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1%} 1. APOM%@X}Q :TL—JZ——‘Q} SNPQ% _OA;‘(] ........................................... 19

19 2. Luciferase assayS ©] 8§38 -3A>G vdA 9 7154 AT e 38

<3¥ Ad>

T 1 nEAANIZ 36709 TEAG TAEE] e 9
F 0 AT OO QA EA] i 16
T3 THA AR Y] QIAFA EA] e 17
F 4 G71AE BAS T ZQ APOAS el SNP 9129 tf 9
G AAFO] HIT oo 20
%5 RA-t 2T A2 A linkage diseqUIliEium - ssereeeessssseeereeesssns 29
E 6. 8A- 2T ATAH APOAS SNP-1390C>T, ~1020G>A, -3A>G,
V150M, G182C, 1259T>C SNPe| tlghl A s #a8 24 =
......................................................................................................................... 24
% 7.EM WHo=z FA¥ haplotype® RIE9 LRT AH=E e
APOAS 7 AA e} gAY E T -z d34d 24 26
T8 SNPO Z o] WE PDE e 29
3 9A. Tag-SNPOZ T4 ¥ haplotype®] W= APOA5 7 A<}
TEA AT Z0] B U2 A TA T A e, 30
3% 9B. APOA5 #77+¢] SNP9t tag-SNPS = 4 ¥ haplotype 2 =
TEAAE Z31 0] A TA] FA] e 31
E10. 7HA AR E o] &3 ALPOAS 28] TDT A o 34
¥ 11 7S AR AA Yebd haplotype o ¥k TGohe] A#g & £
FE FBAT Z T} cervesorerrsseressssinsessssinsesssss oo 35
# 12. Tag-SNPo & A% haplotype®] FBAT 4] A} v 36
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HNEQTE B APOAS HAAY BF AAFwel vAL G

A
4

2 A dA-dEza Az AHAAERE of&ste] =il A
apolipoprotein A-V(APOA5) A xte} &5 FA A W (triglyceride, TG) &
Tote] #UAS Lot ATk FA-gizT Ao o] §d AREE
399 o] 313 A AW d F (hypertriglyceridemia, HTG) 2FA# 3 1449 2] o
ZawolAa 7HA A= 36709 7HA ARE Yo ® sto] APOAS
AWl v dLdA7IAYE v A (single nucleotide polymorphism,
!

ATk 487 o] AAFQlA A 2AH F7IAME 4 (sequencing)= F3 12719

SNP o2 A% haplotype¥}t HTG Yool AFAAS vl 4

ol

SNPE ddgom o F 6709 SNP -1390C>T, -1020G>A, -3A>G,

V150M, G182C, 1259T>CE AA AT, dA -tz AgolA AdA &

o

S Y8 AFE3E EAZA WHES  haplotypee] A% $EH] HAAW

(likelihood ratio test, LRT)¥} haplotype trend logistic regression
test(HTR)o] % a2, 7FAIAF & ol A &= transmission disequilibrium test(TDT)

9} family based association test(FBAT) W& o] g35le] AAAS 4



stttk Ee @A -2t A5 oA tag-SNPo= A4 H SNP -1390C>T,
-1020G>A, -3A>G, 1259T>CqE& o] &ato] AW AR AdAS o}
otk At ATl -3A>G, GI82C "¥ Aol R RTh A
|

A AT (p<0.01). F 671¢] SNPE o] Fo{3l haplotype CGGGTTE A

ol U e MEZ ey HTGHS A@EdA fold A

o,
o

I gz A TG 940 43S 2A(p<0.0l), LRT +4 Zz
M= HTGS $1d=E ¥o]E haplotyped] Z o2 2<% AtH(p<0.05).
Tag-SNPS o] &3 HTR #4 Z3} haplotype CGGTZE 712 Al#ES& &
haplotypes 717 7Z$-HEt HTGY AR =7 1499 =& Aoz YEerw
(95% CI 2.8-79.7). 7'Al ARE o]&3ste EAg TDT ZAIoA
-1390C>Te} -3A>G SNP7F TGS FA4Q d#Adeo] AL haplotype
TGAGGT7F HTG #1@olFol #2449 ool dvts AS & + U

H(p<0.01).

A E = 2o gpolipoprotein A-V, LEAAWEZE dF FAANYL F&

ShA -t = A, 7HA A+, tag-SNP



NEATE B3 APOAS FAAL FF A4

off
k1
2,
=)
rlr
o2
odk
Mo

%

a1 F A AW = (hypertriglyceridemia, HTG)-& 4 % ¥ (triglyceride, TG)
T F7hE Qa5 WA SH(cardiovascular disease, CVD) A o] 9 &

aclew Agew Fxwy FAA A, HAE T 57 (metabolic

ol felo® veluhes A HTGE ¢32¥ Fuy, vy, EFo &
of #ojste Aow d¥A Sded AT TG v%& =83 diatel o
AA Qe AgeE Aoz BuHYT” TG FAL AAIE 42

&2l lipoprotein lipase(LPL)E AW AE Z&o|A &= APOCI
A od BAHEE Aoz A Uk’ A AT TG WA
o} #E® TuE FAA APOCIIZY LPL Aol w43 A4 A& A
(non-competitive inhibitor)2 #-&3gtti= Zo] YA HA APOCHI 7
2 e ddd7I4d thd A (single nucleotide polymorphism, SNP)3}
TG ¥% 4o a d77 A k' yssts A7 FEed

S o] g3 AFE Ed APOCII A A+ HTG7F £& ¥ (phenotype) 0. &



UEely+= 7FEA 12X 8 F(familial combined hyperlipidemia, FCHL) A
of  #osts  FAAR A @A 11923 HAd U=
APOAI/CIII/AIV gene cluster®} FCHL 2t 7lo] AdzbAo] Ry gc)?

o} £ X & A (apolipoprotein)= &4 ol A& Exte] wofst= A4
vhely @A 2 oA duid Sy Ao Adow Qs Ad thA
o A FA fh' olEAEwM A APOAI/CII/AIV gene cluster®]

open-reading frameol|l A < YA apolipoprotein A-V(ALPOASE FH A

ruE

EA e (very low-density lipoprotein, VLDL)¥} 7] #] ¥ (chylomicron)
FH = TGY AW FallE A=Fo=zA TG tArtd YIS F= Ao=
A M7 25kb AT ALPOASE 409 o= FAE ] gla 36970
o o to R IYEE FHAEZMN APOA3 A= 37kb Holzl
Al 03 APOAL AN E 27kb BolA Ik @l de) oo
AN AR, F, 2R Zhzhol 366, 368, 355719 ofnwmato® A E o] 9o
2 FolA 396, 394, 366719 ofnw=AtS THR APOA4 FAAe] HolH

oo#e Ao Yyt dATE B APOAS FAAY Hrdw

of sl JFe WivhE wark Atk A2 Pennacchio & APOAS
A7 TG tAtel Fad 4TS b SAdS ¥ ofyet Fxatd
A A SNP(SNPL-3)7F TG ¥Exdo fodow A#so] 9t
wadoh 3719 SNP7F A2 d3(linkage)H o] 9o F U3 haplotype

TAstEd Bodta ZREEH YA U= SNP7F AR E AdF A



TG ¥x° Z7Fsh A#Aol s AL FAPG” thFd AF o)A
APOAS w772l SNP% haplotypee] TG Z 4ol #ojgtia B skl 9f

o glel X APOAS 28] SNPo = =

e
=
o
=3
o
=)
<
ko]
D
k%)
=
o
o
2

B g AE Ao gy wp g
AF7NHAE T2 422 HAHE HAs =Y v ®A FHAA
(genetic markers) =& SNPE o] &3l WHo & AW doz=

T 24 el M A YA SNPE2 3559 haplotypee] o]8¥ Aoz

Lo

gk o\ @ A Wdel Wa

rlr
uv)
ne
Ho

A2k #9(locus) HHE o]
43 A A (linkage analysis) T dBA  E4(association analysis)
B U= haplotyped] AEE o] &3 EXo] A4 HAHAS =d F 7]
w & o]t} Haplotypeol 7]%3 AHEA T Auad 24 98 o

/WA haplotype AXRE dolof gt AWt oz Fojx A&
haplotype th4lol 43 (genotype)o]”7] wWl&Fo] Fox HFHdFPozHE
haplotypes FF3t+ #FAo] a3ttt o]y A (heterozygote) s Zt+
AR A M7 17) o] sFo] ™™ haplotype Zo] fdetA AA A W 2
A oolelw 271 o)l HFA AR ZAe ME)MY b Ho] &

Aste] BaAHol AFHOoR F

N

ook B AR 24 g A

o)}
2R

4>

§5ko] haplotype®] #& 3%
gilo] 7] Wil FAA FES F3 haplotypes ATt R o]
AbgE g

Ao ME APOAS FAAS TG d3A4L wslux dx-g=x
o ARS VHA ARE FA ol &Ttel oA AAe dAlS Hesia

A etk AR ARy YL BAE



T2 X AA AZolA ZHZE haplotyped] WEE FATT F $= T
zfo] & o] &3k 9-%H] 7 A H(likelihood ratio test, LRT)¥} 5% haplotype
of AWdtAo] w A= 9SS Yolr 7] 3] haplotype trend logistic

regression(HTR) WS o]&dt. 7HAAFAAM= H/2/AUE FA4H
ZHAA g AN A Ar o] 9 kA (proband) AU ol Al Fo} meo] EA U |
21 7t (allele) ®=+= haplotype & AEH+« WEer AEHHA v WEE ¥
W &= transmission disequilibrium test(TDT) W& AM&3& vk =3
APOA5 7 AF2] haplotype blocks A& 4 AT tag-SNPS 2ty o]

& ol &3t A9 A Al=snh



A= 200095 2003 7kA] Al vl St A daA A E
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Aol g HTG At 3993 A= 1449, HTG 367HAE
Foz AAs AT e ddAES Hded WA oFr]So] Ao

s FA mE dFARE &8 59 A (written informed consent)

oo AgE AnE ey 2o

(1) APOAS 5AR AAe 47149 242 98] A4 48749 AR
) SR xF ATE AT 3989 DFAAYEE AT 1 o]=23

16), 1449 ¢ iz (g : ¢1=93 : 51)

) 7HA AR 4l o] 4T T AAYE T 367H

. gA-dE2T AFNER

itk BATE AP ARAM AFE WU FAM TG FA%

150mg/dl o]/Felar A& o] 204 o] 4-¢= st
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1. 2FAALEF 36 71AY F+AFH
No. of
Structure Families
1 affected sibling, mother and father 15
1 affected sibling and 1 unaffected sibling, mother and father 7
1 affected sibling and 1 unaffected sibling, mother 4
1 affected sibling and 1 unaffected sibling, father 1
1 affected sibling and 2 unaffected sibling, mother 1
1 affected sibling and 2 unaffected sibling, mother and father 4
1 affected sibling and 3 unaffected sibling, mother and father 2
1 affected sibling and 3 unaffected sibling, mother 1
1 affected sibling and 4 unaffected sibling, mother and father 1
Total 36
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2 =A%, HDL ZdU2HEL JAAE
o] 4-3}l4 chylomicron, LDL, VLDLS HdAIZl & dhAHo=z A3

o

32

t}. LDL ¥ 28 =L Friedewald 32 o o & Aikst

ZA3AY. T8 d3dy dEed FEE o839 HOMA(Homeostasis

model assessment)®¥ 02 A &d AFgAo Axe Hrls gt

o AAAS

71, AF, sld =, s=571/01¢7] d4< S48 BMI= =5 7(kg)

2 AF AFmHeR Yol ANy desds Ay JER

A7l M =78kl
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7k. DNA AH 9471449 &4

w4 e 259 ATA APOA5 §AAS T2 WE(~2000bp)st o
£, AEE FARE 4/1De BAUY APOAS FAA A7AD B

AL dEy JERE X2 HEH FES 9 400bpe] DNA x7to 2 7o
polymerase chain reaction(PCR)Z % 3%73}31 BigDye Terminator Cycle

Sequencing reagentZ ©] 8314 ABI 3100 automated sequencer® < 7] 4]

= 20
4 B4,
U. APOAS +A38 &4

a2 EDTA Ad Algtoel] 5ml o] APt 4417 ool A
(serum)¥ A (plasma)o 2 Fgdte] -70CoA WEs BA3AT. DNA
isolation kit(WIZARD Genomic DNA purification kit; Promega Corp,
Madison, W& ©] &3} leukocyteoll 5l DNAE + ] sFAt}.

Mol - A (minor  allele)2] HZ=7F 5% o]l SNP2  single-base
extension®] WHo = FAHPS AT APOAS -1390C>T, -1020G>A,
“3A>G, V150M, 1259T>C, G182Ce f ¥ ¥4& SNP stream 25K
System(Orchid Bioscience, NJ, USA)S o] &3ttt HF 48 £
QC Review'™ program(Orchid Biosystems, Princeton, NJ)& o] 4 3]

enzyme-linked immunosorbent assay reader(ELISA)® &4 ?Jiq.zo
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APOAS GI82Ce] ¥ 242 AF d7IME 24z Fd9s 243

At

4. -3A>G 99497144 ¢

ofl
oX,
Lo
N
olr
r2
-

APOAS5 + A 3bp upstream? kozak sequence®l = -3A>G taA
ol APOAS A TR FFgS WA=A ot 9 exsite
PCR-based site-directed mutagenesis kit(Stratagene, La Jolla, CA)E ©]
43l APOAS ] ¢cDNAE YHE 1l site-directed mutagenesisE Al 8 3} %)
o, APOAS cDNAS F7FA 3 elel -3A¢9 -3GE pBluescript II KS
(+/-)(Stratagene) WHo| F 23t T7 T2 HE A FEH AA7F fries
A g = dd F2Yr YA E E22v =5 wizard plus SV minipreps
(Promega, Madison, W) 2.2 AA A 71949 S EASAT. dA/HY
21 3] (transcription/translation experiments)< TNT quick-coupled
transcription/translation system(Promega)2 ©] &3 t}. -3A>G I A 9
T constructl -3A¢ -3GZ luciferase assays Al & 3to] luciferase &d

o Aol g ek

5. FAAY &4

ol 2§+ Statistical Analysis System(SAS) T & 138 o] &3}o]

M

Nk A%Y ARE PELEEAA, WEY ARE VRS A

R

2
i
ol
)
o
Ho
Lo
oX,
o
o
=2
>
Ho
lo,
i
MN
flo
X
fu
ofr
2
i
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A A L R st 71 ] o] z} SNP2] Hardy-Weinberg
equilibrium(HWE)S #HA At =3 ZAFg 671 SNP7H] Lewontin's

D7 ABAS FE FAste] AH 25 (linkage disequilibrium, LD) A =

10000 S ¥kE A] 8 3 permutation test= A] &t th. Haplotypeel 7]%

3 AxA BA oz LRTS HTRS AH439th™ LRT BAMoA sxp,

<
BN
&
u
®
x
=
—_>d'1
_‘>~_1,
f
o
j=n
Q)
e}
g
<
o}
@

Hl == EM/(expection—-Maximization)
duglFow 747 FAT F o5 Fk AolE olfsto] ExT dx
9] haplotype Hl% =Fo] 7} l=A A A3 A ).

gtA 54 haplotypee] HTGO Wd 94 AAS> 54 haplotype? v
Al haplotypeE2 HIZ Ao]7} YA x-HAS T dopr gy =

HTRS &3l dolRdtt HTRS FA4¥E I haplotype W=t 7t 7

°lo] fHPoRRE RE 7153 haplotype &ol g WIx=E A &
Z- fle]l 7bd 4 e EE 7he e haplotypeE o WEES SHWTE,

7
ol A A4yt =29 tFF A4 (multicollinearity)o] £ 3F7]  w & of

stepwise Wl WeEAdEEES FAl ASste] SAAHoR FoF

o

_13_



haplotypes %k 3kt}.

ik 670 9] SNPZEol mf§- =2 A EHPo] Exctutd 6712 SNP &
|

FARE A7l 8 671 SNPY| tag-SNP= 2t § o] & tag-SNPRt
o

il

X
(o]

77

JH

FZ o] &3 haplotype 24 & & 21 o] oksld 4 it} o] gt
o] g3lo] <k HWH I FU3F haplotypeol 71x3 d#A BAS A

stk Tag-SNPE <ol ”] 93 PDE(proportion of diversity

explained) &%= A3t}

A AR B4

dx-dxE ATE Fa QoA ANE FAd7) A9 A ARE

o] g3kl TDT W& Agstarh ¥/w/Adz PAR A Aol A

5= TDT WHe 3o 9t weaa Ao s w9 54 gaa
A} B haplotype TollA A2 54 tiddA =& haplotype W=
A e ool WEE MEalt Wolth FAZA0 W Rxe)

FAE HARE RE+= 49 unaffected siblingse] +43% HAHE o]

P
o

S-TDT(sib TDT)® SDT(sibling disequilibrium test) W, unaffected
siblings®] Fd% AE=EFYH FRo A ARE FAS o] ARE
o] 43}l RC-TDT(reconstruction combined TDT) WS o] &3t} 7}
A 2zl A4S 93] single marker®} haplotype?] %2, A 4 =
F7F 7} 3 family based association test(FBAT, version 1.4)

(http://biosunl.harvard.edu/~ fbat/fbathtm) T2 18L& A} La gy >

_14_



1. #A4-t2E5} AAREY J4H 54

FA-tx2ad AR AdA 54 X 29 & 39 BASAT &
A-thzTol A a3, BMISH TG, oA ww B, 2532, ded, a4ke
zatol wa) BTl ooz =9th(p<0.05). LDLY} HDL-2
Zato] BlE] SAtol A o ow kA wt HOMA equationd 3}

oA whxel Bl FoHom EZTH(p<0.05). EEl2EE 3 ofE AT

Al A = #F2o 8 ztol7b glith, @byt dxas d5dA x4 A
oS HAY. tHxao] ARG oft S AR oIUAT F Heite

Aol SlolA = AFolE HolA Foku. ALY f¥aLES dEzad
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Case (N=39)  Control (N=144) P-value
Age (years) 57.3+10.9 51.3+12.0 <0.01
Gender M/F (% of female) 23/16(41.0%) 93/51(35.4%) 0.64
BMI (kg/m°) 25.6+2.8 23.7+2.6 <0.01
Total cholesterol (mg/dl) 206.9+44.4 199.6£35.0 0.27
HDL -cholesterol (mg/dl) 39.0£13.0 49.8+12.3 <0.01
LDL-cholesterol (mg/dl) 113.5+37.7 129.0+31.1 0.01
Triglyceride (mg/dl) 286.6+74.0 97.4+28.5 <0.01
Apo AI (mg/dl) 132.9£26.0 138.0£25.5 0.27
Apo B (mg/dl) 98.6+25.6 83.5+20.5 0.00
Glucose (mg/dl) 97.4+17.3 86.9+19.9 0.00
Insulin (mg/dl) 11.5%6.3 7.4+4.1 <0.01
HOMA-IR 2715 1.6+0.9 <0.01
Uric acid (mg/dl) 58+14 52+1.2 0.01

BMI, body mass index; HDL-cholesterol, high density lipoprotein cholesterol; LDL-cholesterol, low

density lipoprotein cholesterol; Apo Al, apolipoprotein Al, Apo B, apolipoprotein B; HOMA,

homeostasis model assessment
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T 3 7HA AR dAA =X

Trait Father Mother Proband

(N=37) (N=42) (N=85)

Age (years) 60.3+6.6 57.3x6.5 32.5%6.5
Height (cm) 167.7x4.7 157.4+4.1 168.8+8.4
Weight (kg) 69.3+8.8 61.3+6.8 69.7+13.8
BMI (kg/m’) 24.542.6 247427 24236
SBP (mmHg) 130.0+£184 132.8+19.5 119.5+16.6
DBP (mmHg) 81.4+10.6 81.3+10.9 78.7+11.7
Fasting glucose (mg/dl) 93.3+14.1 955+31.7 86.8+22.6
Total cholesterol (mg/dl) 192.1+37.6 207.9£42.9 206.5+37.9
HDL-C (mg/dl) 38.0+£9.6 44.1+13.1 42.0+12.1
TG (mg/dl) 238.1+99.2 196.0+98.9 236.3+179.6

SBP, systolic blood pressure; DBP, diastolic blood pressure;
triglyceride; HDL-C, high density lipoprotein cholesterol

_17_
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2. APOAS A9 SNP 91X ¢ DNA 97144 £4 43

FA9Z 259 ATNA APOAS A4 AA AF A/NAL

AL Fa 12709 SNPe 1Y AY/EA<E A (insertion/deletion,

/D)= sttt 28 1ol WA APOAS Aol A &1g SNPY

AE FAsR o™ F 4] zF SNPol g Ao} Wo]l{FHA s
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¥4 G/AE BAL Ed BAF APOA5 fAA ] SNP 949
Mol f AR WE
Observed Minor allele
Position Location Rs# heterozygosity frequency
(%) (%)
-16097-1608del[TG] 10.4 52
-1463T/C 63.0 33.7
Promoter -1390C>T 7103224 12.8 6.4
-1275G/A 12.8 6.4
-1131C/T 662799 41.3 25.0
-1020G>A 19.6 14.1
-3A>G 651821 40.9 25.0
Intron3 IVS3+476G/A 2072560 37.0 185
Exon4 V150M 3135507 25.0 239
T184S 2.3 1.1
G182C 13.6 6.8
3-UTR 1177C/T 2266788 25.6 25.6
1259T>C 40.4 20.2
Rs#+ reference SNP IDE YEldith 40 o] &3 SNP= 52 2XE H A TH

_20_



BHolFa otk 67] SNP 7F ti 2ol A AxE

=

5v -tz A8 A 671 SNP

oh-2f)

it
A
SN

LTt
_‘|

H

],

3. APOAS F A Ao A linkage disequilibrium &4
¢to
)3 r(F izt

g

_OA

O

ki
U}
1l
=~
s

™ o —
> SN
W o M =
ﬂo

i _ o#a

o o ﬂm
H om *
%O o e o# ]

B

T o HH .
B0 oy y
e D TR %

3/ —~ <
atil DT
= b
B o) o Y

#og d o=
3 S 9 K
= of- =)
O Muﬂ o ~
N Ao M
T g AR
A g me
T 5 R mﬁ
B N S
o m 5
T T o 8 @

—
OW \T/A \m.ﬂ ﬂ_Al
WX o= O W
Og \.w % VAN ;OH
T ol - M.uu N
= M ! T
e o " mm H
o 27X
o S g P
owE T ® B

_2‘]_



¥ 5 FA-UxF A FA linkage disequilibrium

SNPs o
-1390C>T  -1020G>A  -3A>G VI50M  GI82C  1259T>C

-1390C>T - 0.62 1.00 1.00 1.00 1.00
-1020G>A 0.00 - 0.46 1.00 0.68 0.07
r -3A>G 0.05 0.00 - 1.00 1.00 1.00
V150M 0.03 0.01 0.10 - 1.00 1.00
G182C 0.01 0.00 0.22 0.02 - 1.00
1259T>C 0.03 0.00 0.63 0.07 0.02 -
LDE #7tel7] #lel Lewontin®l D'3(Fulzd %)% FadASF r(FUHAA obd)E AHgetidt
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2t B Aol A APOAS A9 3 NEs

=3

637 23k

L HWE 7182 7F4o ur=sgvr. 2E o

L

TAE APOAS Fd A3

Sh

BAECA dEAAe IARIEE -1390C>T, -1020G>A, -3A>G,
V150M, G182C, 1259T>C7} 22+ 0.11, 0.05, 0.28, 0.20, 0.07, 0.19% +EF%E
o3& 60lA et #Zol -3A>G Al -3A% -3Ge F diHIA W=
© AT gxzdel A fFoARl Ae]lE B AA(p<0.01), -3A>Ge] AA,
AG, GG #dF M=M= dast el A4 FoAdS 2o
okl AuAd S YER A TH(p<0.0D).

APOAS GI82CAN A= Fdd TANE=F S ool A #2449
AolE Heol APl mE FAAY = Aolrt AR (p<0.01). =7

R 2T BAGAE fol@ AolE 1w ATHP00D).
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X 6. FA-dxT+ AFE T3l APOAS SNP -1390C>T, -1020G>A,
-3A>G, V150M, G182C, 1259T>ColA Y ed diddxae 4

g ag NE

Frequency (%) P-value”
SNP Genotype Case Control Genotype-  Allele-
based based
CcC 76.9 78.3 0.90 0.90
1390C>T CT 23.0 20.9
TT 0.0 0.7
-1020G>A AA 0.0 0.7 0.26 0.27
AG 5.1 9.7
GG 94.8 89.5
-3A>G AA 30.7 51.7 <0.01 <0.01
AG 56.4 44.0
GG 12.8 35
V150M AA 0.0 35 0.10 0.08
AG 28.2 37.0
GG 71.7 573
G182C GG 66.6 87.4 <0.01 <0.01
GT 33.3 11.1
TT 0.0 0.7
1259T>C CcC 7.8 14 0.35 0.32
CT 315 37.0
TT 60.5 61.5

*t p—valuex 10000% ¢] permutation test® 2213} T},

_24_



o[}l

3ol @

1}. Haplotype®} a5 A AWd A

i

Haplotypedl X% SNPE2 <cAWH=E  -1390C>T, -1020G>A,
-3A>G, VI150M, GI182C, 1259T>CATHE 7). ot} S}l A ¥
T4 o2 haplotype 1(CGAGGT), haplotype 2(CGGGGC), haplotype
3(CGGGTT)7F Z+7F 34.9%, 20.1%, 7.81% W=z HA +3x9 61% A=
= AAEP. EE SNPY major allele®2 TA ¥ haplotype 13
haplotype 4(CGAAGT)E A BT tjzxdto] Be wE=z vebd vid
haplotype 2, haplotype 3, haplotype 5(TGAGGT)E tx&T Eth 3}t
A B MRS B UrAs F oA ghel vd 2EE KBS
£3] Hapltype 32 F Wzt HluoA FA AR {3 Ao]E H

tH(p<0.01). At o 22t Jhol Apol 7} Sl

&Y
__>|4_'41
a2
ro
=
job)
i=3
@)
S
<
o]
(@)
([
ol
1o

N

AE FEE AAS AT 23 p-grol 0.03o= AT i 7

haplotype W&ol A4 o= F2o3 o7l = & + UATh
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2 A9 haplotype?] ¥l =¢ LRT 234 =
A} nFAANFEFT AA-gx 9734 HAA

}2 Jeg

MR 4
Haplotype" p-value
e e o) = T

CGAGGT(1) 30.8 36.1 34.9 0.48
CGGGGC(2) 24.3 18.8 20.1 0.29
CGGGTT(3) 16.5 53 7.8 <0.01
CGAAGT4) 14.1 22.5 20.6 0.15
TGAGGT () 115 11.0 11.1 0.95
CAAGGT(6) 2.4 5.6 5.0 0.48
-2x 2% 210.4(dE23)  735.2(df24)  959.4(dE26)

=n] A

exact p@t

13.8(dF21)

()9 %A+ haplotype?
df, diversity of freedom

ddWEE FAIFEE Haplotype HIE 19%°]73<1 7o 7+ LFERSIT
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. SNP9 F7te] @& PDE#te W3l = tag-SNP 74

AT ol &M SNp7h F7bd el weh PDE#te]l S7tsithrt <
7b Fol molAe ARAAM tag-SNPe JTE 2> AIE 8) Ao
tag-SNP H 2 -1390C>T, -1020G>A, -3A>G, 1259T>CAth. SNP
-1390C>T, -1020G>A, -3A>G¢} 1259T>CE tag-SNP A Fel TS
Wl PDE7} 0.95% Wbl -3A>G, VISOM# 1259T>C= o] Foixl 3
ol 4= PDE7} 0.88% 7t4sle] F7bZo] Wolx & o] AHoA tag-SNP
< AAsH

£ AN A g 2ol tag-SNP& ol &% & A4 dad= TAF &
(pEh)el 132(0.00)% 6709 SNPoz dA#4dS EM PSS WRHET) pit
o] 9k AA USAW tag-SNPHHo R A PSS wolx o A

E HoF3 9o tag-SNPS ©]83 haplotypes HTGS FAHo=

o

IT(CGAT)

flo
rlet
_>‘~I_‘
=
o

ol A ARl AolE el FA
oA Zh7t 16.6%, 59%¢ M E 2 e haplotype 3T(CGGT)%E 3+
Attt ol Al AFols: YER AT (p<0.01). E 9BolA =
HTR® 235 RoF1 3doer 6719 SNPZ 4% haplotyped 4=
CGGGTT haplotypeel freolata il 4701¢] tag-SNP=Z 4% haplotype°l

A= CGGT haplotypee] EAZ g F938 Ut =, CGGGTT haplotype

o

ZHA AL = o

,d
>
i

aFA @ o Atel vie nsAgANE Tl A

9ol 173w =okar EF 4709 tag-SNPo] CGGT? A2 12 A
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¥ 8. SNP9 =% ©E& PDE

Number Tag-SNPS
PDE
of SNPs  -1390C>T -1020G>A -3A>G VI150M  G182C 1259T>C
5 0 0 0 0 0 0.97
4 10) 0 0] 10) 0.95
3 0 0 0 0.88
2 0 0 0.81

PDE, proportion of diversity explained
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3E 9A. Tag-SNP

o 2 A ¥ haplotyped ¥l
AFAAAYEF

=9 APOA5 $ A A9
o AA-gxT AAA AA

M%7 gk
Haplotype" p-value
At o 2t T

CGATT) 454 60.0 55.8 <0.01
CGGC(2T) 23.8 175 19.6 0.23
CGGT(@3T) 16.6 59 8.3 <0.01
TGATA4T) 11.5 10.8 11.2 0.89
CAATOT) 2.0 3.8 45 0.52
CAGT(®6T) 0.5 0.0 0.0 0.31

2x 2a9= 169.8(df9) 553.6(df-12)  736.6(dfF12)

Smu A 13.2(df=9)
exact p#t 0.04

df, diversity of freedom
Tag-SNPS T4 -1390C>T, -1020G>A, -3A>G, 1259T>C A2 o] Foj Atk ()9 A&
haplotype®] 9# W3S ¥ A3}l Haplotype W% 1%0]4H¢l 7 $-of vk L}EFW T}
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¥ 9B. APOA5 A A2l SNP¢ tag-SNPO 2 T+ A% haplotypel &

DFAAGAE R AR B4

# of SNPs Selected haplotype OR 95% CI
6 CGGGTT (haplotype 3) 17.3 3.1-95.8
4 CGGT (haplotype 3T) 14.9 2.8 -179.7

OR, odds ratio; CI, confidence interval
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5. 7HA A5 & ol &% AdH

ox
e
>

7t. TDT @78 &3 vegd 23 AAALEFT #dA4

TDT dTellAE 367HAE o=z stk & 109149k #Zo] SNP
-1390C>T9 -3A>GE @ SNP=Z A3 STDT9 SDTHH| A =4
Ao Fo3 A7E By T3 RC-TDT EXNAE EAHOZE §F9

g AdaE 2AtH(p=0.01, 0.03).

. 7HA A B oA YEld haplotyped ¥l =9 TGSe dAA B4

ZEAAE AN A 6702] SNP# tag SNPS ©] 43t haplotypes T4 3t
TGS AAAS EAF Aae & 113 & 120 debdd. 6702 SNP
iz T34 haplotype-> CGAGGT(34.1%), CGGGGC(28.1%),
CGAAGT(16.2%), CGGGTT(9.9%), TGAGGT(8.2%)= L ERSE AL
haplotype CGAGGT, CGGGCC, CGAAGTE= A #x9 80% AEE A
AstA i tag-SNPo2  FA %  haplotype 671¢] SNPo= 4%
haplotype?} 2 3o =2 CGAT(H0.3%), CGGC(27.7%), CGGT(10.3%)7}F
AA 88%e WIEE AA gt ZHAAEAA FAE ZH7te] haplotype¥}
TG AAAFS dotrr] f& 243 A7 ttE haplotyped &= 2
-1390C>T SNPe| tgdxt= F+A % haplotype TGAGGT7F A 39
82% WIE=E YettAnt TGS TAASRE Fog A3s HATHp=0.01).

Wl FBATE ol &3] 747 A% @AM #4% haplotypest TGSl o
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1)l A= 67019 SNPE A9 haplotypes p#tol

e BAT AE
23 AA gob TG frelde A94L vedtn 8] o Aeky

°=8.00, 5df p=0.15). T3 4709 tag-SNPo = tA®E 7+zhe] haplotype
I TG AAAHES 43 FBAT Z o)A haplotype TGATS 4% TG
b FYAA AAAHE YJEFIATHp=0.01) 7HA A= AA A 47]9

tag-SNPOo = F+A % haplotype 6712 SNPZ #A S wrHt Ay o

2 7 ¥ FoFd Z2AE BAFAAN o] wolk= od3] pglo] FiEl

tha & 4 2 TH*=8.79, 4df p=0.06).
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# 10. 7HA AR E °] 8§ APOAS +AAS TDT &4

Locus TDT STDT SDT RCTDT
A A A% A
(p &) (p &) (p #) (p %)
~1390C>T 3.60 6.53 5.33 8.28
(0.11) (0.01) (0.02) (0.00)
C1020G>A 0.00 0.06 0.20 0.00
(1.00) (1.00) (1.00) (1.00)
3ASG 4.23 0.52 0.75 4.65
(0.06) (0.03) (0.01) (0.03)
V150M 1.63 0.46 1.66 0.14
(0.28) (0.55) (0.26) (0.70)
G182C 257 257 3.60 257
(0.18) (0.18) (0.10) (0.10)
1259T>C 0.61 1.15 2.13 0.88
(0.56) (0.34) (0.18) (0.34)

STDT, sibling transmission disequilibrium test; SDT, sibling disequilibrium test; RC-TDT,

reconstruction-combined transmission disequilibrium test
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¥ 11. 7FAARE AN A JEFE haplotyped ¥ =9 TG AAAES

Algt FBAT A%

e

Haplotype Frequency’ P-value
Haplotype 1F CGAGGT 34.1 1.00
Haplotype 2F CGGGGC 28.1 0.39
Haplotype 3F CGAAGT 16.2 0.70
Haplotype 4F CGGGTT 9.9 0.13
Haplotype 5F TGAGGT 8.2 0.01
Haplotype 6F CAAGGT 35 -
FBAT statistics = 8.00
df=5
p = 015

FBAT, family based association test; df diversity of freedom

" haplotype 1% ole] MEF 77 A EAFAG
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¥ 12. Tag SNPo 2 F A3 haplotype? FBAT &4 23}

Haplotype Frequency P-value
Haplotype 1T’ CGAT 50.3 0.74
Haplotype 2T’ CGGC 27.7 0.39
Haplotype 3T’ CGGT 10.3 0.07
Haplotype 4T’ TGAT 8.2 0.01
Haplotype 5T’ CAAT 35 -
FBAT Statistics = 8.79
df = 4
p = 0.06

FBAT, family based association test; df diversity of freedom
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6. APOAS SNP-3A>GY 7|54 A+

Z2RE Q¥ SNP -3A>G7t APOAS A dAbeh dde] 93
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e

=
construct”} luciferase =d7gol =fol7F v AL &A3HAtH(p<0.05).
-3G construct’} -3Ael H]3] luciferase Hdo] & RS & £ YJn
ol BTAIAoZ fFod A=A Kozak sequenceq! -3A>G SNP7}
APOAS A Z2RE AdA FHda Tdd 9IS F A= &

A= At
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G182C T3 A Y dgFdA=2 T4 % haplotypeo = -3A>Ge G182C Tt}
B0l TAAY x5 AAT W oty haplotype T7ACNE Bt
Gl 5ol SNPQl Aoz B & Ak o9 w3 7A 2 tag-SNPO =
T4 haplotype CGGT7F HTGS 1@ oj ok d=dgles ¥ ofyet A
T3tz oAl AolE vE It AS A ol=HA 67

o SNPE ®% o[ 4% 249 Ash tag-SNPUHOE RHF Asst A

2 AA9TE A2 ¢ 5 9tk 2P8E 54 4A404 ed nE
SNP= Aol dAwy AFE AWsE Aut o9 SNPE AW
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7HA Am EAS S E 6719 SNPE FA ¥ haplotype TGAGGT7}
HTGe HgdoqFe A#Aso <2+  haplotypelZ YEWT o]+
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Genetic effects of Apolipoprotein A5 on plasma lipoprotein level by

case—control study and family-based association study

Choi Jung Ran

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Yangsoo Jang)

Recent studies using human and mice reported that apolipoprotein A-V
(APOAS) gene plays an important role in controlling triglyceride (TG)
concentrations. The aim of this study was to analyze these associations
in Korean patients and also to test for association of APCAS5 with
susceptibility to  hypertriglyceridemia (HTG). We examined a
case—control samples consisting of 39 patients with HTG and 144
healthy control subjects and 36 nuclear families. Six single nucleotide
polymorphisms (-1390C>T, -1020G>A, -3A>G, VI150M, GI182C and
1259T>C) were genotyped in the APOA5 gene. A haplotype CGGGTT
was significantly predominant in patients with HTG (p < 0.01). Using
log-likelihood ratio test (LRT), we observed a highly significant
association between the Thaplotypes and HTG (p = 0.03).

Haplotype-trend logistic regression (HTR) analysis revealed a
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significant association between the CGGGTT and HTG (OR = 17.3 95%
CI=3.1-95.8). This significant association was critically dependent on one
tag-SNP, CGGT (OD = 14.9, 95% CI = 2.8-79.7). In this family-based
association study, transmission disequilibrium test (TDT) revealed
positive association between -1390T>C, -3A>G and TG (p < 0.01 and
0.03, respectively). These findings strongly support association of the
APOAS5 gene with susceptibility to HTG in Korean patients. Further
studies are needed to confirm these findings in other populations and to
identify functional variants in AZCA5 that may be implicated in

pathogenesis.

Keywords : apolipoprotein  A-V, hypertriglyceridemia, triglyceride,

family-based association study, case—control study, tag—-SNP
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