
g Agke Bl 2 ADAMTSIS 4% 7
£7F TTP¢ D- HUSSY WHele=z 48A §le
o, T D+ HUSHARZ F4714 &= 3
A7F BraEm 3k ol AAESE D+, D-
HUS <4 ADAMTSI13 E4=8 =33t

gb B dof HUS gol 19®(D+ HUS 12
o, D- HUS 799 B34s A719%5€ &%
ey E4o=2 D+ HUSE F4719 D-

HUSY %74 ADAMTSIS ZA4TE 233
At

Z 3D+ HUS #Fole] ADAMTSI3 Z4:
= F9gk 80.9%(37.8-132.4%), D- HUS Fhol=
53.9%(1.0-941%}2 =T ADAMTSI3 Z
AE 86.4%(34.2-1112.3%) H3td F2lgk 2
o] ®eolx] &g P>0.05) F He D- HUS
obell A ADAMTSI32] Hgt FH(1.0% S &
ZatEc. gobe AAIFEH TEE YAFHe
2 Faw A7F GAstE A

Z E:D+ HUS, D HUSHA #o#
ADAMTSI3 24 = Wsh= gisich Apde] 444
e Hol= o W] oA Y ADAMTSI3
24T Ats FEY sk =7 s
Adrsls D- HUS oFgdld ADAMTS132] 2%
o] oz AZtE, BF TEo] AR EZEE
ZF Ae=2 HP7Hdck

FZeo A ADAMTSIZ 4 =9 ¥s
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