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CR, et al., NIA-AA Research Framework: toward a biological definition of Alzheimer’ s disease.
Alzheimers Dement 2018;14:535-562)¢] W2 | d=slo]HuS Xuje] AAFAlo] YE}r] Holgtz: &=3lo]
ol Wy EA (e viet 22 dxstolmy AExAA) o] AEHETH d=sto]m el v 23
Avy, FAdoR, WEEAAG A v 2FL Bl dxsjolmEe A Lxstolu AR
(preclinical Alzheimer’ s disease, AD), &=3lo]™4y ZHEAA ol (prodromal Alzheimer’ s disease) %
e=3zlolwu Xull (Symptomatic Alzheimer’ s disease)@ A|&E3&}ste] 3hte] A4A (continuum) 7fdo=z A
k=

d=stolmy FFAA 75 BESA FAAHAbNA G=stelmg el Wel AdE Holu, TS fle
A3 (preclinical) @Al sjFgct. thg ©AR] gxstolwwy AERJAGNE AESA BAAZAA &
=afolmHe] W AdE Holu, A= AdA AAASF Qlar, HHAS NS FPHE fAEe &
AZA, "BEJAX Gl A9 d=3lo]M P (AD with mild cognitive impairment)" HEi&= "&=3lolHy Mg
Al(prodromal AD)2h= &0l W7]dvh, d=sfolmH Xuj= BESHA FAAF ARl A d=stolmg o] Hg
A Hola, AW FAo] WREe], A#ARl QIAVT Astm & HHAQl A THol EddH
"Xuf kAle] =afo] MBI (AD with dementia)" HE "FAdol & ¢=3tolw W (Symptomatic AD)EHE &ol%
|

W A Fxpte] HolH oz Aw|EsiEn,
olEgong okxdlo|wH XuE ke

RO

& Qe sAR 889 F Atk

Bowgold dateld A@e]l FAl, A8 We Aue EA wE 54 FAsks A ouad.
THgo, AWe 54 AR @A /T QA olRE SAsAY, Tl el olde] FUE 573
A%, A8 A Fprogosis) & WHSE A, vpobh W@ A ol i gt oRE FAdshs AL X
38 5 .

2o, 6 919 WDsh £ES Sk AAE EEs AR Q7S WEAYE S £
gs Wy AREs, FAA WYsE g@gd Adel Solgel Zetoln, uMusy qPFA Ade] 5
o|Fel xetolr], WESHE Cp¢ AF ErQ), Ei WU D] SolHow AFsHe WEs DMRA (A8
of, Mgt EAle] Holdor AWste FA) 52 LHT & At

A , ) 4 itk wpoldstol= WHE DV = A
5 Sol4 PR 5 U PHS Fotel WUsE P2 5 2lon], oe @ vl dxjolEE
AClEA A71E WPAA fARe] Mds) J¥E et wEe 3 e ge) A ArhelE S,

Ao Hests Boldor AEE ¢ AT AdasrzZA Adas
gk, dE &9, Smal, Sacll, Eagl, Hpall, Mspl, BssHII,
7] Astas QAL CAAe HEst = vHEste w

-
A EEF(Southern Blot) 41 &3 A& = A

R, 7] Wds R Adas
G

o QARAR G

e
=
0%
N
2,
S
ol
B
o
S
L
)
i
=
e
L
=
B
o
2
o
b
e
oft
i
2
2
1
u
i}
2
o
=

A el Fzke] 54 CpG F-AolA e WEst =& 545
FEotaL, F5T DNA mEstE A &2 AlelEA 9VE
* ]

i)

oM ot
N
)
N

N
ox
1o ¥o 18 wo rf w2

1 —
Ak ME2 AH Al 3 (template)
S 9wlgit}. Zglo]
AALEAR)S e AleF 2 o)t 471~
of. gk, et 77l WA 5070 €]

AN oz 2gae Zeholwe] 7] A

N
olr

3
24

12
=2
x
of
st
&)
oo
n
=)
=
=
of
st
FO{!
[

r o & oo
4y o

e my wy rlr

(m
ne «
m

[> ¥
5
o
(m
o
i
EY
o
-3
2
=)
=
=
L
ox
o
)
>

%,

N
(o
fru
x
=)
Z
=
]
oX,

i



[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

woge) Eatolni WU oRE BASE tigel Wi
F e, A% el doldsol=al s WY
oo, 8 WEEEA oo} o] ol e

otk e, A% x

Soldom AT & it FAY F ok,

Wgs DNA ZAE dPske 97], WEs DA 5 3o
AClEA FAE Az ANE, 5-ulBAbel

B!
k= DNA 55 o g sto] A A F DNA Fo

L

s} DNA A2, DNA Fo WEstel 97]ol Holxe=z Z
W@ @A o], VA A& F vEEhE AoEAS 9145
9= dPek DNA ZA FelA, 2o JAE

SIHS5 10-2021-0109212
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A wg] 2A-E AAZ(cut-of f) I} vlstE GAIS xS, dxdlolwH Xu] AGS 93 FRE A&
= el wek Aot

2 oabgoa] gof "Algtwr dxslolw e ol fHxke] wEs fFo] o] Y= AE, 2F, Ad, 94,
g4, HH¢d ) g =, 5 %ﬂcwwﬂﬂﬂﬂl$% DNA F&o] 7153

e AnE T,
N

A2, 95 24 5 35 AxE

PM
PM
ool

Fohar, ol Hol % A

l_,

A4, A ARZEE Al DNAE 53819 WEst =35 AE37] H3d, Als NAY 52 9 FAlelA
BAHoR ASEE Hu/E2REXE FEW, SDS FEW(Tai et al., Plant Mol. Biol. Reporter, 8: 297-
303, 1990), CTAB ¥z (Cetyl Trimethyl Ammonium Bromide; Murray et al., Nuc. Res., 4321-4325, 1980)

EE AY4er dE= DNA 5% 7|EE o83ty 3%

)
)
o
|

o

[e]
o
188, AREs Et voldso]ES o] ekt

e

=

3 g CpG 7919 w3 =55 Zj%o} Wﬂ—&, et <17

= , mEste O A% 2l
AL o] &3 AW (e, MIRA, MeDIP), WAﬂﬁﬂ]kiﬂﬂﬂiﬂﬂﬂ§~q%§qﬂg%%éﬁﬂ$sg
F 2 =

F 9.

Fﬂ 49
=)
L)
ot

I w
~
§2

Gl

Art. dE Eo], WEs Eol4 37 A2 (nethylation—specific polymerase chain reaction), 2A|%F
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Helsl Eolz Fe+EAWkS-(real time methylation-specific polymerase chain reaction), W3} DNA Eo] %
A wi S o] &g PR, A% PCR, Trol2A|AA, wlo]dulo]E A|A4, DNA mldd o] mfo]azojge], ®
= vdsd Op6 25 = T d-vEAolBEAl SAE o] &3 WY T A8t s S 5
A A A= 5 Aok

Aoz, B UH2 (a) 5% A8 U Ale DNAE vHEs} Ao B 7|5 WEA7]E 388 Ev vE
o} WA AgEsaR Aeste @Al 2 (b) 7] A" NAE sl f-dxke] 5A (6 FH9E5 $FF & 9

:
FZae wAg TP 5 A

A7) () BANA HEs Aol N 9718 MPATIE SFRE ol dstelEd & glom, MyAsAE &
stolEQl 4 itk o]eld Hol Mol = ol g3te] MU Alo|EA W/1E WIAA fHA v

=
Aoz AET F At AVELZA ATELY AFAZ GF T
4

Zo BP9 PR Wl o5 F8E 5 Ak, ol ALgEE Zeboln )64
= 5 06 F9 AGel met ks HAan 4
[e]

Ll =
° EZ3)F = 3z
G AP EAIS SolHorm SXHT F Q= Zjo
A

=
fmm
48

>0 —D’
S e
o
o2
N
P
o
-
¢ g
o
5 -
&
ojN
el
)
i)
o
d
o
i
4o

fr
o 4y K Lo

2
ok
2
r‘.\(_q
ol
rlr
o
©
ru:
(1
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o
fi
Q
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i)
>
n
o}
it}
Ay rlr

o lo >
E

:Cg
T
e e
S
N
o
i
)
> 4 oo
>~
>
o,

8}
A PR Ashge) £l vl =
gata, g fAAe o6 FAE PRE FESu, -
Y P AHgstel Mgd o RE ¥

o]&% Afollx T A FA
A2]E DNAOl A PCR AxpEo] <)
PCR éﬁr%ﬂ = A= Cpart v Es) g A
u, ol FFAPA AHsith. 7]l A mock DNAZH A
D

o &

It
y
s
do
o,
o
N
>
ne
o
r-lu:
o
Ir
=
o
(A
=)
o
[
4

i
a0
i)
4
0
o)

=)
o
~~
(]
)
>
o
5
a
5
oQ
o
9
=
QJ
=)
=
=
=)
~—
t

mln: -
=]
d
g,
9,
H
o
o
&
rlr
R
ue
M
A
@
@
Q0
[
@]
=
<‘>
:3
3
ol
o
of
:oé
1
o
(]
io]
[ep}
o o

wEba, 7] o] g A, a2 54 6 F-91e] Mg Wl A ARdA SolHoR vl

urnz, fdxe] ddst Wk vpelevtA R ARgste] dzstolviy Au] kel f-gaiA A&E S Sl
o5 5o, SLC38A2 frdztel 54 CpG #9190 Ardsls viol vt AHgate] dxstolury A kel
&8 AHed 5 gl

oL

ugo] &3

wowge g ARdA AAE A
Aujg Aess BAYBHE Auy , L
DNA 998 st dEol golstn, Fo wudeltt RA uM%Oﬂ R RERE %@101 A Aol Atk
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-
T 12 A dzan g=stolw ) Shabtell A SLC38A2 f-xAbe] DNA wl'sl Fiee] Apo]lE vreRd o]
o}

I 2% SLC38A2 frAzke] DNA wlEs) WstE o] &3l d=3loldy Xu] A A4 dzas FEE 5 9
= FaAs #rtslr] 9% gAu-25 53 AB(ROC curve: receiver operating characteristics curve) &
Al A3E YERd Aol

wge 4] A8 TANE e

o] &}, l"é S AAldo] o3 FAE] At o, 5] AAlde B dHE dAste Y B, B urol

17] AAldol] &) dAHEE AL ofr).

ol

AAd 1. dTd

A=5to|Hy Sl d=Flo|H AARIX 75 (preclinical Alzheimer’ s disease, AD), ¥=3lo|wH
A=A Ao+ (prodromal Alzheimer’ s disease), €=3dlo]™¥ X]wj* (Symptomatic Alzheimer’ s diseas
o]

e)d A & -‘lj—usl‘]:]' gz o 2= A4 UEa (FdAA7]Eela, ofdREel= W &7l fle 1w), ¢
zslol o] 23k o] opd HEAX| o+t (mild cognitive impairment due to non-AD), ¢-=3}ojmHel <
3l Zo] opbd vl (dementia due to non-AD)e] Al o2 FAFET

471 6] AR A Bl BRE vhed 22l gl uhel 3 E ol

A A dAE, 2018Lﬂ HH 201997b4 olgtoldf =
ks

Boaeh §A, AAH Jate] Fxstd HEE Fal

T oA SAR, ARAAANE B A AA V1Ee] AstE AR F dAAEFHY A AFE ALIIS
th. o] F WAE AXWA AAVE Aste Al @A, S, FAAAVE, BEJAAGN, Auje] Al dAE e
ittt AAAIA T A, TR AR At a9 HEAZ, AL AAAZHALY BE oA
¥+ M4 (z score =-1.5) o349 AHAF A5 Hol, XA Al AAA Ao §la, dJATTH &4
o] gl ejeltt. AERIA G A, A E= HARAFAL] 7 Adtel] g EavF glow, A4
A A EFEAFAA 1.5 o]3f (z score <-1.5)¢] A¥E Hof, AFAH 7198 A7t Jot, dural <
A7l ARG THol FAEE woltk. Al T 7FA o] Q1A G ARHJA At (RFHF
1.5 o]sh) 9] &S Ho|i, AA3E stz AdEST A, dd8LsHY SFo= QlF, tE Alge] B
2hgo] H a3k ol

Al HA GAR, dod AAF E o] 2% 94 (computed tomography, CT H+= magnetic resonance imaging,

9] Xl (functional MRI, amyloid positron emission tomography, amyloid PET)S A]3)s}o],

917 7]%9 AE do F 9= tE AL wiAlst, ¥ <k ojdRole HEgAAe =4 oHE s}
o

Aok A 7o AdtE FEE 5 de vE 99ds wiAlche AL gxstolvy ddA Ted dAE,
A

A A B s2Ee] 7% o), HIEM Bl2 EE it AT, AAWE & b =l

q4s Hﬂxﬂo} Aol T3, ol9ex, 4IE& F5, 4E F5, FO& TN, 54 G, =d9, 44
Agko]l A&, AA 7T Aste; dAdo] A& F JoBZ wiATE. Ee HAGAAVE, TERE Y o4
AE EW, AAUTTE, WEFT, HITY T oS AL, NS, FolAA A g A e} 2
& e AAFEBL A AL wiAetdth. 2018 gxsto|mH el AFE Hwhy|Fo| uwE, ofdE o=
PETol A <kAd el 749 (Brain amyloid Plaque load, BAPL 2 or 3)¢] ¢, ¥=slolwo] ¢t #Aehatar
ol ZAtoll whg} preclinical, prodromal, and symptomatic AD % 3+ o2 Hthslgit}. ofdZ o] = PET|A]

5

+74 (BAPL )2 tixwow ddeta 4 sS4l weh, A4 tiza (ZAR1A7sela,
Aol $lv I5), ExstolHHEd 9%k Aol ofd HEX|Felwt (mild cognitive impairment due to non-
AD), ¢=dlolm o o]3 Aol ol d A wl* (dementia due to non-AD) % 3 o= AAUCE. Ul MAR, o
A @A g ARES F3se], 6719 For HEFZ FIS YH .
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AAl 2. IFAH AFH 2 IFE HfolAE v F

Fape] s A kel A 2 mAEe] AERGe] S o] gstel IR YL AHS. iH%ﬁP a5 A
o5 A7 x7bo] &4 A= wix| (DMEM/20% FBS)E 0.1% Aegtglon 8w 249 N v
A7 ek IR AR 27 A AZrh el Yo AE st A%‘— CREEE
S WA A8 2-39 A oR wiAE BFeith. 7 F owiAe] F& 500 ulE FEa 2-3Y
o2 WA S ZolFla 14 F I A 2zt FHoR AEvh AekA g de] o i7hA] AlETE Y
35 m WY THZ FAA wAe] ElelEH(FBS)S TEE 20094 10%2 wE F AEEE A%EA
AIEZE 35 mm vl 9] 80-90% A= AAW AlgE A, AWlEE 2-3W whE dA|ste] 5
ArobAl Rt Bl SERPHINEL FAE o §-ate] ArobAlE wh7]el SERPHINHIS: @S Shelshgict.

[e]
=

T

=

NN Al oY

%
A
kil

|

2}

A Al 3. Genomic DNAFEE

AAe 204 wjFet 3B AFolAEZo|A genomic DNAE QIAmp DNA mini kit (Qiagen)E& o]&3std]
FEIUT. FEUHS A=A vwds ot AAEIT. FEF genomic DNAE E3F =
(spectrophotometer)Z o] &3t Al om | DNA AElE 1% ol7t=2~ Ao A7) %38te] degradation o
n2 sholsldn).

_1

AAle 4. DNA HE#o]H ®o] £4

DNA wEgeld We] BAHLE xpay) diFzTe IR FolHEoA DNAE FE3 & ulo]idyolE A%
(Bisulfite conversion)g F-835le] WWEslE Alo|EAS A= vl & Infinium MethylationEPIC bead
chip (illumina)$& AF&3lel oF 850,000 7§¢] CpG H-Hlol thete] WE3} ArE A5 tt. DNA W3l Axs
0~1 #< 2= B #e= FAIEW Bk 02 dld CpG F-217F &3] vivEsd AL 9nshy, 12 &3] 9
gsle AS ou) gt

A3 oA AEH oz wYdsiEo] e FAA (Differentially methylated genes, DMGs)E 2Hela}
71 $15ke] independent t-test WHS AFESIATE. HFAHOZ p value<0.050]A Aigk B %] =0.3 91 =
ZRH (p6 B9S2 Adroz wdsiyo]l gl Op6 ¢ (differentially methylated CpG site)2 AA3dfar
o] FollA CpG F919) WEs =7t Mst {FHAE DMGE AA 3.

Al ﬁ' a‘ﬂ:
1. gzstolny v FAFlq A Sol2 DNA v]Ds W &

49 A dxat(oldzols He4do] gl AANA e )H 1299 d=slo|Wy Xuf Fxba+2] DNA
g3l wals B3 Ay, dxslolwy v Ao xpEAH oz DNA WEdl o] WalEo i 23%9
DMGE MEstglon | 7 3 SLC38A29 ATE the # 1o 71<skgitt.

X1
AR Target ID B # wEs AH p #
(difference)’
SLC38A2 209050775 -0.452018 A | & 8} 3.32E-05
1) SHAr AEe] B gholl A Atz AEe] ggrs W g

4 iz dxstolviy A fAptel A AAE Akl DNA W"'ar Jr=o] ApolE & 19 scatter dot
plote= Yeplon, F + FF22t (mean * SEM) e EAISAT

2. DNA w23} W3S o] 83 F=xsfo|u{y v et vi7e] HA

dzstolmy Auf ghabatol A ApHA o ® DNA W'l FEo] WskE o] gl 23F9] DNGE Wdo=, 2A/w-2t
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= E2 71B(ROC curve: receiver operating characteristics curve) & o|&3sle] A3 A4 xS +
ek = Qle=A] E1eglY. dubdg o2 ROC AR 3443} WA (AUC; Area under the curve) F-X|el we} H| A
HA(AUC=0.5), ¥ AHZgH0.5<AUC<0.7), TTE9 AZF(0.7<AUC<0.9), =% A=3H(0.9<AUC<L.0) 183t

A
okl AAFAUC=1.0) = BF-alr},
SLC38A29] 7%~ d=stolmy X|uf FxftolA AWEstE o] ggloem o Amest A
zslolmy v FATS w2 FFLE (AUC = 0.9792)2 FE = U8
d=stolmn Xu| Fxle] FHF AdfolMEolA vEFE SLC38AZ

5

9 wgom dzstolny AuE et AwuAR FESTHE AL vehit
o] Ao BHE, B Wygo] &3l V|EEoklA T AAE 7 A= & Wgo] I v|ed Aoy
43 EAS AAsHH] g g A8 FHE AAE = dthes AL olFdE 4 U Aotk a¥ER
ol gl A &t AAdELS BE HolA oAAIFQD Aol A Ao] ofd FHoZA ol sfort s, E
we] WelE A7) S dEnchs Faeks 58 A7usle on) 9 e aPa o 57 doziy
EEEHE BE A4 e HWEE derp B oyl Wele xdE = Aog 4 EooF st
=y
=]
1.0+
x 0.84
Q
e o =
= 0.6
0 .
= @
[1+1
= 0.4-
=
—
5 .l
= 0.2- Pe
L 1)
0-0 T T
N ‘9
*553} . G
)
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Normal vs Symptomatic AD

100 ® &
80
60
40 AUC=0.9792
Sensitivity: 91.67%
20 Specificity: 100%

Threshold: <0.5931

Ol I 1 1 I 1
» ® ® & ®

100% - Specificity%

g g

<110>

<120>

<130>
<160>
<170>
<210>
<211>
<212>

<213>

Ewha University - Industry Collaboration Foundation
Composition for detecting symptomatic Alzheimer's disease
specific DNA methylation markers and detecting method thereof
DPP20200599KR

1

KopatentIn 1.71

1

122

DNA

Homo sapiens

<220><221> promoter

<222>  (1)..(122)

<223> chl2: 46368865-46368986

<400> 1

ctttcaacct tcagattgat tctacttaaa caggttagct acagggttgce tgaagtgcac 60
cgtggcagece atgtggtttt tggcccattt tcctctatac ctctaaatat aaagtaagta 120
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