creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ UCI ]1804: 24011- 200000265248

20169 2

M ALELS = 2

_ 1
—

N
[z
o
o
]
L
o
0

0=
02
[
o
[



0y B20 BSE |k
o X 510/04 XIO§ ol
SEAHO| 24 o1

Association analysis of genetic variants
with Alzheimer’s disease in the Korean elderly

2016 & 28 25¢

XEED Hate

Collection @ chosun



SiNyE
&) m)
=
'K JH
W s
o
© R
o
Kl ok
ol

o0

Ild

RO

=

oF
ol

¥
or

ol
Ild
H

2015 & 10

oFJ
ol

E
ol

g
Ki

™
ol
=)
30
<0

Collection @ chosun



o0
Kk

oJ

ol
oh
H)
ok
or

X

ol
it

n0

4

E
E

ol
0

g
K

-t

K0
oK
ok

oJ

80

™

2015 & 112

oF/
ol

E
ol

g
K

Collection @ chosun



cil

iV
Y

tedl
tedl
8 Xl
Abstract

Vii

M
K

o
fir

A E

10

e}
K|
Rl

ANl AN WO N~

Kl

0
0

a0
oll
oJ

2.1.

e
it

2.2. SNP

GWAS A i

=
—

b Dl

=)

3

2
(e

2 =3H0IH ol

3.1.

.12
.12
.. 13
.13
.. 13
.13
.. 16

o

ol

&
or

8]

30

10

&)

-

20

&l

16
.. 16
.19

3.1.

i
IH
=
]
Ok

¥
1

40

Collection @ chosun



20
..20
.23
..23
.27
...30

=
A

X0
ulr
&I
ol

ol

KI

ﬁk'
[ B R R N N X N

oA

2 X6H0IHE 2 SNPs2|

2.1.

g 24

2 =0ot0|HE 2 SNPs2

IH

16
K|
ol

30
33
36
..39

(Additive model) ..........

3.1. rs4848905%2 21XIJIs2

(Dominant model)...........

3.2. rs48489052+ 2IXIJIs2

3.3. rs75609651% QI X|J|s29 Had 24 (Additive model) ...........

K

V.

.. 44

il
I[d
~
K0

Collection @ chosun



H 1. dbSNP database & .........ccccooiiiiiii, 4
H 2. Z=GI0IHE 28 GWAS AT i 10
H 3. GWAS 118 Soll &16idl Z=0I0IHE A& SNPs........... 11
H 4. ASAZ4A2IZA (SNSB) & .o 15
H 5. 2 HHY QIFAMSISE ST 21
H 6. 28 HE2 APOE FE .o 22
H 7. £=0l0IHY S0 DA SNPL genotype BI=2 ORs....25
H 8. €=0l0IH ©EHRO &6 S0| H& SNP2 genotype
BIEE 2 ORS .ttt 28
H 9. rs48489052 additive modelOil ME CIXJ|&52 A4S
A e 31
E 10. rs48489052 dominant model®il ME 0 & XIS
B B s 34
H 11.rs756096512 dominant modellil Ol & 2IXIJIs2
B B e 37

Collection @ chosun



T 1, AXIU TFE SNP B oot 6
O 2, M S A B A e 8
T 3. SNP B A A e 18

18 5. Additive modelll A 2HROIE 2HGIH 2=6t0|0HYH 1t
SNPsSel At A e, 29

18 6. rs48489052] additive modeltilAd 1 X[J1s1 H&H

Collection @ chosun



Abstract

Association analysis of genetic variants

with Alzheimer's disease in the Korean elderly

Na Hyeon Kim
Advisor : Prof. Kun Ho Lee, Ph.D.
Department of life science,

Graduate School of Chosun University

Alzheimer's disease (AD) is an irreversible, progressive, multifactorial
neurodegenerative disease that deteriorates cognition, memory and thinking skills.
As the aging population in the world increases, the early diagnosis of AD is
becoming essential. Genes associated with AD can be found through Genome
Wide Association Study (GWAS) with a large cohort. Although there are several
kinds of GWAS studies for AD with the Caucasian population, the studies for
Asians, in particular Koreans are not sufficient. In this study, | identified several
high-risk single nucleotide polymorphisms (SNPs) associated with AD in Korean
population. Subsequently, | investigated the correlations between cognitive
functions and the high—risk SNPs for AD in Korean population.

This cohort study was designed with residents aged over 50 years and under
91 years in Gwangju city. 568 subjects were divided into the normal control

group and the AD patient group. The SNP genotypings for these subject were
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performed by ligation—based assay using DNA extracted from the blood. For the
association study, | analyzed the correlation of each SNP for Alzheimer's disease
by logistic regression models using Additive genetic model after adjustment of
the age, sex, ApoE e4. As a result, the highly AD—-associated SNPs were
rs4848905 (CNTNAP5) and rs75605691 (VPS13A-AS1). In addition, | performed
the correlation analysis between these AD high-risk SNPs and the
neuropsychological test scores in normal control group. Surprisingly, these two
SNPs (rs4848905 and rs75605691) showed the strong correlations with COWAT
neuropsychological assessments.

These results suggest that the AD-risk genetic factors may cause the
cognitive changes in the normal state. In the present study, | found the
significantly AD associated SNPs in Korean population. However, a further study
is necessary to validate the results of this study by using a different cohort.
Taken together, the genetic variants identified in this study can serve as the

potential diagnostic markers in the early diagnosis of Alzheimer’s disease.
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A4 ZH(Magnetic Resonance Imaging; MRI) ¥ &M 29 X 26t 0IF 0

a8

SICH SMMA 2=oI0I0HE S 2K & = Us T2 ZdM UK AL

It 99.9%2 =St REA AIIMES IJHXILE, 0.1%2 JHel 2t XH0IE
20l 02 |&EXHOI(genetic variant)el &Lt SEXEHOI= REH L= i
JHOl AFOISl THEISAXF XIOIE UEHHOI, DNA Il EXst 220 &g
(insertion) = HLE Z&(deletion) SO0l 2ot B1d L= XH0IJF HCH [10]. REX
HOl S50 &Y 2| CHE A (Single nucleotide polymorphism; SNP)eF RxH

Ol (Structural variation; SV) [11] S0| QUL =2 HARE Soll AKX BHOIE0|

HH

8 & (phenotype)2l B3, FYEHl s 2124, deln X Mol et Bt X

|
s

A

DNA ZJIMZ0 A Lt SIIME(A, T, G, C)2 XH0IE =20l

rr

et
tol

C= HOIE &2 Il ChEH(Single Nucleotide polymorphism; SNP)OI2t o0,
I SEXHOIZE 2 & 90% £ XtXIStD UCH AZHHUNA 1% 0l&2 BlIE=z
LMot fIXIE SNP 2t otlH, 5% Ol&2e BI&Z =Mot= JS common
polymorphism Oletd otH, 1~5% ¢! &AL rare polymorphism22Z &FstCh
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M He ZE SNP HE= NCBI(national center for biotechnology
information)2l dbSNPOl database(8 i build 144, Jun 2015)Jt =S HUCEH A
SH ZAE SNPIL dbSNPOI HMZEEZ™ submitted SNPs #(ss#)2 201 220,

SEMOIA HEtst X HES &0I5+0 reference SNPs #(rs#)2 UAl 20 &

-

=0 (E 1), Ol ¢d&l SNPE2 REXQ JHAIXE Loth=s | &AL E

OIEJIMX HRO 0| AT D JALH S 2YEHe=Z LHEHH XI= SNP 2F E
Syol HAM F4(association study) SR XS JASO [14], Oledst
SNP 3= ME22 &Y 23 SIS 2Hole O B2 JIHE & o= M
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H 1. dbSNP database & &

dbSNP statistics for Human (build 144, Jun 2015)

Number of submissions (ss#’s) 505,875,709

Number of refSNP Clusters (rs#’s) 149,735,377

Number of validated (rs#’s) 97,535,033

Number of (rs#’s) in gene 85,591,044

Number of (ss#’s) with frequency 45,812,686
4
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FH

2. 2=6l0|HE &3 GWAS g+

Title Author Journal
GWAS of Cerebrospinal Fluid Tau Levels Identifies Risk Variants for ~ Cruchaga, Carlos, Neuron
Alzheimer’s Disease et al. (2013)

Meta-analysis of 74,046 individuals identifies 11 new susceptibility

loci for Alzheimer's disease

Common variants at MS4A4/MS4AGE, CD2AP, CD33 and EPHA1

are associated with late-onset Alzheimer's disease

Common variants at ABCA7, MS4A6A/MS4A4E, EPHA1, CD33 and

CD2AP are associated with Alzheimer's disease

Association analysis of 528 intra-genic SNPs in a region of

chromosome 10 linked to late onset Alzheimer's disease

Genome-wide analysis of genetic loci associated with Alzheimer

disease

Association of ABCA1 with late-onset Alzheimer's disease is not

observed in a case-control study

Lambert, Jean-

Charles, et al.

Naj, Adam C., et al.

Hollingworth, Paul,

et al.

Morgan, A. R., et

al.

Seshadri, Sudha,

et al.

Li, Yonghong, et al.

Nature Genetics
(2013)

Nature Genetics
(2011)

Nature Genetics
(2011)

Neuropsychiatric

Genetics  (2008)

Jama
(2004)

Neuroscience

Letters (2004)

10
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H 3. GWAS H2& Soll &t6idl 2=05l0/018 H& SNPs
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SNP ID Nearest gene Location Control MAF Odds ratio
rs429358 APOE Exon 4 0.13 3.69
rs11136000 CLU Intron 3 0.41 0.88
rs3818361 CRT1 Intron 34 0.20 1.17
rs3851179 PICALM 88.5 kb 5’ 0.37 0.88
rs744373 BINT 29.7 kb 5’ 0.27 1.17
rs3764650 ABCA7 Intron 13 0.06 1.23
rs610932 MS4ABA 3" UTR 0.43 0.90
rs11767557 EPHA1 3.2kb 5’ 0.21 0.89
rs3865444 CD33 373bp 5’ 0.32 0.89
rs9349407 CD2AP Intron 1 0.29 1.12
rs75932628 TREM2 Exon 2 0.002 5.05
4. AXJIs
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CHst XIAIOl QUOIOF SHCH AIHAIZ|ZALS st=2HOo 2= AS8E A2l AHSeoul
Neuropsychological Screening Battery; SNSB)JF QUCH (E 4).
SNSBe| &AEOo=Z= H, &HO| ¥2 Lol

wH ZAb XA =20l SH=otd, =M, e RUAZ EH 2AIE = UESF

@]

JIZ2Z2X2 H 0|0= 2 S3RLF &HIJF 2R %L2M, AR, 2UHUHM &
=gt ARI =l HAS(K-MMSE, K-Boston Naming Test, GDS, B-ADL, CDR)
O Ml JHXI JI=0ll 2ol A™EACH [18].

SNSB= HQIHALZ AAIGHH, A2 afefet 2400 et Cha XH0IJF AL

LE ZAH0 AR5 = &M Al2Zt2 1AI2E 462~2A12F 3 EO0ICH. SNSBOI ZE&Z Of
U= 2 BME2 X SHEZ =AUZ A= A2 otLlLd, TS €2 JI
=0l 2ohA X S0l 2:AHQ0I FASNHA AAI=CH XM, & SAMUA ZEot
1A ot 2Kl =201 GhE ZA0l 2lohA oHE ZX HE== SAl=AE Eol

14
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FH

4. HE24sBae|Z A (SNSB) & =4

Cognitive domain SNSB

. Digit span test (DST): Forward / Backward

Attention . Letter cancellation
. Spontaneous speech / comprehension / Repetition
. Korean-Boston Naming Test (K-BNT)
Language . Reading / Writing
&

Related functions ° Finger naming / Right-Left Orientation / Calculation/ Body-Part

Identification

° Praxis Test : Buccofacial / Ideomotor

. K-MMSE: Drawing

Visuospatial functions . Rey Complex Figure Test (RCFT) : Copy

. K-MMSE : Registration & Recall
. Seoul Verbal Learning Test-Elderly’s version (SVLT-E)

Memory : Immediate & Delayed Recalls / Recognition
° RCFT : Immediate & Delayed Recalls / Recognition
. Contrasting Program / Go-No-Go
. Fist-Edge-Palm / Alternating Hand Movement
Frontal . Alternating Square & Triangle / Luria Loop
| Executive functions . Controlled Oral Word Association Test (COWAT)

: Semantic (Animal, Supermarket), Phonemic (giut, iung, siut)
. Korean-Color Word Stroop Test (K-CWST)

. Korean-Mini Mental State Examination (K-MMSE)
. Geriatric Depression Scale (GDS)

. Barthel-Activities of Daily Living (Barthel-ADL)

. Clinical Dementia Rating (CDR)

Other indexes

15
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Mot d, EDTA AE
ot S1UE ZXotAltt. MF= EXe & buffy coatE =clot)|

TE 4 T2 KAoIHW 1X= 2,000 romUlA 102, 2X= 3,000 rpmUl A

2= 0l
Floil =2

02 s

ot =2l SRl O =, €S MHotd HO0tUA= buffy coatE O0IZ6HH

DNA HMIZ otYCH. ONA A XM= Quant—iT™ PicoGreen ® dsDNA Reagent and

Kits (Invitrogen) & AIZ2otH 20, XM= DNAE s=<Jt 10ng/#4 0|4, & HIDNA
20l 200ng Q1 MEOF 2AM N AI= oL
3.2 KM 24

SNP YJIAE 242 £=410F DS SNPs= SAl0 24 & £ As AIAEQI
Affymetrix Array 6.08 O0|Z26IQCH. SN EHME DNAE ESZAZ = HEtSAE

ASSHH genomic DNAE Z a6t DNA SHEHS SHESR/UCEH 2 SNPsO| S

t_|

= ChipOil DNA SHES ZEAIZl &, 242t

&
=2
el
Ja
o
¥

|
ol

£ ZSEANAM GIMES FEoAC (a8 3).

Quality control call rate (Dynamic Model algorithm)= 95% Ol&S LIEFLY

A HIE

E MZ DA 9mer2| probedt 2+ &t

tH ECH OIEH Z2&E probell ME ASE LIEHHMH, Ol

M &S heterozygosity2 CHAXE JHJHQICl HEES HE oA FEOIRUCH &

H 242 Messiness per individual (Mind) > 95%, minor allele frequency (MAF) >

16
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0.05, Hardy-Weinberg equilibrium, model, theorem (HWE) < 1x107® S9] J|1=g
25 S SNPCH OlEotd XESHACH O Z 1, 36858502 SNPsOl SHEA
Ol AF=25HSICE.

17
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X

U=BIOIHY W SNPse Hatd 242 KA P2E(Genetic Model)& additive

modelS 0| E6t0 246tRULCH R M= JI=2422 A, 48, APOE ¢4 R

Model)22 Z245I% 10, FHME L=5I0/H 2Yo Idag2 £ = JAs ol
HH, 44, APOE ¢4 R S22 SAl
Logistic Regression Mode)2& ZEA45t¥ LD, L=o0IH LH
(Odds Ratio, OR)2t 95% &2l 722+(Confidence Interval)2 HAHGHACEH E£8F 2=

oloIE Nl =lotttd Soi&l SNPslt elXJ|se gad 242 RdZd S

1)
on
2
0z
0z
e
Mo
-
0z
|0
HU
HI
Jx
on
9%
[w!
e

additive modellt dominant model& At
AIIsol s == 0 = Al 48, UusdsE BHOH 244
(Analysis of covariance; ANCOVA)S AIEiGI™ LD, AIZZECZ SFUO| SRS Al
ot Xz SHEAE PLINK ver. 2.05(Free Software Foundation, Inc,

Boston, USA)2t SPSS 22.0(SPSS Inc., Chicago, IL)E AF=Z20I% L.
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= 8.57H0ICt. 421

568222 1 = EAIt 22498 (39.4%), GIXtIt 344
g HE2 7445 £ 24MALH 2=0l0I01E At

L=GH0IHE &Xtz2 21198 (37.15%), E& O
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aa]
o
K
™
AL
1o
e
4
=
ton
Joh

A EX|
=

-/ o
Alzheimer’s disease Normal Total
Age 71.74(x7.20) 75.46(+3.46) 74.12(£5.478)

Total 211 357 586

No. of subject Male 87 137 224
Female 124 220 344

Years of
education 7.98(+5.38) 8.57(+4.77)
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H 6. 2t ¥H2 ApoE =&
AD Normal
male female total male female total
N N % N N N % N
€2/e2 0 0 0 0 1 100.0 1
€2/€3 7 8 53.3 15 17 27 61.4 44
€2/e4 1 3 75.0 4 0 2 100.0 2
€3/e3 42 60 58.8 102 97 148 60.4 245
€3/e4 27 43 61.4 70 20 36 64.3 56
ed/ed 9 6 40.0 15 0 1 100.0 1
€4- 49 68 56.8 114 176 83.1
€4+ 37 52 43.2 206 20 39 16.9 349
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2. 2=0ol0IHE W SNPs2 Aty =4

o2 Z=XGI0IHE SXU20A SNPs H2tE s Hlw =40tACH £ 2 =06}0l
H &2ERCsS 2&oIM EA4otRUL

2.1. Additive modelOl Al 2=3l0|HE 1} SNPs2 Hatd &2

x

=)
<
EJ

Hl MY E 36858502 SNPs2| &A= additive model2 Ol
2ol SAotACH. O 21 p < 1x107° J|=22 8I12 SNPsQ! rs429358,
rs4420638, rs769449, rs75605691, rs519113, rs10051239, rs34342646,

rs2075650 S0 & =ol0lHE W =olet A2-0| LIERTH SAH 1920 2K

ol

b rs4293582 2 =0ot0I01 2EHRQICZ & A& ApoE RHEXUIA rs7412%

o

H STXNES 2H6H= SNPOICH 154293582 L=5H0I0{E & X2 211Y &
TTE, TCE, CCEOl 22 1179, 749, 150I1AD, 4 HEZS 22 290Y,
59%, 1HO0|ACt p-values 7.92x107'%, OR 2t 3.500ICt. CEES JtE =0
(2t LXGH0IH EHE0| B SII5HH, TTEY O 20+ CCEHY [ 3.5H =

[
= =

fo

Zd==d0l UHERSCH SAHM 198101 ?IXlet &= CHE SNPs, rs44206382

APOCIP1 & X0 XI5+, p-values 6.89x107'°0I0, ORS 2.870ICt. GE

= It Jhi==0 ek 2=ot0I01 &EHS0l HX SJtott, AAZEE [ 20 GG
g 2 [ £=xololnl €EE0l 2.87H1 == Z=d0| LIELRCH rs769449=

ApoE SAEXH0I AXIGHH, p-values 3.12x107°010{, OR2 3.120ICt. AE S I}

& OH==0f et €=6t0101 2EE0l A Sotot0d, GGE2Z M 2L AAE

e
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M 3.1201 =2 =2 2401 LIEFGCH rs5191131 rs343426462 PVRL2 R
HRFOI SIS 22t p-value= 1.89x107, 2.96x107° 0I0f ORat2 2.20,
2.280ICt. rs5191132 GEEZ JI& W40l et LX50IH LHE0 I =
OI5t, CCEY [ 2Ot GGEY M 22HF =2 =2 US40l LIEHCE
rs343426462 AE S JtE JH40l Mot L=5H0I0 LHE0l BX ZIt6t0l, GG

g9 M 20 AAEZ M 2.2881 =2 =2 Z+=d0l UEHEC rs20756502

0

TOMM40 SE X0 2AXISHH p-values 4.21x107°0101, OR2 2.230ICt. GEES

JHE OR =0l [eh 2 =ol0lH E2HE0l X SItot, AAZEL [ 20 GGEE

0

I 2.230F =2 =2 =40l UEIRCH SMX 980 XIS rs756056912
VPS13A-AST ST 2IXIGHH p-value= 6.60x107°010{, OR2 4.880ICt. G

S Jhd JH==0l et =050l ZEE0l Xt SItoted, AAEY [ 20

0]

rs10051239& ERGICTISEXH0l ?IXI5H0 p-value= 2.07x107°0104, OR2 0.48
OICt. Ge€s JHA JH==0 Mech 2=5t0I01 EHSE0l EX SJtot, AAZEE [

S0 AAE Y [ 04881 ¥2 MEH0l LIEIRCH (F 7) (O3 4),

24

Collection @ chosun



H 7. &=50/HY £0| D& SNPs2 genotype BIE2 ORs

Number of genotypes

No. Chr Gene SNP ID Position Allele Normal AD MAF OR (Cl 95%) p-value
(M/m) MM Mm mm MM Mm mm
1 19 ApoE rs429358 45411941 T/IC 290 59 1 117 74 15 0.148  3.50(2.44-5.01)  7.92x1 0'12
2 19 APOC1P1 rs4420638 45422946 AG 283 71 3 118 77 15 0162  2.87(2.05-4.02) §.89x10
3 19 APOE rs769449 45410002 G/A 301 52 0 136 64 8 0.118  3.12(2.11-4.61) 1.01x10'8
4 9 VPS13A-AS1 rs75605691 79707435 AG 339 18 0 167 43 1 0.055  4.88(2.74-8.68) 6_60x10'8
5 19 PVRL2 rs519113 45376284 C/IG 264 82 11 111 82 18 0.195 2.20 (1.63-2.97) 1_3gx10-7
6 5 ERGIC1 rs10051239 172348466 AIG 158 160 35 136 68 7 0.277  0.48 (0.36-0.65) 2.07x10'6
7 19 PVRL2 rs34342646 45388130 GIA 286 68 3 133 69 9 0.142  2.28(1.61-3.23) 2_96x10'6
8 19 TOMM40 rs2075650 45395619 AIG 282 72 3 131 71 9 0.147  2.23 (1.58-3.15) 4_21x10_6
M/m : Major allele / Minor allele , MAF : Minor Allele Frequency, OR : Odds Ratio
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H 8. ¢=0i0IH £YRIE &

st

D™ SNPY genotype BIE=2 ORs

Number of genotypes
Allele N | D
No. Chr Gene SNP ID Position orma MAF OR (CI 95%) p-value  FDR
M
(M/m) MM Mm mm MM Mm mm
1 2 CNTNAP5  rs4848905 124754515 C/T 130 165 60 109 82 20 0360 0.47(0.35-0.63) 1.07x10°  0.03
2 9 VPS13A-AS1 rs75605691 79707435 A/G 339 18 0 167 43 1 0.055 4.55(2.43-8.50) 2.09x10°  0.04

M/m : Major allele / Minor allele ,

FOR : False Discovery Rate

Collection @ chosun

MAF : Minor Allele Frequency,

OR : Odds Ratio
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60 = CNTNAP5

= VPS13A-AS1

s Ofr1 s Chr2 s ONr3 & Chrd s ChrS mems Chr s Chy7 s Chr s Chrd mems Chri () s Chrl1 s Ohri2 s

ii

s Chr14 s Chr15 == Chri§ wemm Chr 7 mem Chr1§ mems Chr1g sess Chr20 mems Chr21 wems Chr2}

2 5. Additive modelOl A 2B R

(«/Collection @ chosun

SNP2| Pgt= —log10 a2 2 X

LIEFHCH FDR < 0.05 &t8 JIELe&
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HI
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ol

o1 2 A

t

9

X
(Memory domain)dt &%

JPE SNPsilt Ha
JALE

£0I
&

Ct.

iﬂ

=40 0l=0ot
2
130&,

A
|2 SNPQ! rs4848905%2 &H& A= eIXDIIs2

rs4848905= CC¥ & 16
&3 | &

N
40

3.1. rs4848905%
AX5H0IHE £0|
A2 additive modelil A S4 6L
s 0E2eZ UFH, 2 KM et ez
F (£ 9). 2 1,
4, p—values= 0.010ICt. CC&(15.01+5.17)1F CT&(15.06+5.06) Jt&
Jb 158 AT S U=CH (O 6

Bl

nio

s 460
(Controlled Oral Word Association Test)2 supermarket
)\ .

(13.45£4.52)2 Jt2 M =&

Ch TT
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H 9. rs48489052 additive modellil ME XIS Haad 24
cc CT T
p-value
Mean (SD) N Mean (SD) N Mean (SD) N
K-MMSE registation 2.98 (0.12) 130 2.95 (0.20) 165 2.98 (0.12) 60 0.35
K-MMSE recall 2.00 (0.89) 130 2.20 (0.83) 161 2.01(0.89) 60 0.08
SVLT delayed recall 5.51 (2.43) 130 5.40 (1.93) 165 5.38 (2.25) 60 0.70
SVLT recognition score 20.50 (1.89) 128 20.32 (1.99) 164 19.96 (2.03) 60 0.16
RCFT immediate recall 12.31 (6.42) 127 12.92 (6.49) 161 13.35 (5.83) 60 0.79
RCFT delayed recall 12.68 (6.13) 125 12.88 (5.94) 161 13.31 (56.32) 60 0.98
Contrasting program 19.71 (0.95) 129 19.64 (1.24) 164 19.85 (0.44) 60 0.52
Go-No-Go 18.52 (3.31) 129 18.45 (3.01) 163 18.53 (2.86) 60 0.90
COWAT animal 13.71 (4.20) 130 14.18 (4.22) 165 13.75 (4.70) 60 0.29
COWAT supermarket 15.01 (5.17)° 130 15.06 (5.06)° 165 13.45 (4.52)° 60 0.01*
COWAT giut 6.51 (3.69) 126 6.73 (3.95) 156 6.38 (3.83) 60 0.55
COWAT iung 6.44 (4.21) 125 6.76 (3.91) 156 6.88 (4.57) 60 0.88
COWAT siut 6.95 (4.35) 125 7.01 (4.17) 156 7.11 (4.39) 60 0.93
COWAT phonemic total score 19.96 (11.32) 125 20.51 (11.12) 156 20.38 (11.92) 60 0.90
Stroop test wordreading correct 108.07 (12.22) 118 108.10 (13.01) 152 105.46 (21.15) 58 0.38
Stroop test colorreading correct 74.46 (21.80) 120 78.25 (23.23) 153 75.75 (23.94) 57 0.48
*p < 0.05
a, b :Sidake s AT
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(Dominant model)

3.2. rs48489052t

tHEz 0

3y

U= SNPQ! rs4848905 %2+

o2t

SHOIHE Ol

=

oF
=

CCE1 CTEOl 295%, TT

—
—
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24 S dominant modelOl Al A6+ CH
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CcC CTIT
p-value
Mean (SD) N Mean (SD) N
K-MMSE registation 2.98 (0.12) 130 2.96 (0.18) 225 0.29
K-MMSE recall 2.00 (0.89) 130 2.15(0.85) 221 0.17
SVLT delayed recall 5.51(2.43) 130 5.39 (2.01) 225 0.40
SVLT recognition score 20.50 (1.89) 128 20.22 (2.00) 224 0.14
RCFT immediate recall 12.31 (6.42) 127 13.34 (6.30) 221 0.49
RCFT delayed recall 12.68 (6.13) 125 13.00 (5.77) 221 0.82
Contrasting program 19.71 (0.95) 129 19.69 (1.09) 224 0.67
Go-No-Go 18.52 (3.31) 129 18.47 (2.96) 223 0.66
COWAT animal 13.71 (4.20) 130 14.07 (4.35) 225 0.68
COWAT supermarket 15.01 (5.17) 130 14.63 (4.96) 225 0.21
COWAT giut 6.51 (3.69) 126 6.63 (3.91) 216 0.80
COWAT iung 6.44 (4.21) 125 6.79 (4.09) 216 0.61
COWAT siut 6.95 (4.35) 125 7.04 (4.22) 216 0.74
COWAT phonemic total score 19.96 (11.32) 125 20.48 (11.32) 216 0.97
Stroop test wordreading correct 108.07 (12.22) 118 107.37 (15.68) 210 0.67
Stroop test colorreading correct 74.46 (21.80) 120 77.57 (23.39) 210 0.38

H 10. rs48489052] dominant model0fl 2

p>0.05
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3.3. 15756096512 QIXIJ|s2 s 24 (Dominant model)

Ld=oHOIHEN H2H Az SNPQ rs756096512 & U=z 2XJIs2
HZHE dominant modeldl A A5t CH rs75609651= AAS I AGE 0| 339Y,
GGE 18¥2=2 UHRACH, 2 S et ez 24610 AFMe/HAF B
o WR2 Hlw 2AGIACH (£ 11). O 2, dFH/HEI)|s 29 = COWAT
©| jung, suit, phonemic total score B & =0 H2HdS B/A2MH, p-value= 2
2t 0.02, 0.03, 0.020ICt. COWAT iung& AAE(6.59+4.03)2 Jt& &< =2Ch
AG/GG&(8.27+5.65)2 JI& M EBZ&E It 1.68& =2 LIRCE. COWAT suit2
AAE(6.93+4.19)2 JIE B2 20U AG/GGE(8.44+£5.34)2 It M EZ &=t
1.518 = LtgtCt. COWAT phonemic total score= AAE(20.08+11.11)2 JH&
42 Bl AG/GGE(24.27+14.26)2 Jt&E [ BR& It 4198 =X U=t (O

g 8).
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AA AG/GG

p-value
Mean (SD) N Mean (SD) N
K-MMSE registation 2.97 (0.16) 339 3.00 (0.00) 18 0.48
K-MMSE recall 2.10 (0.86) 335 2.05 (0.99) 18 0.88
SVLT delayed recall 5.38 (2.19) 339 6.38 (1.53) 18 0.08
SVLT recognition score 20.32 (1.98) 336 20.38 (1.41) 18 0.84
RCFT immediate recall 12.73 (6.42) 332 13.36 (5.59) 18 0.55
RCFT delayed recall 12.87 (5.96) 330 13.19 (5.14) 18 0.66
Contrasting program 19.70 (1.05) 337 19.77 (0.73) 18 0.71
Go-No-Go 18.47 (3.14) 336 18.94 (1.76) 18 0.53
COWAT animal 1396 (4.32) 339 13.66 (3.72) 18 0.76
COWAT supermarket 14.76 (5.10) 339 15.05 (3.45) 18 0.93
COWAT giut 6.53 (3.80) 326 7.55 (4.17) 18 0.14
COWAT iung 6.59 (4.03) 325 8.27 (5.65) 18 0.02*
COWAT siut 6.93 (4.19) 325 8.44 (5.34) 18 0.03*
COWAT phonemic total score 20.08 (11.11) 325 24.27 (14.26) 18 0.02*
Stroop test wordreading correct 107.56 (14.78) 312 109.22 (7.19) 18 0.55
Stroop test colorreading correct 76.77 (23.16) 314 72.88 (16.32) 18 0.45

H 11.rs756096512 dominant model0fl 0l & CXJ|Is2 Had 24

HI

*p < 0.05
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tangles)S E4AIH L=GI0IHESE SLADI= 2 2T [8, 9], OtZ=Z0IE Hil

Eb SHEREL Z2E0ot0 SHAIIN, MBMES &4 2=EHEeE WEHUA AIEA

0

o dtadE =, MF =4, Bt WO Qldel, AMBHES BSES L2Jl=
Aoz AN AUCH [20]. 2 AFOUA 36858521 SNPE =248 21, p <

1x107™ JIZE22 842 SNPsQl rs429358, rs4420638, rs769449, rs75605691,

rs519113, rs10051239, rs34342646, rs2075650 0| Z=ol0I0{E Y =g H2

0x
T

= ZACH SAH 1980 ?AXISt rs429358=2 Ol 28 ooz & 2d

ne
[
ol

=

ApoE SEXIOIA rs74122 &N SREXNES 2E0t= SNPOICH. Z=5I0IHE
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