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J7) v el Alo]EAl 9715 W A7 SFES nlo]dulolE(bisulfite) Ei= o] Hl Wy,

A7 10

Aol A,

A7 Wdst s AEste W

reaction), AAIZF Eold FgairdtS(real time methylation-specific polymerase chain reaction),

wEl3} DNA Eo]% ZAg oS o] 83 PCR, A% PCR, Ho|ZA|@A, nlo]dsjolE AJA4, DNA HEdolA
E: 3

=
npolmzoflo], H wdstE Cp¢ A =vld] = F-wEAlEAl FAS o] & WA er FAE o
oM deis= A0 WY

o wgs Eo)x 3 FAukS-(methylation-specific polymerase chain
3]

7l & & oF
[0001] B g Cp6 F919 WEs 573 AdozR, dxsolmy Aujzel A8 APYS =] 9
# 24E, 712 9 wgel $3 Aol

[0002] o] whE A gt AL gl Ask, oste] wroew Qs d= wwNle] Wit ol =
e AAAH R A wEA Ao nHrE A Qe olo] whih wsje} whEe Wuss M A E
g A ZhetEAl Sobeta gl

[0003] A ABZAE Bee] 2 dEAL ATomA, 1 FelA Lxsfolmy Avj: AAule b B9
FRolth, gzalolmy Aue slold Rz el A Frke] AX v A, w9 4Aws,
S o A% Age] o=t YE

A= hl
o] 71 mhl, B & 71T vHH] SO SFeE AUl 2A HiHez st
A AP E Y A goln,

0004]  Srzsjelmy AujE Ams] 9F AP A FAU A Aol feolE BPaa AAA =
A AmAE gor WA FA4e SEEL Wue] AR RFE FEe] Aol P = Aol
o mebd, dzsbelny Auii 27 Aw W AAA ARF Ba Ave BPAYE AAATE Aol 4
a

[0005] gy, @A dxstelWy v ddte] AL lE AAJAAAY A FAY A¥, WEFE, B 9k
2oy AR Fol HAF Axe] A md A FES X @™ol 9al, MRIY PETS o] €3k g dziAle]
A5, azke] AulE AlLsy] "] 583 S-S YRR & Z7idAll HAE AldE) 7 oy @
o] St}

[0006] ole, ¢=zfo]m® Huje] ks 9g thE WHoR, WHHSFH = PAA HE ofdRolt ThulAs A
3t W, tau @NEY F&E FAsE UH, AAoludds A @ (glial fibrillary acidic
protein, GFAP)-IAE HZEste W 59 g4 W Eo] Ad=Eoy, g el 4 A& 284
I Agr So AV AV At (FATNES A|92/17152%; nFESF A4,666,829%; FAZNES A

0

89/06242%; w=153] #5,231,000% 5).

stoluly Aule] 2/AGE 98] AERES UL, Fdol el oldel Ad4 e
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(5353 0004) W|=E3]5= US 5,231,000 (1993.07.27 53)

gige] g
S dst = HA

B w52 KRT32 (Keratin  32) SAA7 d=slolmy AR o] Eoldoz mH st
(hypermethylation)¥& A& g2lslar, o]& wHlo]ulA 0]35} = oz

Hogzstolmiy ARl Y fPEE A5 F vk AL @ARdste] E dHS s H0Y.
oell, ¥ wHol de= KRT32 friA Z2RE ] Op6 7919 MEds #E& A AAE Edehe d=3dt

olwjy Aujmo] Y PN 58 2HES ATt

tE o= KRT32 FA2 Z2RE 9 Cp6 F-HddlA el Mast =E& SAste] dxstolmy Avjze 3 A

g2 de A NEEEE KRT2 A2 T2RE (p6 919 WEst 58 SAste A4S Edtsels,
A =3tolmH 2ol A3 oA =S I3 AR AT WHHS A3

e e dxstolmy Az WY AFA dFol e AwE Awstr] fste], AL AlR2iH
KRT32 32k Z2RE ] CpG ool MEds) =58 SAsks TS Al

HAe] sjd TH

g KRT32 FAA7E dxstolvjy AmQA ool Soldor uwdsidt= W 7|2 Aom,
KRT32 frdzke] 54 CpG AolA dojup= 5ol DNA avdst g SAsto] d=slojmy Aujze]

= bl
B A94e dSae BAARHA A 168 Aged,
DNA WlElsh WEls DNAG] EAISl7] wWlie] Aol Solelal, wuldolul RNA wpA ] Hla] kAol £
AAe] 54 Al doln Aol £A¢ 23

TAARoR, Edo] dAAdAAE, ofdREolE WHAHe] glv AEJAFN AP d=stolwy HEQ]
Aol Sabte] AZZRE AlE DNAS FE3ar, DNA #lE3} wWo] B4S =8 DNA WE3} T23dS B35
R, ofdRol= Wyioe] e BEJAGN At vluwste] dxstolmr HALAX| o Fxpate] #A
2} iit"ﬂ F919] CpG F-HelA 20% o] DNA wlEsbrt ®istet fAxE AEsGleh. o] AHe FHxE 7t
= Hl KRT32 327} ofdZol Wej ko] fle e ol ghaatel 3| g=stolwy A=l A}
ol ZEREC CpG F-91° DNA mlEsrl oF 21% F7hEo] S-S FRIE L HAH-AE 54 #H(ROC
curve: receiver operating characteristics curve) #4& F3] KRT32 32 ZZHES CpG F91¢ nv€
sh7b ol ol Wil gle AL o] bt ] EEstolu R AEQIA el FATES F& e

(AUC = 0.8)2 -8 4 9)&& 3elsgitt.
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KRT32 742 Z2EE S CpG FHlollA o] WEds} =& SAHsk= Yis Aedn
el g, "wEs s e o] DNAE sk A7

| AL
Ha, B owgeld vEs ot 54 fA4 SRR (6 A9 A EAGA ¢
sk, WEst Aolet A% = <Astel AAelae] Aol aIE WA Ho] 53
se, welz, dEs me ANEsl deluke 4% 54 faAe] el F7k €,

& AlZ] As DNA o= A, C, G 2 T o dsgte], Alo]EAl &Ho v wiol] e 5o F2%
AFO) B4l (5-methylcytosine, 5—mC)olete 5¥Al 2717} EAst). 5-wdAle] B4 wld st CpGetal &
G 7S al LE=(5'-mC6-3") 2] CAlAT dojutar, CpGel WlEste alu BE EWNLEED Al HHEA
Ae A, wgk, 7] 6ol 5-mC7F AdF o8 Gopnjiestsle] ERI(T)o] 7] 7] &
5 MM djFe] FAFASA Wt AF dojit= F9joltt.

_ﬁ.
WolA gol, "HEs FEel H4e FAR (o6 Fele] vEs FES SPsE AomA,

i

o

2 1@ M9 R
rr

B Hest Sol
Q1 PCR, <& E°] &3} 5o]4 P(R(methylation-specific polymerase chain reaction, MSP), A7t W€
5} 5] PCR(real time methylation-specific polymerase chain reaction), W®3} DNA o] ZA3 dizd
& °]&3% PR, == A PR 55 &3l ST =+ vk, T, do|2A A4 T nlo]dyolE AAd3} &
= AsAVEA S wHer AU, DNA wEdold wiolazoldo], T HwYEstdE (p¢ A =Hldd
E= F-vgitol B4l FAE o] &3 WA 55 AR ¢ oy, od AlFEE AL oyt &xste]
mo] ohd Abghe] Algof wlgte] = Wl AAE A (cut-of )} wlaLste] | FApe] Almel A= KRT32
Azpel A o] amdstrt Solf oz yeus AS FallA, dxstolmy Avjze] & AdA 452 5+ Ao

€17k KRT32 f-AA= 170 Ao 9x)3l, NCBI Entrez database ol Gene ID: 3882 & &% o] ).

2 0ol A, FAzke] CpG -7, 1A DNA Al éxﬂé} CpG F-91& wetrh. fdae DNA &, F3=
ddsted dest A2 As7lssiA ddse] e 4o 4 g9 E BEF xEete de=, oF
g, ¥ =3 9 (open reading frame, ORF) 2 Elujylolg oS a3, wald, &

pG F-9le T FAXe] Z2EY 99, dild 39 99 (open reading frame, ORF) H= EW|u|o]E
b ol wbgbASHAl, KRT32 FrddAtell A A3t Sol4 awdstrt dojve= (6 F9H+ 33t

o] ZREH EA4T 5 At
del 2, 2 dgolA KRI32 frdxh Z2RE e Cp6 9o WEs ¢is S48 2Ae, KRI32 fxdxke] ==
BE CpG -9, Bk AAHAE 1790 A 9] 41467764 A 41467885W A 71N D(MENE 1) Foll e

E0pG B9 AbolEAle] WEs £ES S5 AS TP S Aok

TCCCCATGGGAAGAGGCCTGGCTATTTAACAAGGAAATGTGTGGGTGGTAGAAACTGCTCCGATGCTGGCAGCGGCATAAATCCAGCAGAAAGGAACAGGAA
CCTCAGAGGCTTCCTAACAG (AEH s 1)

2 dgolAE A7) Azt Alr 9AA F99 @UIAE H4l Bl GRCh38 Genome Reference Consortium

x s 7F As GAA 919 A AES Als A
4 AT A7t JdolER] wEkA 1 Bde] vk WAE 4 low, o)t WA uEt 2 wyel ] 2l
b AE GAA 99 zdo] Adolald ¢ k. wEba, E %" GRCh38 Genome Reference Consortium
Human Reference 38 (GRCh38/hg38) o whe} Z&E® <17 Am A4 F9&= B die] 99 olF ozt g3
9714 < (human reference sequence)©] QulO]ET o] A7) A7t Al dAx B mdo X7 =24 W
Hohal stele, B o] W9t v WA" QI As GAA R wX A g& Ageitial 3 o)),

ohl

el

gk WA &2 B UHo] &ate vl B4 AAE 7H AW FEte &olakAl & ¢ e A
o|t}.

Hoaltmo) A o], "od=dlo|nH (Alzheimer’ s disease, AD)"& A7 E A Ao tiFz el Hslog 7]
AHAste 7] TR star, ofF kARl AN 7T AsE Hols Heolth. FHde d=dtolHHE o
dsidel ZIwkstel Agojstal, Wol RS FI EXsiGony, Hoe dEstolwH I weE AW A
HstEo] WelAaL o] & AR &8 & A HWA, ozlg WsE AA W(in vivo) BEZAAE F
sto] ERIFo 2H dxslolw WS AoE 4 QA HAUT. AAE, dxsto]mR o] e AME W] BHAA
o|71 sHAIRE, He] FAH] x4l SAow deA e ofdEols vl W ERg- whio] WAl HH&
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d AR (dE €9, HI29 amyloid-PET €
3 X (dE 59, HH5FA

AE Hol, ¥H5

ol Ae] Ap L o 7 A NS

olAel Qlaksh BH9-o] Z7hu M5l Ao tau-PET g7be] A%, wi AZHAY AF

% Ego WRIGIAT ] 91 %3} FDG-PETl A o] ¥ lAbdeh) 5 5 4 glt},
(A

v P we3FA A (National Institute of Ageing, NIA)®} &=3}o|WF3] (Alzheimer Association, AA)7}
2011l IERE NIA-AA d=sholmge] er|Es dHolERE, 2018 d=stolme] A8 d7]E(Jack
CR, et al., NIA-AA Research Framework: toward a biological definition of Alzheimer’ s disease.
Alzheimers Dement 2018;14:535-562)¢l w2 W = d=slo]w -2 XJuljo] /g3 o] Y] Holgte &=3}o]
wyo] WA 54 (e vkt 2 d=sto)my BEEAA) ] %é}%q‘ﬂ =3stolm Bl o] 7)o 237
Atk FAHeR, AREARG 94 WA 2FL Foel Fxsoluge AA Fxselny A7)

(preclinical Alzheimer’ s disease), ¥=3le|™™ 7 E1X]7 o (prodromal Alzheimer’ s disease) B &=
sto]m ¥ Auf (Symptomatic Alzheimer’ s disease)® AliE3}ste] dhihe] A<4A] (continuum) 7oz A

T

Gxslo]mB GARAA7 e A=A ZAAAAPN A gxstolm o] WEl AHE Holu, dASAS e
A3 (preclinical) @Al ajFert. oy DA S=stolmr AEIAGole AESH ZAAAAMA &
zatolwe] ®WlE] AHE Holuh, AEo A|A AXAS7F AL, =HA 4 FdeYe fAHE ¢
AZA, "X F o] GdAe] d=slo]HH (AD with mild cognitive impairment)" Wiz "¢=3dlo]HH A fut
Al(prodromal AD)eh= &ol% Wr|Ett. d=stoluy A= AETH ZAR AAPA gd=slojwye] W
23AE Hela, Auf FAo] TdFe], ARAQA X715 AR Jd 5HH LT He] &4
"Au) GAe] &=3lo] M (AD with dementia)" Hi= "FTAdo] A= d=3Fo] W (Symptomatic AD)EHE o]k
7)€t

of mel, & EHelA gof, "dz=stolmy FmQAF "= dxstolny o] HelH SA(EEAA S HE
AA 7 Ao ddAGFHHES BEL glo] Aujrt obd FEjE, &

o

ol9} div]ste], LukAQl "HEIX| Aol (mild cognitive impairment, MCI)” d=3fo] BT oy}, Y&
AAEYPAFAS e vt 8o Z Qs dgHom uE ), X Tl AEIHE ASE Xt v
i Jil 2 APtz Hlste], A=< ]ZFC’H =ele] A9 1d ] 5-20%°1 4] X]“ﬂi

3 A 3
A Ao elA slol, FRAAYAL Aol nAPEOR A, 22l 3
o Auj7k obd, elmbabael Awiv B A Hg} e gz x]uﬂww; mgﬂ
£

ﬂr
1o 40

T}, BelA radzstelny Ame el dzstolm o A FEAAFe), F Fxsjelnye] 13

94 EHAEEADS Hehlls ARAAFlE Boh o, Qugel FuE ool Hske] kzstoln

M Az A9Y sbsyel 453 wrh. Fe mael maw, dxstolm el 9@ Aol ohd FEA e
ulgo] o suol Buhatolont, NIA-AL WE] o] me obx

1327—1338).

(]

Joll, &< &rge] vds} vpr=, ofdRol= WeE|azio] gl
A=}

Aol Bapto] Sold oz nWgsHm, RC AL $AL Fd ofu R Aol 3
A hzstolvy ZEAAge] BAEE PASHE FEAel HHRomR, dxstolviy FEQA Gl
A zsolmy Aujzel e WAL Mel dASshs, Fxafoluly Au) oS A wAR Fgd = vk

B wowne] 4B, JE @ g dxstelny Av) §P4S v dBgoms, Fxstolny Auz

dabsAe] ¥ SRS A¥ste] A4 duwy 2 ®ARE B AW osE AAAY &

: 3 ST =

M ¥0 ¥0 lo |#
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wownold rdweld Age]l EAl, A8 Wel AHe £a m: 542 sk e ouad.,

ERgon, AWe 54 48 @A /M3 QA oRE FAsAY, el uehts] olde] JHE 574

AL, A#e] o F(prognosis)E WAE A, vk ABe AW ol i Ag oS Hdshs AL ¥

e & v

B ool A gof, "ehxatolvy Aujze] AW ABY oSS Gxstolny Avje] Fgol thehts] ol

WA GF dxstelry Aujsh wwE AL SxstelWy Avjz AW ABS v Brdn dSshe

A& o gk,

B omgel A, o6 H9e) Wgs £ S4ss AAE AP Ao EN @/18 WPAY)E FFE i o

gsh gy ASEL, FA4 sty hUPL ALl SolHel Lejeln, urgsty AP A Adol

ol4Ql efolnl, wshA (p¢ A% =oiel, Ei wd Do) Seldow A vdsh DMFA (% =

of, WigAlelEAl0] Seldow Afet A B TFE & dvh.

47 AR Aol EA 4718 WBAT)E BEES ol dstol Ebisulfite) EE o9 YU F govt ol
] erom, wgASAE 2F ol dsto] =) 4 EE v

Al E
3} BolAd PCR T ths HHS St HEstE o
ALo] 4l %}71—3— HPA A F12ke] HEs) 55 HEs e U
1001/26536; US2003/0148326A1)..

w3, 7] WEs v Astass Op6c F919 WEIE Sojdozr HET § dv AgatEZA Astas
o] QAR R (GE o= AdELY = Yut. AE B, Smal, Sacll, Eagl, Hpall, Mspl, BssHII,
BstUIL, Notl So] 9om old A== e, A7) Astas 15919 CollA 2] wEsl = vy st )

SR
E-F(Southern Blot) #41& Ea) A& 4 YA

dE8%
g @A 2 LA g

o 5] 3
eb Agg ol o A o 7} depAal o] & PR = A
"ok A7) Agas o9l e wdst v Adais

AR FAR] B 06 FANA WEe £ES Sk HRAY dA2A, B ARNM AE DA
FEHI, FEF DN MEREA B AlEA @Y18 WPAVE BFE wE dUs 04y ATEAE
A F, A7) AL DS Zefolm B o] &alel PRol od] ZEAF L 1 FFW AT £RE A5
e B 54Y 5 9

webd, B oagel AAE FAAe] sty huP A Ade] Soldel Zejol I uMHsty hYPA A
4l TololvE TFT 4 qdrk. B w@elA, ol "Lujoln': HE A% 3 TW FUHINE A
ik A2 FEAQ FY (template) ? H71%8S %
e @y xejel 448

s @e W Ade FEEF W LEN FYWS(F, VA FFEA EE 9
AAEA)S A% A D Bold b FEALAels Edm oo Ee] EAsA N $HE AT S 9
G ek, eelm, T A S0ASl rAeEelE A Al Ak B eSS R, DN HA)
AN om et Zefolulo) 78 A4S NANFA @ F7he 5AL £9 & A

W ool metolr: Wus o g BAsk: el Bt 54 06 ¥9l AGdl wet st dad
Qo 27 olsistso] sl dstel o] o8] MYEA U A|EAES HelHew FEF + At 2ol
or4g, % WAsks A go} wleldstolEe] o8] MR AllEAS Kooz FEF 4 g Zete]n4
F sle,

o, Es OV AR, DV ) Elshe 97)0] Seldow
Aol Aol HIE wAleh o], DNA Abs % wlEshel Aol EAS
A4, o, ABen 9E Was N B4 FAA, Las A4
Solgon AW Ax FAY 5 Ak,

st DNA FA= ddstd 97], dEs DN & oz o] Fe] Wl o AT = v «E
=01, WEAtel Bl @AlE Alxs7] Asix=, s5—vEAlelEd, 5—rEAbo]EAl, EE S—vEAEAS 2
Fote DNA 58 Pz dto] FAS Axd F DNA 59 Wdrto|EA oz Solel AgS AxzA Ad
& 5 ol

w3, ey CpeG 28 =H A (CpG binding domain: MBD) X+ W E3} DNA FA S o] &3] wWE3} 52
doke A, ol5S o83t wEshE DNA & WA =, MEER, PR, wlo]aRofg o], EE
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A (sequencing) & T3 54 CoG W5 AJAL 5 Aok, E3H, Ao WAt HE £ AFS 918k

714, At S8, B g4k e JFELD BA, 2 g4 B FFELAE 32AE 23 3A, 9 3

718 52 AFES £ du. AVolA VES YERAERZ A B Zgbd $XE SAE 96 A ZHoE, &

gadd X2 FAHE 96 4 ZHoE 9 FEl2 ® &Elol= FEka To] o]8d 4 9, WELE HY

AltholAl (peroxidase), &Zek¢l EAvbelolA| (alkaline phosphatase) o] AMgE < 1, ¥4 =z&

FITC, RITC so°l AFH&E 4 Qa, A7) A HLE ABTS(2,2'-o}X| =-H| - (3~ 2l 2 E o} L -6-H &) B

OPD(o-dldditjolnl), TMB(HEHE WA ) 7F A2 4 a1, 1 & A 5994 54, gdx Hj= 1

A, FR2ol= A, HH ¥A & AR F o), old AgEE A oyt

A7) 28 D 71Ed = Y] AA olQidE, FFAL opfR 2, HUGEel Tast dF8d Fo] FIIE X

st 4 Q). BSH, A7) 7IEE DNA HEs) mle]aRojo] JHE FdEE ¢

o2 FAd R, B UHE KRT32 F31X Z2EE CpG F-HolAe] Wes) 5& A3t &=3to]™y A )

29 & AP E oSt W #$ Holn

wek, 2 odye dxstolmy XujRe] d A dFo o JHE AF3r] fste], VA AR=EF

B §Hx Z2EEH (p6 §-91¢] West & AEste Wl &3 Aot

TR, B out e o] AR RYE KRT32 FdA Z2REQ (pG F-$ollMe mWes =58 SAHs= dAE

EeheE, d=stolMH XwjRe] & g oSS A% HE AT Wil &3 Zolt).

ol fgt d FAd=E, B dye A AlREHFEH KRI32 2 Z2RE (p6 919 WEst & 54

st 9l 2 AV dEst s dxstolr el obd gixat AR dlY fAe] wWEs)t ) v askA

y gl 249 dA#(cut-of )3 vl GAE Xssts, dxstolHy XujRe J P A5 9

HARE AFsh= Wlol ek Holrt,

2 oA go] "Ag"g d=stolw e o] fHXte] W' Gl Aol U= A, 24, A8, ¥F,

g, HH5A, B, Ad e wol 22 A8E xSy, A7) dAledl AgE A kil DNA FEo] Tt
g otk v A RE, 3 2F rE g3 AEZE I3, oS Eo] i A

X

o

WA, A ARZHEE Als DNAE 53t West 5S HAE317] $18te], Als DNAY 52 3 Al A
AR AEEHE dE/ZE2XE FFW, DS FFW(Tai et al., Plant Mol. Biol. Reporter, 8: 297-
303, 1990), CTAB ##]'H(Cetyl Trimethyl Ammonium Bromide; Murray et al., Nuc. Res., 4321-4325, 1980)
e dYHdoz vlEE DNA F5 71EE o]&3te] 333 4 Q).

471 el 54 GG F-1 el Wgst sES HEsks A, AEstd fv]ek WEsts
1-8sh= W, wdstd 6 2 =

A

Z o]&3l, ATaEA EE nlo]HFo|EE o 1 e Fg-dEArolEAl &)
AE o] &s AFHZH (o, MIRA, MeDIP), DNA wWg o] mfo]a 2ol o]l& o] &3 WY 55 &3 T34
T Ak, CdE Bof, WEs Sold FTFaA-S (methylation-specific polymerase chain reaction), AAJZF
HEl3l Eolzx FetaAWkS-(real time methylation-specific polymerase chain reaction), W3} DNA Eo] %
AY S o] &3 PR, A% PCR, Tpol2A|A, ulo]dato|E A|A4, DNA wlEdd o] mfo]amojgo], &
= vgsd Cp6 2% =9l Ee d-vEAlo|BEAl FAE o] &3 WA 58 A& WY =S &
A Ux A& 5 Ao

dofz, B U2 (a) 5% A5 U Ale DNAE v HEs) Ao]|BAl 1715 WEA7]E 338 Ee WY
ol W7 AgtasZ Agsts WAl 2 (b) 4] Al DNAE dld F3d49 54 6 95 53T F 3
= ZgtolwE o] &3] PCRY 93] FF3te dAE T + Urt.

7] (a) dAA vHEs AlelEx A7]E HMEA7|E e vlo]dTolEY F 9o, uEAeAE &
F HolAdgo]EY 4= Qlt}. o]k Hlo]Adulo]ES o] &slo] HHES Alo]EA V|E WFHAA FHA H)
g3l o5& A&k He & gAd g8 3A A .

w3k, A7) () GAlA HEds 93 Agtass Ao A Ay upel Zo], 54 CpG F-9l9 HWEsE &
olfdor HAET F Adv AFELZA ATFaie] AAFLR (GE FFste Adard F Jdon, d&
EW, Smal, Sacll, Eagl, Hpall, Mspl, BssHII, BstUI, Notl o] o™, o]d Ae=A] ¢k=1}

71 (b) GAlNA FFL FFHSQ PR ol o == = vk, oju] AMEH = Zeoln= Zr]dlAM AW
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A7) AR 5 o6 9o WEs SRS AEAE BAE, (0 A7 0) AN T8 Anwe =3
g gdldt WiE FhE ZFT & Atk A7 (0 WA FER ARee E¥E 9 Al AW
W, A% 5W A79%e Saste] Asks 9A9 Wee AF ool wehd Fam 4 dnh 9% S,
s Al EA W1E WHAYE SHES AT B A () BAGA ASH F BR Zeboln,
= vjgsiuo] vloldvtol o] ola] WHHA AW AolEAS HolHow FHY 4 ol Eetolnpy 2 o
97 gol vhol Aol el os) MYH Aol RS SolHow FEIY 4 gl Zefelngel os) 47t F
Eg PR Avbe] 5ol we vEs AuE Bud & Ak FAs, BF AR DAZ vl dstelEz
Aesta, A fAA9 6 $AF PRE FE3T, FEF 99 97199S BHSHE wloldstolE Al

A P Mgl g o BuE & v
g f 3y, 8 5ol mock DNAGIA POR AbEo] veht A
1 PR AshEo] 9l A9 Ot MESE Aoz usty, AVELD AT
DNASIA PCR A3bo] §li= A9+ Cp7h wslEal # Zlow ek Zlo] we 7 Wgs o] RE pea

e gateh, 37104 mock DNARH Alstel A el oprdl A SH e A

frAazkel 5748 CpG #9119 wEst & A=st
Z=m A1 (CpG binding domain: MBD) HE+=

g E°f, Wdstd 6 2% =R =)

T MUEZE, PR, vlolA 2o o], E= A EwA] (sequencing

o
o
of
:Oé
1

oX
(ep
io]

o
4
X
i

ok

olsh & el W, A AR Ul KRTS2 GAA ZewE el o6 297 nelEs e AEEs 49, @
sfolepy Aol 213 AP vl 45T & 9= Aol

ek, 7] R el wE Fe-, FAzke] 54 OpG F-919] mEst Wske Ao ARl HolHow e
I

[

d

ez, fA%e gst waE vlelentAn AAgstel dxstelny Xu) dZel F834 Asd = Ak,
% Eol, KRI32 f07ke] 54 Cp6 F919) LALE ol entAZ Apgete] zstolniy vzl Ay ¢
B4zl 85 AgE Al

=

w2 Ao Almelx AHT Al DNASl 54 A o6 9o fEst ARE FAste] dxstolmd
Aujze] WY 1P oSk BARESA AeWS AT, ole hdstn HRE Aol FAHA G
o] vk, wk, DNA wWlgst Wsh= fHEe] golstar, T widolut RNA whF Sl Hls) P olm EAe] 4
& Aol 9

Ewe et 4

= 12 DNA wlEsl Ho] EAoA ofdmol= Weio] gl A=Al Ak ("MCI(non-AD)") 3} &= 3}o]
g BERIA) &R ("Prodromal AD")lA] KRT32 f-7d7ke] DNA wl€sl F=o] 2folE vrebdl Zloltt,

% 2 sholZARY BANA olURols Welado] glE FEeAGe] BAL(NCI(non-AD)" )3 %=5to]
¥ ZEQA ) BAL(Prodronal AD)NA KRI32 FA4e) DNA W&sh Aol Aol & kb Aolt,
3 QA BAT

E A
w74

T 32 KRT32 #7312l DNA wEst ®HslE o]&ste] oldRol=
("MCI(non-AD)")3} &=3fo|uw|¥ A=l x| Zof =} ("Prodromal AD")S T3 = Q& <
3 gAre-Z% 54 AB(ROC curve: receiver operating characteristics curve) #4241 ZA3Z yed

Aot

Ir r

WS A7 G FAF g

ols, ¥ WS AAdel s FAF MBI, @, 7] AAdE B wEe A 29

M2

T
i)
ot
o,
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[0080]
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a7 Aol e SgEE Ae b,
AAd 1. AT

d=sfolH Y At dxslolmy AR 75w (preclinical Alzheimer’ s disease, AD), &=3}o]mH
ER1A el (prodromal Alzheimer’ s disease), ¥=3folw® X|uja" (Symptomatic Alzheimer’ s diseas
o Al #& xFeith. dxTomE AN gxT (FAATEela, ofdRolE WY 2] glv 1F), &
zslol el olgt AHo] ohd HEIX| e (mild cognitive impairment (MCI) due to non-AD), &=3}o]H
ol 9]t Zo] old X|uli (dementia due to non-AD)S] A wo.2 FAHT},

B71 6] ATodAte] ek 9 i HE vhet e Ul @Al wheh FaE Qi

A A w2, AFARsh ole] wEAsh @, A4 Slabel TRsE WEe Ba 3Ee YA

o5

oA wAZ, AZANAAE Ba @A AA J1%e) AsE 4E D QPR A o ¥ pead
.o T WA AAWA A4V Ase] Al WA, F, AAAIE, AEQAG, Avs] A @A B
St ARV SR A, F0A A Askel Ba9 WAR, ANAN AAADAA LE FEA
EF A% (2 score =-1.5) ol4el AAF AR mel, X Aste] AnA x7ol gm, AIPFH] £
of gl Aold. AEAAGS A, B T ArAZA JdGAe] dhF T27h lem, W44
AAA EEGSAA 15 013 (2 score <-1.5)9] AnE wol, ABAL Jo A5} gort, WA 9
A753 APABEYe] fAsE Folth, AMEe F A olae AxFel AvHA Ash (RFAF
15 ol3h ] 24 mola, MM AAsh APt A, DY £ A, vE Mg u

A WA GAR, N AAF 2 ¥o] A 94 (computed tomography, CT ¥ magnetic resonance imaging,
MRI), 2] 7154 <37 (functional MRI, amyloid positron emission tomography, amyloid PET)& A]33}o],
AR 7159 AstgE dod F e oE dAdS mASaL, ¥ k] ofdRolE WA F4 oAFE s}

gt THE A0S A s

Ak, A 7Ee AstE FEE = e d=stolny XdoA Fo3 dAR,
A oA A TERS 7% o)A, HEMW] B2 EE QA APE, AAWE 58 s o83 s
AL wAlslE Aol FastH, ol9dE, ¢IE F5, OE F5, F& €T, =4 G, =W, 44
Ao Agoe, X775 Astelt Aol Y& F AoB=E wjAEGI . T HIAAAY, A o o],
dE EU, ANATTE, HES, HEY 9 oS wAE A, A0S, FoliAAH, @ Xujet &
< & AP A Aol AR T, 2018 LEslojmH o] AFE Fdv|Fo| wil, ofdRol=
PETO A A<l 9 (Brain amyloid Plaque load, BAPL 2 or 3)<] d=3lolm o] Qlrbar slglal

A5, &

Ad 573l mE} preclinical, prodromal, % symptomatic AD & ¥ wo=Z W), ofd
&4 (BAPL D2 tizTo® dasta g sS4 wet, A4 gxd

Aol Qv 1%), d=xslolmHd o3k o] ol AXelA Aol (mild cognitive impairment (MCI) due to
non-AD), &=3slo]mre] 23k o] ol A vt (dementia due to non-AD) F 3 o= ZAAIIGT. d HA
2, ol Al @AY I HAERES TR, 6719 wor HFA Ahs .

AA 2. AFANH AH F AT AfFolAE g

gxpe] WA AFKof A 2 A Ee] AEEGY ALdE o]&ste] IF APS AFHST. AFHSF IAF A
65 Esle] R AA xzto] A Awol ulx] (DMEM/20% FBS)E 0.1% Aztelo g FEE 249 AXE uje
olEd] Ym 7Y Bt AF A 27 A ANFE7F #o] yoE AL #FEIT. AN A F7bo
e e WA Y8 2-3Y HEo® i E HEsGTh. 794§ X9 & 500 ulE ¥ 2-3Y
o2 WXE Lol 14 T A5 AP 27} FHoR AXVF AEhA oG D] 774 AEZ7F AY
35 mm WY THAZ HAA A9 SEjolEH (FBS)S FEE 20%1A 10%2 & & AEuGS AE3Sl.
A7 35 mm W H41] 80-90% BE YA Aimds HAAEAT. A S-S 2-39 ¥
AlfrobM Eut Aelujoks] SERPHINHI A S o] &3ale] Af-olAl3E m}# ¢l SERPHINHIS 2l

O

o R Y
oY N e

x

K|
)
==

o
O

4
o
-

2

=3

il
>
ol
s
&
1

for T
23
o
32
o

A A4 3. Genomic DNAFES
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[0096]
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Ao 204 wlFEr mF AFolAEOA genomic DNAE QIAmp DNA mini kit (Qiagen)E o] &3l
‘%%ﬂ?ﬁ‘ﬂr FEUHE AFRAY viwds wE AASUT. FEFF genomic DNAE R H R
ophotometer)E ©o]-&3to] Al o DNA AEl= 1% o722 AoA A7) %3te] degradation ¢
kAt

4
it g
Jﬂ‘;‘a

AAle] 4. DNA HE#o]H ®o] £4

DNA wEdo]ld We] BAMLE Fxard} diFae] FAFAAFoREAA DNAE FET F ulo]AduolE A
(Bisulfite conversion)g F-835le] WWEslE ALo|EAS A= vl & Infinium MethylationEPIC bead
chip (illumina)& AF&3Fed <k 850,000 7H¢] CpG H-<¢lo tiste] wWE s+ x%:_g. =439tk DNA WE3 Ax

0~1 @< 2t B #te= ZAIEY BFk 02 3T CpG F-917F ¢xds] vvdstd RS ovsh, 12 £33 1
gd3te AS o g,

FAr Y gl EaelA ApHA o R wEsiE o] gl f42 (Differentially methylated genes, DMGs)E 2H1s}
7] 913}t independent t-test WS AFESIATE. HFEAHOE p value<0.050)HA] Agk B 2] =0.3 ¢ =
ZEH (6 FHE AEH ez vEslxo] e Cp6 9 (differentially methylated CpG site)2 AAsFaL,
] FolA CpG ¥-91¢] WEsl Jrrt W xS DGR A8kt

]

AAle) 5. Ho]ZA A (Pyrosequencing) ¥4

KRT32 (Keratin 32) 42 &4 CpG H-9 (cg25598400, Chrl7: 41467824)2] wddo]Ad A
ste] Fo]ZAEY XS AlYSGiTE. ve|date]lEE X gt gDNAE FH o= PCRS Alds
Zho]m 3= PSQ assay design program (Qiagen, USA)E o]-&3te] tixplstalch. tiablel PCR Zeho]m o] ¢17]A
a2 ofFe} At

A¥FsF Zelo)m | 5'- AGTAGIGGTTGITTTTTTTAATGAAAGTAT -3' (A EW 3 2)

H| S Eld sty 9wtk xaho]n, 5'- CCTCTAAAATTCCTATTCCTTTCTACT -3' (A E¥ & 3)

PCR ¥Fgolo 20 ng ©]3}2] wlo|duto]E-H3tEl gDNA, 10 pl 2' Hot/Start PCR premix (Enzynomics), 1 pl
Aubek Zalolw (10 pmole/pl), 1 pl BQEII3td 9wk Zalo]w (10 pmole/ n1)E Egste] & H-y7})

20 pl7F %= &89k, PR wHEe 95Tl A 1087 %7] WHA (Denature) FAS A 3, WA
(Denature) AL 95CAA 30%, HZ(anealing) FAHS 56CAA 30%, A1 (extention) AL 72Tl A
30x T AN o] HAHS 503 WHESIGITE. wiA| e R 72°TCHA 10%7F WhgEte] HFE A BAS AR
th. PCR WHgo] & S 2 plE FHsho] 2.56 op7k= 2 AN A7|gEsta BESelEE d4S F8l
PCR HEAH=S 94714 15 &35,

g o
i @
N

PCR HEAES ~E=Ep|d AutZ 2~ HP W= (Amersham Biosciences)E ©]-83}le] ssDNA F8o] HEE £H)
SF3Ath. i%ﬁ%lﬂlntW€40ulﬁﬂﬂf“,wﬂ8u1%R4%<E€E$§§§Hﬁféiﬂﬂ80
pl7h HES AMEHEE FHjgk § PR Zdo]EY 7} Ao EF318lth. FHoEE &4l uE HoJAE

2

] 1400 rpmoll A 15-20%-7F 2 4 ojF2lt}. PyroMark annealing €% 918 o]83to] A]d 5
3_7} 3 LIM°] HEE 5 M3 & 7} Do 25 p 1AW B33 PR Zd o] EE PyroMark Q48 (Qiagen)”]71¢ ¢

Aol Fzrsto] A S AAEIGITE. olw AREg Al Zefolw o] VINES e d Zr: A
E}O]Uﬁ 5'= GGGTGGTAGAAATTGT -3' (M EHZ 4)

o>‘ l)’
(Kl : e

obelsh ol AEseet.

KR
de 5'-

KRT32 272l E4 CpG 59 (cg25598400, Chr17:41467824)¢] DNA = €3} W2 &
A PCR AHE 9] A 714
AGTAGTGGTTGTTTTTTTTAATGAAAGTATTTTTTATGGGAAGAGGTTTGGTTATTTAATAAGGAAATGTGTGGGTGGTAGAAATTGTTTYGATGTTGGTAG
CGGTATAAATTTAGTAGAAAGGAATAGGAATTTTAGAGG -3' (MW 3 5)olm Y (C T T)E FAE A9 Alo]EAl 7]
o] H&S WEERE AASIGTH: C/CHT *100 (%)

N

Al Eg' a‘ﬂ:
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[0099]

[0100]

[0101]

[0102]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]
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1, g=3to|m FrAAo] Sxtwolr e So]3 DNA wEste] ¥s} &9l

20183 F-¢ 20199714 olgteid] He el yddt FAE udoz, 2099 ofdRo|= HEAhto] gl
AA ol Fxpatwh 28W ] A=sto]m AEAA| o] Fxlete] IR ZHOZRE IRAFOHNEE wY
A DNAZ #2319 th. Illumina Human MethylationEPIC bead chipS ©]-&3&te] DNA el Z29ds 2
R, ofdRol= HEgao]l gl AEAXGel Aty vlaste] dxstolw ARGl Fxjate] ¥
Afrobdlz Ul F34 Z2RES 5HCp6 F-91olA oA 20% o]’ DNA wlEstrt Wsheh fHxE AEaqlct.
e RS 7hed KRT32 (Keratin 32) f3ate ofdRol= WE|Ahze] gle AREA el Fatatel
A Aol FAte] A GolAFAA B TRWE CpG 59 DNA #lE st 21% 7}

s
a

ok oy

4r ot Q@

X1
AR Target ID B # wEs AH p #
(difference)’
KRT32 225598400 0.214804 a v e s} 0.000393
1) SHA Axe] B gholl X Aotz AEe] ggrs W g

o Role W Aho] flv ALEJXF SAaryt d=stolmy HEQJX| Gl Ao 4 KRT32 12k DNA
wEst Hre] xpo]E & 19 scatter dot plote® eI oW, Hit + T=93F (mean £ SEM) e TAS)
pa=

2. DNA "lEl3} W8lE o] 83 d=slolny Xu] =2t niF o] MHA

o] A EA EAS o] &3le] KRT32H-AAF EA (pG F-9 (cg25598400)2] DNA WE3} HLE ZAH3 ZA,
Human MethylationEPIC bead ZA¥}9} F-A}SHA ol Rol= WL do] iy AEQAXH o Sxjtel] v L=3}
olm Yy ALl Aol FATol A KRTI2GFHA EA TR RE CpG F9 (cg25598400)<] DNA W€ &7} 21% 271+

of %S FAHAY (% 2),

7 AXB(ROC curve: receiver operating characteristics curve) & ©]-83}o] ofd=Rol=
fol bt} gxatolmw HEQIAG el Sxbas FEE ¢ A=A FAsIT. o
©] 33t WA (AUC; Area under the curve) FX|o wh} WA B A (AUC=0.5), & A gst
g3H(0.7<AUC<0.9), "% AHZ3H0.9<AUC<1.0) Zglar s AAHAUC=1.0) =

1
o
o

A
=
=
S

IA
o
3
o
offl
o
o,
o

=
(e
(@]
I
o
@
fu
=
Mo
i)

e gzstoluly FEAAFN Dol W% AfobAZAA et KRI3Z FH174]

_O‘
Ok o, ok
=
=
jatal
oy
)
[e]
ol
e
(o
fr
ik
[0
ol
o
o
A2
ok
oM,
iy
ro,
X
o)
=2
rigt
2
ofy
ik
[N
ol
o
o
A2
ok
R
2
il
1o
N,
)

2

by (
T pw 8,

fo 40 N oX of

u
[
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)
)
0% -
=
2
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>
e
=
A
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o
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o
rlr
pov)
o
-
o
EY
o
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e 2
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EH
=]
KRT32 (cg25598400)
1.0-
xo8 G
T o, e
= 0.6 8%
(=] )
£ ==
= 0.4+ g0 .
o= 00
@ .
= 0.2-
0.0 , .
N
L AN
& &’b
\\Q &°
4 Q°
EH2
KRT32 (cg25598400)
100-
~ 80-
X
s &0
K
-
®
= 204 g
0 1 L]
«O\ fb‘s
o &
N O
o &
0 Q¢
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=93
MCI (non-AD) vs Prodromal AD
100~
. 80-
X
> 60-
=
g 40 Threshold : > 54.82
S Sensitivity: 71.43%
20 Specificity: 80%
AUC = 0.8
0 ' 1 1 1 1 !
- by ® & e &

100% - Specificity%
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A dE S FHR)

o |

Ofo| 2= 2&5tAE MESSF mtHo| EELILC

SMYE 2tX| 10 YSLICE Acrobat Reader PDFEHE HIZSHA| = ERIQX(IF, TOI0IEA, ATEE| §)

=2 POFEH
o] Z2 H=Ire! HI|2HH|Et=|of /25 2 Acrobat Reader PDFEO| %] = 25 PDFE Ct2 2 C dho} st H0{0iA]

ZB[BHFAI2| BIZILICH
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