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7 A A
FrHY
ATE 1

NHLRC4 (NHL repeat containing 4

) AN ZREEY 6 P99 g FEe SHse ANE TEhe,
rstolmy HEA oo A i

=
bzsfolvy Aujze] A1 9PH A5E £HE.

Aol oA, 7] FdA 2R Cp6 9o WEst FEs FAse AlAls, Hivdst AlelEA 7
=2 AR Z2RE ] CpG 9o vEstE Adel Sel

= APA)E e me dgs) N Adas, 4
Mol Eefolu], ujmEaby Mol Sol Ml Zetolu], wiRstE Cp6 AT =rlQl, Ei lEAlo] Bl ol A
o A FAS TS 0 24,

A&l QholA, 7] uidEst Aol 24l V1S WA= e Hhold o]l E(bisulfite) Ei= o] 9l

A2ddl QolA, A7) West WA AFdEAE Smal, Sacll, Eagl, Hpall, Mspl, BssHII, BstUl %= NotI<l

T3 5
A1 WA A4 T o= 3 o] RAES Este, dxsolmy AEAX ol Ak e d=Ftolw

3T% 6

WA A ZZFE NHLRCA FHA ZREE ] Cp6 H-919 WEst 58 FAHse dAE s, d=stolH
B AEQA o] A e Gxstelwy XujEe] 1 P 5 AT ARE AT B,
ATE 7

Aleel ol A7) wWdsl FEE dxsteluo] ofd iz AR Y KAl MEst $E H]

Aol oA, 7] FAA Zeree] opb 9o WEs 5o 4 B
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(a) +58 A% Ul s DAE nuEs AolEa 971% MRAYE SiE m gl gy Adas

(b) A7) Hz]E DNAS NHLRCA A7 T2 RES (pG 92 ZZa 5 9= Zalo]wE o] 435te PCRo| 23
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Aggel dofA, 7] uwEsl AlelBEA 97|15 WA= gtgE vle]dTlo]E(bisulfite) E& ]9 <l
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Aege dojA, 7] wE3 FFE A HYe vdst S0l T aAWHS-(methylation—specific
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polymerase chain reaction), ®AAIZF WEs} Eo]d 3k 4dkg-(real time methylation-specific polymerase
chain reaction), WY3} DNA Eold Ag ddS o]&3 PCR, A PCR, Jo|ZA|@A, ulo]AdrlelE
AlE7, DNA wWEzold wlo]azojeo], W wEstd CpG 23 Z=dld i S-vEAlo]EA A5 o] &3 |
QAAP R FAY oA Agd= Al Wy,

N1 o

wge 95

7l & £ oF
2ol AR 06 9o vEst £28 AEToRN, dxstoluy ARAN GRS Ae wi Lxstol
g Aulze) A8 APYE AS3) AT 2R, J1E D el B Aol

oW g o=

o] whE AA g A8 o] A7sl, ojste] whdom QI8 = wwle] Wi 1o =
e AAAA SR 7 whaA <le] nyshyh Agsa g, ool weh wmsheh sty wdwshs A H Y
Az A ZhakEA Srkskal gl

Avie AAAAY pwel B UEH ARORA, T FoN Lxselwy At Ay Y 2@
Fioltt, gxstolmy Avje J1odY gEE ANstel A gae] A4 wY 44, B % 4Au, o
A= Vs oA

3
i=4 bl e} ’
o 7% mh], W £F V)% whi] Fo FAoz Uzl AR gAMow Aastel A% Aol o2t dE
A9l AR HYY H Aol

¢=3 W FAERE A& Aaso] stfel= Bysta AA7kA 2
NER . %iif% B FAS gElEAY Wue] AAe RFE 530 Arte] X i Aol
oomebd, dxstolmy Al 7] Ak B A ARE F& Aol wRAVIE AAANT= Aol M

gy, @A dxstelWy v Ade] ALEE I lE AAJAAAY A FAY A¥, uEFE, B 9k
A oo AR Fol A Ao AYEd A JFEFS v @] YL, MRIV PETS o]&3k ¥ d7iALe]
A9, avte] AHlE Al&sly] "t EE% TS UERA & 27dAlC HAALE AldE 7 ofEe 9 A
o] 9it}.

ole, ¢=zfolm® Huje] ks 9 thE W oR | HHFH = PAA HE ofdRoln TulAs A
=5l WY, tau WA FrE FAHSE WY, AAouddH M WM A(glial fibrillary acidic
protein, GFAP)-IAE HZste W 59 Ases W Eo] Ad=Eoy, g el o4 A& 284
A o] FAZE AVIEa dok (SAENSS Al92/17152%; w553 #14,666,829%; S AlEIHES] Al
89/06242%; =53] #15,231,000%. )

wpeba], gzstolmy Auje] 2r|AeE 9l dETde tiusAY, S0l UEhr] ol A dEHE

& 0001) FATMES] WO 1992-017152 (1992.10.15 F7)
(5353 0002) W=EFS= US 4,666,829% (1987.05.19 5=
(5323 0003) =AZMES W01989-006242 (1989.07.13 FA)

(539 0004) "=538]55 US 5,231,0005 (1993.07.27 55

gige] g
S dst = HA
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Y AR fAbe] A SR5E Al DNAE FE5aL, DNA widsh wo] 245 &3 DNA wdsl Z=aiel
= wAstalal, B dizw vlalste] dxstoluly AEAA G fhApwre] Ak ZRRE 599 O6 59
ol 30% ©] DNA Wl s}7h Wt fdxkE s, of Ade fdxbE 7heEl NILRCA #31A7F A7 o

=so] Fzstolmir A|u] fkAprell A 2R EE O] CpG 919 DNA

A& R1A] Al @fx}:hﬂl A=
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olel@ A NIRCE F44el A% Hol4 AMEsl, A% PPz Fastolsy AEAATRE A
B e gEsely Aol A8 AR AFE] AT volertAZ BET + YL ehack.

Iq":q'/ﬂy o A o= NHLRC4 A Z 2 EE O CpG Bolo WEst 32 A= AAE LTt d=3)o)
H AEAE ] A Es dxstolmy AvjRe] XY P A58 2HeS A

oe FAdE AN AREFE NLRCE §34 Z2Reel b FAAe WEs $7E SYse wAE X
Fare, dxstolvly AEQAFeRe] AW wE kxsoluy Avjzel WY AGY ASL AP Y AT ¥

e AlEet

?Q

g2 FAdE dxslolmd ArEAxFojo] et = dxslolm AujE e A&y JIA oo I
S ATyl f1sked, MAY] AlEEEE NILRC4 32 Z2RE (pG FHolAe wEst 58 SAH3=
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oulgit. sl Aolut A 12 Qlste] WALl Agel FAE WA ol 54 #
CwdE, weEs w49 dojubs A9 54 G4 wdel 78 A,

& Al As DNA o= A, C, G 2 T o dsgte], Alo]EAl o tAwA wiol] e 5o F2%
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5 AEA djFe] FAFASA Wt AF dojit= F-9jolrt.
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doa] gof, "HEst Fe] SA"E 1A O F-9e WdEs s SA e A=A, Was)
PCR, d& E°] Wes} 5o]%4 PCR(methylation-specific polymerase chain reaction, MSP), AA|Zt
E-o]4 PCR(real time methylation-specific polymerase chain reaction), W€ 3} DNA 5o]% A3 o
o] &3 PCR, & A% PR 55 €3 SHE & Avh. e, Fol2A|A e vlo]dulo|E A AL
FsE7IEA o wgos A4, DNA Hgdelold mlo]laRojyo], ke wEstd Op6 A4F &
F-medrtol B4l FAE o] &8 WA 55 AHEE + doy, o] A= Fe ofyth, ¢xFlo]
1 obd Abgke] Az wlste] EE WY A4 AR (cut-off)F vlalste], 3} A|m e A= NHLRC4
Zto el AmMdslrt SolFo g vehte AS FiA, gEstolwy AERIAGef o] e e dxdlo]
AujRe] MY A 5T 5 Ut
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ZRE CpG 9, Bt AAMeAE 16 A 566797 WA 566918 WAl 71D (AEHSE 1) =] et
= G F99 Ale]EAlS] wES Z% SAsE e 2T F Ao 1o APz, 1601 GAA
566857 HA Q7] (AEHE 19 614 F71)edl A g Aol Bl WEstE S5t AS 288 5 ).

2 dgelAE A7) Az Als GAA B9 @A Ee HAl Bl GRCh38 Genome Reference Consortium
Human Reference 38 (GRCh38/hg38) of uje} F&s}si#|wt AN Al GAA B9 A AES As A
g A7 A37t guolERe] wetA 1 Rdo] thh WMAE F Jdom, old v wep E de] o]
b AE GAA F99 mdel Adeolald & k. wEba, 2 %7 GRCh38 Genome Reference Consortium
Human Reference 38 (GRCh38/hg38) o whe} & ZF Alm G2 Folv & 2y &Ud o|F Izt
17144 (human reference sequence)©] H|O]ER o] A7) <17 Als AAA HH9 Fdo] NFH thEA

wE
= Al W87
HArha stede, B odwo]l WYy Ay WA QI3 Al GAA By wxA ¥ Awsitia 3 Ao}, o
e WA &2 2 ddo] &ate vleword] 49 AAE 7HR At etE &olsiAl o ¢ e A
o},
Eoamo) A go], "d=slolwHl (Alzheimer’ s disease, AD)"& Al E A Ao izl Hslog 7]
AHAstE 7] SR sta, o]F WA X759 AstE Hole #o|th. FHole d=stolwHE 4
Aeidel 7lwkete] Aostar, ¥ FAS F3 dxlsigionvt, HIde dEstolwwy #Ydd AR A
HslEo] YW Aal ol & JAHAAIR &8 G AA HHEA, olgg MEE AA W(in vivo) AERZARE &
sto] E1go = d=slolHl S st 4 A HAT. dAE, g=stolHe] EX2 ALS Ho] FHAA
o)1 skAIRF, 9o FHArAe] g SHoE dEA v ofdEolE o Bl oERe- oo B A&
PET @4 B& HHFAHALE Ao m G & A HuA], FFdRtes ddstd Algie] vjs) g
o] Jggo] gr)He=r WA HATt
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Fzalolu e Aolah] N3 AFHAARE, vl Uzl s Bl AX(AE Sol, ¥7 A anyloid-PET )
FrEe] Agolt MAFANA ) Ay, o Ha), AAARAUE FHe) B Ba AL (AF Sof, ¥Hp
L REROEY

3 Bh9-9] SRt w9 de] tau-PET 2jRb=e] AR, EE AAHYS] Ax (dF 5o, HHF
F B9 7F EE RIA Y] H 9453 FIG-PETel A 9] = tiabAeh) & 5 & At

v Z U3 F A (National Institute of Ageing, NIA)$F 4=3}o]w &3] (Alzheimer Association, AA)7}
20110l RIETE NIA-AA d=sto]mie] e7]es ulol B, 2018 d=sfo|me] A48 d7]E(Jack
CR, et al., NIA-AA Research Framework: toward a biological definition of Alzheimer’ s disease.
Alzheimers Dement 2018;14:535-562)0 w2 <d=3lo|wy- Xuje] AAF do] UEy] Holgtxs g=sfo
Hyo] ¥y 54 (&S i 22 d=stolmy AERAA) o] ARG dxFtolwy o] Tr|FEdd 2
Hoh, FAHeR, BERAAS} A @A Z2FS Fote] dxstolwy s A dEstolHy AdR1AVI
(preclinical Alzheimer’ s disease, AD), ¥&=3lolmWH ZE=2dA ol (prodromal Alzheimer’ s disease)

ot=3slolm ¥ X]u] (Symptomatic Alzheimer’ s disease)® A|&3}sle] dlvbe] <A (continuum) Ngoz A

W off mol

AR NN G=slolm o] W &7
A3 (preclinical) @A dFett. oh DA g=3slo] = )
=3alolmge] W] A7AE Holup, AEe AW AXA7F JaL, FHA dFAY FATEHS f
ARA, "AEAX| ol GAe] d=sto]HH (AD with mild cognitive impairment)" H+= "=3}o]H
Al(prodromal AD)Ee= &ol%= Wrigvt. &=slolwy Au= BESH mAA} AAMAA d=sfolH
2AE Hola, Au] FiAo] wdEe], A@Al /AT AR A HHAJA AL ETHo|
)

"X wl Aol d=Elo] W (AD with dementia)" TiE: "FAlo] ¢l d=3dlo] | H (Symptomatic AD)EHE foj=

Lo

ool et B owwelA ol "exstolny FwalA o) 2
W RS AAE eE, Awd AAAS} dou APBEASHe nEHe] glof Auzk opd ez, o
Zafolwy Au) uhy o] BAS wak),

ol9} din]sled, UukAQl "AX=IX Aol (mild cognitive impairment, MCI)"i= =slolwrgiEul olye}, o
ANAEPGAS = vhFe 8910 F Qlste] dFH R AHE uf, QAT HEEHE H-E XTI v
doAdeh 1291 1] 1-2%0 A X2 skl vlete], ARl =219 - 1del 5-20% 4 A mj=
Agats Aom dda] glo], AmlAdols Ao ndfdatom oA, Teup FElA s d=stol
Wl Xuj7b ol olwidAy Auju} 3 Awjet ZE vE AmjAT R A= F-E AL, 20~30%
o w FHRHAY A2 AP A gFa AmRlA e FHE vsaA fAEE Aow delA] gt

e A A A2 AAGel, =

B Y dige] Bt dxslelny FEAA G s dxsolyon A% 7
xstolm gl Weld SHWEEADS el :

Hlste] rxstelny Avjz AHW b5yl 4 .
W AEQAGNS] A 39 Gxstelny Avjz APz wlEol oF 54l
e rxstolny AEAe] 44 s Lxajolny Auz AW v
(Brain 2015: 138; 1327-1338).
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Aate A, ol5ES ol &35ty HHEste DNA & AN F, AAER, PCR, vlo]azoj#o], EE A9
A (sequencing) 5= &3 54 CpG FHE5 AT & Ak, &3, A9 WA HE: e AFE A5t
714, Aget 4F&d, S g4 T PFed 12X, DA G4 BE FFEAR gA9 2x @A, 2 A
71d & AR § 9l AVelA VEe YERAEZ A B Zould X2 4" 96 A ZEoE, &
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[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

gadd =22 FAE 96 4 ZHoE 9 FEl2 ®H &Elol= FEks To] o]fd 4 Ja, WELE HS
AlthobAl (peroxidase), 9Zekel EATlelobA| (alkaline phosphatase) o] AMEE < i, ¥4 =zL
FITC, RITC T°] A& 4 olar, 7R N ABTS(2,2' -oFX] -t A~ (3- @Ml X E| o} ZU-6-HFEL})) e
OPD(o-#Hlddit]olvl), TMB(HEZWE WX w7} AHgE 4 gar, 1 & A 5994 B4, gdx He &
A, FRo|= %A, HLH A & AFEE § 9oy, o] AgEHE AL oYt

A7) 2AE D 7Ed e 7] AA olYdE, FREA optRA, WG Ed ek 4F8d Fo] FUE X
stel 4= k., W3k, A7) J]EE DNA wWEs) vlo|aRojge] gHE Fdd 4

o2 FAdR, 2 o3-S NILRCA F-31AF Z2RES CpGc F-lolAe] wWdst & S7g3te] d=slolHy 74
EJAFNE A e dxslolwy Xuj2e] [ JHAS S5k Wi #e Aol

ek, B oultg o dxslolmH AEQlA Aol e i dxFloly Aujzo]l X FA dFe Hask A
HE AFsr] f3te], AMAe AS25H FHA Z2RE Cp6 §-919 ddst S AEste Wyd 33
Aot}

wmE B owme siAe AER5E NHLRCA 32 ZERE (p6 FYdAe wdst 58 SA3s dAS
X&sle, dEstolHy AEJA Y Ag e &dxdlolwy XulRel M AP d5S A AR AT
Wil ek Aot

ot (2 o ta
2
=
i_y“
o
>
Al
fr
Jr
i)
Y
o
)
=
=
Gl
o
4
P,E
£
=

=
Ao g AlLEH = HE/EFEEXE FEYH, SDS F=W(Tai et al., Plant Mol. Biol. Reporter, 8:
303, 1990), CTAB #2]'H(Cetyl Trimethyl Ammonium Bromide; Murray et al., Nuc. Res., 4321-4325,

T dddew dvjE= DNA & 7|EE o] &ete] sl 5 Qi

Aol 54 0p6 91 HEs 428 AFee W, WgsE rle Mgy e 9
dlol Aol EE ol gahi Wy, vdshE (6 A =9l E

A= e 2
F A (o, MIRA, MeDIP), DNA w€@|old wiolazojgo]E ]88 WY & &3

(real time methylation-specific polymerase chain reaction), ™ @3} DNA

= b
=
oo

F mdlel me PoulgAelEA AE o83 WARRY 5 Ags] Wgs £

Al UL (a) 759 AR Ul Al DNAE HHEs) Al B 1715 W3 A]Y]
A Agasz Asks @A 2 (b) 47] AedE NAS &l FdAke] 54 O
= Zelo|w S o]§sto] PR o] T%sh= dAE 23S 3.

47) (a) @ANA WD sh Aol EAl 9718 WENTIE SEEe veldvelEa & glov], whgra e

il
jur]
=
o,
e
j‘:i
o,
[
1o,
Ay
30,
=
o,
s}
rot
)]
=)
o,
e
<l
o,
[

T

A7) (0) BANA FEE BAHS PR Bel o8l £AY = ek, ol ALgEE Eebolri 47]eA
2 s ggel B 54 06 919 AGe] wek vAsl Uae

fl:
Aol vgs e v
E]E

A<
T+
F 9}, dFE o], WE3} Eold a2 (methylation-specific polymerase chain reaction), AA|
=
5ol

CR, A% PCR, dto] AR, nle]dufo]E A4, DNA wld o] mfolazojg o],

g3} 58 AE8] Asted, Al DNAQ] 5L 3 dAA

297-
1980)

| VO T N A o)

S
=

g,
%0,
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[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0072]

A5 )
E st= s FtE 23T ATk, A7 (¢) Sl SHE A © 9 fAe TAd
Wy, g EW AV19%S Fastel Asks A8 WEd 4F ojvel webd £98 4 A dF 59,
HEEs AfoEA 2718 WRAAE BFES ST AS 7] () BANN AEH F FRe) Zetolny,
% dgstse] vloldstol o] of3) WPHA B AIENS HolHoR FEF 5 gt Zeieluy 2 v
Yshs A ol sholdstol o] o) WPE AlENS BolHoz FEY £ gt el od 44 3
Zg PR AEe] E9ol we Wgs 4EE BEE £ vk wEHsl, 4B AF DA woldvelEx
Aelata, % FA4) O6 FAE PRE FHhu, FHR F99 @ADL A veldstel = E

25 o83 Aol I

22 2 ¥ DNAGIA PCR ZA3F=Eo] U a2 A

DNAS A PCR ZA3}Eo] ¢l A= CpG7F BlvlE3) 3 Aoz st Ao wel 2 WEds) ofys fad
= A

3l 2| =,

T o, o= A A A strt. 714l mock DNARE AlZoll A ]l obFRl HEE A Z2 AdH
o] A& DNAE 9|m| g,

FAR] B4 Cp6 FHe wEst F2& AEseE OE Jd=2, wWEs DNA &4, dF S0 Adsy (pc 2%
E=Q1(CpG binding domain: MBD) HEi= WlEAlo]Ele| it &AE o] &3 AL HS dArg 5= U}, 4
5 59, WEstd 6 2 v X 5" EAlS BojHoR X Fh= FAE o] &3l W Ge
F NAERE PR, vlolaRolo], T A EEA (sequencing)5S F3 54 (pc F-9E AT 4= Q).

ole} & W] wih, diidk Als Ul NHLRCA FHzF ZERE ] (p6 F-97F AvEst YR AFHE 49,
=

=
stolm i Al E e Eis dxstolwy Awjro) Iy AdGS v A5 5 = Ao

o}
wehd, 7] # uwe] e A9, S 54 6 Fel g wse AAel Arela Soldem g
e, §349 WEs WehE vt ortAR Abgetel dxstelmyel AW Ei e f83A A
Sith. olE Eol, NHLRCA A4Sl 54 o6 $918) AEsE whol ortAR Apgetel xstolmy FESIA
Aolo) Awk wi ckxgolmy Aujze) A AR oS H8aAl A8 & v

e el Ameld AAT Aw DA 5 FAA 6 P99 Wgs JES ZHske] Lxstoln)
A o] EE hzaloluld Al A E dZsi BAABHY Ag :
A% ol AAA gol ek, EE, DVA MU Weks AEe] golsta, Fel wuoelit RA v ol
3 3

“
5 g Holm wao] Ag Aol 9l

oy
o
2
b
ﬂOL
A
-
o
o
H,
ﬂOL
ko

—_
T 12 B dEzaa dxstolmy FrmlA o] fabatoll A NHLRC4 fr7d=-e] DNA wEst J&=o] xfo]E5 et
Ll

% 23 NHLRC4 f-d#ke] DNA wl€s} Wshs o] gsto] ehxstolmy AmIx el At FF dzds 44
sk ¢ e FEAS Hrkely] Y3 HAH-FE 53 AB(ROC curve: receiver operating characteristics
curve) &4 2345 Yehd Aol

w2 YAz fek FAY g
o3, ¥ wme AAldel s A AwATh. @, s/ A ¥ AP sk
8171 AAlelel ols) BgEE AL oheh,

Y
e
st
re
i)
ot
S

AAd 1. AT
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SMSE3d 10-2021-0109211
W xS dxstolmy AAI X 75w (preclinical Alzheimer’ s disease, AD), &=3d}o]mH
- I Alzheimer’ s disease), &=3}o]™H v (Symptomatic Alzheimer’ s diseas
ZUORE AN dxd (BAAA7selaL, ofdRelE W A&%e] gl %), ¢
Z1o] ol AxAdx] ot (mild cognitive impairment due to non-AD), ¥=3d}o|mH] 9
X |+ (dementia due to non-AD)2] Al To 2 FAET.

471 6] AR A Bl BRE vk 22l gl whel 3 E ol

=
°

A WA AR, 201835 20199704 olstelt] ZEWA] WA BAZ tyon, AT gt
wEAsh @7, A3 el TRsE WEe Fal 3 3R

T oA SAR, ARAAANE A A AA 7159 AstE AR R dAAEFHY A AFE AL
th. o] F WAE AXWA JAAVE Aste] Al @A, &, FEAAVE, BEJAAGN, Auje] Al dAE v
ST, AARIA T 5wy A9, TR A Aty Zae HEARE, ARAR AABAFHAALY EE oA
EF AF (z score =-1.5) o] A AFAE Hol, AR A3e] A#/A Ardo] fla, UGS &4
o] lE Aduloltt. AERJIAG N A9, A e AEAFTAY] 7ggAstd digt Sa47F ow, 2 4E
A A EFEAFAA 1.5 ©]3f (z score <-1.5)¢] A¥E Hof, AZAH 7]oe 37t Jot, HubAl <
7150 QA THol Xy wolth. A T 7EA] ool QIAFA A AAAR Aot (REHSF
1.5 o]ah) 9] &S Ho|i, AA3E] stz AdEST A, 4L THY SFo= QlF, tE Alge] B
Asgo] HQ 3k otk

N AAF 2 o] %% 97 (computed tomography, CT X+ magnetic resonance imaging,

(functional MRI, amyloid positron emission tomography, amyloid PET)<S A]3J3}o],
Aol & e thE dAS wiAlskaL, ¥ Qo] opdRol= WElAY] HA oRE glst
Ak, AF 715y AstE FEE £ ' e WS #iAste AL dxFtolwy HnhollA Fagh dAR,

12 == ik 2

2=
ol |5 © B 3 A |
A& MAEHE Aol T8, oliE, dIE FTH, FE T, T T, A o, 2E¥, F-
Agko] A9, AA7]E A3tet Aol A& F JoB2 WA STt e HAFAANY, FIA W o],
g W, AYATFTT, HEF, HEY 59 oS WA, dEy, FolAAAH, o Aot &
2 OE A4 P Azt Aol ulASIATE. 2018 LEslolHHEe] AFE Fgr|Fe| mEl, ofdRol=
3¢l 7% (Brain amyloid Plaque load, BAPL 2 or 3)9 7 e =3tolm o] o}
!

[e]

R8s T =

) Aro| W} preclinical, prodromal, and symptomatic AD = 3 w* o & Zehsiqict. o}
7 (BAPL 1) tlxwo 2 ddsta QA 4o wat, A4 gixa (BAAAYsola,

Aol $lv I5), EstolHHE 9%k Aol ofd HEX|Fel+ (mild cognitive impairment due to non-
AD), &=3lolmHd] o8 Ho] ofd X uji* (dementia due to non-AD) & 3 o2 AAATL. d] HAE, o]
A GAY A ARES Fgsle], 6719 ToR HEZH e HFS WH.

AAl 2. IR AFH 2 IFE HfolAE v F

Aol HHMA QtoA 2 A Fo] FEEG] AEE o)fste] HF AHS AT, AHSG A7 A
SR83to]l o2 A7 xZbol I7 A= wix] (DMEM/20% FBS)E 0.1% Azteloz Z:Ed 249 AX wjF Z#
olEo] ¥i 79 st H§ A 27t BEAA AE7E Wo] o= g dESAT. g5 A x7to] Ux
HE s UAs] 98 2-39 AR X E REFelth. 79 F wix 9] & 500 ul®E E¥a 2-3Y 1HA4
o7 WA E ZolFa 1Y F 9 A 27} FHoR MXETF AEpA wld o] 9 ziA] ME7E A AW
35 mm WS THE FAA wix 9] SEHelEH (FBS)Y FEE 20%°1A 10%2 & & AXZuds A&l
AIZ7F 35 mm vlF Tl 80-90% HE AAAH Al s AT, AdulgE 2-39 v A ASte] I 5
Ao 2w Aefu)ekE ¥ SERPHINHL A& o] 838t AlfrolMla ml#<Ql SERPHINHIS W& EH18tSict.

=

A A4 3. Genomic DNAFE

AAe 204 wjFet 3B AFolAEZo|A  genomic DNAE QIAmp DNA mini kit (Qiagen)E o]&std]

=
FEIUT. FEUHLS A=A vwdes ok AAEIT. FEF genomic DNAE  E3E %A
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(spectrophotometer)E o]-&3sto] A#sldom | DNA AEIE 1% ol 7F2 A Ao|A = 7]9d%53}o] degradation o
FE g3,

AAe] 4. DNA A€ol ®o] #4

DNA wdg ol wWo] BAL 3wz dixdte IFAFoAxEA DNAE FE3 F ulo]diolE 3
(Bisulfite conversion)& F-3)3le] niw|EslE ALo|BEAS 9-fA=Z vl &, Infinium MethylationEPIC bead
chip (illumina)E& AF&3Fe] F 850,000 7H2] CpG F-Hol tste] wWEs =S SAHSIS . DNA HEs) H ==

0~1 &< Zte B #te= BAYM Bk 02 39 CpG F-917F €3] vddstda AS onlshy, 12 3] o
gdsld AL 9w s,
Aty gzl A xEH o R wEsty o] e A2 (Differentially methylated genes, DMGs)E #lsh

7] #13t°] independent t-test *'HE& AMESIGITE. HEH SR p value<0.05°]WA Aozt B #0] >0.3 1_] z
ZRH (p6 F95 AEZ oz wEstyo] 9= CpG F9l(differentially methylated CpG site)@ A A3staL
o] FolA CpG F-919 Wds) Jxrt Wek 325 DMGE 433l

AI—&]@-N:
1. g=slolH ] HEJAXA o] St A A3 So|x DNA WEste] W3l g3l

1739 Y T (o= PP st Gt FYAAVFEIA 1799 SxtolMy FEAA ) B
DNA W98l Wekg G A, Qxstolviy FEAAFe] Bl AuAom INA Qe FEo] Wy
of gl 12%9] DIGE A¥stglom, 1 F NHLRCAS A e E 19 J1&8g.

rE
2

F 1
232 Target ID B # HE s A p #*
(difference)l)
NHLRC4 cg27063372 -0.325923 A o g 3} 9.06E-06
1) At Aol B gl Addlzw Alxe] gas W gt

A Uz dxstolwy AmAX el bl MAHE A DNA WEst HEe AolE E 19
scatter dot plotoZ UelYom, HiF + ZF2xF (mean £ SEM) S ZAHIT).

2. DNA ¥|&l3} WistS o] &3t d=3o|my] Xnj AFck vpF o] MA

Sdzstolury AmAA G bl A AEA o R DNA HES o] WalEY A 1289 DIGE e,
YA -25 5% AH(ROC curve: receiver operating characteristics curve) & o]-&3slo] #x}3 A4 o
Z2TS 7FEE F JdeA st dukg oz ROC Ao FA435 WA (AUC; Area under the curve) =Xl
el HARA(AUC=0.5), E  AHB3IH(0.5<AUC<0.7), Fox<o A83H0.7<AUC=<0.9), i A3k

5
(0.9<AUC<1.0) ZE],I’_ %}- 8 7—1}\].(AUC 1.0)2 HEB—]_T;]_

NHLRC49] 79~ d=slo]wyy 74
AMEs Ars 4 oz oy

TEAC = 1.0 F A& sl
opA| el A vpER= NHLRCA %
g WesiAy, d=atoln
stolmy Auf o5 g wpA R Fasivh= A

A stEo] gllemn o

o
o) of
o |o
fu
-z
v
e
)
ol
o
A

o
ol

s
N,
il
Sh
<
=2

e,
o o N ox

~
e

)

o 2 b =

3
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2 M= o]k gt

EEYHE e W e d9g8dE eyl 2 de] W e xdEHE Ao
=
xH]
NHLRC4
1.0-
x 0.8+
(+}]
e
L aal @
B =
£ 04- °ce
7] S e
(«}]
= 0.2 —
o'. .
0.0 ; '."'
N
o*&’b '0\79
€ F
Q©
ZH2
Normal vs Prodromal AD
100 » » *
— 80
X
> 60
>
e
& 40 AUC= 1.0
o Sensitivity: 100%
“ 2 Specificity: 100%
Threshold: <0.4782
0 L} ) I I 1 |
» » o S ® &

100% - Specificity%
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Ewha University - Industry Collaboration Foundation
NHLRC4 gene that is specific to symptomatic Alzheimer's disease

and prediction of symptomatic Alzheimer's disease using the same

s

<110>

<120>

<130> DPP20200596KR
<160> 1

<170> KopatentIn 1.71
<210> 1

<211> 122

<212> DNA

<213> Homo sapiens

<220><221> promoter

<222>

<223>

<400>

tggccgtgta ggggacgtgg gaatagtgtc cgggcagagg gcgcagectg caacaaggceg

cggaggcagg aacaccacag catggggagt cctcagggga cctggttttt ctttcataga

ag

(1)..(122)
chl6: 566797-566918
1
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