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Importance of CADASIL research in Jeju: a review and update on epidemiology, diagnosis, and
clinical spectrum by Jay Chol Choi'? Jung Seok Lee', Kitae Kim® ('Department of Neurology, Jeju National
University Hospital, Jeju, Republic of Korea; “Jeju National University Institue of Medical Science, Jeju, Republic of
Korea; *Department of Neurology, Seoul National University Bundang Hospital, Gyeonggi, Republic of Korea)

Abstract Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
(CADASIL) is a single-gene disease of the cerebral small blood vessels caused by mutations in the NOTCH3 gene on
chromosome 19. Although CADASIL was known as a rare disease, recent research has suggested that the NOTCH
variants could be found frequently even in the general population. The main clinical features included recurrent
stroke, migraine, psychiatric symptoms, and progressive cognitive decline. On brain magnetic resonance imaging,
patients with CADASIL showed multifocal white matter hyperintensity lesions, lacunar infarcts, microbleeds, and
brain atrophy. Among them, lacunar infarcts and brain atrophy are important in predicting the clinical outcomes
of patients with CADASIL. In the Jeju National University Hospital, we have diagnosed 213 CADASIL patients from
2004 to 2020. Most NOTCH3 mutations were located in exon 11 (94.4%), and p.Arg544Cys was the most common
mutation. The mean age at diagnosis was 61.0 £ 12.8 years. The most common presenting symptoms were ischemic
stroke (24.4%), followed by cognitive impairment (15.0%), headache (8.9%), and dizziness (8.0%). Although the exact
prevalence of CADASIL in Jeju is still unknown, the disease prevalence could be as high as 1% of the population
considering the prevalence reported in Taiwan. Therefore, it is necessary to discover efficient biomarkers and genetic
tests that can accurately screen and diagnose patients suspected of having CADASIL in this region. Ultimately, it
is urgent to explore the exact pathogenesis of the disease to identify leading substances of treatment potential,
and for this, multi-disciplinary research through active support from the Jeju provincial government as well as the
national government is essential.
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1. M= CADASIL g72| HAt

CADASIL (cerebral autosomal dominant arteriopathy with

Received: November 22, 2020; Revised: December 16, 2020; Accepted: December 17, 2020

54 Correspondence to : Kitae Kim subcortical infarcts and leukoencephalopathy)-2 ¢ @A -

Korea University, Center for Good Doctor, Seoul, Republic of Korea Aoz oA xR ol SAA FRsto 2 AMA 19
Tel: 82-31-787-7469, FAX: 82-31-787-4056 ° HASE HEAY 48 Huadd waA
E-mail: kki88@snu.ac kr ol $JX|5H= NOTCH3 -2814-2] Eolof o)A whaygt

Copyright (©) The Journal of Medicine and Life Science

https://wcms.jejunu.ac.kr/medsci/



https://wcms.jejunu.ac.kr/medsci/index.jsp

[}
)
(=
@
(%]
w
£
—
T
(=
(]
()
£
=
o
()
s
N
(o]
5
[=
S
=)
(=]
3
[
=
'—

https://wcms.jejunu.ac.kr/medsci/

Z|ME, ol €M, 7IE

Figure 1. Brain MRI of the first CADASIL patient diagnosed in Jeju. FLAIR (fluid attenuated inversion recovery) images (A,B, and C) show
multifocal white matter hyperintensity lesions on external capsule, periventricular and subcortical region. Multiple lacunar infarctions are seen
on T1-weighted images at bilateral basal ganglia and corona radiata (D, E, and F). Gradient echo (GRE) images (G, H, and I) show multiple mi-
crobleeds at bilateral thalamus and basal ganglia. An old thalamic hemorrhage is noted on the left thalamus (arrowhead).

Y BEE, wEHel UEE, dAslse BEE SHea
st & Agto] thst FU A Bl 2002d0] =9 So] H
oo} 7]l ol W s2Ae) BAlolA] MRz )
Hu| G A YA 2 A0S EZ (granular omio-
philic material)& ASH AZE I A|FA] HoA= 2004
AR A BYEEe Fas AFYEY RS YR
3 44xe) FRANA GARAAE BHH pArgS44Cys B
Hol7h wAHH Agoz A=t e 18, G

66

59 543 ¥Eo] glley oln| 1@ Hof ddri|Age
2 e YS YRSt 34X A M (lacunar infarction)©] &
A A A A ofmy 7t 70t o] HEFS Atk 5t
Aok BAbs 2d Sof] AR HAP7|EE FAelA T o
EFAEEA, HATASH =, o] tlAHESE 99
T AF AeA HEEo] WEE T (Fig. 1). o|F ARt
2 AFA oA B gAE0] JdE7] AR 2
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ojn] & X A HEFo| obd HEF Y WAL ddA
23 e s wdsto] HAE 52 2006100 152t X
@ 177H419] 2078 9] =9 AT 2 HAVTE A
= 2AFSE] FAEY 25%004 S8 HEEo] TS A
gHol5lo] Neurologyol] 23t o] AJ&o 2 3lo]
219 9] CADASIL 3HA=9] A4, 443Hd, 4483
o thgh Aol A7 &3] W k10
20049 445E 20209 1047HA] AFigdolA A
¥ CADASIL &A= 2% 21390t Ex=2 W 97
2 61.0+12.8410]2L, GA7F 979 (45.5%)°]31Th. A&11H
(94.4%)° A 7V E3HA o7 AL, thFE o]
QA (heterozygote) FTh(96.7%). 15 p.Arg544Cys7}
18971 (88.7%) 2 71 E5HA] W E . $xpEo] Zdo
ol2A H FH S 3EA HEF(244%), A5l
(15.0%), 75 (8.9%), AN EF (8.0%), HFZ 9] &0l
23.9%9] A= A0l s AdHEiolA XetE itk (Table 1).
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2. CADASIL2| st

CADASIL2 7} &3t f34 =HE8HETo 2 o2 7ix] &
3t FHES dHAA Furh AT

] FAsA o] HAL gHA L {ASH HAE I AL
|EHA AdEE= 2] $71 F7kskar )let 20059 2
#H AFEWSO Ao oJ5Hd 107k P 198z F
AE G o Aol AEet Aol FEAT TR 4719 o
&
B

=449 QyEA 2

o B0 HIch) 2T diftE FAA o] E o] 2o T
3t A77F SESHA 21 Ew CADASILY fHEol izt A
Hu7p go] 2rREIh 2016 Rutten 52 AlA| 2=

A +=E 60,7068 2 oS 43kl NOTCH3 &
ARolE 78 100078 Foll 3.478004 TAs dutlof
A A" Eddel= oju] E1E CADASIL 3= g
2 NOTCH3 F+4A+9] epidermal growth factor-like repeat
(EGFr) 1-69] 9113k AS walch Eg 22 d72)
o N7 339 fHALY A2 BHS B cysteine-
altering NOTCH3 ®o|7} 100083 2.2 oA AR
CADASIL $H53 H|asto] i id 34137 =0] e
A% AL RIS o2 dAtellA oleh T2 =2 Rl
NOTCH3 ®ol= th& A9} vlwste] FopAlot W Fopa|ok
ol A FElstitt AlFA 9] URklE thAFo =2 3 NOTCH3
SHARHATE B glont thit 20119 AFEY o)
A HEF TA 1518 R gk Ao 4 NOTCH3 &

CADASIL research in Jeju

Table 1. Demographic, genetic, and presenting symptoms of 213
CADASIL patients in Jeju

Characteristics n %
Age at diagnosis, years Mean 61 h
SD 12.8 -
Male 97 455
Sex
Female 116 54.5
11 201 944
3 8 38
Exon ! 0-5
9 1 0.5
18 1 0.5
20 1 0.5
p-Arg544Cys 189 88.7
p-Arg578Cys 11 52
p.Arg75Pro 7 33
p-Arg587Cys 1 0.5
Mutation p.Arg75GIn 1 0.5
p-Tyr465Cys 1 0.5
p.Argl075Cys 1 0.5
p.Leu989Arg 1 0.5
p.Prol67Ser 1 0.5
. Heterozygote 206 96.7
Zygosity
Homozygote 7 33
Cerebral infarction 52 244
Asymptomatic 51 239
Cognitive impairment 32 15.0
Headache 19 8.9
Presenting symptom Dizziness 17 8.0
for evaluation Gait difficulty 12 56
Parkinsonism 7 33
ICH 7 33
TIA 6 2.8
Seizure 2 09

A7} Hol= 40% R N E AT HATS Bl SATHS of
Fog st A 36%= FREAUGY T it A
Py ARE o] 8T oF 80008 it AFolA HEF L A
o7} 1= iRl A NOTCH3 Hol7t 0.9% , H&F St
NME 2.1%, £25HFFY HEF AL 65% & &
A=A webA, 2 o] AFES T AFAY
9] NOTCH3 1347} Hol= ¢F 1% =2 459 o]F &<l
st7] flaiA A7t dRRRIFE ez ke fEAES A
7t Zasiet.
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Figure 2. Clinical course of CADASIL patients in Jeju. The horizontal bars indicate the range of onset age for each clinical manifestation.

3. MIF=X|Y CADASILS| fXisty EF

A <F 20070 ©]4 A2 o2 NOTCH3 sa®o|7t
CADASILS €07l Aoz d7zlen O35 e d=
A o] (point mutation) Frt.' tFEE 2] EHHo|= NOTCH3
FEAY Nxe] g9 APshe AE2-24004 LA
EGFre] A|2E]2l %2} (cysteine residue)ol]l F&-e w|A, A}
3} vl w3te] CADASIL 2= 429 A|AHQE FEgich

=Y, g, 4= ZUSHE 799 CADASIL 345
2 &340 7 E351A4 NOTCH3 Hol7F & et !¢
'V 70 vjal, ATzt tigke] CADASIL 3Altof| A& o
116 $1X]3H= p.Arg544Cys Ho|7} mf$ &2 v &S B9
o} p.Arg544Cys $lol= 2 HEHE oA 1999 0] H x|
QAT o7 tF 2 CADASIL ATE (5L 4117, 9= 200
g, ATE 609, olgg o} 229, & 709)o) A= T2
A okokth FAA AN FHA K5 (genetic drift)] st
2, oheket a]lof| o3 249 A7 M2 HAES B4
o FAAE] ZAL s AR QB A2 JHAEe]
FAE ] AR W= 2folE s ZAolth. CADASIL
2 A AFA A dint 2832 W& A A=Y F7
ojgz|otol| A FAAAILZ et ThE A FHT; 2 41
ES 2Y £ I3 EZ LA sl £ 4 itk
CADASILE F8AA 4oz fHEE= dgol7]e sht
UF Ao A FBHFA (homozygote)E 74 EAFol| A H
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A% A% Uehith BIsigou & o dvelds
Aol7k Qi 0T LIk e o] FHUL Ao
2 3 A7l o FHUAL FRHUAY PAPA Ffel
£ FRSNele WA e Aoz ma

el a2 3 oAt oz Fg Aol gl A
Ao} o] A LT SAMo|7 AT BAR ol
BAZAE A & 5 gtk FF QuAEA (haplotype
analysis) 5-& FaA §H8 20| QSR Blo] 715
516 o]z CADASILS] §-82e] wWojA] Babo] ohjz A%
o} djgre} EstolREAel HelNE e A7 2 A
oIt}

4. MIFX| CADASIL &txfo| itx! EXI

NOTCH3 FAAY] FdW ol MFHTEA|E (smooth
muscle cell)?} EHFA| L (pericyte)ol] = NOTCH3 &
W 8A 9 22 S =84 HlotE 20| =4 (non-
amyloid), ¥ 3 3}4 (non-atherosclerotic) 84H S 4
o7, 9] FASo|A E1E CADASILY 57HA] &
8 YAEALS 27 HEE (migraine with aura), 323} 3
FA =% (subcortical ischemic events), 5 %ol (mood
disturbance), #24 (apathy), 1231 {1A] 7|54 5} (cognitive
impairment)©]t}h.' (Fig. 2) A9 CADASIL 229
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A B8 HEF, HEE, AAT A, T
5 A5 Foll, &7 5ol A FE A
£ p.Arg544Cys =07} ) REES XA 8t=t] EGFr 7-34
of shFEt 2T A& (exome) BAS ARET HifE A
oAl EGFr 7-34¢] 3d== CADASIL 347} EGFr 1-6 =
H|¢lof] Sl 7} 9]2|5H= CADASIL E4}o] H|5lo] ¢JAF
Y] WAo] 129 ol =L AE 71zt 71 Aol BrE A
t} 20 weba] EH#ol7t 22 EGFr 1-60] 92]sts $HA A
9] CADASIL 323} A|FA 99 2as2 d42e 4
9 o 3o g2 zpol] & Helr,

A|Z2) 2 9] CADASIL 3AFE-L &3 CADASIL 3419} ot
£ 3714 AR EAo] itk £ ShA] Al&dl vke} o]
CADASIL 24+ vt o] &4 =11, 83 CADASIL 3o A
£ oFF EEA E1iEE HEE HAEC| ¢ o, 24
HEE (migraine with aura)9] TAEo0] F3] W}’ =3
HEEL 9299 CADASIL AL 10t 2 A
Zate] FAE9] oF 20~40% A LATCED 1Y AR
A9 2] CADASIL $Aol| A= 24 HEFo] 53] =51 T
A F& FolA BFE0l 80% o2 dRES AR5
=

TS AR CADASIL 379] oF 25% 94 H&do] &
AHAL HEE IAEL HEPo| fle AT vws)
o] L=p7) 3 GAro| A A o] u]) A& & (cerebral micro-
bleed)Q] =7} Worom Ao A=t Azt H&d &
Aol T T& AFA HEFE T B9 7IAY, A,
123 = ¥ (lobar area) F-H o™ =HEE T §9)9} ¥
nAEE % B9 dA5HA] gkokeh

Q12| &}9]| (cognitive impairment)= -8 X 99 CADASIL
SApol| A 2HAR B3 FAFolH AZol= AFA7IEAS
2 AIZE ARl = Algte] Aol whah A A3 <3ty
o] ARHARQl QIA7159Y Astrt LAYste] 60th7t =W AT
7t A A2 ZEgea g A ok B3 60 FRER
H A3 2ol IS AN I BLL st FA= 601 5
gh, 2= 700 2y Abgeithn deA S’AE} P A2 S
9] CADASIL A& QA A= HEZF o a 53}
AAFFAroIAth. 23U 33 CADASIL kel g 1%
Zrofe] Wy Ago] 60t FHFORE =911 70t FEA =
T34 A7t Sl 5 9 CADASIL &2}e] Blsto] gk
Aoz £L dT= E‘}S\E}.ZS) At 3|84 W2 (transient
ischemic attack)S Egst= S18A HHH-ES CADASILY
A 7Y &3 AAEAOIH 60~85%2 FAtol| A A s
B 2 AFL2 494 AtED p.Arg544Cys S H o] TR}

oL

—-

CADASIL research in Jeju

Table 2. Genetic, clinical, and neuroimaging characteristics of CA-
DASIL patients in Jeju

Genetic
Predominant p.Arg544Cys mutation on exon 11%

Clinical

Later disease onset®

Presence of intracerebral hemorrhage*®

Rare migraine without aura”

Less severe cognitive impairment™

Radiologic

Rare anterior temporal white matter hyperintensity®
Frequent cerebral microbleeds'**?
Prognostic

Association of high blood pressure and incident stroke?”

Association of APOE &4 genotype and incident dementia®”

S Aoz 3 AFE dFAE A HEFL 55%9
At A HAYER T ot WY AFo] 500 FHte R 9
CADASIL $2tHct oF 109 J= £k Su|EAE 32
Aol st A|FR 9 CADASIL $A=9] 7 ofiZ|
THHE e4 AR S Hole ¢ X9 i A=7} 104
ol4 Z7+e Aol A=A et BIAGA|u] tfEF
9l Agto gz AHA CADASILOA thHE A= dE3
Nl Q%HZ@M gzsto|mH g7} ojH AT-Z Ao |
= 5% dt= 9 A7t E 25kt (Table 2).

ol

. X|HHS 08¢t CADASILE] o= 0lS

CADASILI} 22 tj=agagete] g4sts mxAA
(imaging biomarker)2& G4 T A3} 22 =M (recent
A (lacunes), = u|N&E

(cerebral microbleeds), ¥4 1A &7} %= (white matter hyper-

small subcortical infarcts), @34 7
intensities), $7Me E#F$]5 7t (enlarged perivascular
space), 121 ¥ 9% (brain atrophy)2 W& 4 b
CADASILO|A] A L <lx7|5A 80 ATAo] 714
B QAT EAUAE BT AT AR
CADASIL 35 i 2 AfE dAtoME 34 2A
2 A7 sA G} A BT (Fig. 3)

HOEE CADASILS HIRS tiy uA|E8agolA <l
2l 9 Aoff Azl et AT|AES "ok ¢EA J=d ol
= HYFo] dy mA@uAse] Wty HF F5
Z 2 (final common pathway)©]7] wj&o|c}. CADASIL A}
AA HE AEE Uetl= H4AEEE (brain parenchymal
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Figure 3. Representative brain MRI findings in patients with CADASIL. Fluid-attenuated inversion recovery images (A~D) show periventricu-
lar and deep white matter hyperintensities including anterior temporal area and external capsule. T2-weighted images (E~H). T1-weighte images
(I~L) show subcortical lacune in the left basal ganglia. Susceptibility weighted images (M-P) show multiple cerebral microbleeds in various ar-
eas and intracerebral hemorrhage in the right basal ganglia and left thalamus.

fraction, S/HWZ7IOA HAA HL)L 2AR]7]%59 A (ventricular volume)®] 5719} HRAEEE @Y FSE ¢
stmul ofyat Aol HEE YU 44 Rankin = TIA X7 5A5 e} ABAYS BAT
HolqEEE 0|83 CADASILY dF &2 AFA Y
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CADASIL &Apol A &istA] A==t ol FEAY
CADASIL 22t} gg] AFA S Sxtol A HE&d8 9 vl=rt
E%71 2ol AFA 99 CADASIL 59 ¢ 714
3] 9] (basal ganglia) = U &2 9314 HEF T
AP o] &9ttt w3, Hu|A&do] 97) o]A¢l AL HE
g I ouA w2 ABgE BAH”

6. CADASIL2| ZeliHto|20}7

FTHYAE 7k HAbgol A4 Aoz Qe &3
A, AHFEE, HES] So2 ANA LAl Ao 9
ot H g Al Blg v-&o] @ =3, &4A HAMVY 7He
3t @, HFHpl 55 0]83 CADASIL & AEXAA}
(biomarker) B9 A7 AR v Aol A2
FEEYY CADASIL =S AR stof RS o]§
gt ohoFet AEF A Ao tidt A7t TR E Qe

Neurofilament light chain (Nfl)2 A1 FA|Z 2] AT
(cytoskeleton)S o]F= H4 T AT A (scaffolding pro-
tein) 2 A £4} (axonal damage)©] S W AZ G Y
(extracellular space)Z HH|F o, &4l o) Fof B
st oheFet Agtol A AFAE E4F9] HAAZ AMGE AL
Ak 4175 9] Y|ATE CADASIL FAEL o2 3 2
FHQ0 AT EY Nfl =& FAEY HA7|F3H Y
oA IEE= HHO HZES} Fo5A BEAdE Bl
Wzkel A ko A Ao & AR)7)5AsHE oS5t
ol F-83H3th® 549 CADASIL 37} 533 & tii o=
AFNAE BN Nl 5=+ TAEY AA75, Fof A=
Al7gsta SATHe] fofgt TS BT

CADASIL s EREN = &8 ool Hzst= Ao
2 &7 endostatin, CADASIL 22 9] tfj 5@ of| A 24 o]AF
FAXEE o] £71% high-temperature requirement A serine
protease (HTRA1), 18]31 NOTCHS3 extracellular domain
(NOTCH3 ECD)°] f+2J3tA| &tolg Bk

NOTCH &A= AlZuto] £t 2J7EE (ligand)2t 2
lofl oJajA] A 9 =1 <l (extracellular domain, ECD)3}
M3 W =2 (intracellular domain, ICD)2.2 Ea| gt} ®
2a® NOTCH ECDE: 7i=e 2% A= ATE Hy
= Alze Y2 o]E o]et 2 A uUjo] ¢ (endocytosis)
< NOTCH 42 49E S35t 98 st 2= 4

0};’.. 20

-

fi

o}
o

]_
1

HE

CADASIL research in Jeju

# 91k NOTCH3 Hol|E Rel AF ol &9 Y NOTCH3
ECD 5%+ 23 v|aste] {20514 ZHa=Sl7] wjZol
NOTCH3 ECD¥E 3% CADASIL $4}12] Aeta} of| Fof &0
8% %S T Ao 7|ddd

7. MIZEX|H0lAM CADASIL &322 524

1ES FoA AHE Hieh Zo] AFEE tiEulaoA
3 @2 CADASIL 337 Agtd Aol =275 H Y
Fib fAAzTo] g AMSE FF AgEE St

AR 57V AR ddHnh 5Ye $A A ES B
ol tittel dlg Hushd HA AFZE AT oF 1%0A
CADASILY} d#¥ NOTCH3 GdzhHol7} 28 Aoz
FAHY ol AFEHe] HAG Fa% 9FE v ¢
ot kA, AF WollAl CADASILO| Qi == $ES
AgstA d IG5 Y& voleukA 2 {AAHA
o] ggo] Fasti Mkd AAEY dFo JFE vA=
8205 uotste] gt o3lE v Zo| Fasith g4
o2& A% PHAHE Fet ZEH A7 $E E
Ao galo] A g5t o] YA TFFE L AFE A
Aol FFH2] ATAIA LS BT ohsHA A7 DA o]
t}.
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