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ABSTRACT

Background and Objectives : It is very important to distinguish between the primary and secondary genetic
effects at different sites within a small genetic region. Therefore, we evaluated the relative effects of single nucle-
otide polymorphisms (SNPs) within a gene on the serum lipid profiles by using individual data. Subjects and
Methods : To evaluate the contributions of SNPs in a region to the serum lipid profiles (total cholesterol, trigly-
ceride, low density lipoprotein, high density lipoprotein), we used data that consisted of 808 individuals (327
males and 481 females) who did not have cardiovascular disease. In this study, we used a stepwise regression
procedure to analyze the relative effects of four single nucleotide polymorphisms (ACE6, ACE7, ACE8, ACE10)
in a gene region on the development of the serum lipid profiles in each gender group. Results : In the males,
there were epistatic interaction effects between two loci (ACE6 X ACE7, ACE6 X ACES8, ACE6 X ACE10, ACES X
ACE10 and ACE7 X ACE8) and among three loci (ACE6 X ACE7 X ACE8, ACE6 X ACE7 X ACE10 and ACE6 X
ACE8 X ACE10). Also, there are interaction effects between two loci (ACE6 X ACE7, ACE6 X ACE8, ACE6 X
ACE10, ACE7 X ACE10 and ACE8 X ACE10) and among three loci (ACE6 X ACE7 X ACE8, ACE6 X ACE7 X
ACE10, ACE6 X ACE8 X ACE10 and ACE7 X ACE8 X ACE10) in the females. Conclusion : The results suggested
that each of these loci is important in causing a relative change of the serum lipid profiles, even with simultan-
eously accounting for the effects at the other loci. In the results of the analysis, there existed the effects of
individual loci and significant interaction between the loci on the serum lipid profiles in each gender group. It
was confirmed that this stepwise regression method can be suitable for evaluating the relative effects of SNPs and
it is easily performed. (Korean Circulation J 2005;35:759—765)

KEY WORDS : angiotensin converting enzyme ; Lipids ; Regression ; Polymorphism genetic.

N B SAHalleles)9F Mo] AR Bofap ghor o
T E4r¥(linkage disequilibrium) AE|=2 1 -FHRL] <

APt T Qe SAAE Wrske) Qlofd BT W Aol 9Bk Qs SRS P Yolck ol 2
MEA o] Shbs WA QR0 BAE oY e SR dn BRgel ZE T 535 el

EXHL}FOQ 20054 6€ 20
AeEEHed 12005 849 54
AAjekel | 20059 94 202)
WAAAL 7], 120— 752 "1% AT 21EF 134 AAMdiE oofst oJshgA gk}
23} (02) 2228—2491 - : (02) 364—8037 - E—malil : dkkimbios@yumec.yonsei.ac.kr

759



760 Korean Circulation J 2005;35:759-765

ZHo]| Pofsh= U F7] th3d A (single nucleotide poly-
morphism; SNP)o] Sh} oef EAE 4= itk 7 wizoll
- B4k o] & 4= ik wief, FAAVellA AT A
o] o] Hofsh= = (region) 9] $IAI7F & A
I =iRoles PEE T |71 ool 24T 4= =,
of wf ol @ ¥7] vk o] 2 oJH Z3H(combina-
tion)o] AHMYo] Fa3t ATE sh= A FEshE A2
o~ ofu] Ql= dolot, ek, Aruhrke] R4 (assoc-
iation)o] Ts] AW EtF AJEiol 7] wiEel 7Hd A
2 A oprlsh=

Q
i
fu
~
rir
pacy
rO
A
e
°
g 2
>
)
)
o

Y (relative frequency)’} L FHo| &
FRAEL] A wEel ZexE vlmshs Aotk o
g 2 I Qe fAAcdE Yt dEAEE
231 9l agR] gk fAAdE thE dEAAES %
3L Qe HpAlEe] tisto] SRl Aol Ao v
(odds ratio)& Altste] 71 A BFrlshs W os ¥y
H7)% shqick.”” 2dd, olefdt wAIE ol 8t H4
W 2 7HR] Y] TS Wazskar ol AA fRae] §)
= 579 gEH87EE Sl Hlashr| wze] o= of
AL 2w el AHA o' wo] Sl A By
Aol WeshA] o5 o i, B WEeAIE sk
= AR 7t o w2 Hfols $AS vluEs
IHEZ] 0 2 afsfiof stEe thg 77 (multiple testing) o
£ 19 < (significance level) 9] A7} tiFg 4= Ql
S HERAIE HASHL Sl SRl A Sofl 9t
Z3}{(combination)o] &3l FE3H Yebd 4= = 7
ol ARES BA|F 7isAo] EAfstar glct?” olzjgt 7]
9] ol it FAE aeAoR S5 Sl 2 =
& (regression model)o]| 7|3t B o] AA|E =] A
o] FHEE 5o, B, AT eR i APHAH T
Mol WFEE FEEo] = A 32 (qualitative trait) 2l
A, WA sk e v |7 SIS A
22l avs Hrely] e TAA 222 3] (step-
wise logistic regression analysis) W o] &-g&x]¢ic) 10719
oo & dAtelA= FA PA(quantitative trait)of] cfs}
of RAlE sk ol i 9 |7 @8 4 1
=9 A avkE Hrishr] Qg o2 dA1A A
&S] 54 (stepwise linear regression analysis)S A|Qts}
A} gt E3E o5 olgsto] oFA FERA AFTAE
BHcardiovascular disease) AT} WHsHA HHo] Aot
3 47 EA) A5 (serum lipid profile)o] ot %
oA AE oS AR B ah

2
Br
=
32
s
)

T 30 r|r

48

e
_1:_

oy %

¢

& Aol A AR A e

oA Arste A7 ol dRkels

ojglof g FIF= viAIsH] Sl HEEALL] gle
A

& AANER o Qo

e 7] thEA] © 2 4] ACE(Angiotensin Converting En-
zyme) oA 47]9] S-H A =, —6(Alu 1/D), —7(G14480C),
—8(A14519G), —10(A22982G)E2] A gt collection)S o]-&
St olSol U SUBL LA AL 8T 2
t}. WA, DNAX PUREGENE DNA Purification kit(GEN-
TRA, Minneapolis, MA)S ©]-&3}o] 5 mL dH o] wid
I AEZRRE 2Z3819h DNA 3% 3 ACE Alu 1/D9]
oA A4S ACE AL RIEE 16819 primerE ©]&
g AL AHRES(PCR)S 3¥stSl=dl, o] o PCR
thermal cycler(PTC—200, MJ Research, Waltham, MA)
£ o]g3lo] SIS G14480C, A14519G 9 A22982G
9] Tt} A BAL SNP stream 25K system(Orchid Bios-
ciences, Prinston, NJ)& ©]-&38}o] SNP-IT(SNP—Identifi-
cation Technology) assay W o2 Wdd7|&4) vhe-o
T2Y5kR1AL, primer®t Z47+0] PCR A &S AIAIT] &
biotin = fluorescein isothiocyanate(FITC) O 2 EX|%
7¥7+9] dideoxynucleotide®} WHG-A1A TUA7|E 514
o}, ¥kgo] it & AVREAS ELISA #5715 ©]8-5}o]

o
op
2_11‘
£
It
r [*]
QL
32
o

oFd FAe HBTALTY B ek LA BF A
= TAA, LDL-ZH2HIE,

2 Aol JHEAR] JY 4
A= Z3Hcombination) ] A& ays Hrlsh| 5|
AE B e Aesher) v, A
A Z¥z¥e] 348 (genotype) ol Wt 7P (dummy variable)
£ AoJstar th2yt Zo] A3 YR E(linear regression
model}& AR 2, 249] HRlAaE AE A
A Rz Qe T 97] oA TS AA, Aa,
ea TSR ehr, 10| BFA W] St
Bg F A w4l 99 theel e W 2 319
3

Al(regression equation)S AATIc},
AN sE=Bo+ filyat Bolsa ()

oI710lA, Le %0l AAoTH 1, obH 09] ghe 2=



7VHS0)L B8 10) e Sl A (regression coefficient)
ojt}y, BREIVIA R L= F4%°] Aac|H 1, ofw 00] &
= 7P|l By 1o W S Aol 919 39 =
@ oA SAATE] 7 (estimates) 7} FATA =
Srelstchel 504 ool AT B, wek, &

T s
wAle] Skl ol Wl 7] thl EE AEA WS
Zofl AR X 2] BASlA Ak ouA) Sk
o Qe 9L TR TR} 2L BY (9T HAT

BF A DAL= o+ filaat fol aat Bslppt Bulpy  (2)

of7|oNAl, Iyt Iz 2 (DOllA Felgt At 22 v
Hom MAE rpEEEolw, gt fiis 27t 10| M2 3
AAlpolet, = WA FALAE FA AR Foet
R EAERE A 29 O3 58 ()9 Has Fiol
Ak, ol BY (27t @A EEE dEsket =
g DT o HAsiohd = A @ 9] ogde &
o} EE fofstha mARkE Zold, visE AR F o
A 7] oAt §312A 1S A8 (epistatic interaction)
of Eh B A AT Aol oeel =Y ()3}
slo] w3 ()2 vlmsto] LA,

A A= Bo+ filya+ Bolaat Bslsst Balpy
BsLaasst Belaasst Bilaaspt Bsluapy — (3)

A 1 3)olA, Luss, Liwss, Liume= 5 718 F340
N §07 HEAES Ueh /HsEd, dE 5
Ll 745 5 Mo & A7] t3dAe 130 AAgt

BBO 1, 11 fjolls B 09 ghe 2hs 7PHsE wRith

QL Bore Be ZF 7HRSl SR E= S A=l
A7 AT S olasto] B Y L)
Sk 7 9 917] TAle] ARl F Rl main effect
oF IAEY] woAgo] Ay izt folde B 4
A}, 2R, ol=gk oA HEE skl e T
@7] IR A4t WolAA HE 1 Favet waa
Boll gt 239 4= HA] WolxA| Hr}, of&e| ILof w
£ mao) wE E5 e 2 3ol thelo] 22p o
ZolAof SR, Sold IS REHOE T Bay
o] YRt ofelat HEAel BAS 2] $I9l, 2 o
Folile A SARAS THS Al AL A
El= A& HHSs Ae(stepwise variable selection) HH-S-
R
o areio] = BeHE spY MDY 2718
7hedl, olFA sHReEo] S APl EAT
SR} B4l ROIT S 1A Hohd o] %

HHE Ao olA AlLAZIo ol S 24

Kijun Song, et al : Relative Effects of SNPs to Serum Lipid Profiles 761

o S 4 W7 Al vHESk= Aotk
SAS ver, 8 1(SAS Institute, Cary, NC)& ©]&3}o] A
w7 71T SAIA SR RS A AbEe] A-8st

of BAjskch

o
H

A A2 FAsRAL she T 7] e R
S AL Qbe ARISEA, Bt AFE 48.6+10.44) o
oAxte] Bt AT
8.8410,1M& 3aL l9lct. w48kt she B
Adsto A wAte] B, Bt iEdhs $ e
S04 206.87+39.82, FAAIW-> 168.17+132,53, LDL—
F|AHEE 129.18+35.10, HDL-Z8| AH S 45,82+
10.229] 225 HolFal Qaltt. oA=& FeldEE
o] 7% 209.30+38,08, F9A%-> 127.84£100,05, LDL~
Y 2HE2 131.95+32,74, HDL-FH|2HE2 51,51+
11,989] HEE HojFa1 QUglthTable 1). ACE T 7]
CFB el 1%l Wite= thath Erk(Table 2). T,
Aol wet 4 7heet avks dehlls 7hies A
=l 2 s AEAR St A 87, = ] B
1] e G A 2470, Al ARef kB ETe] e
ol 327K, Hl Mol ZB-olA 167 & 8071l ThiE
whsof 24 ol 83T
el e FHHR YIS aste] welshr] flsl

Table 1. Distribution of serum lipid profiles

Trait Male (n=327) Female (n=481)
Total cholesterol 206.94+40.34 208.03£37.85
Triglyceride 168.97£135.46 126.28+102.18
LDL-C 129.89 =35.88 131.06 =33.02
HDL-C 45.95%£10.72 51.57+12.29

Values are Mean =SD. LDL-C: low density lipoprotein-cholesterol,
HDL-C: high density lipoprotein-cholesterol

Table 2. Frequency of ACE-SNP genotypes

NP Genompe TR e
ACE6 DD 57 (17.43) 64 (13.31)
ID 159 (48.62) 243 (50.52)
I 111 (33.94) 174 (36.17)
ACE7 CC 111 (33.94) 173 (35.97)
CG 160 (48.93) 241 (50.10)
GG 56 (17.13) 67 (13.93)
ACES8 AA 109 (33.33) 176 (36.59)
AG 163 (49.85) 241 (50.10)
GG 55 (16.82) 64 (13.31)
ACE10 AA 100 (30.58) 162 (33.68)
AG 166 (50.76) 235 (48.86)
GG 61 (18.65) 84 (17.406)

SNP: single nucleotide polymorphism, ACE: angiotensin conver-

ting enzyme, 6: Alu I/D, 7: G14480C, 8: A14519G, 10: A22982G
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Table 3. Relative effects of ACE-SNPs to serum lipid profiles using stepwise regression analysis in male

Total cholesterol

Triglyceride LDL-C HDL-C

SNP Effect (genotype) >
B (SE) R*

B (SE) R? B (SE) R? B (SE) R?

ACE®6 (ID) -138.0 (39.5) 1.4 18.3 (10.2) 6.9
ACE®6 (IT) -139.2 (39.7) 1.7

ACE7 (GG) -139.5 (48.3) 1.1

ACES (AG) 116.2 (35.2) 0.9

ACES8 (GG) -1.5(28.4) 0.3 -3.8(5.4) 0.2
ACE10 (AG) 15.3 (10.2) 0.8
ACE10 (GG) -1.2( 5.3) 2.0
Sum of R? 4.5 0.9 9.9

ACEG6 (ID) X ACE7 (CQG)
ACEG (ID) X ACES8 (AG)
ACEO6 (ID) X ACE10 (AG)
ACEO6 (ID) X ACE10 (GG)
ACE®G (IT) X ACES (AG)
ACE®G (IT) X ACES (GG)
ACE®6 (IT) X ACE10 (AG)
ACET (GG) X ACES8 (AG)
ACES8 (AG) X ACEI10 (AG)
ACES8 (AG) X ACE10 (GG)

-19.0 (48.3) 0.3
67.0 (55.8) 0.3

36.1(19.9) 0.9

-66.3 (48.8) 1.0
-9.0 (11.7) 0.2

-752(61.6) 0.4

-24.9 (12.0) 1.0
-61.0 (49.6) 0.5
16.7 (17.6) 0.3

-107.0 (42.9) 2.9

-52.9 (35.2) 0.7
-19.9 (10.6) 0.7

-87.0 (49.6) 0.6

95.5(67.6) 0.7
126.4 ( 60.9) 1.2

Sum of R? 2.7

2.3 4.7 2.0

ACE®6 (ID) X ACE7 (CG) X ACES8 (AG) -53.3(62.5) 0.2
ACE®6 (ID) X ACE7 (CG) X ACE10 (AG)
ACE®G (IT) X ACES8 (AG) X ACE10 (AG)

88.6 (116.7) 1.1

-60.1 (35.2) 0.7
-27.4 (15.8) 1.2
-40.0 (35.1) 0.5

Sum of R* 0.2

1.1 1.2 1.2

Total R? 7.4

3.4 6.8 13.1

ACE! angiotensin converting enzyme, SNP: single nucleotide polymorphism, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density
lipoprotein-cholesterol, /3: estimate of regression coefficient, SE : standard error, 6: Alu 1/D, 7: G14480C, 8: A14519G, 10: A22982G. *: R’s are

percent
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Table 4. Relative effects of ACE-SNPs to serum lipid profiles using stepwise regression analysis in female

Total cholesterol Triglyceride LDL-C HDL-C

SNP Effect (genotype) 5 A S S

5 (SE) R* 5 (SE) R 5 (SE) R? 5 (SE) R?
ACE®6 (ID) -5.8( 6.7) 0.2
ACE®6 (IT) 23.3( 14.8) 0.5 -1.6 ( 1.8) 0.2
ACET (CG) -18.7 (19.1) 0.2
ACES8 (AG) -41.3 ( 51.8) 0.2 20.9 (19.1) 0.1 12.8 ( 8.5) 0.5
ACE10 (AG) 10.0( 6.7) 0.5 6.1( 3.5) 0.8
Sum of R? 0.7 0.7 0.3 1.5
ACE®6 (ID) X ACES (GG) 28.0 (37.8) 0.1
ACES6 (ID) X ACE10 (AG) -40.7 ( 60.1) 0.1
ACES6 (IT) X ACE7 (CG) 46.4 (38.1) 0.2 -10.9 (12.1) 0.2
ACES6 (IT) X ACET7 (GG) 37.2 (37.8) 0.2 18.0(12.2) 0.5
ACEG (II) X ACE10 (AG) 8.6 ( 9.8) 0.2
ACE7 (GG) X ACE10 (AG) 243.3 (128.4) 0.5
ACES8 (AG) X ACE10 (GG) 6.3(9.1) 0.2 -16.6 ( 9.1) 0.2
Sum of R? 0.3 0.6 0.6 0.9
ACES6 (ID) X ACE7 (CG) X ACE10 (AG) 73.0 (37.8) 0.8 17.7 ( 7.4) 1.5
ACES6 (ID) X ACE7 (GG) X ACES (AG) 98.1 ( 56.3) 0.6 -56.0 (46.6) 0.3 24.3(12.4) 0.8
ACES6 (1) X ACE7 (GG) X ACE10 (GG) 23.7(33.1) 0.2
ACE®G (ID) X ACES (AG) X ACE10 (AG) 99.8 (60.3) 0.9 -35.7 (11.1) 0.9
ACET7 (CG) X ACES (AG) X ACE10 (AG) 93.6 ( 78.6) 0.3
ACE7 (GG) X ACES8 (AG) X ACE10 (GG) 6.6 (39.2) 0.2
Sum of R? 0.8 0.9 1.6 3.2
Total R? 1.8 2.2 2.5 5.6

ACE! angiotensin converting enzyme, SNP: single nucleotide polymorphism, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density
lipoprotein-cholesterol, /3: estimate of regression coefficient, SE: standard error, 6: Alu I/D, 7: G14480C, 8: A14519G, 10: A22982G. *: R’s are
percent
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