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Abstract: Objective To study related gene diagnosis of atypical hemolytic urine syndrome.Methods Through the analysis of the
clinical manifestations, physical signs and genetic testing results of a child with atypical hemolytic uremia symptoms and signs admit-
ted to Lanzhou University First Hospital in July 2019, we explored new gene mutations and reviewed relevant theoretical literature on

complement pathway.Results A mutation of CFHR3 gene was found in the child by whole exome sequencing, and the associated dis-

ease was atypical hemolytic urine toxin syndrome. The child eventually succumbed to death.Conclusion Genetic testing plays an im-

portant role in the diagnosis of atypical hemolytic urine toxin syndrome.
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Wtz T 249 M B B B, A 05 M +C 2 B R
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LEAE 20 1.0, $7R HEiE 4 2 58 CFHR3 JE A (1) 1-3 4
BT DUBUEH .

3 itig

A S5 1M1 PR T L5 A A e — il A2 2R ) S B A
KM T 0 , LA R A MA R R IR 12 45 5 5 BT
20 ML PN Kz Th B 2 8 R I A AR i e T B (throm-
botic microangiopathy , TMA) . H: & fi #L i & i 1%k
EBEREAE P RER T H SR, RBUME RSN
ik VRS R A IR T B MR I Y S T
il DA AR G i 5 PR 28 A28 sl e X R MR TR 19 B
B2 E RNy IE W B R

A S T AP B N ) — 43, 35 Bh s 2 4 i
T = RIAS ] A A AR T e SR A, BRI 28 MB0E iR
7 H B R RS A B R (MBL) 348 F1 25 38005 1%
B X3 ABRRARE A C AL
(C3bBb) , H: )3 3h I 1 & & % (membrane attack
complex MAC) C5-9 BB i #MAR LR R AL B =
PUABIIE S TG e R RE RS . TEX—ikfE,
C3b 7E 8 2| 59 T M 5 PG F 5 B P44, A
#H C3 40 (C3bBb) . #R 5 C3 AL BHR 55 2 1)
C3b YT AE AN MBI, A2 1 CS % AR , £ 55 MAC (1)
JE RBE 5 AR SE T . Bk B i 1A
5 T, AT AR A B0 9 C3b DURRRTG I K 4 A
FIAMARBEIR . FH A FTIETT C3 HALBEATE . FIi
1B C3b 2 A B, T FH 5 C3b 454 /R FT 2
it C3b FA % B PR T, B 1k C3 %5 A B RO A, 1l ke 74
98 AR C3a 1 CSa i S8 75 70 (R AT fa] Bl #5 2
S B MAGE Y T FEROE . TEARVE R B LR A AE
BRI R R R, SRR 2 A% (MAC)
BT B, LA S Z R0 K45 07 L /NS Ak L S0E )
JO7 | IR L/ INBR A | A B T RE AN 4 S g B AR
TR AR e AP . C3 R f# )5 ,C3b 5 B
T4546 B DN F24f# I BbIHF. C3BbE
HYBBERRN CIFALEG R T — A B3I =
W) C3be HC3b F B S C3FEIGLS A, B K
C5 ¥l . SRJG , C5 24 C5a( SMEURL) #1 C5b.
eShixZ 5 C6.C7.C8 . COLEA LM MAC, X Fhg ik
i 2 Bl R R, W7 TCCFD) B Hofi B R 7 IR
T H(CFH) | Il #2315 2 1 R RSl Bh IR 7 2
(mMcP) ',

FE aHUS H RS 2] K 29 — 2 B 3 R 98 728 o T
CFH #h" Al W, CFH S8 47 55 s e v i B 2R
. 158, CFH AR AT LA CFB 324 5 C3b 45
A, TR IR C3 #5AL B IE B, i LT Dok B 28
T 0 C3 6 Ak i KI5 5 LR, 7E CFLRE g C3b 1Y

R, CFH R 41505 55 40 1 1 56 3R
F1 (CFHRI1 ~5) , 7E 41 C5 ¥4 fL Bl . MAC A9 2 %5
A8 A LA s H PR 74 Sk % B PR 00 0 4 O A
FEEAEHY, f Al W CFH/CFHR 5 1 % A5 55
28 BT T b T O ML, R S L] e

—a} AN B e = s o 2 B C3b K
T K C5 B ARG, i J5 F8UMAC K IE
B, T B B AU B 0, T S BB 1 R
H AT & B aHUS A1 2C 1 3L R 22 A8 [ 45 €3 .C4..CS
CFH.CFB.CFI,MCP.CFHR1,CFHR3,CFHR5 . TH-
BD .PLG .DGKE"', 7E aHUS J5 A fie 5 WL (1) 32 (A
SEH F A CFHRI1 B2 .CFHR1/CFHR3 B4 B2k |
CFHR5 %8 728 %517 | 26.5% 4 % A\ 4 CFHR3 Al
CFHRI @it 2" o A< g 1] v Ik PRI ARG ) &5 2 42 7R oy
CFHR3 BE[R 5848 Fir s, Bifi 5 ik PRSI G AR 1) &% e
DA AE SR N, B 22 aHUS AH G 1 AR 55 it
AR S AR E Bl SR WS AR IE o LA, aHUS F: 5
%) B 5 g T 4% F ML C 38495 /s o e 2 s A o
Rt e 5 | S B 55 1 . MR B /N
KR 240 1t A8 TP B DR ) S iR ZE il TR
A AE , AT S0 /AR 2 R A i A5 A A VS I 1 2R
MIE R

Bernabéu-Herrero 2 4 i CFHR3¢.721T 4% {4
TE FHR-3 1 241 3 2 FE IR A 7 A= 22 24 1R 2 i 24 1R 1)
Ak, 5 aHUS [ RS HEINAH 5C o Zipfel %5 FE — i
iF 5% % B CFHR1/CFHR3 B[ 1 1M 3% ELAA BRI 1Y
{4r3% P, IF H 26 W3 CFHR 1 FI/8% CFHR3 B it 2k 47
Bl 440 A 2 20 3 L AMATE A B B R T . 4R
I 7 CFHR1 M CFHR3 i 2% & M2l & k4 i CFH
TR ) A A5 A R U5 2 S R S aHUS XU 3 A
KXo BtZ CFHRI/CFHR3 [ aHUS J% A AU 4R1E & &
S AR AR /N (1~21 %) o

IgA B & —Fh A B e e, o & A 1
IgA1- S 2 G W51 K B /ANERT o A0 45 (1 B
L T CFH, CFHR3 Hl CFHR1 2814 5 TgA B i
NAEA CFH 7K A ZR 5 C3 1 TR ATt 25 Al 4 ¢
P o 33X G 3 WX L6 AR R X [gAN HAMA S 1Y
WATYER , 3 CFH, CFHR3 1 CFHR 1 28 fK 5|2 1
TgAN Sy BEPESRAE T o] RE A AL ML . SR 1T 56 T 4b
IR ARAE TgA B0 2295 SRR T HL A 3. A7 B B A 4T3 9K
SEA BRI . Fritsche % i 5% & B CSa & 84 i
T &R, AR g R AN A 5 | B R Ge—, 35
SR M SR 48 0E LW . CFHR3 #1 CFHR1 /> T C5a
(A B, PRI BEL T 1 MA A S Y  rh Mk 4 i b
P, # CFHR3 F1 CFHR 1t AR .

A e LA A ER B Bl I it



% # & 25 Anhui Medical and Pharmaceutical Journal 2022 Feb,26(2) + 405 -

ek /D S o5, A A AR LIRS I DR 7 25 A A 1Y R
fiE o 9 LA o 17 5L PR % 30 CRHR3 6 K 4h i+
DX 55t B — Ab 2% A i PR 58 A8 5 B0 1 1 S SR TR
A AR S AR SCHRGE A8 S U e R A [ P A0 Sk
T aHUS i A\ CFHR3 3 1% 728 S 2 A0 o il A48 % .
H i i T CFHR3 7 HUS F1HA B IE5 5 v 59 A= 4
AV i AN B, L R P 9 A8 S5 1 3 ST A et —
RS, [V SRl R A 25 8 o 400 35 PR 0
PRIRIZIRBIIG R B X

Sk

[1] RAINA R, KRISHNAPPA V, BLAHA T, et al. Atypical hemo-
Iytic-uremic syndrome: an update on pathophysiology, diagnosis,
and treatment[ J . Ther Apher Dial,2019,23(1) :4-21.

[2] YOSHIDAY , KATOH , IKEDAY , etal. Pathogenesis of atypi-
cal hemolytic uremic syndrome[J]. ] Atheroscler Thromb, 2019,
26(2):99-110.

[3] MELE C, REMUZZI G, NORIS M . Hemolytic uremic syndrome
[J]. Seminars in Immunopathology, 2014, 36(4) :399-420.

[4] PALMA LM, LANGMAN CB. Critical appraisal of eculizumab for
atypical hemolytic uremic syndrome[J]. J Blood Med, 2016,(7):
39-72.

[5] EFILEEZS.L AR, MM LEES KR (s
LT B B SR A1) aHUS 8 BEBMEZ . vl (5] L FEE S0 395 1l bR 2
LA ESIA MG L R[] 52 LR 243, 2017, 32
(6):401-404.

[6] RAINA R, KRISHNAPPA V, BLAHA T, et al. Atypical hemo-
Iytic-uremic syndrome: an update on pathophysiology, diagnosis,
and treatment[ J |. Ther Apher Dial,2019,23(1) :4-21.

[7] RICKLIN D, HAJISHENGALLIS G, YANG K, et al. Comple-
ment: a key system for immune surveillance and homeostasis [J ].
Nat Immunol, 2010, 11(9) :785-797.

[8] ROUMENINA LT, FRIMAT M, MILLER EC, et al. A prevalent
C3 mutation in aHUS patients causes a direct C3 convertase gain
of function[J]. Blood,2012,119(18):4182-4191.

[9] PICARD C, BURTEY S, BORNET C, et al. Pathophysiology and
treatment of typical and atypical hemolytic uremic syndrome [ J].
Pathol Biol (Paris), 2015,63(3):136-143.

[10] MARINA N, GIUSEPPE R. Atypical hemolytic-uremic syndrome
[J]. N Engl ] Med, 2009, 361 (17): 1676-1687.

[11] LOIRAT C, FREMEAUX-BACCHI V. Atypical hemolytic uremic

syndrome[ J |. Orphanet J Rare Dis, 2011,6:60.

[12] KAJANDER T, LEHTINEN MJ, HYVARINEN S, et al. Dual in-
teraction of factor H with C3d and glycosaminoglycans in host-
nonhost discrimination by complement[J]. Proc Natl Acad Sci U
S A, 2011, 108 (7): 2897-2902.

[13] ROUMENINA LT, LOIRAT C, DRAGON-DUREY MA, et al.
Alternative complement pathway assessment in patients with atyp-
ical HUS[J]. J Immunol Methods, 2011, 365 (1-2): 8-26.

[14] SKERKA C, CHEN Q, FREMEAUX-BACCHI V, et al. Comple-
ment factor H related proteins (CFHRs) [J]. Mol Immunol,
2013, 56 (3): 170-180.

[15] JOZSI M, TORTAJADA A, UZONYI B, et al. Factor H-related
proteins determine complementactivating surfaces [ J]. Trends Im-
munol, 2015, 36 (6): 374-384.

[16] TEA&ME, W, 7R, 45 AR MR M IR 2ELR S AL UL 14 6 R
FAVGIER A (1], E AR IE LA R, 2017, 12 (1) :
54-59.

[17] R, BRIET . H K78 A SRS AR R i R A 43 R[]
[ BRI IR R e, 2013,33(2) : 244-248.

(18] Wete, XI/hai, BG4, 45 CFHR1,CFHR3 1L 54 HIDCY
AR AP 1 PR R LR S AR B LAY I RAFAE L) ] PRS2 LRI
K23, 2016, 31 (17): 1307-1310.

[19] TSAI, HAN-MOU. A Mechanistic Approach to the Diagnosis and
Management of Atypical Hemolytic Uremic Syndrome [J]. Trans-
fusion Medicine Reviews, 2014, 28(4):187-197.

[20] BERNABEU-HERRERO ME, JIMENEZ-ALCAZAR M, ANTER
J, et al.Complement factor H, FHR-3 and FHR-1 variants associ-
ate in an extended haplotype conferring increased risk of atypical
hemolytic uremic syndrome [ J]. Mol Immunol, 2015, 67 (2Pt B) :
276-286.

[21] ZIPFEL PF, MATTHEW E, STEFAN H, et al. Deletion of com-
plement factor H-related genes CFHR1 and CFHR3 is associated
with atypical hemolytic uremic syndrome [J/OL]. Plos Genetics,
2007, 3 (3): e41.DOI: 10.1371/journal.pgen.0030041.

[22] ZHU L, ZHAI YL, WANG FM, et al. Variants in complement
factor H and complement factor H-related protein genes, CFHR3
and CFHRI1, affect complement activation in IgA nephropathy[J].
J Am Soc Nephrol,2015,26(5) : 1195-1204.

[23] FRITSCHE LG, LAUER N, HARTMANN A, et al. An imbalance
of human complement regulatory proteins CFHR1, CFHR3 and
factor H influences risk for age-related macular degeneration
(AMD)[J].Hum Mol Genet,2010,19 (23):4694-4704.

(it H 38 :2020-09-07 , & [A1 H 1 : 2020-09-25)



