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Clinical features and COL4A1 genotype of a toddler with hereditary angiopathy with
nephropathy, aneurysms and muscle cramps syndrome

SHAN Li-Dan, PENG Jing, XIAO Hui, WU Li-Wen, DUAN Hao-Lin, PANG Nan, Kessi Miriam, YIN Fei. Department of
Pediatrics, Xiangya Hospital, Central South University, Changsha 410008, China (Yin F, Email: yf2323@hotmail.com)

Abstract: Hereditary angiopathy with nephropathy, aneurysms and muscle cramps (HANAC) syndrome is an
autosomal dominant genetic disease caused by COL4A1 gene mutation, with major clinical manifestations of white
matter lesion, aneurysm, retinal artery tortuosity, polycystic kidney, microscopic hematuria and muscle cramps. This
article reports the clinical features and genotype of one toddler with HANAC syndrome caused by COL4A1 gene
mutation. The boy, aged 1 year and 8 months, had an insidious onset, with the clinical manifestations of pyrexia and
convulsion, white matter lesions in the periventricular region and the centrum semiovale on both sides, softening
lesions beside the left basal ganglia, retinal arteriosclerosis, microscopic hematuria and muscle cramps. Whole exome
sequencing revealed a pathogenic de novo heterozygous mutation in the COL4A1 gene, (NM_001845) ¢.4150+1(IVS46)
G>T, and therefore, the boy was diagnosed with HANAC syndrome. COL4A1 gene mutation detection should be
performed for children with unexplained white matter lesion, stroke, hematuria, polycystic kidney, cataract and retinal
artery tortuosity or families with related history. [Chin J Contemp Pediatr, 2019, 21(8): 754-760]

Key words: Hereditary angiopathy with nephropathy, aneurysms and muscle cramps syndrome; COL4A1 gene;
Type IV collagen; Basement membrane; Toddler

RN . . SIRRAILA EEZEL: R, SIBOR . RS kil . 28 B
A AE (hereditary angiopathy, nephropathy, aneurysms MR . WLRLERZEAS, 8% COL4A1 FEH AR T EL,
and muscle cramps syndrome, HANAC Zi&1E ) &— 2005 4F, Plaisier %5 " T RIRAE T 1 DR R PES
M@ R YR, ERIRRROIR AR A RIONIIR . DR Pkl LA PR

[ Wik HHH ] 2019-02-14; [ #5252 HH# ] 2019-04-30

[FEemiH ] B ARR2ERES (81701541) o

[VE&fiA ] By, 4o, WErsee.

[fEEE ] %, B, FATEM, #%. Email: y2323@hotmail.com,

754 -



%214 58 W
2019 4F- 8 A

FE SR &

Chin J Contemp Pediatr

Vol.21 No.8
Aug. 2019

a5 AR A TR —F = EE R
A Iy PRI AR A PR ) B, YA R I S s ik A
L ERZE G, LA Bl 5 A7 AR ki A0 2%
TIEMG RN, BOZ=E N A R —Fhie
el /N AL Y 25 GAE o IZBIFSE T BATE 2007 41 3k Bt
T2NRMMER, KRN ZE4 B0 A AR I
IREM. 2, EREAEL L3 MR R
Rl 2] COLAAT JEPRAR S5, I AH I 14 5055 iy 24
i HANAC ZEA1E P BEAh, B HANAC ZEB RS,
HAth 2 F WFSE K B COLAAT F PRI 725 S 3 AT 5 | e i
INILAE S P R I L FLATR A B 2 A L ik SR
KA A N B R GRS U, KR BN H Y
R B gL, HilmIR s ok, 24 E M
HRAE 100 Z45] COLAAT FEHAR 535 e A S BR ,
FE] P A DL L 59 R 3E .  BRARGE 1 B sitie T
R B LR, FEE1I2 R HANAC 285 1F
L, I EESIIRIR T I, AR R L5
TR Moyt RN, A R TR A G R
55 NGAXE COLAAT F R AR B AR

1 #ERSFHE

1.1 RIS

BILF, 13 840 H, FAMME . ZBmEN
WAE 1 AR TP, BIL1 A RETTCH Bk
D B 3, AR TR % 39.5°C, IR 39°C LA -t
WEhE, RO URGRE . WFREZE . A
N, FREREUT PSR AATSR M, SRR . R
PERE . BEYE . kA, SERVERIZ TANGE, e
PREFURBRIL (3+) 5 LB FLRRIEES (LDH )
331 U/L (Z%{H: 109~245U/L) , WIERELES (CK)
706.1 UL ( Z%1{8: <24 U/L) , WIFREL G T i
(CK-MB) 625 U/L ( % {H: 24~190 U/L) ; IiL
WAL, KMEHEA . FFOI6E. BEOhRe. A IIER .
MEE R R, Al = RYE R WSRH . ki CT
R e B [ s SO i = I AR R R

WA Sk At MR 7% 2 A0 35 7 DX 4 Ak kA 2 ol
M= /Ay K, M ERLGES R, WIRRB
FRIEH o PSR P2 AN B S EAL F i A, i
e LREREE SRR, BRI AR
DI, BILIKE . BEIRAT, —fHIEH .

BILFKVFBILT-0 5 B0, 422 /INhR J5 mf
i, RRRIFLEEUM, 1~2 /. BILARS 1
JR5E 1 7=, BH/MEIL, HAEKRE 2.4 ke, AR
TEBIRCE, 3 AR BGEY, 6 AR
Ak, 1B, 15 4NHAMGE, Bl % 8 4H,
AMGE, AT& “bama” i, FIANREEEE. L
REARIR R A5, SO0 0 TORRIA

ABERK: Sk 445 em (<-2SD) , Mk
2 RSOV AT, AT R B A, AT B i
SO I G R DL S, A DB AR 3% Bl 5 A2l 22
LEMUBARNLTT 5 9%, A BRI 5- 9%, DU
Sk IIEH . RS IER S, SRERAERAYE:

WEhAG A Sk MRI+MRA 75 1. SUOU A0 %G 25
SEER AR, ZE R RAZ S FRIG A, 2N ik =
AT K 2. AR mmTshikpess (B 1) o BRE
HERHE 7 00 P9 56 A5 2 5 ok B 4970 2 91, BUA R 6 A
ik (B 2) o WIRFFEM . Sishlik ZAES AR |
i L PRI ARG 2 A DL S
1.2 =EFRN

LA HE W & e, W4 L AA B
4~6 mL EDTA B, $EHUERZ DNA, A IDT
xGen” Exome Research Panel v1.0 45 T 413450
F, Ilumina HiSeq X Ten 75 #1724 T4
WFE, ARWURGEEE, HaE T R P 5 A S
ST DAL b s R AR AL B 25 D SE

HRAE AR P A 25 5, % £ L e FEAC B
7 Sanger Ml ¥, B E COLAAT FE K 48 5
Wy A R AR 5 e AR B 2 ek, DU 51
Yk 1 pios.

ARG BILE KA R &,
ARTRZE B2t E (2018121146)

Sanger

DA K BE B R

755



5521 4% 55 8 ) P S RILA & Vol.21 No-8
2019 4F 8 A Chin J Contemp Pediatr Aug. 2019
E1 2JL1% 8 AR MRI 3838 K A~C /30 20N % BT T TIWT, T2WT FUSHRAR, AJ LR

A i 2 55 SO R 55 s (20 @ Sk ) S AN 28 i A R C s sk ), UMMM ARG 2 55 1S AR s ko LA (i
& D~ 2350 k2 00 B Fpo O BB TRD R TTWL, T2WT FRSESRAR, AT UL O B3 Ao (SO AR RS S elcds (artadisk ) , Thntg,

kb WL AL

B2 2JLXMARKERE
L BRI RELL ()

ML LAS Sy K L O 08, UERARE Sk (LD Ok Fomiik, HOSERIoR sk,

% 1 Sanger MFIIE COLAA1 ERTRAL A ET#E DNA 5 R4 38 F0i 5 514
W& T (A J¥3 (5' — 3 B SR B
46 c.4150+1(1VS46)G>T 1EM . TCCTCTAGCTTTTCCTGGGTTTTC 60°C 377 bp
JZ1]: TTGATCAATGCCTTCCCTATTCCC
2 &R ER T ML i NRAEL &R
moAE B ( OMIM, http://omim.org ) . ClinVar
21 EBEEFEREER e JE (https://www.ncbinlm.nih.gov/clinvar ) |

AN T 5R UL COLAAT FE R A7 7E
c.4150+1(IVS46)G>T B2 A A8 5, 7T 46 SN
T L RS AR Sy i AR E Sk 5" i BT AR
MU RNA FIR 3T 720, A S 80 E 0 = R
JPHNRAS . Sanger MIFEE R MBI kAL R, ACBHAR
s (E3) .

N2 3 R % 8 B8 %2 ( HGMD, hitp://www.hgmd.
cf.ac.uk/ac/index.php ) . T A& A 41 i+ 4] Chip//
browser.1000genomes.org ) 5 F& [K 41 5 & B 4 &

( gnomAD, http://gnomad-old.broadinstitute.org ) ,
REBZAL HAYIE o MR 36 [ B2 o it L o 15 ik
2l 22 2% 25 ( American College of Medical Genetics

756 -



F21 & E M
2019 4F- 8 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.21 No.8
Aug. 2019

and Genomics, ACMG ) J#¥ 48 S fiisebrife fnfs mg
HHATEOR T, ¢.4150+1(1VS46)G>T 728 S 2ok 1k

PERAT A PVS14PS24PM2, WECHEAE 5

G G I g P~ e S
ﬂ |
L f\ f l fﬂi Iﬁ‘\ § fﬁ‘n n |] || Al
2y \,“—‘1‘ N\ A / f." A [ \ Ny A\
Y U (\/ l\. \/ / \ \ ¢ \L / Y\l y
|I"\| l’ﬁ'1 Ill"\ |
BILAK /1;5 f\ . ﬁf\ f\ iy
1A | ‘ " s I 1 \ | '\ / 'l‘ {
VYWY WVVVYVVYY EQEY
G G G i~ A - G e G C T
1 il I
\H\ | ﬂf\ | ﬂ |
BILBEE ‘ oY f I/ p Afln 1))
|'J "l, ', A f f ljl l\ l| lil / !' I'll { \ ,'“', |I [“/ \ | “‘ ‘\‘ \
(VYVYVVVVVYVYVY YV VY YV

B3 BJLEEAE COL4A1 EE Sanger il 5 B

RSRS8O S A SR
2.2 LW RFSIKE

L Wi: HANAC Zi51iF. #K¥E: (1) 2L
PE, BREMERRR;  (2) BRI U R
FBOR AR . 22 LI 45 X A FR AR kT i, HIR i ]
FHEE R IR S KA AL,, A PR« LRI R 5
(3 ) AT HARTE S A MIFE 2, 25 B AR R,
PFORBEAEA AR (4) COLAAT FEHAFTEEL
WTER R B AR S
23 RBIT54%R

LIS & LB, AR THURR 259015797 o
EEXFIOMPK . iSRS, HETTCA R IRYT
R ILG 16 1 s 25 O 0 N5 & A i,
AW F KR U R, I e aER
1 42 A3 5 MRI+MRA . 5B LIAYT L7 W &b s
TP S A RE SCRHRYY . 2 % 4 A H E 4 MRI
AN B AR A AT O E SR, R LB KRR A, IR
WA R AN EEAS (3+) , U3A LA EEZE,
1~2 %/ BIL 3 %, HiGkEvi B IL, —EHAR
BN,

L COLAAL FENTFEAE c.4150+1(IVS46)G>T A7 5, &

AV

3 e

it
AGIEILN 15 8 A BMELIL, R ;
TR IR 5 535 Sk U MR S 7 XU A %5 /5 £
55 KA IR D AR TR R TR T2 {55, ZEfi
I DX AT I — Akt s A AR R A O A9 B
a2, 5 A A s B AN B DA it
TAAE, B MCHIE . RPE. ARVE MR T
oI BAE L P ROM L ASOr T A
P IBILING O 28 XS R, 322U i 2 A
55 BB i3z 2R, OB IEMIE . SMDiAE
ATREMEANK o SULTCER sl , BCHERR T2 T g
SOLE A RIER , BAURIA 1 d, JoRgt kA,
HRERNE . BAAEATREMEA R UL BN,
FLIG R BAICHEAT VE N E 5, HEBR A LS 5
I IR, RS JCE I R R 22 A i R B
IS AR R AT RETE AN K, A0 ZEA 5 58 35 7L
WA IV R A L PR A . DRV PR
o, AREENE IR SR A . R L A MLy Al

757



F21 & E M
2019 4 8 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.21 No.8
Aug. 2019

W—/ Ak, B2 A 5 A 5E A AR
JUA 0 B A6 S A A 22, 80 25 e A vh A O
R, 456 LU BT R B, IR/
LA T REPE o DL P i /) L 78 4% 8 % (5
AR 8 A A2 A i s oo R B o AR AE A 1 5
( cerebral autosomal dominant arteriopathy with

subcortical infarcts and leukoencephalopathy,

CADASIL) . A Bz J5it T BE A8 F 51 o B
e 0 IR 1 35 4% 1R I Bl KPS ( cerebral autosomal
recessive arteriopathy with subcortical infarcts and
leukoencephalopathy, CARASIL ) . 75 1L I’ J5 s -
B - A b Y st A P Y K 4 LK (hereditary
endotheliopathy with retinopathy, nephropathy and
stroke, HERNS ), BERBRAIR . HHE2Z R, H
Z R . AGIEILEIFA HAL R G RN,
MR REAH SRR Sk L 2R 0, SN AR AL Sk
ZUIRE AR B T IR, HERW, ZAK BN
BRI AT 22, BB R 2 RGN AN, B
B SEE R LR AT

COLAAT JE K5 17 T 13q34, H mRNA 4 K
6549 bp, L7 52 MMNET, gt IV AR ol 4%
IV TR J152 D 2] S e G I 1) B A, X I Y
fa B E RN, VR H ol 55 5% o2 B2
LR LA R B LA 21 U i ) R
MR o COLAAT JEMA th 3 N I 5 H B4
7S LERER . —IREAE R NC1 S5k, Hord,
—IRRAS AR I T B S H R R ARFERY Gly-Xaa-
Yaa B P, A 0 IV B 4 & o i s
Wi FE SRR A AR PRI B . 7E/NRAF, COLAAT %

PRI A S AT 37 i O 67 1 1 5 22 0 5 [ ke IV 28 e i
F A BEds, IS R/ & Y, S 250/ i
EMEERN . MRS KT . B IR EREL Y,
HANAC 5 A 1EJ& 1 T COL4AL 78 53 515 il — Fil
FRGEME Y I A B R PN, M DGR S5 s T
COLAAT = BRE X B A | 1/3 X317 CB3 X, CB3
XS AR S 1] 3 IV R R G RS B AL TR
TS IV 285 Ji 5 40 B =z ) A A AR S
AR, WG, B DLASEZ R, 2 —MaeiE,
Z R R

COLAA 1 FE R AR S5 T S5URH S 2 R i e (o Ak
A, AN IS R L FLAT ik S o

i, MZEEEIE . B E BT . HANAC ZE&1E DLAHR
BREmunse RN, HOGIR . IRATBEA B A

K. /NREGTE . TCIREGTE . 00 R 20 bk i i
S O LA . S A SRR S — e
MR, 2 TR SO AR LI A B, L
R . T At . RS I N M T
AR I ARRRE T UL 45 A Y 3 PO,

H A NACE 11 HANAC 25 A 1iE 1995
BiRaE ", M B FARRARGE Y SR S
g Wy 26 9], BRI RS HANAC 5
BUEEE Y, U 1 FLESRE, Fi 11, K&
I N . HRTAER COLAAT J AR SE 5%
RIE 100 20, FENE=HE 71 2, FEZmW
MR, M. 5. WUA. IRSE RS, L] 5
BMNIRBIE, 240 ERUK . LIRS0 5,
RN 18 0 = DA g A v s R AR BT S SR
Mo IR 2,

Fx 2 COL4A1 EETREAEIJLES R AHEXERLE

U E| Lz L'UN

T AR iﬁg!gﬁj”{ AU R L AL L B UK . BSOS L N L JEERERERE . ShlbloR
51 A

CiIEZE A N 5T o | N - G 27 i N | IO 2SS [ B o = B 2N 1 N LB e AN [ DS
BT i k

iR IRATE A B A4, PMREIE, BIREIE ., e REANE. AR FOEIR. SRS BKE /7 i
Axenfeld-Rieger BiJE Axenfeld-Rieger BfJE

(1 MR RS (BRI ) MR B R

LA JULP R JULP A

L CK 3, DR CK 3w DR

Btk FHHIG TG

T [CK] WU .

758



F21 & E M
2019 4F- 8 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.21 No.8
Aug. 2019

COL4AT JIT BUMH S5 ik & — 2l R S Jox M 4
B, TSRO R S e = R A, BR AT
FENN 5 LR R R VR A 56 . COL4AL
AR S #5307 3 0 T AN IR B R R A U,
ST IR iR L2 Rl 3 Hh 2R B 2 77 T B R A A
B, A5 ™ AUK . FLIR R S Sk
AR 16916181 SR M RS, AT RS KA A PR
NIRRT | AR A B & T AN AR SR g BT
X 28 2 0 37 5 W 11 FBOJL s A T D) o S 2R P
W, AR KirEsh R FIRE . B kR
SR S B O IR R A O S e R R B AY
#ard, TSy, KA L= . HHH
SCBAEI, AT R A AR R S B R L o I
PUEERN AR SR P i A, AL A i
R PR,

DL 28 2 46 AH DG I IR 3% 30 995 1) COL4AL
BE R AH O 92 s T 5 Al ik DN o 4 ( An
CADASIL, CARASIL., HERNS) AH% %], DA ¥
S 2T T IR DR | O Sk IR U A e | i S O
Hii 4 BRI A BRAEAR I DL A IR B AR
I, COLAAT FEPH TS /I i 4o AL A I8 v ph
LA S A, g ) Ll B LI BT A i 2 v
TR En, HLLEE I R BT i A s s 2 BE
{2 JF TG i A8 1 R R 45 36 B PO, CADASIL,
CARASIL, HERNS %55 | 3 14 figi /)N 1 5 55 22 £50a 4
WS, HAMEER RS R, CADASIL F %
IR, REA T, HTHRRSE; Hik
HIFRAE 2T 30 & A TR B, 35 % e fii 14 5
AR B, R B OA I i == 55 R R R L R
T2 {55 ™', CARASIL B T IR EZ A, (ki . Hi
REERIAN, WO K . R M AR S R
B, HERNS 2RI sl 2468 . B .
SRR —f8 30 % L) E B2 R Gtk Y
A Xt )L AN B D PR P 5 A8 R e . A
G ARG AN IR |« WLPRERZE | W0 R 5 2%
BOLIR . FIEESE, W% COLAAT FEPRAH B o

7 I AR _E 7 JG AT LB B 7B COL4AT 4156
Y 0 A v i AiE 2 A0 P S i/ U g
R 259 SOl R, 4- KT TR
( sodium 4-phenylbutyrate, 4PBA ) T DAygi/b 57 = 2
I 43 W6 3T HL TR COLAAT /)N BLZE A5 1A 114 fisi i
I, fHSEEFXIR . B AR E AR BORL P OR

759

[ (4 25 2R AT A= AR AN [RIRACR,, 4PBA TE 77 Rk
A7 F AT LAAEA ] COLAAT A5 A i 1 H it A AL
93 J5 TS B B R IR TR . (2 TE—H 52 K
ANERCHR, ZNFIR R 4PBA B B 5 TR AL
APBA A BB F] LAAE ly COL4AT 728 5 T BUM 5G9
STEIRIT 25, HR2TEBH Il . R Bl At 22
COLAAT FHICEIR (1 PRI I 0 25T B ™

COLAAT A AE 5 i ¥ HANAC £33 1Ee —Ff
RGN NG AR, B /N A
FEERI R B A . ShKOE . R R S ik o
M, ZHE . FTE R, NIARRMERZESE, #hxf
A EARRIAREE, 755838 COLAAT BRI AG,
[ B 1 7 B A S R A . IR B — K AR,
ZHWMGVA EIRFRI, IR 58 COLAAT ZERAE
XFTUIA COLAAT JERAE A8, B2
HANAC Zi5 ik, W I 5E 3 5k /5 MRI+MRA |
PREAL . ERERH . ISR, JF KR .
XIS A COLAAL R R MR R, dil5EH
KA HAML 5T COLAAT BLPIAGIN , W 5 5 B A
DL, X T IIHA COL4A1 BFMERMA,
AT R LA T AL A X T R A A R R
ANEEUE FHBCREZS Y, DL A v 5 s il e 4k
AR o

(& % x #]

[1] Plaisier E, Alamowitch S, Gribouval O, et al. Autosomal-
dominant familial hematuria with retinal arteriolar tortuosity
and contractures: a novel syndrome[J]. Kidney Int, 2005, 67(6):
2354-2360.
Plaisier E, Gribouval O, Alamowitch S, et al. COL4A1
mutations and hereditary angiopathy, nephropathy, aneurysms,
and muscle cramps[J]. N Engl J Med, 2007, 357(26): 2687-
2695.
Vahedi K, Kubis N, Boukobza M, et al. COL4A1 mutation in
a patient with sporadic, recurrent intracerebral hemorrhage[J].

Stroke, 2007, 38(5): 1461-1464.
Breedveld G, de Coo IF, Lequin MH, et al. Novel mutations in

(2]

[3]

(4]
three families confirm a major role of COL4A1 in hereditary
porencephaly[J]. J Med Genet, 2006, 43(6): 490-495.

[5] Matsumoto T, Miyakoshi K, Fukutake M, et al. Intracranial

sonographic features demonstrating in utero development of

hemorrhagic brain damage leading to schizencephaly-associated

COL4A1 mutation[J]. J] Med Ultrason (2001), 2015, 42(3): 445-

446.

[6] Sibon I, Coupry I, Menegon P, et al. COL4A1 mutation in

Axenfeld-Rieger anomaly with leukoencephalopathy and

stroke[J]. Ann Neurol, 2007, 62(2): 177-184.



EIECE R ] T E Y RILFLE Vol.21 No.8
2019 4F 8 H Chin J Contemp Pediatr Aug. 2019
[71  Richards S, Aziz N, Bale S, et al. Standards and guidelines COL4A1 mutations[J]. Dev Med Child Neurol, 2012, 54(6):

[10]

[11]

[12]

[14]

[15]

[16]

for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics
and Genomics and the Association for Molecular Pathology[J].
Genet Med, 2015, 17(5): 405-424.

Gould DB, Phalan FC, Breedveld GJ, et al. Mutations in Col4al
cause perinatal cerebral hemorrhage and porencephaly[J].
Science, 2005, 308(5725): 1167-1171.

Plaisier E, Chen Z, Gekeler F, et al. Novel COL4A1 mutations
associated with HANAC syndrome: a role for the triple helical
CB3[1V] domain[J]. Am J Med Genet A, 2010, 152A(10): 2550-
2555.

Coupry I, Sibon I, Mortemousque B, et al. Ophthalmological
features associated with COL4A1 mutations[J]. Arch
Ophthalmol, 2010, 128(4): 483-489.

Smigiel R, Cabala M, Jakubiak A, et al. Novel COL4Al
mutation in an infant with severe dysmorphic syndrome with
schizencephaly, periventricular calcifications, and cataract
resembling congenital infection[J]. Birth Defects Res A Clin
Mol Teratol, 2016, 106(4): 304-307.

BUUE , RN, A48 AR BRI . B ShDoRA
UAEEZELEBARNRIR | 521875 . R BRIEE R 430 )] P4
HiZe 2013, 8(6): 426-431.

Alamowitch S, Plaisier E, Favrole P, et al. Cerebrovascular
disease related to COL4A1 mutations in HANAC syndrome[J].
Neurology, 2009, 73(22): 1873-1882.

Takenouchi T, Ohyagi M, Torii C, et al. Porencephaly in a fetus
and HANAC in her father: variable expression of COL4A1
mutation[J]. Am J Med Genet A, 2015, 167A(1): 156-158.
Gould DB, Phalan FC, van Mil SE, et al. Role of COL4A1 in
small-vessel disease and hemorrhagic stroke[J]. N Engl J Med,
2006, 354(14): 1489-1496.

Shah S, Ellard S, Kneen R, et al. Childhood presentation of

760 -

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

569-574.

Bilguvar K, DiLuna ML, Bizzarro MJ, et al. COL4A1 mutation
in preterm intraventricular hemorrhage[J]. J Pediatr, 2009,
155(5): 743-745.

Shah S, Kumar Y, McLean B, et al. A dominantly inherited
mutation in collagen IV A1 (COL4A1) causing childhood onset
stroke without porencephaly[J]. Eur J Paediatr Neurol, 2010,
14(2): 182-187.

Tomotaki S, Mizumoto H, Hamabata T, et al. Severe hemolytic
jaundice in a neonate with a novel COL4A 1 mutation[J]. Pediatr
Neonatol, 2016, 57(6): 522-525.

Vahedi K, Alamowitch S. Clinical spectrum of type IV collagen
(COL4A1) mutations: a novel genetic multisystem disease[J].
Curr Opin Neurol, 2011, 24(1): 63-68.

Chabriat H, Joutel A, Dichgans M, et al. CADASIL[J]. Lancet
Neurol, 2009, 8(7): 643-653.

Hara K, Shiga A, Fukutake T, et al. Association of HTRA1
mutations and familial ischemic cerebral small-vessel disease[J].
N Engl J Med, 2009, 360(17): 1729-1739.

Jen J, Cohen AH, Yue Q, et al. Hereditary endotheliopathy with
retinopathy, nephropathy, and stroke (HERNS)[J]. Neurology,
1997, 49(5): 1322-1330.

Hayashi G, Labelle-Dumais C, Gould DB. Use of sodium
4-phenylbutyrate to define therapeutic parameters for reducing
intracerebral hemorrhage and myopathy in Col4al mutant
mice[J]. Dis Model Mech, 2018, 11(7) . pii: dmm034157.

Jones FE, Murray LS, McNeilly S, et al. 4-Sodium phenyl
butyric acid has both efficacy and counter-indicative effects
in the treatment of Col4al disease[J]. Hum Mol Genet, 2019,
28(4): 628-638.

(A EF0)



