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[Abstract] Objective To explore the relationship between exon mutations of NOTCH3 gene and clinical phenotype
in patients with cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL).
Methods We consecutively included 30 CADASIL patients with clinical symptoms in 15 pedigrees, who visited Shanghai
Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine from May 2015 to Dec. 2017, and collected the
clinical data and genetic analysis results. Furthermore, we analyzed the relationship between the exon mutations of NOTCH3
gene and clinical phenotypes, including age at onset, first clinical symptoms and frequency of symptomatic ischemic stroke.
Results Twelve mutation sites of NOTCH3 gene were detected in the 15 pedigrees. Seven of them were located in exon 4, 3
in exon 11, 1 in exon 19, and 1 in exon 20. The onset age of the patients carrying exon 11 mutations was the latest ([53.6+ 13.3]
years, n=7), followed by the patients carrying exon 4 mutations ([42.7 £ 5.7] years, n=15). The onset age of 8 patients with
mutations in other exons (exon 19 and 20) was (33.517.5) years, which was significantly earlier compared with the patients
with exon 4 and 11 mutation (P<<0.01 and P<<0.05). Most of the patients with mutations of exon 4 had motor and speech
disorders (11/15, 73.3%), while ones with mutations of exon 19 and 20 had cognitive impairment (7/8, 87.5%). Most of the
patients (11/15, 73.3%) carrying mutations in exon 4 had motor and speech disorders at onset, while 7 of 8 patients (87.5%)
with mutations in exon 19 and exon 20 had impaired cognition at onset. The times of symptomatic ischemic stroke in patients

with mutations in exon 4 was 3 (median) and in patients with mutations in exon 11 was 2 (median), and no symptomatic
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ischemic stroke occurred in the patients with mutations in exon 19 and 20. Conclusion Exon 4 and exon 11 of NOTCH3

gene are hotspots of mutations in the cohort of CADASIL cases, and the mutations in different exons are associated with onset

age, first symptoms and symptomatic ischemic stroke.

[Key words] cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy; NOTCH3

gene; phenotype; genotype

P B BT BE AR A BB R R G
A d P AL MK B Bk ( cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy, CADASIL ) J& H/jE A0 i
WL B TE /N, AT 19 S @k
L/ NOTCH3 JER A e, fet DL I R
Sk ORI R AR LS 2
Sl SCHRIRIE Y 95% ISR (T NOTCH3
RN 2~24 BHMETF 1P, NOTCH3 3:H %75,
P IZ B R A M 0 3R Bz AR K R 7R L A 7 91 X
()24 e A R % e B A AR U, e BN Il A
SV LA B AR JORL AT NOTCH3 SR VLR, 4
7S, DN AR A et Ak i A AT LRI G
CADASIL Il KAL) NOTCH3 B A AL A1 AH OGP ERY
5T ELDE, AW ST 30 B G RAEIR Y
CADASIL & Bl RFFIE X NOTCH3 eI %A%
T, BRI ] 4 OCHK

1 XW&FE

1.1 AFRsr % ¥EF 2015 4E 5 A& 2017 4E 12 H
T IB) 1 32 3 R 2 e 2= BE B 5 LN R B e i
ZNBHLIZ A G RAEIR ) CADASIL 35 1R At
FENT G, 215 NEER 30 GlEE, XEEHE ok
gL VIR MR, BB TIPS, 10T 6 AT
X, ISR R VRN R IR BORE, AR s . K
R AT TERE . AR A A R SN T RE 4y

INHIZNRER 8 2 8 J1IRS KA (mini-mental state
examination, MMSE ) &£ #171Fs, &£
30 3. PEAMRRUE: 27~30 S INANER; <27 4
SN RERERS, Hirp 21~26 43 MR EEIN T
g, 10~20 43 AP EEINAIDIRERR AT, 0~9 4k
HNHIIBERET . AWFIEAT 3 IS8 il KA e o
BEfe I At A A FE.

1.2 NOTCH3 k(A M5 REFTA L E DK
i, H DNA i &Hh#t DNA, ¥ NOTCH3
B 2~24 SHRTFIPIIEITEIY, K PCR
FEYIAT LRI P8, & B A S AE

[Acad J Sec Mil Med Univ, 2019, 40(1): 14-19]

https://www.ncbi.nlm.nih.gov/clinvar/ b 347 4%
XFo [FIE}, @it PolyPhen-2 ( http://genetics.bwh.
harvard.edu/pph2/ ) . Mutation taster ( http://www.
mutation taster.org/ ) Ml SIFT ( http://sift jevi.orgl )
AW B A T HAH k2278 5 S A 45 A g el
AT, T KRB 40T it ExAC
B E ( http://exac.broadinstitute.org/ ) 43T 3R %=
AR, B e WSS A BUR AR

1.3 %itsas® R SPSS 17.0 I T4e 11
SR TTETORILL Xt BTN, AR A
KPS AEAS ¢ Koy, R deKifE (o) 4 0.05,

2 # R

2.1 CADASIL &% R4FE 15 K AT
11 ANEFR (73.3%) MEEAZREL ., 30 &
FHIR KGRI WLZE 1. 30 B &R AR IR A
(42.8+10.8) %, 1 AIEIRLUZ S FNE 5 FEf i
WL (13 45, 43.3%) , HUCRIAFIRERS (9 1],
30.0%) . kI (5B, 16.7%) , &K, MU
AL 245 1 ] (10.0% ) o 30 il & dorE R vk
e 0L ik 2 v R A RO S R 3 IR R AR TR
1% (3.3%) KA 6 4] (20.0% ) &
AAwdiE, YIRSk ARSI, A RSk
IFRIAEIA N (35.8+10.3) 2 FEMN LA G ke I
M, AIFEIE 2 # (6.7%) , A IFHEIRA
1B (3.3%) , WA 9 1] (30.0%) . FrfaBHES
MMSE R IFTIF5r, IAFIIER 9 1 (30.0%) ,
REINFDIRERERT 10 6 (33.3%) , MEEEE
INFIIHRERSES 11 6 (36.7%) o A ki
PR A% ( magnetic resonance imaging, MRI) T2
PR AN FLAIR JSA535 0] UL RZ N B0 A%

2.2 NOTCH3 AR R TALE 15 DMRFZEPIHLK
12 /> NOTCH3 BEFAF R A (F2)
SR ) L PR 58 AR 0 L 1 DL IR 1. 12 ASZEAR AR
BIRARE AR, bR 1A R B RARS, Hax
P ERAS . o & BN S A A T 20 AN
F A p.Argl100His, 12 > NOTCH3 R[] %



e 16 o

BOFEERFFM 20194E 1 H, 405

AN, 74 (58.3%) i 4 SAMNE T, 34

(25.0%) 1T 11 SHhRF, Ho 2 Dol T
19 5/ 20 AN F. ik, 4 S4MEFR 11 54
W RRAEPGE . 1% 12 > NOTCH3 LRI AR A5,
I 34 AREAERKFTFHEE T 40IESMNX
WK 2) o 78 12 RN, A 11D AR
R R FE H A (11712, 91.7% ) -

R 1 CADASIL 2FEEKIGKRER

Tab 1 Baseline clinical data of CADASIL patients
N=30
Clinical manifestation Value

Male/female n 15/15

Age at onset (year), x - 42.8+10.8
Clinical symptoms at onset 7 (%)

Movement and speech impairment 13 (43.3)

Cognition impairment 9 (30.0)

Headache 5(16.7)

Syncope, visual ambiguity and dizziness 3 (10.0)
Symptomatic ischemic stroke times M 3
Cerebral hemorrhage n (%) 1(3.3)
Migraine

Number of cases 7 (%) 6 (20.0)

Age at the first migraine (year), xts 35.84+10.3
Vascular risk factor 7 (%)

Hypertension 2 (6.7)

Diabetes 1(3.3)

Smoking 9 (30.0)
Cognition score for MMSE 7 (%)

Normal cognition function 9 (30.0)

Mild cognition impairment 10 (33.3)

Moderate and severe cognition impairment 11 (36.7)
Subcortical white matter lesions in MRI 7 (%) 30 (100.0)

CADASIL: Cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy; MMSE:
Mini-mental state examination; MRI: Magnetic resonance

imaging; M: Median
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&8 NOTCH3 I 4 SHM i FRAE R B Lz
I IRl R T R 2 G (TR | ST AF e R Y
(19 5. 20 AT ) RAA B E DIAH B
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Tab 2 NOTCH3 gene mutation sites in CADASIL patients

Exon Nucleotide alteration Protein alteration Involvement of cysteine residues Number of patients

4 c.397C>T p-Argl33Cys Yes 3
c.401G>A p-Cys134Tyr Yes 1

c.421C>T p-Argl41Cys Yes 3

c.457C>T p-Argl53Cys Yes 2

c.544C>T p-Argl82Cys Yes 4

c.566A>G p-Tyr189Cys Yes 1

c.602G>A p.Cys201Tyr Yes 1

11 c.1630C>T p-Arg544Cys Yes 1
c.1759C>T p-Arg587Cys Yes 1

c.1819C>T p-Arg607Cys Yes 5

19 c.3091C>T p-Argl031Cys Yes 1
20 c.3299G>A p-Argl100His No 7

CADASIL: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
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Fig1 Typical sequencing maps of NOTCH3 gene mutations in CADASIL patients

CADASIL: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
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Fig 2 Sketch map in domain of NOTCH3 gene in CADASIL patients

CADASIL: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy; EGFR: Epidermal growth

factor-like repeat; LNR: Lin12-NOTCH repeat; HD: Heterodimerization domain
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