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A Case of Moyamoya Disease Induced by RNF213 Gene and Literature Review

Suo Guihai, Zheng Yuqin, Wu Youjia, Shen Feifei, Li Bin (Affiliated Hospital of Nantong University, Jiangsu Nantong
226001, China)

[ Abstract | Objective: To explore the pathogenesis, clinical features, diagnosis and treatment methods of moyamoya disease ( MDD)
induced by RNF213 gene mutation. Methods: Clinical data of a child with MMD was retrospectively analyzed, and literature of MMD
induced by RNF213 gene mutation were reviewed. Results; A 11-month-old child was brought to visit the clinic of our hospital for the
first time, the clinical manifestations were recurrent nonfebrile convulsion and generalized tetanic seizure. Head MRI diffusion weighted
imaging ( DWI) sequence showed multiple abnormal high signals in bilateral frontal lobes, parietal lobes, right corona radiata,
semicircular center and watershed. Digital subtraction angiography showed cerebral artery stenosis, and multiple peripheral collateral
hemangiomas were formed. Whole exome sequencing showed that the child was a heterozygous mutation of RNF213 gene c. C12040T>C,
and neither his father nor his mother had any variation at this site, which was a new mutation. No site-related variation was found in the
1,000 Genome Project (1KGP), Exome Sequencing Project ( ESP6500) and Exome Aggregation Consortium ( ExAC) databases.
Several bioinformatics softwares predicted that the mutation of this site was pathogenic. Conclusion: Mutation of RNF213 gene can lead
to MMD. The gene mutations identified in this study are reported for the first time, which expand the gene mutation spectrum of MMD.

[ Keywords ] moyamoya disease; RNF213 gene; gene mutation

HEW B JTHE O EREREH , 455 F201853 ; M@ THRHE I H |, 475 MS22019002 ; FF i 1 414 R ARl # 5 I0 H |, 45 MS22020002
TEE B R (1983. 12-) , 5w, M FLEM L RELIRIIT , E-mail: jsguihai@ 163. com,
BIAEE . 20 (1981. 04-) , B i+, FENFILEMZL RZFEPIRIIF, E-mail; haowan2@ 163. com,,



- 18 - JUAL 2 5 2 & 2021 SR 5 27 5% 3 1 Journal of Pediatric Pharmacy 2021, Vol. 27 ,No. 3

JHZE 95 ( moyamoya disease , MMD ) S — b 5 AN B
MITE Willis PR 28 TG 2 00 12 1 a2 o 1 P Pk 1 4
o, P BT I 1) 3 O S P18 B 2 — A 5 DL, L K
WA KR, 22 U TR AR, MMD 1969 4F 5 4l
TE PRI 3 5 I 0 S 1045 IO I8 A0 25 AR 3R B, R
9. MMD i = 4 5 PR 1 I R 36 9, L 25 L i R 81
SRy A8 AR T 2R P A e ot i A B S5 e ot e A 1t 45
o TR MMD 0 AN i 3200 o JL B 1fi 4 3 4
(LA, IS Z W FIIA Y7 0 T B0 AN T3 ) pf 28 3
REGILEG FIA Jy B i oG BB L A SCHHE 11 40 0 1l
B (DSA) B DR I BA B 12 T 1) MMD s, -2 >
AHICSCHR .

1 R

BIL, &, EUOmiZE 11 A 2 RN R 2 I
PR S AR, e A E, BILRREZRIL,
G,P, JiG#4 397 J8  #IE = AR D= B s, R4
KILSH B — IR R R T, LA B fd 0 5+ %
G RFIN, KM h TC LB s A B AR A A A« oG
F 2% WU FL EAR 3 mm, XGRS R, 3, oAk
TS TC S 5 B, 22 M FRE AR L0 IV 20, A Ol e
WAV G, A= B S AE s BRAE B 5 BhAG: A .« 1
FL i 2 LR R TT  ORE | Sh K R E TE A R
M W WBC 1x10°%/L, 5 4.6 mmol/L, & 1L W 116
mmol/L, B FA 5T 0 /1 IfiL bR st f& A s 7 4 A 0L 57
SKFRCT UL AT DU AL i R R % B 525 Sk A% g A R
(MRI) : REOMAURAZ ( DWT) J5 51 S0 45 - T3 i 5
6 BRI ey A KIE ] WL 2 & SR RS S IR
Y ; DSA H 4 K BRI v sl ik ple 2 | T BBl 22 ) S
BRI (L L 1) 5 B e PR 0 i 4 X 5 X /0 i b
BRI, WAL Wk MMD, 45 F 72 £ 40 74 5080 1A
7 S A A it — 2L B R R, 48 BB LA R A R
T 3 TR I B R A F S B S A% BT
T LE R BEANE M A Ah g FEEEM R, 25 R iR, UL
9 RNF213 3[R c. C12040T>C 24 A A8 B KRR,
LA 37 MBE R 7R LA S Y B AR S5 N B B0 I
1KGP (ESP6500 . ExAC %5 ¥V A K& BLIZ AT s A 48 57
FRIE 96 [ B2 2 i G 24 S L N A 2 2 36 R T
R BURTEAS S 454G DSA 252 MMD, L2 %7
A I U SO AR O R AL RS IR ARE, 45T
WRIA IR e F IR W AL B 3 S5 B0 & VR G %, (HL AR
JLWRZTE H 2 0F 0, X 40 B3 08 g, i LR R e
HIRIT o
2 itig

MMD 975 R B &S ALl i AN B, SRS I L A &
GREVEN R 35 A% I ZE ik &0 45 AR e 55 1 Ry ] e

IR, RO IE B 2 B AL PR R AE MMD & 1 B2 vh & 1
TEEEMN,10%~15% MIMMD i B5 Kk L | [5 60

Bl 1 DSA MARhEIBKILE B % &1 M I & B A
XURLAR B MMD 295 % 5 15 80% , 5% MMD b 4
iR BB AoE 4t P, MMD JE R 7 T 3p24
823 .6¢25 .12p12 J 17q25 YL fk™) | & T 17425 1Y
RNF213 JEPRUJE AR A BERR S 5 B R Miyatake
S A TUHESE K, 95% M TEPE MMD & 1 79% R HL
B MMD S 1E7E RNF213 3 %75 (c. 14576G>A) .
RNF213 5[5 A Be b4 P. R4810K FLA MR IR 2 54k
FERT LS AR RS B, BRCLRAT
55395 114 57 SR T {IEL DA 5 PR 81 081 259 1L 653 72 ) ML )
HAG W ANIERE, RNF213 RS & 5 256 &R T
SIS 8 1, 1% 8 (A0 & Ring 8 (1 X 38F1 Walker 3
FFRADIRE X, /% B T4 1R 45 H 8k, iz R Ak ik 4
TG PE X I J5 3 oA ATP iRl R a2 &Mk
HH S SRR 55 %S DNA & & R tE
SN A B B i SR T LA AL IR R L A0 R Bl
YIS R, RNF213 AR DY A 48 2B B b AT T 1Y)
YEF'S, TEARMESEIR v, BBk RNF213 LR 55 33 (1 P j2
40 i 3% B ¢ 20 0 18 B RN AL A R, T 5 A RNE213
(p. R4810K) 2878 JEPH 1) MMD £ 3 14 £ 88 T 40 g 15 %
Sk I A B W A A0 L P R A M AT R
A HL SRR R BR RVF213 &R /N BOT R B MMD 1 78
BRAERET 454 RNF213 (R4810K ) 2878 JE P 1) /)N B il
N R AT M A A s/ B A 18 Rt R 2
TG R S 045 5 RNF213 JEAS Sl e, gtk —
RV RNF213 3 285 094E T B 5% 3 76 i bR B 5
ffi RNF213 3L 5 & BLBE S 0 1L & B S50 K Sl hkeE
ARHLIN) B i 4% 25 A w0 BB RNF213 &R AE f P9 i
R T RS RO R S T s Liw WA
FELE AL R RVF213 FE R 2878 v] Re A7 AE TRk 405, OF:
A BE W BOB A 5% 5 4 5 Hitomi T 2581 (B 78 48
RNF213 RIBEJ& T UlF IFN-B 7E PN 52 41 A = 38 5 14 Ho )
A S 2k A P A LR R S A I A R

MMD Iifii R B 2 Tl 2 4%, MR 40 H i i R mT 40
FESERY S P I ol i, & VR R M I 2R R 2R AR TIA
R (RE A RAE 2 Rak LA 1) Sk 98 R JG iE bR Y 2%
PRAE R ) A5 R i H B AR AR TR T AN TR K28
JLFE MMD FB 35 1) R o 2 20 4 1 i ke i A >t 26 0 R J
52 RANEW R KRR 2 R GERE IR, AL 45 IR B 3B Bl A | J



JUAF2h 5 22 & 2021 54 27 5% 3 2 Journal of Pediatric Pharmacy 2021, Vol. 27 ,No. 3 -+ 19 -

BEBRAG ST B ol AT A AR S O A AR, Sk R
FEIR G H UL RE AR, RTAE A B R RE IR, G & AR L
HU O & VE BB AR R W nT g R L A 1 B E
R X EEILL RN E TR 5 K 1 KAE
PRABFE , BRI IR b DAAS vl 2 i | I 2 il A4 i
=M AY L E , ¥R % R F) MMD FIfig, MMD Lk /5
CT J¢ MRI 5 #x w] U i 85 5 | g o i, A 451 i L Sk i
MRI, DWT J7 85U & | To0 5 5 > O 18] s | 4
KIS WL 2 % S5 s, S Il A 3, (X 26 52 14 2
U TN AR SRR I TR &2 8 MMD (1Y #1
AT, (H USRI U) 5 4 S AT R 5 1) B e T e R TR
Aot A LR F If A A3 AAE , -t T g M B, i 2 R T
FFARSE MMD BEFAEPE 0 DAL ke B el A 451) s )L i Hl
PR ] L P R, R BE I UL % B8 MMD ., 7E H AR e
RATH) MMD 2 Wi Kia 7 e T, DSA 5412 B i) MMD
S bR, R I A G AR 2 W MMD () 5 22 4 Bl
frdr, % T JLE MMD 1M 5 , Ha2 Wibr fE 8 A e A~
[] , Gt S — 0 5 P 3 Jik A o B JHE B34 SOk A8 P9 M
JEE T LS LA PR K, T X0 25T P s Jbk A e e A B AT
112 MMD,, A L DSA R UL K i H sh bk osk 75 | J& Fl
22 S5 S 1M T8 A, BORT 32 MMD, 55 RAR I 232
Wi MMD & T-#%55 K ) 8 22 F Br, [W] i Ag Bh T35 572w
LW, A B K o, Bk RNF213 3 A
c. C12040T>C MYZ2 A FRA8 , HAC E B R AR 1AL 53
TAESF N EREE, RREY FTTT MMD ff25E [H %€
AEANT 45,

BT, i JC UE 5 2 B 245 W 36 97 e 6% ZE 3R £L & 3
MMD FFEIR, YRT4E X MMD (25 934 97 A A 2 18 1
R AFAE SR AT X HL I PACHE MR, £ 415 St 1t R 1S ot 47 268 1, =
IEIMAER . 2012 4R H A TS 5 2 U0 A 4 /A R 46
Z9IRYT BRI MMD , (B AT A7 A il JRURS: . A BEF AR AT
FEVRIT MMD () R BEF-Be I PRUE S8 AR if 45 2 g R mf
A R B MMD #2835 Bt vk A o i & AR 3T
MMD H I, FARAMAEFRAZ MM 2EFH 5T
2 U % MMD ER Y [R1B23 Mr A AR L A%
ARJG MMD F8 25 A i i 3 A i 1 42 2% 1 o] Be 1 5K+
PE2ARSFIRT AT IR R i St MMD
() B 32 FARIRIT

MMD 25 WL , 2 BRI A MMD 19 & 9 K,
HAp M E R 5 R . MMD 2 /N LA B A i
EEFEH, AT BT A R G, DU
XF MMD #178612 , DMEDHE AT IR YT , I SC AR 847
FIR RIS, FARIIIRIE MMD #9 FER )T ik, (1
o7 AR AR A R B9 1R R AP AR A I R IR T SR I
Wil 5 38t 15 2 D 55 09 AN T 35 0, K ok T RE & R BRI
MMD FEPREST ik,

SE Ak

[1] BAYRAM A K, YILMAZ E, PER H, et al. Familial Moyamoya

disease in two Turkish siblings with same polymorphism in
RNF213 gene but different clinical features [ J]. Childs Nerv
Syst, 2016, 32(3) : 569-573.

[2] MORITO D, NISHIKAWA K, HOSEKI J, et al. Moyamoya
disease-associated protein mysterin/RNF213 is a novel AAA +
ATPase, which dynamically changes its oligomeric state [ J].
Scientific reports, 2014, 4. 4442. doi: 10. 1038/ srep04442.

[3] IKEDA K, IWASAKI Y, KASHIHARA H, et al. Adult Moyamoya
disease in the asymptomatic Japanese population [ J]. J Clin
Neurosci, 2006, 13(3) . 334-338.

[4] YOU C, MA J, LIU Y, et al. RNF213 polymorphism and
Moyamoya disease: a systematic review and meta-analysis [ J].
Neurology India, 2013, 61(1) : 35-39.

[5] MAY G, ZHANG Q, YU LEBAO, et al. Role of ring finger
protein 213 in Moyamoya disease [ J]. Chin Med J ( Engl),
2016, 129(20) : 2497-2501.

[6] KAMIMURA T, OKAZAKI S, MORIMOTO T, et al. Prevalence of
RNF213 p. R4810K variant in early-onset stroke with intracranial
arterial stenosis [J]. Stroke, 2019, 50(6) : 1561-1563.

[7] MIYATAKE S, MIYATAKE N, TOUHO H, et al. Homozygous
c. 14576G>A variant of RNF213 predicts early-onset and severe form
of Moyamoya disease [J]. Neurology, 2012, 78(11) . 803-810.

[8] GE P, YE X, LIU X, et al. Association between p. R4810K
variant and postoperative collateral formation in patients with
Moyamoya disease [J]. Cerebrovasc Dis, 2019, 48(1-2) . 77-84.

[9] MORIMOTO T, ENMI J I, HATTORI Y, et al. Dysregulation of
RNF213 promotes cerebral hypoperfusion [ J]. Sci Rep, 2018,
26, 8(1): 3607.

[10] JAImE, LI MAZE Mt Aot (0], I S 2

Jei, 2017, 17(12) ; 929-932.

[11] LIU W, MORITO D, TAKASHIMA S, et al. Identification of
RNF213 as a susceptibility gene for Moyamoya disease and its
possible role in vascular development [ J]. PLoS One, 2011, 6
(7): €22542.

[12] HITOMI T, HABU T, KOBAYASHU H, et al. Downregulation of
securin by the variant RNF213 R4810K (rs112735431, G>A)
reduces angiogenic activity of induced pluripotent stem cell-
derived vascular endothelial cells from moyamoya patients [ ] ].
Biochem Biophy Res Commun, 2013, 438(1): 13-19.

[13] ZHANG H, ZHENG L, FENG L. Epidemiology, diagnosis and
treatment of Moyamoya disease [ J]. Exp Ther Med, 2019, 17
(3): 1977-1984.

[14] TOZZI E, ANTENUCCI A, DI LORETO S, et al. Moyamoya
disease and headache: case report [J]. J Head Pain, 2015, 16
(Suppl 1) : A73.

[15] FFE, SRR, NS, &% el RI7ZE A0 250 I K2 9T h i i o
HERELI/OL]. ARG RN Z% 5 (FL TR , 2019, 13(8):
616-619.

[16] UN LS, WAN O C, O-KI K, et al. Surgical treatment of adult
Moyamoya disease [ J]. Current treatment options in neurology,
2018, 20(7) : 22.

[17] DUAN L, BAO X Y, YANG W Z, et al. Moyamoya disease in
China [J]. Stroke, 2012, 43(1) : 56-60.

()
(ks H199:2019-12-18 &[] H 11 :2020-03-27)



