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Abstract

Background: The type 2 diabetes is a typical polygenic disease complex, for which several common risk
alleles have been identified. Several variants may contribute significantly to the risk of type 2 diabetes
conferring insulin resistance of liver, muscle and fat (Prol2Ala) and a relative insulin secretory deficiency
(Glu23Lys). In this study, we evaluated the association of Prol2Ala variant of the peroxisome proliferator-
activated receptor-v and the Glu23Lys variant of the ATP-sensitive potassium channel, Kir6.2 (KCNJ11) with
the type 2 diabetes in Korean population.

Method: This study included 331 subjects consisting of 172 patients with type 2 diabetes and 159 non-
diabetic control subjects enrolled from the Kyungpook, Keimyung and Catholic university hospital in Daegu,
Korea. We genotyped Kir6.2 (Glu23Lys) and PPARvy (Prol2Ala) polymorphism and examined their
association with the type 2 diabetes.

Result: In the separate analyses, the Kir6.2 Glu23Lys (P = 0.385) and the PPARvy Prol2Ala (P = 0.191)
polymorphism showed no significant association with type 2 diabetes. In addition, the results of our study
showed no evidence of a synergistic interaction between Kir6.2 and PPARY gene in each group (P = 0.110,
P = 0.276).

Conclusion: In this study, no association was seen between the genetic polymorphisms of Kir6.2, PPARy and
type 2 diabetes. However, to clarify whether genetic polymorphisms of these genes contribute to the
development of type 2 diabetes, further studies involving larger Korean populations may be needed. (J Kor
Diabetes Assoc 31:455~464, 2007)
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Iz Ay Fage] el w2 AALe] chAde] H=
Ho] ek ofe) Azt BaEgiek 53] Kire2 ",
PPARY (Peroxisome proliferator-activated receptor-gamma) 16:18)
TCF7L2 (transcription factor 7-like 2)” CAPN10 (calpain
-10)20), PAI-1 (plasminogen activator inhibitor-l)m, UCP
(uncoupling protein)-1°?, APM1 (adiponectin)*”, AMPK
(AMP-activated protein kinase)”?
superoxide dismutase)”> 59] AL tfEAL AR B
Ire] wbAl gl ghdZe] ofsiel siade] glvk et 2 A
e AApaiet vz 7R 7 RIS 2l gds] v
£ AlEo] ARE L YJeF”. o] F Kir6.29} PPARY
A ARY @i Wl odske]o] 7k W A7t o]
FoiA glem, Apy i whaiat o] vk A
o] ol "ixxe] 9k

WERAES] ATP-sensitive EEHT A (Karp)< l&dl
oA wig- Feslrl EEge] EA(glucose
transporter) S £3lo] WERZ JE S0l tiAE]o] ATP
7} A=) o] & Qlslo] weRAE lel] ATP/ADP vI7} 5
7k wERAIES] ATP-sensitive ZENT 'd(Karp)o] 23]
Al =5 WEMIES] AlEEL A9 gESo] Yo, A
Fat 4919 BE=: s AdS SPA e AlE
IZ o] gA7IaL Qe=lEnlE FLeeF?. Karis SURIZH
Kir6.2 2 T4 heterooctamer 241°?, 0|5 4412} thsiA
I ARY B whzke] el ik W dEe] 3l
o). B3] A GAA19] p15.10ll 91X]3F KCNI11el] 39
=l Kir6.2 3412 ©}34 Z E23K Ho]= cytosolic proximal

A
T

, MnSOD (manganese

N-terminal tailol] $JX|g} glutamate (E)7} lysine (K)2 H3ke]

}2-Fodo](missense mutation)ol] &g §AH tiA o
29 2ol wiole] Ak PaslellA b =2 ulg
2 ubAR]e] FExkw oleb®. gEu} KONI11 E23K §+4
2h e gt Ay el kel izt At Ak
nle} vhEw, o= thdkrte] Aol I 7 A A}
ol} o] k& Ao AZHP.

Peroxisome proliferator-activated receptor (PPAR)+ 9
?] BERo] e o FgATS] shizA AYAES 2ot
& 2Ashe AAese dwiA P PPARE g 4 v
A o] Qlom, 7 % PPARYE AMHAIEe] o] Fo],
AANEL] 3k vl AR el fofab i X S A
2l thiazolidinediones7} E|7t=2 LE##] Qo] AkY dx
W gl upikgat o] e 9l AR 7hsgel Al
Hzlo] P, Yen 02 MG FuEAE ol
2 PPARY Ak 349 17|uidellA] C — G X3}
Fo] 2 A3} 128K opr|ieile] P — AR 3K Tk
EAHo|E o} ARY It I3t dxte] lrjar W
asi oy, o] Auke AP tidRbEe] 1%l uh
g} 1 At AR B BB Kir6 242K A&
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gEnlell 1 fdgo] Todk iAo, PPARY A=
AErIAE ] P=dAo] FohaL AgE= ARl

A 7ot 2 hRle & AHEe) e & o] F §XA
= AkY iy Az o] Qlrks ArbEe] Wol WhE
ol ek e o] o] QEelld AkY
1hAol] 9Jo] Kir6.22} PPARvole] HedAdo]] det =2
A=A g AE Ho|a Qirk mEd ghels uldes
gk ol A= o] Aoll Exzlar, A rest UxfsiAl=
AT} o]of] B o= 3=¢lel|A] KCNJ11 E23K
AR} oF4 2 PPARy P12A-SAR} tRdAde ARs 9
W3kalol| 4] Kir6.2 3 PPARVHAIAL tfdAle] vIEE <o}
Yz} sigick
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A 1127, o
& AR Gk 55.04),
I EAE 20061 4GHE]
20061 8€71A] ZEoehy <At A oista FAkel 5l W
RS Hhsidd #4) T AR Farge] IpARo|
SAY N ARG FEED0] 126 mg/dL o3RI kAL
17295 ARY FduHIATo R Halglow dal 761,
o3z} 9690l k. thzT~Z 20054 1'9+5¥E] 20061 147}
2 73R AWy 52 dirhEEdidta A9
AR ol ZA7373%0E BX o2 Wlsld 1,4277
oz M FEdo] 100 mg/dL w|ihe] s, HEF, &
, AN, ARG, A, A, sk adds) A
, WA, 55 IS, TS A8A vvE, &
59 Aol glE 159 o Agelolon, A} 367, oA}
123903k thdAlellAl AldlE e AAES AE
A2 943] (Institutional Review Board, IRB)2] 7]55ol| 2+
Al FAES] AW F9E B Fof] o] Folxrk
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TARe] ATAE Faslsich dlRls AA A aktE
43t 10A17F ol FA18E B8 el 7R 9E5-S
Zgsiar AT A Zgsiglon nkE AR AL <k
0= A & F AT AT BN A F U= AE
AAAZAIE o) 83lo] Zgslgich. A=A (body mass
index, BMI = kg/m’)& 243k 7|82 AlA| AlZX & HE
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ApE FaHe] Ay AARA7|HWorld Health
Organization, WHO) XI5t 7]592- o] &3l9lw, & 74}
© A W F43E 1041 o FARE B AeliellA
ohe] 39 i) Al AR S 24 B

2lellar 5 4 ¥, B3kdas &

EHleElE, Y
T ZleElE AdE FEledlE SN FsIeick
FEEILS Modular Analytics SWA (Roche Diagnostics
GmbH, Mannheim, Germany)E o]&slo] FAsl9y, &
A F FelzdlE, adE FElElE, AEs 29
ZHIE, SAIAME Histachi Modular D2400 7]A|(Roche,

Tokyo, Japan)E 1-§313itt.

3) x4 4l DNA 2|
A= dofe] dR= EDTA (ethylenediamine tetra

=
acetic acid) X% @3] Yol 13 Buksigirly) A%
A2 gHkslo] DNAS H2lelgirt. DNA £2]i Genomic
DNA 2| 7]E(Gentra)E ©]-8519]c} EoH 2 mLoll 6 mL

o HUT §l §HE 9 F 587 A 5ol F ohE
4T 3,500 rpm ] S SE7F AR Qe
S 53t Feleigich Vorex® AIE Hol2lE 4 Fol

% 2mLo| AlE g3l SHS Wi 1027} vortex 2 THA|
FolFE £ ALAA 102 ol wWXIsl9ict 0.7 mLe]
Y3 2283 vortexsk 3 4Col|

protein precipitation -85
43,500 pmeE 1087 Rele] bl

BE EvEe TRRE F ASdE 2458 2mLe)
100% olxz2 4F-g-glol £ 4 Eoke] 214 DNA
7b 2 w7bA] oleiflE 4190k 2,500 pm o2 53 E<t
daEel 3 & A2 wmEkEly, sk FEE

70% ollg-EE 2<A1Zck 150 UL DNA 5805 4ol 6
5°CollA 1-2A412F uldAIR] 3 ARg3 wi7hA] 20 CellA] B
wsisick
4) FRAANEA gl Az v At

Az BAlol] A8E DNAY Lol Qlulos 2e
319330, real-time PCR (Light cyclelrTM (Roche Diagnostics,
Germany)S ©]83}3Jtk Kir6.2 3 PPARY] 414 v}
A& zAs17] 930 real-time PCR (Light cycler (Roche,
Germany)< ©|-83191.2™ PCRE 91 primere] 37|41
< Kir6.2+ sense primer, 5°-GGC ATC ATC CCC GAG
GAA T-3’, antisense primer, 5’-CCC TGC TCC CGG
ATF TT-3’%13, PPARVE sense primer, 5’-ATT TGG
AAA CTG ATG TCT TGA CTC A-3’, antisense primer,
5-CAA TAG CCG TAT CTG GAA GGA AC-3’%ith
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FHX CrENo Hay

Kir6.29] PCR 1k 2712 ullok Z(pre-incubation) THAel|
A= 95CollA] 108, ZZ(amplification) THAlNAE 95T
ollA] 102, ZA%(annealing) =04 10, 72CellA] 82&
553] ¥, gall(melting curve) SHAIE 95 CollA] 15, 40T
18, 80CollA A&A2l WZH(continuous, cooling) A=
40CollA 3022 sl9dc). w3k PPARYS] PCR HFS 27L&
uljok A(pre-incubation) THAlOIAE= 95 CollA] 108, 3%
(amplification)5HAlllA= 95Tl 102, 73K annealing)
EEollA 10%, 72°CollA 1025 553] HbE,
curve) THAIE 95 CollA] 14 42°C 14, 80 CollA] #1439l
WZH(continuous, cooling) YHAI= 40CollA] 302 s}9ich
2 M $] probe, 5 pME] forward primer2} reverse primers,
1X PCR Master Mix Light Cycler 480 Genotyping
Master, Roche), 10 ng DNAS E3kslo] & 5 LA HHS-A]
Zck.

3. SAEH 24

S-3ll(melting

A G tizd Aeole] digiE A allele) ]
HIE9} 54218 (genotype) HIES] Xjolof] theh FANEAS
SPSS version 15.05 AR83i9lch WG A + EF8R
2 vepliglar ZHzke] i od7] cidAlo] slel-uielwlE2=
(Hardy-Weinberg) &S w2415 dolHr] $J3) chi-
square 7442 0|83l oM (P < 0.05), thizkeA|~E 3
FEAE o]8zlo] 7t sd7|wole} A Farzte] A3k
& o}kl wAH)(0dds Ratio : OR)TF A1F]F7H95%
Confidence Interval: CI)-2 AFslgdc) 2xpa)e} A=]427k
T olgAte] E4o] th2E R o], AW, BMI (kg/m’),
A, TASS, FAFDY SIS
A, AP E BAs] ARt SAF felas
< Pk 0.05 olslz ksl

N oot

2 1
1. CHAIKIQ| dHie EM 9 ZHZISHEY
iz} AR sz dldRte] A AFe 74
7} 47.13} 55.0A|2 AR sl SelsiA A
veRkor W vl dlzTollA odAe], ARy sl

=17
% 9):‘:

ARpellibe o] felel wakk Faldehe A% =
sogbakrel el vl 1) FlAk Seleb vk
3, SR A% o] dzell s 7))
AP} gk WA SRR RelebAl o He Aew
vebsel. ARAFBMD, TR, AT Felslg
& Ay ATl Slrlgl gk
AleelEe tagold gl Eeh ¥ Felale
dheetsl A RHEAE Aolel foI% Aol glal

BAZA
(Table 1).
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Table 1. Dermographic

and health behavior variables among study subjects

Control (n = 159) Type 2 DM (n = 172) P

Age (year)* 47.14 + 5.14 55.02 £ 13.46 0.000"
BMI (kg/m®)’ 2238 + 2.33 23.17 + 3.54 0.017"
Sex, n (%) 0.000"

Male 36 (22.6) 76 (44.2)

Female 123 (77.4) 96 (55.8)
Smoking Status, n (%) 0.018"

Nonsmoker 119 (74.8) 108 (62.8)

Ex-smoker 24 (15.1) 28 (16.3)

Smoker 16 (10.1) 36 (20.9)
Drinking Status, n (%) 0.000"

Nondrinker 79 (49.7) 103 (59.9)

Ex-drinker 12 (1.5) 34 (19.8)

Drinker 68 (42.8) 35 (20.3)
Total cholesterol (mg/dL)” 182.64 + 24.87 178.54 + 53.16 0.378
High-density lipoprotein (mg/dL)" 60.23 + 10.77 52.52 + 23.98 0.000"
Low-density lipoprotein (mg/dL)* 105.75 + 2247 113.83 + 46.01 0.045"
Triglyceride (mg/dL)" 83.45 + 37.50 144.53 + 101.90 0.000"

* expressed as mean + SD. T P <

0.05.

Table 2. Genotype and allele frequencies of Kir 6.2 gene in both group

Polymorphism Amino acid  Contol, n (%) T2D, n (%) P ?;51(;5 (C)II){ A(?9uSS‘t7:dC%R

G/G Glu/Glu 55 (34.6) 62 (36.0) 0.385 1 1

G/A Glu/Lys 75 (47.2) 88 (51.2) 1.041 0.811
(0.647-1.676) (0.382-1.723)

AJA Lys/Lys 29 (18.2) 22 (12.8) 0.673 0.527
(0.347-1.305) (0.171-1.618)

GG 55 (34.6) 62 (36.0) 0.782 1 1

GA + AA 104 (65.4) 110 (64.0) 0.938 0.742
(0.597-1.473) (0.360-1.529)

G allele 0.582 0.616 0.383

A allele 0.418 0.384

* odds ratio adjusted for age, sex, BMI, smoking status, drinking status. OR, odds ratio; T2D, type 2 diabetes mellitus.

Table 3. Genotype frequencies of Kir 6.2 gene by gender in both group

Sex Polymorphism Amino acid Control, n (%) T2D, n (%) P (Cgl;ld;] (C)l;) A?;gst%d 8;2
Male G/G Glu/Glu 10 (27.8) 25 (32.9) 0.816 1 1
G/A Glu/Lys 19 (52.8) 39 (51.3) 0.821 0.756
(0.329-2.051) (0.195-2.937)
AJA Lys/Lys 7 (19.4) 12 (15.8) 0.686 0.141
(0.209-2.245) (0.018-1.089)
Female G/G Glu/Glu 45 (36.6) 37 (38.5) 0.293 1 1
G/A Glu/Lys 56 (45.5) 49 (51.0) 1.064 1.085
(0.596-1.900) (0.394-2.990)
A/A Lys/Lys 22 (17.9) 10 (10.4) 0.553 0.882

(0.233-1.313)

(0.183-4.259)

* odds ratio adjusted for age, sex, BMI, smoking status, drinking status. OR, odds ratio; T2D, type 2 diabetes mellitus.
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Table 4. Genotype and allele frequencies of PPARY gene in both group

Polymorphism Amino acid  Control, n (%)  T2D, n (%) P f;‘slf;: 811; A‘g‘;;d C(I))R

cC Pro/Pro 148 (93.1) 153 (89.0) 0.191 1 1

cG ProfAla 11 (6.9) 19 (11.0) 1671 1.193
(0.769-3.631)  (0.390-3.648)

GG Ala/Ala 0 0

C allele 0.965 0.945 0.262

G allele 0.035 0.055

* odds ratio adjusted for age, sex, BMI, smoking status, drinking status. OR, odds ratio; T2D, type 2 diabetes mellitus.

Table 5. Genotype frequencies of PPARY gene by gender in both group

Sex Polymorphism Amino acid Control, n (%)  T2D, n (%) P %“;f;f 81; A‘zjg‘?;ij%R
Male cC Pro/Pro 33 (91.7) 67 882)  0.575 1 1
CG Pro/Ala 3 (8.3) 9 (11.8) 1.478 0.922
(0.375-5.824)  (0.137-6.223)
Female cc Pro/Pro 115 (93.5) 86 (89.6)  0.296 1 1
CG Pro/Ala 8 (6.5) 10 (10.4) 1.672 0.894

(0.633-4.413) (0.202-3.953)

* odds ratio adjusted for age, sex, BMI, smoking status, drinking status. OR, odds ratio; T2D, type 2 diabetes mellitus.

Table 6. Distribution of the genotype combination of Kir6.2 and PPARY genes in both group

Kir6.2
PPARY P
GG GA AA
Control, n (%) CC 48 (30.19) 72 (45.28) 28 (17.61) 0.110
CG 7 (4.40) 3 (1.89) 1 (0.63)
T2D, n (%) CC 52 (30.23) 81 (47.09) 20 (11.63) 0.276
CG 109 (5.81) 7 (4.07) 2 (117

* odds ratio adjusted for age, sex, BMI, smoking status, drinking status. OR, odds ratio; T2D, type 2 diabetes mellitus.

= 0.816, P = 0.293), o|= o], A, HES(BMI, kg/m’),
FdeimlFed, TAFY, dAEDY SEEET
AT, AAHE HAS Fepli = fegt Xolg 1
o]Z ool Adjusted OR = 0.811, 0.527). =7} AR3
HERT Alolol|A4] Wild type GG3¥} Mutation type?]
GA + AAFS] FE AA] ou|9)E= Xjol & vehhA] ksk
thpP = 0.782). AR FuHPAT2] K tHgd-F44 vix
(allele frequency)= 0.3842.2 &2 K o441} Hl
5221 041801 Hl3l| ew|QlE HolE Holx| ¢kgirkp =
0.383) (Table 2, 3).

3. PPARy XA} CiM} MRS Sizdo| otk

terat ApE s BFolld] GG -2 F (genotype)
< Yeh A g9kt CC, CG 41418 (genotype) 2] F-3Eo|
PO E 7 - Aolol] f2ldt Xpo] 5 HelA]
0.191), 7+ ol Alel] wh-2 AAg el 22 = feldh
o5 Holz| gkgtow(p = 0.575, P = 0.296), Uel, 4

A= ol—ol—:ll(P =

T VSR
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LERR: ] L= AEIE1E, AR, gDt o
BlHle=, AT ARl vt BARE el E
AR Fogk Aol & vehHA] gokr(Adjusted OR =
1.193). AR 3R] Ala H-GA%} BIE+= 0.055
o7 thETe] Ala EERE H1E2] 0.03500 H3] =A]

uh ou|lE 2jolE HolA] TP = 0.262) (Table 4, 5).

4. Kir6.2 % PPARy 7&A} CFY Z19| &% =E1}
H2E gmol Hzky

E23K Kir6.2 412 e834] GG, GA, AA 31213 (genotype)
T} PPARY CC, CG A (genotype) 7+ A% 2Hg &2

Fol] QJOIAE thaat A FHegATollA 244 fo
8l XJo| & HolA= UYThP = 0.110, P = 0.276) (Table 6).
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3 xpdslo] wlebAES] AlERF ASE dES AP 9
< = WEMES] ATP-sensitive EEHF D (Karp)=
Kir6.2¢} SUR1C.E FA=Eo] ek, Kir6.2 ¥olE Karpd)
IS dog)a QIEFMIE A EHN ARy
IH ube) gAlS Z7RIFIA =l Kire.2 T4l
gt A7 ARY 2aH wWATke] A A o
AollA] A =x]7] AlEkslgar, gl glo] AJsi=]dd
Zb5o] go] Bars] s e Kire.2 tigAdn} Al
3] o] whzke] Aol oist A7 F=9l, wlab
=81, wl=]l, FERI F o] RFollA A==, 7 Fl
ZollA] Aolst Az YehIick 20011 Yamada Y 5ol
o3l grHols oz g A+ = 176, K HF3A} Ml
S(allele frequency) : WHZET 0.342 vs Bl 0.388)"
2003%d Eva-Maria D. Nielsen 5l 2Jgl dln}=018- thit
O & 3 d9n = 1665, K -84} vl : = 0.381
vs T 0.405, P = 0.36)'”, 200611 Norihde Yokoi &
o] AJefgt Ylolxe] oA ZHdkn = 2834, K tHl-H-41
A HIE - 2T 0.37 vs BIEHT 039, P = 0.15)70l14]
+ E23K Kir6.2 tFdAda ARy el whs Apolel|
I o] S Zog Vel e SAIRK on|=
NAATE K cH-7-412F w7t ARd iAol =
< A AFE ok o] Hol Wkl A=<, wivl=g),
n]Fel 5 el e g 3 A7 S meta-analysis
gl 2003%d Eva-Maria D. Nielsen 5-2] ¢+~ 2Js} E23K
Kir6.2 tF8dAd2 K23K FA4ANA Sn|QiA] AR 2y
9] 98-S Z71A)F]an = 2824, OR = 1.49, P = 0.00022),
ARZAGTE ST AAE HolFle.

Peroxisome proliferator-activated receptor (PPAR)+ ]
2 T EFol| theh ¥ FEATe] shbEA PPARvE AW
A|Eol] BolHo]ar AA|ES] H3} 3l A4 thAtol] o
sk Zlog dHx ghow], o] fAx] AT ARY
@] wle] aw]e] 9} ofg] Harh JYdeF?.
AF7HA] Bl PPARY tFA(P12A) 0l thsk A+ Azt
Kir6.29} v IA 2 91| wle} ok ZAaHE H3ick 2000
d Francesco P. Mancinit o|g&glo}el-g th}o g od+slo]
PPARW} AR ko] o] S-S nbdsllar’,
2000 QS e E PPARY tFEA(P12A)e] that
AFoAE P12A Hlole ARY B e vuky f=4
o] glrhe Al QK. Ak, 20014 g 200413 U
Hollx] 92018 o PPARyY thdA(P12A)F ARY
g ARl diEl] AlEEEE QAT BT Ala tiE]
44} W% (allele frequency)”’} ARE Dol PAlS
AR ARs Boarsta gl 20041 235N
9l thihe g o]F0]Z PPARY A (P12A)0]] ThEF ¢
FlAE Ala YRR HIEE tizg 0.143Kc) ARy
GBI 0.111 (n = 3058, P = 0.0003)0l4] 2|
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gUoka'® 20054 el the® PPARV tiEA
(Prol12Ala)el] thgt A7 ZAFeAE, Ala tHH-FAAF 1=
7} Y= 0.053, ARE DA 0.036 (n = 975, P =
0.024)°Z Ala 5412 W1=7t ARy Fig$iloll
A felalA I, o) = Ala Wi 2K allele)7} AR
T el SAE AaATle AT ARiEo] Hoj

[e) KelKel
a2

F= ol 20064 "= E3](American Diabetes

Association) 9] WFFol] ukEw PPARY v A (P12A)} A
2% o] ARA] AollA] HoAle} QIZrllA=
Ao] Fie Ao At vh& WHHm = 976, HET .23 vs.
GEHT 0.2, P = 0.5), WlTolXE FirEERlell4] PPAR
v 12A1a8] 7 RIE7} o] QA Ukrhn = 457, ti=T-
0.2 vs BT 0.09, P = 0.006)".

200641 Steno ©xH AlE](Diabetes Center)2} Hagedorn
A-4=(Research Institute)2] Sara K. Hansen So] #3333k
Kir6.2(KCNJ11) 532} 8] PPARyY S-42 tFj Azt AR
iy whAlke] A Ael] gk Il Kir6.2 (KCNJ11)
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