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Hemolytic uremic syndrome
Hye Won Park, M.D.
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The hemolytic uremic syndrome (HUS) is a rare disease of microangiopathic hemolytic anemia, low
platelet count and renal impairment. HUS usually occurs in young children after hemorrhagic colitis
by shigatoxin-producing enterohemorrhagic E. coli (D+HUS). HUS is the most common cause of acute
renal failure in infants and young children, and is a substantial cause of acute mortality and morbidity;
however, renal function recovers in most of them. About 10% of children with HUS do not reveal
preceding diarrheal illness, and is referred to as D- HUS or atypical HUS. Atypical HUS comprises
a heterogeneous group of thrombomicroangiopathy (TMA) triggered by non-enteric infection, virus,
drug, malignancies, transplantation, and other underlying medical condition. Emerging data indicate
dysregulation of alternative complement pathway in atypical HUS, and genetic analyses have identified
mutations of several regulatory genes; i.e. the fluid phase complement regulator Factor H (CFH), the
integral membrane regulator membrane cofactor protein (MCP; CD46) and the serine protease Factor
I (IF). The uncontrolled activation of the complement alternative pathway results in the excessive
consumption of C3. Plasma exchange or plasma infusion is recommended for treatment of, and has
dropped the mortality rate. However, overall prognosis is poor, and many patients succumb to end-
stage renal disease. Clinical presentations, response to plasma therapy, and outcome after renal trans-
plantation are influenced by the genotype of the complement regulators. Thrombotic thrombocytopenic
purpura (TTP), another type of TMA, occurs mainly in adults as an acquired disease accompanied
by fever, neurologic deficits and renal abnormalities. However, less frequent cases of congenital or
hereditary TTP associated with ADAMTS-13 (a disintegrin and metalloprotease, with thrombospondin
1-like domains 13) gene mutations have been reported, also.

Recent advances in molecular genetics better allow various HUS to be distinguished on the basis of
their pathogenesis. The genetic analysis of HUS is important in defining the underlying etiology,
predicting the genotype-related outcome and optimizing the management of the patients. (Korean J
Pediatr 2007;50:931-937)
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cyclosporine, mitomycin, cysplatin, A7 I YA 52 FAU
AAA Fubyd F3EA 0 8IXAE A FF o (antiphospholipid
antibody syndrome) &< Al 3k o)A AX ¥kg Al F

o
of oz wHstE el dEA o
2. HalaA

xﬂ%uﬂ A4

A 2APE F oA ATA Uxﬂfsﬂ{
A

R P I = A A B
microangiopathy, TMA)°] % 5\—3015}5’7). A

ek
H,
o
ek
)
oX
E
ek
J

=

= AFEAl ZAE#](Glomerular TMA), Bl E Q0 7 $-of

2% 9ol (Arterial TMA) &3 AHAT Fs-dn] 44 A7A
W BAEHE Ho vgel UTMxe] He FFoz ARA|
A 3 Aol FokAa 11 gtel AP dAv HARAa8A
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3. MEH, dAl dBE(Stx-HUS)

1) Shiga toxin-/Shiga-like toxin-producing Esche-
richia coli(STEC): enterohemorrhageic Esche-
richia coli(EHEC), Shigella dysenteriae type 1

il
1983 Karmali 5%°] t#alA vero toxin v’i'—‘jlﬁ‘}
coliz #eldte]l STEC #¢¥} HUS7F dd¥tso] =
o|F Riley 570l & 3 #wA el o3 %3
Aol E coli®l O157;H7 EH 3ol <3t
Ao} HUS® 90-95%7F STEC #4952 ##o] 3l
= ez guA da ek FHdAME 70% HE=S] Stx-
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Aoz E‘_JIE]F_ Om}z
WR-E 1980 7FA] Washington King County
M FA AT % F&ate] 154 olate] AolellAl HUSO &
P E o] 1.16/100,000 01 53] 34 o]ske] AR el 3.02/
100,000 02 ¥ A Busgtt?. olF Canadian Pe-
diatric Kidney Disease Reference Centre®llA1& 19861 d4-E]

Table 1. Classification of HUS, TTP, and Related Disorders”

Etiology advanced
Infection induced
Shiga toxin-/Shiga-like toxin-producing organism (STEC);
enterohemorrhageic Escherichia coli (EHEC), Shigella. dy-
senteriae type 1
Neuraminiase-producing organism; Streptococcus pneumoniae
Disorders of complement regulation
Genetic disorder of complement regulation
Acquired disorder of complement regulation, anti-Factor H
antibody
Von Willebrand proteinase, ADAMTS-13 deficiency
Genetic disorder of ADAMTS-13
Acquired Von Willebrand proteinase deficiency; autoimmune,
drug induced
Defective cobalamine metabolism
Quinine induced
Etiology unknown
HIV
Malignancy, cancer chemotherapy and ionizing radiation
Calcineurin inhibitors and transplantation
Pregnancy, HELLP syndrome and oral contraceptive pill
SLE, antiphopholipid antibody syndrome
Glomerulopathy
Familial
Unclassified
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o]gJgt shigatoxine ME HA(cytotoxicity) °ol<lel H354
Aol =TIl ARl Fo RulE fEIe AE A=aY
(stimulatory effect)”} Atk &, TNF- IL-1, IL-89 #¥H|&
A58t o5 Mol EFRRIS UM EAA Gh3FEAS] RHS
§%359 shigatoxin®] &< Z7HAATHY. Ulg Az &4
¥4 eHsE 24 A7IZ 2 VWF multimers AAHECH?
I shigatoxine 4% BA43F AJA A9 WS Fg
Yo" W AE 43 dde AT AAE 9 88
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STEC w394 S4AL AAE Agshd HUSE o]
solths Ik gouw s §t Aol
BAS) ALgol HUSBA AR F7hA71% de sashae

Srou} A EFZ Shiga toxin® HE Z2FFAY? sy
FAA7E EActe weestolg Frete] Hae Bl
Z7M70 . 984 Yo, vzag Rl AdAE AYHE

A 5 geng AEA et

<+ 74 Shiga toxin E2Al(Synsorb-PK) ¢} 53} &
A2 22 toxin 53 E. coli® YAAFo] W3 Foln d
W3t 87k AFdgn o gy olel oig HUSS o
astel g 7k 2 distole ofy 3o H o

4. HIMEH, AL HH2E

1) HETR ZA¥S(neuraminiase-producing organism;
Streptococcus pneumoniae)

HH S 5 neuraminidased A3t ] el o)dted
HUS7F 28 4= up?. g tatel 28l A4¥ neuramini-
dase’t AT, A ARA I AE A xERe] EASHE
glycoprotein®.Z%E N-acetyl neruaminic acidE 33t}
N-acetyl neruaminic acid’} A7A=™ Thomsen-Freidenrich
FAT-FD)ol == 7 ol EAlste ol ik IgM
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A FAFAREo] Yoyt A WY, Ao FaTH Y
A4 AAERZS a0 o= qusset @E ABO, Rh,
Coombs test 59 T SHUE AAlo|A Ao T-3+o]
wZEo] 9%y w2 vehith o gl FT-FA(Fe ¥

e EFse o 9T 89
NG A7 Fage] sbeAel ot aene AYTE Aol
o odEdsh ded HUSZE dalEe Afole wEd £d
& F7IAMel ek el e Bad Fgol AHA
At [gMe AAT FAYRe ol gata, FFuol Bad
AgolE AAEALY oAl RS ALgsok AP,

2) EAH =FH<| O|AH(disorders of complement re-
gulation), EXIH &AMS} g =F QX9 REN Z
H(Genetic disorder of complement regulation)
(1) =971d
HAZFE HUSO F4710 A 2A C37F #As)

23 HA, AFH Stx-HUSY 459l 387

4243} AN v AP A Aol Aol shslE ol
& 9 SAEHI C4E gl BB E RAA &4

-7 Z(alternative pathway)7} €Al &/93}5
Jrgkel, 7R HUS $RAk9h 7FS9el A C39] 7447t Factor
Hel 453 ddgoda fA%E 2o AU, o)F=
BAZ BAA EA3) vke 24 AAE T Complement Factor
H(CFH), Factor I, Membrane Co-Factor(MCP) +73#+<]
Eol7t M54 HUSS ddlow wa g™,

Factor HE F74=2 HA &43dA 7FF Fa3 A4
(fluid-phase) &ZEAAZA] 207019] complement control protein
(CCP) % short consensus repeats(SCR)E WWHHE A%
@2l (homologous unit)2 TFAE 150-kDa2l @ (glycopro-
tein) o] Factor HE F2 A A=Y s §44
(CFH)= 98 kb 7]9] 237§9] exono® %3 1¥ 444
(1g32)9] RCA(regulators of complement activation) gene
cluster el A" ¥ Factor HE C3bel B84 8E 57
ANFez HAZ wA S gHstE s ItV
CFHe| Ed®lo] Hl=E 7[53 HUSAAAE 40%, HEolA
= 13%°]lx tF-E o8 EdWol(heterozygous mutation)®]
ok @A Bard 60 Tl EdRe] T 60%7F Factor H
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o] C-terminus *-$(CCP19, CCP20)ell &A1&, e =
AWol7t gloE AA AWoz THHE ASLE ok 50% AE
2 Ede FFd(incomplete penetrance of the disease
phenotype)2 YERdTE 322 EdWol= e i dx}
o]al HUSZF wsteld F7H4l A=olu o]ak4 Ul A2 9]
Eafe] Zad Aolgtn A Y wE Factor HO F%
C37F ¥r=A] s o] QIX|= &l EdRe] IAE
Foll 47 77 A C39 A B 238 74 Factor H
o] FEE UEhE 9% AUtk

Factor Heloll Al EZ 9ol ZA3H (integral membrane, surface-
bound) HA A A9l Membrane Cofactor(MCP/
CD46) FAAHMCP)e]l Edwolx HUSS xsof ey,
MCP= 4719 CChz 744%™ HAd+E A9 A A9
Axe 53] AFe oA ze] wsEz THAT MCP
@& Factor 19] AEY BZE 9AHco-factor) 24 C3bet
o] Alxetolq gAsteE AL I MCP 47
= 43 kb 719 14 exonlo 2 o] FoA glom AAl RCA gene
cluster ol $1x1%c}, MCP E<¢1Wol:= Hld3d HUS 10-20
%ol A A O

I yoll 7}84 serine protease®l Factor I= C3bel «o-
chaing HEetol= AZE Faljste &4dsts e 9885 e
wA 248 ARe|I2® Factor I 74 RCA gene cluster
7F ol 4 AMA 4g259] #1A18H 63kb, 13 exonoE T4
A, Factor I EWe] W% HAY HUSS 5%45E 2}
A gy

(2) FrAgo mE AN 2 A8

B 24 Ao §17 Aghe 9& nAgA HUSS A
WS EdHold A Wk 2tk CFH EdWoldl ¢
g HUS(CFH-HUS)$} Factor I =dwWolo]| 93 HUS(FI-
HUS) 4% 70% ol’dellA 27 ARl ol2Au Apgats
EFT odFE Kol Alo]AF ol Al7telA 80% ol Al

et Y sl ppep E9woe]l HUS(MCP-HUS)E CFH-

¢

(@)

30 o

oy

=4

Q

o]}_

il
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Tl o |
i)
ol _18.

HUS Wlste] ol $7h aste] @] ARAe] o2t F97} =
#a, A9 wale] 027w shul Aleld F AT 10% ol

1 Rusa o P (Table 2).

Factor H9} Factor I+ %ol EAsts AAAte] =2 Az

Table 2. Genotype-phenotype Correlation in Complement Regulation Disorder

Regulation factor Factor H MCP/CD46 Factor 1
Gene CFH MCP FI
Mutation frequency 30% 13% 5%
End-stage renal disease/death 70% 14% >60%
Post-transplantation recurrence 80% 10% 100%
Location of protein Plasma Cell-membrane Plasma
Site of production Liver Most cells Liver
Transplantation Liver-kidney Kidney Liver-kidney
Response to plasma therapy Effective Less effective Effective
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24l CFH-HUS®} FI-HUS dA& 32 Al 93] F-=3t
A2E o] EAEE FY AAER Y XNEZA HFE
ol ZH7} o, MCPw AMXEure] EAlstnz Qx5 7}

g3 oA Faprpt ), WH FobAl e i) A& AR A
o= £ AUt *}avl Hagy 21750 3)5d WA

913l homozygous Factor H
o= Factor He| #27]7F 6¥, heterozygous
= w7I7h 259015 HUS AR Ao &=
= diHor FFs FYY We 2-3F HSE 10-20 mL/
O ey g4 5o oy

7HA @A 0] vk 7 Fhell= b ey ofe]= mpo]e €]
5

HUS®} FI-HUSZ <13t #7] Ao R
Aol A g Aggo] Eomg AFS & ol2Hu= 7hu)
A AFo] o)A EAlo] A= Ao AT .
MCP-HUS®] ZA$= o280z A4 MCP7F & A% A
2k tZHB‘}Ei o= JlojAoR fHA A%s AT F
AT o9l o] fHAHe wE U P 2
Aolatmz ulHPA HUSE %
Aeol2le AR w= wk=a] e Fojop gt ),

3) Von Willebrand Factor-cleaving protease(VWF

-CP), ADAMTS-13 &g

i)
H
%0
-
o
g
g

g Faxw A ATHTTP)S 834 85 33+
(HUS)H 3 @778 wAERES(TMA) 224 "=l 1]
A ol da Sk ¥ 5 A7l HAFE Fuste] A4S
A Fgel £ 540 gout ddHer T Ads 9 7
Bl ol fTY, Az o] ¥ Aee 2o W vE
dpdoletae Azhste] TTP/HUSHI #7871 = afef ™,

TTPO W MAGRA WAz Ego] g Bae]
g A PAgol Fasth dEA e 1982wl vy
o8 WHEEE TTP 3#2te] daAUy] AEoA ngdxo=

DY ETd= Q1A thaAl(Unusually Large von
Willebrand Factor Multimer; ©]3F UL-VWF)7} #H]=o] &

ol A== Aol BN, ol qFgAe] Eaatge] F
e kel Wolew AAsA HAH o]F= UL-VWF o

AE Esste 242 Von Willebrand factor cleaving pro-
tease(VWF-CP) <, ADAMTS-13(a disintegrin and metal-

loproteinase domain, with thrombospondin type I motif)2]
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23 = AU (nhibitor) 2 #-&8k= A7E @Al <3 &
A= AL TTPe dleleha dejA ek,

VWFE g3 2479004 g% x4 $28 92e 3
T YEMAERA 220-kDa ERERCIE ofekelrh o] @3t A%
| ofsl Ad= o D3t WAl AP oAl FE(UL-
VWEF)2 b o] Al o A 3315101 %ﬂvé @A Ao

717ke] ZEFlElel = ol &
¢t GPlla®l 25915 7HA 1 ‘Ottl I 2
7]°94 Yrlo] WA 4 Qlrh. o TB]% UL-VWF th

= A% g A8k ADAMTS-139] &3 =g
94311 Eﬂr 2o Bxe] VWFE Azt fvh. VWFE thgA] 9
A vhgAe 27|19k BA %ol UL-
VWE o3 A7F Aoz P EA8= VWF thgA B
NNsHes FaHql o L= Pt Rl
B diol= izﬂ—a‘}% ADAMTS-13°] VWF t#A5 o
Az Easte d8S Fo=s Faddte] As AT w
°F ADAMTS-139] ez 21ste] VWF theA 7t %oﬁﬂxl
SHH FolAAY &4 oS 3 o FEEr] ¥y
(shear stress)el 9Jte] HAA Al(unfolding) ¥13 Ao
L3} $xlo] £35o] AL FAHIGY,

ADAMTS-13< disintegrin® metalloproteinase domain<
z+31 thrombospondin type I motif7} 8 wWHE-g=
taloprotease familyel 43l™ 145 kD9 ZE el ] =2A 719

% 0 9k 73 9] A E(perisinusoidal cells)oll A A" o)
ADMATS-13 A= AAA 9¥(9q34) el &A1 29 exon
o o]FAAYINY. AN AW HAH TTPR A
Upshaw-Shulman &5+ 9o d4 v]2d3¥ 4 HUS 24}, Evans
syndrome, ITP ¢ Zgex= ADAMTS-139] 3% ©ldte]
Ak BAgwo] Aslel oF 200979 thke Bl EJ—E]MJ—
2 9HE A exondl A HAJ O gajel A At

EdWol= compound heterozygote i+ homozygoteZ 7Y
/Ké o7 exxP?

Asg 7ML

Hr _1L >BJ

zinc me-

T3 A T VWFQ 4 27 o]io] deA
a1, FA 76l ADAMT5—1391 A E] FA7F BaEe i)
A 91 2H(inhibitor) & 2F-&3t= A7F
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