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Prospective Evaluation of the G-protein 33 Subunit (GNB3) Gene 825T
Polymorphism is Associated With Cerebral Infarction in Korean Population
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Background and purpose: Hypertension and obesity has been implicated in the most important risk factors for
stroke. The original finding that the G-protein beta3 subunit [GNB3) C825T allele associates with essential hypertension
and obesity has been confirmed in several different populations. Hence, our objective was to determine whether the
GNB3 C825T polymorphism predicts interindividual variation in stroke. Method: We recruited 361 stroke patients
(cerebral infarction, n=278; intracerebral hemorrhage (ICH), n=83) and 199 healthy control subjects. Subjects were
genotyped for GNB3 C825T mutation and findings were investigated for association with stroke. Result: The GNB3 T/T
type was significantly associated with cerebral infarction prevalence (OR, 1.98; 95% ClI, 1.14-3.46; p=0.015). While, ICH
was not found to be significantly associated with GNB3 T/T type (OR, 1.63; 95% ICH, 0.74-3.56; p=0.219). Similarly,
no significant association was determined between GNB T/C type, and cerebral infarction (OR, 1.09; 95% Cl, 0.68-1.74;
p=0.716), and ICH (OR, 1.14; 95% Cl, 0.59-2.21; p=0.697). Conclusion: In clinical characteristics, this study shows no
differences among GNB3 genotypes, that are BMI, WH ratip, hypertension rate, and ischemic heart disease rate, total
lipid level, triglycerides level, total cholesterol level, HDL chalesterol level, prothrombine time, with the exception of LDL
cholesterol concentrations. However, our subjects showed an inverse relationship between LDL cholesterol level and
the risk of cerebral infarction. We have shown that the GNB3 T/T genotype is strongly associated with cerebral
infarction. (OR, 1.98; 95% ClI, 1.14-3.46; p=0.015)

Key words : GNB3, polymorphism, Stroke, Cerebral Infarcion, Intracerebral hemorrhage.
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TEQT TS £Q3 AVAXZ B 4 Aok, 22 mEe
olHE B8 SRR S (polymorphism) =B @ D)
ABEo gt A77t ASEHLE o)Foix 1 YUt} ol AF
9] AAZ G-protein B3 Subunit (GNB3) §H X9 C825T allele
ol Bui4 LU vtk BF BHEBICI= AU 244 B
Ho} Aomi®), gz il ABVE wF /ML 4 UL
RNOZ ZFZEr}E o] Yol angiotensin-converting enzyme
(ACE), apolipoprotein E (ApoE) 9] XA} Xz Eo)
Wy BEol g ROE B Ank®™. GNB3 {@AK=
chromosome 12p130l] {|X]51d G-protein®] beta subunit® 3
SlolA] WRAI7IE, 2508R02) €71E Rl ek C/C type, T/C
type, T/T typeQ & TEH L GNB3 RAALY LAk0] izt
9 4 J@so] ke A2 T alleleo} G-protein (FZ Gi
protein) 9} EHHIERS STAAIIITH: ARdol BIBICY?. E3H T
allele2 renin activityE Z@ojrtg|n], sodium-proton exchanger
o) activity® Z7WA17 T, IR} B0 WS FUACHT B
a=o] YTk, 021d H 2 ATES 825T alleleo] HEH &
29wy UEsh #dol Y& Aolgke Fag s F
=], OFIZIX] oA & ololl thal U EUE A7) o] oA
Al et

Ololl MAk= 200030l AB|AF Aol UASH 361HS £HA}
1 Aol AFRLE O Z Fogh 19989 AZAEH HRIEES tiye
Z Mg 229 gdiFol AFIR} (FEH SFoR, 1,
g, SEd ABFEE, total lipid levels, triglycerides levels, total
cholesterol levels, HDL cholesterol levels, LDL cholesterol levels,
prothrombine times)S} A& ehO) RN (HHA, HEEE T8)
0] GNB3 FHAY] T} owst AAEE Z=rlol tidlA

ZA B 23 FO8 AUE SUlol BIGKs ujolch
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1. |7igd
1) xk2

20003 38 1Y R2E 20004 128 31Y7HA] H3|qgd sh
HE 2 HEol AT HPAN HEE X} 3618 S vy
22 3I3c} Brain MRI (magnetic resonance imaging)E A} 83}
o HEFY FR0l wig} HEMY HEH 2F2E Vo] 2
A5l%ct
) HEL

2000 23] S SkaAElEElE HESh #Hd 5 FAA
HALE Bdsch= 19989 14T 8 Y2 E siRirt

o=

Kl

1) 28 : WHO-ISH 7)ol w2l $%7] gQlo] 160 mmHg o]
oim olgy] geto] 100 meHg o1&olAU, E2 EUHSHIE

[e]
=825k AL 71E0Z sigck?.

2) gk : WHO 7|&of we} 5414 glucose levelo] &oJ%
140 mg/ d¢ o1&OLAL, Al & 247 &, E2 75 g9 glucoseE 4
T Fo{8 29 glucose levelo] ol 200 mg/d¢ 01410) BLE
NELR I

3) BMI (body mass index ): M5 (kg)3} 412} (em)Q v &0l 9
o FESIICE

4) WH ratio (waist and hip circumference ratio): it =0]9}
AEZ ERY HNAZ FF6INCt

5 EHgd : 8 9 dlevl oM RETIE PRSI
6) SFAER : APHIEX A ol SFAL} HISFAE T
Rt

7) AEEE BAY - 188 AFLE0] AL LA U
g ool g8 HEddEge M 518y daEgol
ARt Bud FJLE ik

8) X HUE BAY : AYY ILLE BFY HESo
L3k sy L2t (TIA)O] AN L2 St

3. GNB3 §8A 89 &%
1) DNA Eg]

DNAE Debomoy™ £0)] AI28} whHS S8l WAEW
oA B2l9E0) £, 2 mé microtubeol] 1 meo) AWaS @1

TKM1 buffer 1 mf, 25 ¢ NP-408 20 cellg 228} TKM1
buffer2 M|A3t & TKM2 buffer 160 0, 10% SDS 10 (E €11
55ColAl 1087 Bisic). 60 wS 6 M NaCle H7¥sled
proteing AHAZ! & AFE Mol 1 mS) 100% ethanolZ DNAE
FFAZICE TIA] 70% ethanolZ DNAE A& 51 DNAS Ho]
Tris-EDTA buffero] Ha&5ld AIEIIRTH

* <TKM1> buffer®] x4
10 mM Tris-HCl pH 7.6, 10 mM KCl, 10 mM MgCl,,
2 mM EDTA

* <TKM2> bufer®] £A
10 mM Tris-HCI pH 7.6, 10 mM KCl,
0.4 M NaCl, 2 mM EDTA

10 mM MgCl,,

2) PCR reaction

22)8 DNAY GNB3 H{HAREE polymerase chain
reaction (PCR) 2R8E &3l ZRIBIFSH, 2 w9 10x
GeneAmp PCR Buffer (100 mM Tris-HCI, 500 mM KCl, pH
83) (PE Biosystem, Norwalk, USA), 2 9] 25 mM MgCl,
Solution, 1 9] 5 uM each primer(sense, 5TGA CCC ACT
TGC CAC CCG TGC-3; antisense, 5-GCA GCA GCC CAG
GGC TGG C-3 (synthesized by Genotech co, Daejun, Korea)), 1
w2} 0.1 g/l genomic DNA, 0.5 £9] 10 mM dNTPs, 04 uf
9] 25 U/ut AmpliTaq DNA polymerase (PE Biosystem,
Norwalk, USA), 12.1 44 distilled water& T 20 27} TAH 3}
oq tER ZZJ0lA]  PCRSIZLE. 95TolA 1023}
denaturation®t & 94°C 18, 60°C 45%, 72C 189 412 35
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g9l G Protein 83 Subunitf XS] SRt NS BB JPHol st @F

cycle HAJGHIL AIA IO 72°CollA] 1027F BiQFBIFTE PCRE
Programmable Thermal Controller (PTC-100, M] Research Inc.,
Watertown, US.A)ollA] AIRSIICT. target DNAS] £83 S
g 2RIsI| 915k PCR §H2W & 5 WE 2% agarose gelZ J
NG ESIRCE LIHX] PCR QS AMEFEAQ! 0.1 U BseDl
(Fermentas, Vilnius, Lithuania), 3.3 mM Tris acetate, 1.0 mM
magnesium acetate, 6.6 mM potassium acetate, 0.01 mg/mé BSA
£ 018351 20 w7t BAH S-S F, 60TolA 3417 viABINA
Th OlEA MEEAL AE)E PCR Q2N Tris-acetate-
EDTA(TAE) buffer oA 3% agarose gelZ 100 volt, 3027} &
719 E3}1 ethidium bromideZ stainingd} & Gel-Doc system
(Photodoc system, Bio-Rad co., USA)& AMg6l] SAXEEE 7
E3I2UT). BseDI2 5-C | CNNGG-3 29& s, T allele
268 bpollA], C allele2 116 bp$} 152 bpoll A band7} BEF D&
268 bpt TAZ|H T/T type(homozygote), 116 bp2} 152 bpTl
BETH C/C type(hompzygote), 268 bp, 116 bp, 152 bp7} &
&= AW T/C type(heterozygote) OJCt

M CC CT TT

--+— 268bF

-—— 152bp
-w— 116bp

Fig. 1. Detection of GNB3 polymorphism in peripheral blood from
individuals with T/T, T/C, or C/C genotype Diplayed s a representatve
result. M, 100 bp DNA Marker.

4. BEARE]

ol UEHEBY vlolEle A4S Ykl 9AE 1
0] YESol WReT QoRigict SXEH AT 710 9
QIX}9] H|nl& chi-square test "o one-way ANOVA testE A}
S3l%ch AEUAY RAFES 5% VFATE BFAES
3I%Ch BE tlolEle) A4S EAZZIY SPSS for windows
(ver 10.1, SPSS Inc.,, USA)E ARSI oM, §Y4EL p value
< 0.052 3IXch

2 3

1. 84t % RS gike £3

o] |7 tide 36189 Xkt (n=278, HZBA=CI
group/n=83, =&E=ICH group)i} 19989} X FOE FHF]
o} ot & 36159 EARFS A} 2068 OIX} 155 FE Fd
Ho] U, BAEHES 56.00 £776MGC) BARE & HPME
o £ 2788 O E A} 1598, oA} 118%, BAEHHS 56.57+7.12

ABct X EE T2 & 83FolH A} 478, oA} 378, BTEE
2 544129294tk HAMZH HEFET, ET Alojol Lo]
2 JEol o) Bolg et APIHE Ut

Table 1. General characteristics of Cerebral Infarction (Ci),
Intracerebral Hemorrhage (ICH) and control group

Patients
Group Control
(@] ICH Total
N 278 83 361 199

Sex(male/female) 159/118 47/37 206/155 -95/104
Mean Age 5657712 5441£929 5600+776 5098+ 1251
Values indicate number of mean £STD.

2. GNB3 @EFiol WE &xe Ao =3

GNB3 RRAlg0l WE X9 Y& R thad 2o
QOrIRH. BAEEN SES FHARZA BAgl0] ALY S
SIACE (Table 2). BMI 9 WH ratiooll A= 5018 Tish Xjo| &
ol BEFA ATt (Fig. 2, 3). X3 HHT SFARLT {FHAL
ol me AolF S YWARA) RUTH (Fig. 4, 5). LU Y
SEH AAEE WEEXE SAY 7T Aol YU
(Fig. 6, 7, 8). LDL cholesterol &T.& X 2|$} total lipid levels,
triglycerides levels, total cholesterol levels, HDL cholesterol
levels, prothrombine timesolA{T. EAEOE {23t Aol gl
ct (Fig. 9, 10, 11, 12, 14). I}, LDL cholesterol ST
GNB3 RHA} T/T typeo] THE REAFEC EAZLE 79
s @ 5 & PCt (Fig. 13).

Table 2. Clinical characteristics of the patients with different GNB3
genotypes

C/C type T/C type T/T type Sig.

N 68 189 104
Sex(M/F) 39/29 102/87 65/39 NS.
Agelyears) 572481 560+72 55681 NS.

Values indicate number of Mean+STD. Oneway ANOVA were performed to compare
values and Post Hoc multiple compansons test were done by Dunnett and Dunnetts T3
test. Two tailed probability value of (0.05 was considered significant N.S:Not Significant

BMi{kg/m?)
3

TC type

CC type TT type

Fig. 2. Body mass index(BMI) of the patients with different GNB3
genotypes BM! was calculated from the simple equation as weight in kilograms
dvided by height in squared meters. Vertical bars represent means +£S5TD. One-way
ANOVA were performed to compare values and Post Hoc multiple comparisons test
were done by Dunnett and Dunnetts T3 test. Two tailed probabilty value of (005 was
considered significant
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Fig. 3. The ratio of waist
and hip circumference ratio
(WH ratio) of the patients
with different GNB3 genoty-
pes Verlical bars represent means
+ST1D0. One-way ANOVA were
performed o compare values and
Post Hoc muttiple compansons test
were done by Dunnett and Dunnetts
T3 test. wo taled pro-bability value
of (005 was considered significant.

Fig. 4. Smoking habit per-
cent of the patients with
different GNB3 genotypes
Smoking habit was classified as
current smoker and non smoker
Vertical  bars  represent  means,
One-way ANOVA were performed
to compare values and Post Hoc
mul-tiple  comparisons  test  were
done by Dunnett and Dunnetls T3
test. Two taled probabiity vaiue of
(005 was considered significant.

Fig. 5. Drinking habit per-
cent of the patients with
different GNB3 genotypes
Vertical bars represent means. One-
way ANOVA were performed to
advalues and Post Hoc muliple
compansons test were done by
Dunnett and Dunnetts T3 test. Two
tailed probability value of (005 was
considered significant,

Fig. 6. Hypertension percent
of the patients with different
GNB3 genotypes Hypertension
was defined as a systolic BP)160maHg
or diastolic BP)100mHg according to
WHO-ISH criteria, or the patent was
receving treatment with at least on
antihypertensive drug. Vertical bars repr
-esent means. One-way ANOVA were
perfor-med 1o compare values and
Post Hoc multiple comparisons test
were done by Dunnett and Dunnetts
T3 test. Two tailed probability vaiue of
{0.05 was considered significant.

Fig. 7. Diabetes Mellitus per-
cent of the patients with diff-
erent GNB3 genotypes Diabetes
mellius was diagnosed when the
glu-cose level was at least 140mg/dl in
a fasting state and/or at least 200 me
/dl at 2 h after a meal or 75 g oral
glu-cose loading, according 1o the
World Health Qrganization critenia.
Vertical bars rep-resent means. One
-way ANOVA were periormed to
compare values and Post Hoc
multiple com-parisons test were done
by Dunnett and Dunnetts T3 test. Two
taled pro-bability value of (005 was
considered significant,
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Fig. 8. Ischemic Heart Disease
percent of the patients with
different GNB3 genotypes ver-
tical bars represent means. Hstory of
cardiovascular disease was defined as
a seli-reported hstory of any ischemic
heart disease or wrtten Information
from GPs that indicated presence of
any ischemic heart disease excluding
cerebrovascular  disease.  One-way
ANOVA were performed to compare values
and Post Hoc multiple comparsons
test were done by Dunnett and
Dunnetts T3 test. Two taled probabiiity
value of (005 was considered
significant,

Fig. 9. Total Lipid Concentrat
-ions of the patients with
diff-erent GNB3 genotypes
Vertical bars represent means = ST.D.
One-way ANOVA were performed to
com-pare values and Post Hoc
multiple  comparisons test were done
by Dun-nett and Dunnetts T3 test Two
taled probabity value of <005 was
consid-ered significant.

Fig. 10. Triglycerides Conce-
ntrations of the patients with
different GNB3 genotypes
Vertical bars represent means=ST.D.
One-way ANOVA were performed to
compare values and Post Hoc multiple
comparisons  test were done by
Dun-nett and Dunnetts T3 fest Two
taled probabity value of <005 was
consid-ered significant.

Fig. 11. Total Cholesterol Co-
ncentrations of the patients
with different GNB3 genotypes
Vertical bars represent means+ST.D.
One-way ANOVA were performed to
compare values and Post Hoc muttiple
compansons fest were done by
Dun-nett and Dunnetts T3 test. Two
talled probabiity value of <005 was
consid-ered significant.

Fig. 12. HDL Cholestero! Co-
ncentrations of the patients
with different GNB3 genotypes
Vertical bars represent means+STD.
One-way ANOVA were performed to
compare values and Post Hoc multple
comparisons  test were dome by
Dun-nett and Dunnetts T3 test. Two
taled probablty value of <005 was
consid-ered significant.
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Fig. 13. LDL Cholesterol Co-
ncentrations of the patients
with different GNB3 genotypes
Vertcal bars represent means+STD.
One-way ANOVA were performed 1o
compare values and Post Hoc multple
comparnisons test were done by
Dun-nett and Dunnetts T3 test. Two
taled probablty value of (005 was
consig-ered sgntcant * p(006

=
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Fig. 14. Prothrombine Time
of the patients with different
GNB3 genotypes vertical bars
represent  means+ST.D.  One-way
ANOVA were performed to compare
values and Post Hoc multple
com-parsons test were done by
Dunnett and Dunnetts T3 test. Two
taled probabilty value of <005 was
con-sidered significant,

3 2004

Prothrombine Time (sec.)

o
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3. BER HIEHO GNB3 #EBFF

XM N EFHCI group, ICH group) Z+2H9] GNB3 £H
AL9l tHE B Z S Table 30fl QOBINTE T/T typed HEFEC}
SAFEOIA O =2 £XE UERN T 2™ (18.6% vs. 28.7%),
C/C type2 BXHDE dixFolAd o =4 uehll Aot
(23.1% vs. 18.8%).

Table 3. Distribution of GNB3 genotypes and allele frequencies
according to stroke subtypes.

Genotypes Alleles
C/C T/C /T C allele T allele
Control 199 46(231%} 116(583%) 37(186%) 278(508%) 269(49.2%)

N

stré\Lles 362 68(188%) 189(522%) 104(28.7%) 446(48.1%) 482(51.9%)
Gl 279 52(186%) 143(513%) 83(29.7%) 338(47.8%) 369(52.2%)
ICH 16(19.3%)  46(55.4%) 21(25.3%) 108(48.9%) 113(51.1%)

Numbers :n parentheses are percentages,

GNB3 #4AI #4443, Haam HEge fFH9En
GNB3 SHAI9) (S Table Vol Re3IRIET], GNB3 &
B T/T typeo] C/C typeol] HIaH CI groupoliAl FI5HA =
2 £XE BCt Fig. 15, 16, 17004 & 4 U vl o]
GNB3 FHAN] T/T typeo] MM FEEN EAFLE =
Qg JBEE THE ALE JERdrt (OR, 198 9% CI,
1.14-3.46; p=0.015). 3}A|2}, X ZE oA = T/T typeQ] HlE 4
7} =4 VERP )& SIATEL EAXOE |R9sH dEE 7R
= 0“—r;}~— RS BOI1E 4 URTH (OR, 1.63; 95% CI, 0.74-3.56;
p= 0.219) I3}, GNB3 ML) T/C type2 = ZMZ (OR, 1.09;
95% CI, 0.68-1.74, p= 0716)3 H&EZ (OR, 114 95% C,
0.59-2.21; p= 0.697) ZFollA FoI8t d@E g HEE £ UJTE

Table 4. Odds Ratio (95% CI) for GNB3 genotypes and alleles
according to stroke subtypes

T/7 vs C/C T/C vs C/C
Odds Ratio Odds Ratio
9% c)  Dvae gy Palue
All strokes 194 (1.14-3.29) 0.143 110 (0.71-1.71) 0.665
cl 198 (1.14-346) 0015 109 (068174  0Q.T16
ICH 1.63 (0.74-3.56) 0.219 1.14 (059-221) 0.697

OR and %% Cls were estimated by logistic regression models. GNB3 C/C type was
used as the reference in these analyses. * P<0.05

I (CH Patients
T3 count

Fig. 15. Genotype frequencies
in ICH patients group vs. co-

40.

%4 ntrol group ICH intracerebral
he-morrhage. Two  taled  probability
value of (005 was consdered
significant, Frequencies of the T/T
genotypes  were not  significantly

0- different between ICH group and

CCtype  TCtype  TTiype control group.

Percent with Genotype

B i Patients
7 Contol

Fig. 16. Genotype frequencies
in Cl patients group and co-
ntrol group CiCerebral Infarction.
Two tailed probability value of <0.05
was considered significant, Frequencies
of the T/T genotypes significantly
d-fferent between Cf group and
control  group. Odds Rato, 198
%% Cl. 1.14-346: p=0015. * P05

Percent with Genotype
o =4 =
3 ry T
-

CCtpe  TChpe  Trape

R Strokes
3 contror

Fig. 17. Genotype Frequencies
in whole stroke group and
control group. Frequencies of the
T/T genotypes were not significantly
different between stroke group and
control group,

Percent with Genotype
< 3 s

CCtype TC type TT type
3l ZF

el A IS KT SAR BRS =T ol
gt 8 4 s, 019 RED FES e cisich R
YREQI0IO R = FRE NS, L KREE KE L RBME, HRE
B T ABARSE ERB TR EEE = oo 21
AoV, £Q FHEREE NER, XBR BER BOR &
7 29 RV E Qo T Ut mEme ARolARE &
dlglol #ES AFESE 3l BREEOT whg e, olAS
=oAL ABRECL ERARES JEY) Mo ¥8%
UL BI 7 ME Ramme) =¥ X159 FEe =
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o} 18U, mEEoli e 3 MR(ER)E BRsIHE, o=
Ze gHolai 1 Algo] 71X RS ol ule} BHol 2
g £ AE 7rsdo] 2Eiitks RE s, ozl 717 F
Rlo] A=Y EEEos wHalgich
oH, EEZROIAlE BAMYESHY JHol wedel mel |
HEE dFE S8 A Rlolol SIS Q1719) fE R BN
ol thet &7} 7H53E I Utk Q171 DNAE oF 304719
RO R o]Fo A Jedl, ¢F 10007 & sht BE EXHYXR
9 @rll APIE UEME ALE ¢Bid Ut ol& SNP
{single nucleotide polymorphism, T+A-FHX} Tiekd et dle=ol
olZel g3l Z2 & wollA] AT Rjolrt AFELIL B
ULt F 99.9%2) DNAZE A1t 241 SYSIEIR 0.1%2] Rlojr}
W7ielel o, A, 44 W Ay ST AP B
&= Roith o|ld FHAIA Alol2 Q7 AR RjolE M
Bzl st 0] wol I e, E3l 58 Yo
olggo] &2 ALY FAREA g d7r Bol J¥FL
UCE. o]ZT |TE AlFEiCE BRI #E0) gEli] A E o2
FRol 28 4 i BB o|23 F[ALY Rjold) o3|
3480 ZE 4 Aok R 0|28 dEXY 45
E & s 7kedE goEnh
AS7AL Aol 5k EF {HALQ] ok (subtype)ol] wh
58 HEe e 4 Ue F80) 846 sria gEd A
o] Aetl, 2L oA T GNB3 BHXe} ACE, ApoE 9] &
A X 28k vyl ZRdo] g ALE B Yok o]
of MA= o] SollA] GNB3 FHANY SN BME RED
ZEol thalA gotEterl, 2 =Fa #yEE o]de i
AMES GNB3 S T/T typeo] xZ4 2rHo thE
el AR LEY, T 3 AR ke AE HAl
I ew, QEEQl HE|ZIRCSE 2 i TELT vkl &
% GNB3 T alleleo] x| ZA0) WM g 7WTh= AL
=gk AMlo] oIty GNB3 84 AH= chromosome 12p)]
gene-rich clusterol $1x]810, 7.5 kbQ) ZI0|E, URIEQ A7I1
10 intronsy} 11 exons©Z FAE] Yom® start codondl

G}

>

o 2oe e
4

i

ATGE exon3ol] )X1519] stop codon@! TGAE exonlloll X}

3P, o] RHAIY WHEQ! G-protein subunit beta 3= 7
regular WD domains& TA6H= propeller proteino)C}?,
GNB3 [HALS) ZHE(CB25T)E FHAT G-protein®] beta3
subunit® 2 WHE= I & exonlloll4] UERJTE GNB3 &
FALSl exon 10041 cytosineo] thymine2ZE X|&Tlo] e
(T allele), exon 99 nucleotides 498-6200] ZA&x]o] Ut
(shortened splice variant). 0|28} frameltlQ] ©EI2 G beta
subunit®] WD repeat domaindilA] 41 amino acids®] F4E o}
7)8HAY. 825T alleleS PTX-sensitive G-proteino]l Zgtdh= 4
EAE B0 ASHLEHE S F2A7)0Y, £8) BMIY] 57}, ¢
28 Ay, 1N FHE SAUEE e 243 A
5o} YT, G-protein® ME FHO| receptord) intracellular
domainoll Zghdld MZZIO] MeHGIEHol sk, T
allele2 #2 intracellular signal transductiong &7HA]ZIck 1

FolMT FZ Gi proteing E7M|71E AR HiEA Jer
2 ANHOoZE S8 A AREE R 8 4
Ut AA G tHAMEIC} ABlEH KIS ERUE 7 AESIA
OlRXA] 2ot o) Fitatol oldtol WA QA W9l a)
20] 42 = Y& 830] F7] 42 ole oA Ut HRS)
FHE® Soll Jarsna JdE8A S 4248 & 4= U A7 Eck

FIOIY BIKRRSEEEZ 348 REEwsY, ok
QlAel FUEQ! KHEQ BIRol WERYQ] o) olal A£E
Zoltt. BiKS] A 7, HHtS 5 H#I89 FHEHA 9
3 OlFOIAIM MY ST WES WAL Qe olE
FABMEA ST BEFY. w3, Aol whiynl wE by Bol B
RET 7 QAo 218310 EWelAQl Halel EyE Teoule
o, dFT oA olei WERIR! EWol | BRET}
Fo] iftol ABEIO 2N MIRABEEES Lo dE 7IA 2
e REEMLE dOoA NER BRE BH5IA Foh olzsh
RAe MEM BRETS Shedl RHME old &3P,
G-protein2 M EiAloll Hddle] QA9 HulEel tlRE =&
Skt ol fREkol QA BE BREOA £E + UL RE
BrE U0 = e A FARBIIL & 5 ek o]EA B
ul, T alleleo] &= B0l AR FhABIEL0] QoA
HH @EsolA Uale Rirol O 2 EHE & U #40 8
I el & 4 AT KRS R0 tisiAle s@%ERo) tid
BHl, ZIERHA B RRolA T BE7 fESHs BIRAIE R
HoE HtI A Kimel EiriEEol oa) fkEmo) R
HEold BN Sl oH, Bilge MER Akirol &(kdl
Al B3l FFol LIERITIL Bom, KFAHEE g, SU%, tfF
BE7} e ERshs Y0lo] FriL SiRTt olEidt AEE &
oM & w RE2 R, SHR, BERE, B% 5 25U R
o] € = A, Kl 8, KK 59 £HRY KEo] oJuer ¢
QIOZ Ol BREEE oA HR, FES] WEN KBS
2 UEhd Roim, 3t o]Ro0] ZREwo] Elo] AHE Feki]
7= Aol 8 & ULk, A KEY EROTE B &
2 o 5, FiET Ik, S0l AL FERAE, K& BiR
B, B.lMEnt, oto] ¥ 7 Zhal, AvHol A'SIA R, TE
I Uk QI AloH, Jlet Hol Be Sxol sk, g,
RS HEBEEA FE BASGRSE, EBEEaEmEEn
R BLUEFR #ERArolgt Sl uink hEel #A0l il
AFIL YEd™, oA MY QIO Hu YUrk 01RS
GNB3 3FA}S] 825T alleleo] HITHH WX BAIE 7Tl 0]
HO| @7Ae B B w, e REolg & 4 Uk

o] 4AEdA] 28l GNB3 {dAEe uwE& LDL
cholesterol =T & M5t BMI, WH ratio, &8¢}, d]84 A&
Z %}, total lipid level, triglycerides level, total cholesterol level,
HDL cholesterol level, prothrombine timeollA]&= F98F X0 &
WHsHA Rt I8, 482D HZ4 wE Aden
LDL cholesterol %7} gl BAQ ALE Uehdt=d,
T/T typeolA] Total cholesterol, HDL cholesterol, triglycerides
STE TE FAAE vls) |28 xlo]7t /IYE ¥HH, LDL
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cholesterol®} T T2 FHAEEOE |ASH L2 F4]
g 2t ojd At veA B olfge gEoAlE ¢ATL 8
Z129) cholesterol L7t HalH] Qo oM EPHOF @
2 £X%7) o) okdzt e B 4 vk ol AR
Aol Ql5PHE, 5184 AN cholesterolite] FAI= | shape&
Bgom® HEE9 YSBLE cholesterol 42X}7} 8.1 mM/L
(top 5%)01410] ARFIAXMT Z718 ROE HAHJS. A
Ch7), cholesterol®] ol g ol el o] JTAuol A
‘IEIO*D}““M) J1212 2, LDL cholesterol®] =T &} HE5 gt
Eol dutziel A3 vkl Z3el sielgts & 9nrt
é’il’/}ﬂ & = UZlch
B =FoiAs= GNB3 SRAN] B0l MINE KEL o
Wk AREE KETIE AN oM, GNB3 FHALY) T/T
type2 =AM wy WS ATJEE Adries Mg ¢
AR BHAILE o] & ‘-‘é HEE A QAR uEel, dl
hp1d =1, cholesterol &%, SF, & E19 dTH2 L}
EH/}KI L=, o] AKE \ A9 AAUE LEE 4 Ue
7140 BARE T QX US 4 YTkeE A Y|t &
3 T allele2 717 X7} KRS ERE T Bol 7KL A7t
of talAlE 4ol A7t o BQskchl QzEn). ¢dog
B4, x1&8 o)Al GNB3 T alleled] H&H, olol g RREE
mEsEy 7180 ther @77t AlgEle]or & Aotk

a4 8

B 2 180 AEQIXIE YUedxl GNB3 FOAIS HE
B2 BAE Loky] Y5l Bz YAt HES &
Ateb AZT HAE YL YrEel HEd 289 98
Atk GNB3 rrﬂﬂ%*% ZAB thed 22 2HE EUrt

AslolA] Mg S YuPH0) YA &9 YEQIAEY LDL
cholesterol &% Zﬂ_Q]Q_ W3lsks R ZE(Total lipid levels,

Triglycerides levels, Total cholesterol levels, HDL cholesterol
GNB3 FHAIE] A8 AY 7
98} x}ol7} gt LDL cholesterol =T 7 GNB3 S8 A
T/T typeoll A FQI5HA 22 £XE BIH2LL 1 X171 %%P
2 ololl Jom UMHOE 2 £AUEE E Anle |
ATt BARZO] HEZECE GNB3 RAAN] T/T typeold =&
FAE BRoU EAZHCE fIYSIKE &tt @Ak & H3
WZS 2Tl H)sh GNB3 XA T/T typeo] EAELE
FASH = 4217 BEFUCE

oy 22 7“—42 E ul gh=eloll 9o} GNB3 RHAIe T
allele® HE# A8 5 S0 HANH YET AHE S 7RIT
sAe g RA..U% YO E 1 71l #et F&5ATI) Ol F
ol xof BTt

levels, prothrombine time)&

a3

A1)

o] Q= 20004 ZAaialn Q7u] Ko 23 A
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