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ABSTRACT

of mild cognitive impairment(MCI) has not been investigated in Korea. We examined the main effect of
CHAT polymorphism and its interaction with apolipoprotein E(APOE) polymorphism in the development
of MCl in elderly Korean sample.

Methods : We analyzed CHAT 2384G > A polymorphism and APOE polymorphism among 149 MCI subjects
with MCI and 298 normal controls. We tested the association between MCI and CHAT A allele status using a lo-
gistic regression model. In addition, we employed generalized multifactor dimensionality reduction(GMDR) to
investigate the interaction between CHAT and APOE with regard to the risk of MCI.

Results : The CHAT A allele was associated with AD risk(OR = 1.59, 95% Cl = 1.02—2.48, p = 0.042). No sig-

O bjectives : The potential association between choline acetyltransferase(CHAT) polymorphism and the risk
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nificant gene—gene interaction between CHAT and APOE was found in GMDR method(testing balanced ac-

curacy = 0.540, p = 0.055).

Conclusion : The CHAT A allele was associated with MCI risk in the Korean elderly. Its interaction with the APOE
¢4 allele was not significant with regard to the development of MCI.

KEY WORDS : Choline acetyltransferase - Apolipoprotein E - Polymorphism - Gene—gene interaction - Mild

cognitive impairment(MCI).
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olZtka 8115 ? ChAT A EE amyloid 8 5% 2
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2. QB 2 MBI B

AT AF2)7} CERAD-K 943 7H] (Korean
version of the Consortium to Establish a Registry for
Alzheimer’s Disease Clinical Assessment Battery)'®
3} Korean version of the Mini International Neuropsy-
chological Interview (63} MINI-K)'"1®& Al-g-5}0f
EESHE QPR7L AFS AL olskd AkE Al
sisiet

A7348)87k= CERAD-K 4174489714 (Korean
version of the Consortium to Establish a Registry for
Alzheimer’s Disease Neuropsychological Assess-

ment Battery),'® &4 w1434 7AHLexical Flu-

ency Test)," 5:2199-7] (Digit Span Test) ™ HAIE
o]g311 e CERAD-K ABAEH7 IS B4 o
o}-5384 AAF(Categorical Fluency test), ©F8 BA
E o]Z17] HAHthe Modified Boston Naming Test),
7ro] A8 71H(Mini Mental Status Examination—
KC, MMSE-KC), ©o}5=7]%(Word List Memory
Test), T33% (Constructional Praxis Test), ©ol&
234 (Word List Recall Test), ©ol5Z4191 (Word
List Recognition Test), 743’3 (Constructional Re-
call Test), 4 THE7173AHTrail Making Test A) & T
d=lo] oltk WdAEE2> CERAD-K 3710l
2350} gl 2YAE X njEE (Blessed Dementia
Scale) & AH-3kSItk
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1)d H
EDTA Al@3S o]gstod oS Fa] AFs A8
W oA %3k genomic DNAE ARt

2) APOE $3AE B7(PCR-RFLP '#8)™

Genomic DNA 200ng, Z+ primer (Biotech) 10pmol/
vL, Z¢ ANTP (Pharmacia) 200 ¢M, Taq polymerase
0.04U/ pL, MgCl2 2.5mM, 20% glycerol 10 pL, 10X-
PCR buffer (Tris 100mM, pH 8.3, KC1 500mM) 5 L
£ 57T 20 pLs} E3ste] HF WS 50 uLE T
E9t}. Forward primers 5 —TCCAAGGAGCTGC-
AGGCGGCGCA-3’, reverse primer+ 5 —GCCCCG-
GCCTGGTACACTGCCG-3' 2.2 &5t} GeneAmp
PCR System 9,600 (Perkin Elmer, Waltham, MA, USA)
£ o]g3}], 94 CollA] 1043 27] ®iIAdst & 94°Ce
] 10% denaturation, 65Cel|4] 30% primer anneal-
ing, 72°CollA 2% extensionA7|= =42 F 30 F7]
A&skar, 72°CollA 523F final extensionAZ . 5%
Agarose gelolA #719% 31 218bpY v AHEUS
2] Aol §to s gelgh §, PCR AHE& 304L
Firol o] Bassith 304L9) PCR AHe 5 10 4L
= F4) Agt& 42 Hhal(New England Biolabs Inc,
Ipswich, MA, USA) 10U, 10X BSA 1.5 xL, Algtass A
ZAMNA AlF3R= 10X NEB4 buffer 1.54L, 575 1.5

pLS} EGBI] F 15,4L°) WL WHE F, 37Tl
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overnight reactionA|Zth. Agdasrz 2z AR
ethidium bromide® 9413l 20% polyarylamide gel
oA 3AIRE B2t A7 E S F, A el A Sto R
715 gelskal, 1 A= polaoid camera® o] X
#3199tk DNA ©HH2] 97)%= £23+= 91bps} 81bp, €3
+= 91bp&} 48bp, 4= 72bp2} 48bpo]Th

3) CHAT f8AY 2%

Mubumbila £”¢] |18t PCR—automated direct se-
quencing W& o]&sto] FHAE S AXsIgict. CH-
AT F32HX56585) @71MQel| 7]1x310] R WA exon
AAE ¥33 4 Q== forward primer+= 5 —AAC-
CCTGGTGGATTTGGATT-3, reverse primer+ 5’
—ATTTCCTTGGCACCCTGAG-3' 2.& #l=}3}3dct.
Genomic DNA 50ng, Z+ ANTP 0.25mM, Z} primer 0.6
uM Taq DNA polymerase 0.5U% Z5oll 41o] 20 L
o] HF W E3HE-S WHEaL, MJ research DNA en-
gine thermocycler PTC 200 (Hatboro, PA, USA) & &
Z3}39t}. Applied Biosystems ABI 3,700 sequencer
(Carlsbad, CA, USA) in Macrogen (Seoul, Korea) &
o]g3to] PCR AH29] automated sequencing reaction
4 X&3}al, electrophreo—gram peak® +4 9|2 4
715 ATk
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CHAT #37F thadido] MCI dldf wjx|i= 3
A7) E sEHeEs B ZAAE IAEYS
AAIEIEE. APOE-347F CHATS] MCI 2ol ||
9% 7 AR AsAes AR S8 24
28 3AEY} generalized multifactor dimensionality
reduction (°]8F GMDR) "H™*9 & A}g-a}3ict.

GMDR "WPHE 7 7l ode] eRlel digt 4s2h8-&
A3 flg v EA FAMHO R # Aokl 10—
fold cross—validations ©]-8-3 two—locus interaction
(CHAT—-APOE)2 %7}315] 2 Testing balanced ac-
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curacy 8 AXE 282 BASA -2 (p—value from
Sign test) & F F3A] A5 AE oFE AdsiG
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I 2T o= AER B dEsheA UYEhve
TR0l 0.5+ Aol gl dojuh= FEE 29
ST} Qe Aol 1.0 s A} hxTE
A3 8 4= gk

= 4= SPSS 17.0(window version, SPSS
Inc, Chicago, USA) & AH&-8131 2™ GMDR=> GMDR
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Z7 99t (matched case—control
study) & MCIt o} tiZ2722] 33 A% 247 71.3 =
494, 71.4 = 497193 APHL P} 39.6% = A%
YA BE T ] Aol ISiTt (t—test, p = 0.881).
WEFFEE MCIF M= 6.1 + 5.21d0]91aL izt
M 82 + 54007 e w§sio] BAHoR
FoEAl EktHt—test, p < 0.001). MMSE-KC H+
A4E MCITolA 22.2 £ 4.04, thxte 253 +
31AoE F oA FoF Zpol7t QIglEk(t—test, p <
0.00D (E D).

2. FTPR|AY-OITE CIREY

MCI+##} thz7-¢] CHAT-HAAE B3 2% Har-
dy—Weinberg B39 2¥Z wgith(;,* = 0.621, df
=1,p=0431, *=0.064,df = 1, p = 0.465).

CHAT A8 s 7 ollA 2l 2jo)7t ¢l
oH(4? = 4571, df = 2,p = 0.102) CHAT A allele
o] W= MCIolA 17% % tiz79] 12.1%°] H]
3 w2 ENEE Helow AR {3t Ajol&
BTy = 4.242,df = 1, p = 0.039). APOE &4 al-
leles sl o 7HA) 1 Q= 739+ MCITollA 16.8%,
OzT0] 17.4%% F oA BAACR Fo3 Ajole=
22th(%® = 0.031, df = 1, p = 0.859) (% 1).

IEFES B MCIrel tiet wx|= CHAT A
allele®] 9= A% 1.59(95% A7 = 1.02-2.48,
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Table 1. Demographic and clinical characteristics and distributions of choline acetyltransferase (CHAT) and apoli-

poprotein E(APOE) polymorphisms

Overall (n = 447)

x 2 test or t-test

MCI(n = 149) Controls(n = 298) p-value
Age. Mean (SD) 71.3(4.9) 71.4 (4.9) 0.881
Male, % 39.6 39.6
Education, Mean (SD) 6.1(5.2) 8.2(5.4) < 0.001
MMSE-KC, Mean (SD) 22.2(4.0) 25.3(@3.1) < 0.001
CHAT
Genotype
G/G,n(%) 101(67.8) 230(77.2) 0.102
G/A. n(%) 45(30.2) 64(21.5)
AJA, N (%) 3( 20 4(1.3)
Allele
G, n (%) 247(83.0) 524(87.9) 0.039
A, n (%) 51(17.0) 72(12.1)
APOE
e4(=), n(%) 124(83.2) 246(82.6) 0.859
e4(+), n(%) 25(16.8) 52(17.4)
p = 0.042) Z, MCIT*o] CHAT A alleles 714 80| gzl %, dzslo|my et o 2] tjelyd, g
ol Bl 1.598) Egkom o) BAIH R o5t L ERIEA| oS AFtidA 549 Ajol= Qe Ax}
QR 2) A 4 Qleh 53] AF tldRTE ek o A
SAA fredes 84 £ 7FsAE ol MCIE o
3. CHATS APOES| 4258 4o 3 Tang 5179 A7 AT thdAG7E 9773
2AAE 3AEMIA CHATS APOES] 4328 o2 CHAT a3} MCI 7k a2 Q19

& FAHo® foleix gtom (1 = 1.849, df = 1,
p = 0.174) GMDR #4 A% CHAT-APOE J%2
42 SAF o E FoekA] FTHTesting balanced ac-
curacy = 0.540, p = 0.055) (& 3).

.

CHAT 2384G > A 34 o873 1} dzx=slolm gz}
o] AL =o] o] gtk Mubumbila 570 CH-
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Table 2. Odds ratios (OR) for mild cognitive impairment in choline acetyltransferase (CHAT) and apolipoprotein E

(APOE) polymorphisms*

Genotype oRr" 95% Cl p-value
CHAT A allele
A=) 1.00 Reference group
A(+) 1.58 1.02-2.48 0.042
APOE ¢4 allele
e4(—) 1.00 Reference group
e4(+) 0.971 0.57—1.66 0.915

* : education, the CHAT genotype, and the APOE ¢4 allele are computed, T : Adjusted OR

Table 3. Prediction accuracy and empirical p values of choline acetyltransferase polymorphism (CHAT), apolipo-
protein E polymorphism (APOE), and the CHAT-APOE gene pair

Prediction by the SNP of CHAT and APOE Gene

Prediction by CHAT-APOE Interaction model

Model Testing Balanced Accuracy p-value* Testing Balanced Accuracy p-value*
CHAT 0.538 0.055 0.540 0.055
APOE 0.449 0.999

= 1 p-value from sign test

o ol Astolztd CHATY A 2849 Wsh= Ch-
AT Ao AA7A d&-s 8 4= 9}_0_1;47 E3] MCI¢|
Al HolE ChAT B8RS A AFHeE 24 (compen-
satory up—regulation) ol = A4 JgS w)H —)F 3
S Aot} E e -+= CHAT A allele®] 3+ 7

MCISIEE 1.6H] ole o= ERIFgloH o]& CH—
AT7} gzrstolug Wt ohgl MCI2] 2l % MCI
A Az ARk 5shs & vk FE A7
g F e 7Fede ARkt ekl

CHATS} APOES] 43 A& XA sk A4
 olAFH 53] A Folghr) dzrstoluHellA
no} 557909 ChAT =i APOE e4 allele 57} &
252 Asteths a7t 9ok ik 27] gxalo)
el A A} e AR A= 349 ChATS]
FE 52T AL ltka sR=d)*Y APOE e4

allele©] Sli= A5 ol ﬁ’%% = ’\]SHX]U}IL 5}‘3}33)
uj2bx] CHATS} APOE &4 a
ZatolH o] RS %7}’\] Ltl—c Kim E4)°1 LA
= oA o] A7AIE A= Ldolet. sA]%F Ahn
Jo 57 gzalolm o] tisk CHAT AA #4719 §]
3L APOE 47} gl TollARt o8k 2X] 1
3R N 7 AR AL FAXCE 9
317 Qkth= A3HE Basly? ofw A Ak
A A8 o= Qs A7k 7FsAde] glek Kim

2V oA AEAQ] EAMMQ ZAAY AR OR

('D
Yy
HU
o 3
}0
Y
FO
ol
E
12

= @Zato|ujo) tfgh 7 HHAke] A el &

= 31221} Stochastic Search Variable Selection (©]
SSVS) BAS k0w @ A%t BAR T §
Ars 222 3013k = Ql9iE AL EA AA o] 2}

AAFSl= Aot

Qg Al 2% 279 VS
b Aol b

ST MCIE oz #4351 &
OMHU AGAE 7155 3 9 MCILe] 2ol APOE

FAATY mAE o] FAA L %/HXI Q&SAT
E3], AFAA 2ZALY FFEA ohuzt 514011
kg v EpE] FA o RA, f71e] T
effect) 7} wlw|gk Z3-§-ofl FAA; Abole] e85 1l
e gelst 4= gtk 4#jxl GMDR % g o

S3ME AR F3E RIS Fatelt old A
MCI9] Ht&lo] CHAT A allele©] 7]633}aL 9IA]qk AP-
OE A= 2 CHATE] 7]of el wA|&= ko] #<]
1A gtk A1E gu|sith o] A= MCIE] zIekA]
AL QAo ® Q13 MCL tidatel] A|wje] AeHA
Rk ohet AR AV eE L Qe T
AZS 7H oAt tgs 23 o] QlojA] Azl Ay
A 4 ik E OE rFeAS 2 A7) ddRE Ao
AtElelA Qo] FEE EEOFA MCL tldAt & AP-
OE &4 alleles 71 = tdAPE AUA1A 47 3
ste]o] A7 EESE A (sampling bias) 0.2 <13 A
74 4= 9l

2 AT Ao

o072 FA APOE e4/e49) £4
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ARE 7PEA FAo] CHAT AAS 7H tidar) @l
old 1 wke] MCI uHglo] t)at wapu)= ek 57b
Qglom el g49] feER YIS BAS 3

HIoE TH=E &
A= Holdt, &4, ]i Hardy—Weinberg %
TSkt sl =

o 3

Hy
F-9 APOE &4 allele®] %%
B (MCI : 8.4%, EHZ%L £ 8.9%) 7} o)A dHal o)
T(QEstolHd : 22.3%, AR 9.1%) 6] H]3)
R A8 nelst gl AFsgRe] BERE U
(sampling bias) 8] 7Fs/d& A3 HAE = qik #kH
o ¥ qe] A= thE AFol} Qe A
a17] ojdek. weh vaket AE ATl W
2 9 MCIT-& Udo & 37 A+7F D sk Aot
ESE X|uie} FdE MCLe] el olslisly] $laiA
CHAT 32} thedAdzke] MCI o8, ehgA)d gl x)vj
AgETe] Aol digh MFgH $& At Hadd
o]tk

L A ro

38 9 : Choline acetyltransferase - O}EA G E -
O %

FAA Y R BTG - AEAALY,

1o O

B The authors have no financial conflicts of interest.

yaz
1. Kim KW, Park JH, Kim MH, Kim MD, Kim BJ, Kim

SG, et al. A nationwide survey on the prevalence of de-
mentia and mild cognitive impairment (MCID) in South
Korea. J Alzheimers Dis (in press) .

2. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tang-
alos EG, Kokmen E. Mild cognitive impairment: clini-
cal characterization and outcome. Arch Neurol 1999;56:
303-308.

3. Mubumbila V, Sutter A, Ptok U, Heun R, Quirin-Stric-
ker C. Identification of a single nucleotide polymorp-
hism in the choline acetyltransferase gene associated with
Alzheimer’s disease. Neurosci Lett 2002;333:9-12.

4. Kim KW, Suh YJ, Park WY, Jhoo JH, Lee DY, Youn
JC, et al. Choline acetyltransferase G +4 A polymor-
phism confers a risk for Alzheimer’s disease in concert
with Apolipoprotein E epsilon4. Neurosci Lett 2004;366:
182-186.

5. Ahn Jo S, Ahn K, Kim JH, Kang BH, Kim E, Jo I, et
al. ApoE-epsilon 4-dependent association of the choline
acetyltransferase gene polymorphisms (2384G> A and
1882G>A) with Alzheimer’s disease. Clin Chim Acta
2006;368:179-182.

6. Davies P, Maloney AJ. Selective loss of central choliner-
gic neurons in Alzheimer’s disease. Lancet 1976;2:1403.

— 224 —

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Perry EK, Perry RH, Blessed G, Tomlinson BE. Necro-

psy evidence of central cholinergic deficits in senile de-
mentia. Lancet 1977;1:189.

. Perry EK, Tomlinson BE, Blessed G, Bergmann K, Gib-

son PH, Perry RH. Correlation of cholinergic abnormali-
ties with senile plaques and mental test scores in senile
dementia. Br Med J 1978;2:1457-1459.

. Davies P. Neurotransmitter-related enzymes in senile de-

mentia of the Alzheimer type. Brain Res 1979;171:319-
327.

Wilcock GK, Esiri MM, Bowen DM, Smith CC. Alzhei-
mer’s disease. Correlation of cortical choline acetyltrans-
ferase activity with the severity of dementia and histolo-
gical abnormalities. J Neurol Sci 1982;57:407-417.
Bierer LM, Haroutunian V, Gabriel S, Knott PJ, Carlin
LS, Purohit DP, et al. Neurochemical correlates of de-
mentia severity in Alzheimer’s disease: relative impor-
tance of the cholinergic deficits. J Neurochem 1995;64:
749-760.

DeKosky ST, Ikonomovic MD, Styren SD, Beckett L,
Wisniewski S, Bennett DA, et al. Upregulation of cho-
line acetyltransferase activity in hippocampus and fron-
tal cortex of elderly subjects with mild cognitive impair-
ment. Ann Neurol 2002;51:145-155.

Tang M, Rao D, Ma C, Guo Y, Han H, Ling K, et al.
Evaluation of choline acetyltransferase gene polymor-
phism (2384 G/A) in Alzheimer’s disease and mild cog-
nitive impairment. Dement Geriatr Cogn Disord 2008;
26:9-14.

Park JH, Lim S, Lim JY, Han MK, Yoon IY, Kim JM,
et al. An overview of the Korean longitudinal study on
health and aging. Pschiatry Invest 2007:4:84-95.
Petersen RC. Mild cognitive impairment as a diagnostic
entity. J Intern Med 2004;256:183-194.

Lee JH, Lee KU, Lee DY, Kim KW, Jhoo JH, Kim JH,
et al. Development of the Korean version of the Con-
sortium to Establish a Registry for Alzheimer’s Disease
Assessment Packet (CERAD-K): clinical and neuropsy-
chological assessment batteries. J Gerontol B Psychol Sci
Soc Sci 2002;57:P47-P53.

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Ja-
navs J, Weiller E, et al. The Mini-International Neuro-
psychiatric Interview (M.LN.L): the development and
validation of a structured diagnostic psychiatric interview
for DSM-IV and ICD-10. J Clin Psychiatry 1998;59 Sup-
pl 20:22-33; quiz 34-57.

Yoo SW, Kim YS, Noh JS, Oh KS, Kim CH, Nam KK,
et al. Validity of Korean Version of the Mini-interna-
tional Neuropsychiatric interview. Anxiety Mood 2006;
2:50-55.

Ruff RM, Light RH, Parker SB, Levin HS. Benton Con-
trolled Oral Word Association Test: reliability and updat-
ed norms. Arch Clin Neuropsychol 1996;11:329-338.
Wechsler D. Wechsler Adult Intelligence Scale-adminis-
tration and scoring manual. 3rd ed. San Antonio, TX: The



21.

22.

23.

24.

25.

26.

Psychological Corporation;1997.

Kim KW, Jhoo JH, Lee KU, Lee DY, Lee JH, Youn JY,
et al. Association between apolipoprotein E polymor-
phism and Alzheimer’s disease in Koreans. Neurosci Lett
1999;277:145-148.

Ritchic MD, Hahn LW, Roodi N, Bailey LR, Dupont
WD, Parl FF, et al. Multifactor-dimensionality reduc-
tion reveals high-order interactions among estrogen-me-
tabolism genes in sporadic breast cancer. Am J Hum Ge-
net 2001;69:138-147.

Hahn LW, Ritchie MD, Moore JH. Multifactor dimen-
sionality reduction software for detecting gene-gene and
gene-environment interactions. Bioinformatics 2003;19:
376-382.

Harold D, Peirce T, Moskvina V, Myers A, Jones S,
Hollingworth P, et al. Sequence variation in the CHAT
locus shows no association with late-onset Alzheimer’s
disease. Hum Genet 2003;113:258-267.

Schwarz S, Eisele T, Dichl J, Muller U, Forstl H, Kurz
A, et al. Lack of association between a single nucleotide
polymorphism within the choline acetyltransferase gene
and patients with Alzheimer’s disease. Neurosci Lett
2003;343:167-170.

Cook LJ, Ho LW, Wang L, Terrenoire E, Brayne C,
Evans JG, et al. Candidate gene association studies of
genes involved in neuronal cholinergic transmission in
Alzheimer’s disease suggests choline acetyltransferase
as a candidate deserving further study. Am J Med Genet

— 225 —

217.

28.

29.

30.

32.

(]
w

B Neuropsychiatr Genet 2005;132:5-8.

Ozturk A, DeKosky ST, Kamboh MI. Genetic variation
in the choline acetyltransferase (CHAT) gene may be as-
sociated with the risk of Alzheimer’s disease. Neurobiol
Aging 2006;27:1440-1444.

Grunblatt E, Zehetmayer S, Bartl J, Loffler C, Wichart
I, Rainer MK, et al. Genetic risk factors and markers
for Alzheimer’s disease and/or depression in the VITA
study. J Psychiatr Res 2009;43:298-308.

Kozak M. Recognition of AUG and alternative initiator
codons is augmented by G in position +4 but is not ge-
nerally affected by the nucleotides in positions +5 and
+6. EMBO J 1997;16:2482-2492.

Cohen EL, Wurtman RJ. Brain acetylcholine: increase
after systemic choline administration. Life Sci 1975;16:
1095-1102.

. Haubrich DR, Chippendale TJ. Regulation of acetylcho-

line synthesis in nervous tissue. Life Sci 1977;20:1465-
1478.

Baskin DS, Browning JL, Pirozzolo FJ, Korporaal S,
Baskin JA, Appel SH. Brain choline acetyltransferase
and mental function in Alzheimer disease. Arch Neurol
1999;56:1121-1123.

. Kim JM, Shin IS, Yoon JS. Apolipoprotein E among

Korean Alzheimer’s disease patients in community-dwell-
ing and hospitalized elderly samples. Dement Geriatr
Cogn Disord 2002;13:119-124.



