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Abstract
Background: Polycystic ovary syndrome (PCOS) is a common endocrine disease affecting 5~10% of women
with reproductive age. Familial aggregation suggests the evidence supporting a genetic basis for PCOS. The
mode of inheritance of PCOS is not yet clear, however, probably polygenic and might be related to insulin
resistance. Polymorphism of peroxisome proliferator-activated receptor (PPAR)-v gene is a susceptible gene
for the development of obesity and diabetes. In this study, we examined the frequency and genetic effect
of PPAR-v polymorphism on insulin resistance or hyperandrogenemia in Korean women with PCOS.
Methods: One-hundred twenty five Korean women with PCOS were evaluated for their metabolic and
reproductive hormonal status. PPAR-v polymorphism was analyzed.

Results: Genetic frequency of PPAR-v was not significantly different between women with PCOS (n = 125)
and those with regular menstrual cycles (n = 344). PCOS with Prol2Ala polymorphism had significantly
higher levels of waist circumference and subcutaneous fat area compared with those with Prol2Pro
genotype. They also had tendency of higher levels of fasting glucose concentration, body mass index (BMI)
and visceral fat area. After BMI adjustment, this polymorphism was related to lower fasting insulin and
higher insulin sensitivity index, and higher sex hormone binding globulin and lower free testosterone levels.
Conclusion: Prol2Ala polymorphism of PPAR-y gene might be associated with obesity. However, after BMI
adjustment, it may have favorable effect on insulin resistance and hyperandrogenemia. Because this study
has limitations to conclude the genetic causality, further study is needed to support these findings. (J Kor
Diabetes Assoc 31:480~487, 2007)
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ool o3t Ao g 7= o] FH FAAEo] A=
At 7hs?t WYl FE AtEE ZE|RolE e A
Ae 2Asl s AR, AT ERe 8-S 24
7327, Qg AzAEAA A2, AT =24 gl ouA
ol g A=Vl ToJshz FAAF Sol Qlrk o] F QlEizt
2ol] Fofst= FHAES PCOSAA] Hol= Ao}
thatel s 3] Al = Qlrk Qg 8ol A==
FAREE Y AL dET8A ) dERlE
A& 47}, calpainl0 A} Bl peroxisome proliferator
-activated receptor (PPAR)-v 5o] thiEZ olc}

PPAR-v= I 2EFL| super family2] Pz F
2 AA|ZAA WhadEle] ofuiA] A, APAIERSL Qe
A7 1 Akl diAlel] Fofsle AR d#A Q)

PPAR-vE H-333l= 42 S3AA] 32501 EAltst
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e S) AARATe] T 9 ARy g 9
e AATIE Ao] Has|a 9>, aeh o2
oAE Ala Fo] AAFAG] F7iek B A,
FuaHe] gy} Fkshthe Ba'? 5 el AvE Ho)
3L 9k m=gE PCOSOIAE Prol2Ala AR A 0] Q1
2AgAE BATIvRe A7V Augivke B
T okt Ans Kol gl

olof] AR k=<l PCOS o34dollA] PPAR-v9] £
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gt HHS 20T Wlsarel] HIksl9ichr) QIA amp Blood
kit (QIAGEN, Hilden, Germany)& AR83}o] Al DNAE
Z2=5199ck o] DNAE 260 nm®} 280 nmollA] F4% H]
o] 1.7~1.9%2 Faldieh. F3aa A2 Slsl A
WEA(primer) & oleie} ko] Alatsigict

foward primer: 5’-TCT GGG AGA TTC TCC TAT TGG C-3’

reverse primer: 5’-CTG GAA GAC AAC TAC AAG AG-3’

0.1 ug®] ARy DNAE 2] 10 nmol/mL A[HA, 5
mM/mL dNTP, 0.5 Units Taq polymerase (Promega,
Madison, WI), 200 mM/mL Tris-HClI (pH8.3), 500
mM/mL KC1¥} 30 mM/mL MgClLE- 20 pL2] PCR &3}o}
o 7ksted 94CellA 227 WA ¥ 94T 1E7F
denaturation, 56°C 1%-%} annealing, 72°C 157} extension
she ZHS 303 WHE, 72°TCollA 787 QdAkslgich

154 7180 FREA Qs s AlRE 249
Hhal (New England Biolab.)Z HM-A1A E4313ic) 154
A714uke Kol 7495 Prol2Pro SHAIAIR, Ak
geoll A 132 @718 20 4718l S Ariert
Hol Alal2Ala THHIAE, ol5 G7Mi=rt 25 W
o] 749l Prol2Ala o] AR T3]3

3) AR
EAEAL- SAS version 9.1 ZE IS o] 8P =
AX= B + TFARE FABIIeE 5 2] He v

L students” ttest B o] 2ot} SRS B4 1)

S RS AR Bl ovles
B 25714 9] Mann-Whitney U testS AJs§s}ic)
shire] HhE FABE STte] B
Ak freleE PEk 0.05 ke 2 Sk
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PCOS A A D7F719] ofell vlsie] sel=al
(73.7 + 11.4 vs. 67.7 = 5.6 cm, P < 0.0001), 25 ¥t
(47 + 0.5 vs. 42 + 0.4 mmol/L, P < 0.0001), B3} 24]
7+ Hel6.6 = 1.6 vs. 6.2 + 1.1 mmol/L, P < 0.01), &
2 01452402 + 474 vs. 150 + 192 pmol/L, P <
0.0001), & BIZZEXBEE(2.0 £ 0.9 vs. 1.3 £ 0.5 nmol/L,
P < 0.0001), f&] BHIZEXBEIE0.03 £ 0.02 vs. 0.02 =
0.01 nmol/L, P < 0.0001), SAZEE(12.7 + 10.1 vs. 5.3
+ 59 IU/L, P < 0.05) YEATIEEG54 + 1.8 vs. 4.0 +
1.8 IU/L, P < 0.05)7} F-oJsbA =Skt dslat & A4
T 7 A Aololl I3k xlol& §igirKTable 1). 318
of, BiH, ARl vl gRZo] 71E5H 2 7 7 Aol

o8t 2lo|&= glgirhdata not shown).
2. FEAIES|

PPAR-v §AAFEA3-S pCOSA Prol2Pro 92.8%,
Prol2Ala 7.2%, A4 A73F7] odAdollA Prol2Pro 89.8%,

Table 1. Clinical and biochemical characteristics in total subjects

PCOS (n = 125) Control (n = 344) P value
Age (yr) 249 * 5.1 25.1 £ 2.0 NS
BMI (kg/m®) 227 + 43 22.1 * 3.6 NS
Waist (cm) 737 £ 114 67.7 £ 5.6 < 0.0001
Systolic BP (mmHg) 118 £ 13 118 = 10 NS
Diastolic BP (mmHg) 74 + 10 78 + 8 NS
Fasting glucose (mmol/L) 47 £ 05 42 £ 04 < 0.0001
Postload glucose (mmol/L) 6.6 + 1.6 6.2 + 1.1 < 0.01
Fasting insulin (pmol/L) 402 + 474 150 £ 19.2 < 0.0001
Total cholesterol (mmol/L) 43 £ 1.1 43 + 0.7 NS
TG (mmol/L) 09 *+ 0.8 05 £ 04 NS
HDL cholesterol (mmol/L) 14 £ 04 1.5 £ 02 NS
Total testosterone (nmol/L) 2.0 + 09 1.3 £ 0.5 < 0.0001
Free testosterone (nmol/L) 0.03 £ 0.02 0.02 + 0.01 < 0.0001
SHBG (nmol/L) 51.8 £ 385 554 + 25.8 NS
LH (IU/L) 12.7 + 10.1 53 £59 0.01
FSH (IU/L) 54 £ 1.8 40 £ 1.8 0.03

Data are means + SD. Because fasting insulin and TG showed slightly skewed deviation, analyses were performed by means
of log transformed data. BMI, body mass; TG, triglycende; SHGB, sex hormone binding globulin; NS, not significant.
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(Table 2).

3. REXHO| ME CHAIKIES| Hlw

PPAR-Yy #42 F Prol2Ala FAAEEAE 714
PCOS o342 Prol2Pro 7Kl vlsled #elE(80.9
+ 14.1 vs. 732 + 11.0 cm, P < 0.05), 2% k5.1
0.3 mmol/L vs. 4.8 + 0.4, P = 0.09), WAAWHA(72.3
421 vs. 48.8 + 292 cm’, P = 0.05) 3 I|alA|bE

+

H+

CHHHAZSET 0{MOIM Peroxisome Proliferator-activated Receptor-v (PPARY)

FHXICIEY

(268.5 + 97.8 vs. 180.3 + 99.4 cm>, P < 0.05)°] =gk}
(Table 3). Agtz7ol4 Prol2Ala FAA A f-5oll

Table 2. Genetic frequency of PPAR-v¥ in women
with polycystic ovary syndrome (PCOS) and control

PCOS (n = 125) Control (n = 344)
Pro12Pro 116 (92.8) 308 (89.8)
Prol2Ala 9 (7.2) 36 (10.2)

Data are n (%). Genotypic frequency is not significant.

Table 3. Clinical and biochemical characteristics according to PPAR-v polymorphism in women with PCOS

Prol2Pro (n = 116) Prol2Ala (n = 9) P value
Age (yr) 248 + 5.1 26.0 + 6.2 NS
BMI (kg/m®) 225 + 42 250 + 4.4 0.08
Waist (cm) 732 £ 11.0 809 + 14.1 0.04
Ferriman-Gallwey score 3.0 + 3.6 20 £ 19 NS
Systolic BP (mmHg) 118 + 14 122 + 8 NS
Diastolic BP (mmHg) 74 + 10 74 + 9 NS
Fasting glucose (mmol/L) 48 £ 04 51 +03 0.09
Postload glucose (mmol/L) 6.6 £ 1.6 73 + 1.8 NS
Fasting insulin (pmol/L) 40.2 + 474 39.6 £ 46.8 NS
Total cholesterol (mmol/L) 42 £ 1.1 47 £ 14 NS
TG (mmol/L) 09 = 0.7 0.8 £ 0.7 NS
HDL cholesterol (mmol/L) 14 + 04 1.3 £ 02 NS
M value 46 £ 19 45 + 26 NS
Total testosterone (nmol/L) 20 £ 09 1.7 £+ 0.3 NS
Free testosterone (nmol/L) 0.03 + 0.01 0.03 + 0.01 NS
SHBG (nmol/L) 52.1 £ 39.7 479 + 18.2 NS
LH (IU/L) 13.1 + 10.3 74 £ 3.6 NS
FSH (IU/L) 55 £ 1.7 51 £19 NS
Visceral fat area (cmz) 48.8 £ 29.2 723 + 421 0.05
Subcutaneous fat area (cmz) 180.3 £ 994 268.5 £ 97.8 0.03
Visceral to subcutaneous ratio 0.29 + 0.13 0.25 £ 0.17 NS

Data are means = SD. These analyses were performed by Mann-Whitney U-test. BMI, body mass; TG, triglycende; SHGB,

sex hormone binding globulin; NS, not significant.

Table 4. BMI-adjusted insulin sensitivity and reproductive hormone levels according to PPAR-y polymorphism in

women with PCOS

Pro12Pro (n = 116) Prol2Ala (n = 9) P value
Fasting insulin (pmol/L) 414 * 3.6 19.8 + 13.2 < 0.0001
M value 45 + 02 53 £05 < 0.0001
Total testosterone (nmol/L) 2.0 £ 0.1 1.7 £ 0.3 NS
Free testosterone (nmol/L) 0.03 + 0.01 0.02 + 0.01 0.0005
SHBG (nmol/L) 514 + 33 56.7 + 11.9 < 0.0001
LH (IU/L) 129 + 1.0 104 *+ 3.6 0.0002
FSH (IU/L) 54 £ 02 53 £ 07 NS

Data are means £ SE. SHGB, sex hormone binding globulin; NS, not significant.
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g 2 dA AR 9 SEEAEE F T Aol fogt
Z}o]7} $i9icKdata not shown).

PCOS oJA4ollA AAZATE HA%E Foll= Prol2Ala
ARG 71R 7% Prol2Pro AAFES 71 7%
ol] nlal Z& lrelsr) o)A Yan19.8 + 132 vs.
41.4 * 3.6 pmol/L, P < 0.0001), M value7} -F2JalA] =
gtom(5.3 + 0.5 vs. 4.5 + 0.2, P < 0.0001), 92| BI~E
2E|E(0.02 + 0.01 vs. 0.03 + 0.01 nmol/L, P < 0.001)3}
s 2 F5(104 £ 3.6 vs. 129 = 1.0 U/L, P < 0.001)
= felsAl Y, SHBG 555 folebAl =9drk56.7 +
119 vs. 514 + 33 mmol/L, P < 0.0001) (Table 4).
=}

LR~

oA+ A3t =4l PCOS oA4ell4] PPAR-v 414kt
AL A AT AT vlaslglE o, AR
=)

3ol -2k Zlo]7} Y13 Prol2Ala -F-AA T EA ] HIE
7} 7~10% % Bl2A 2 HIEE Hck PCOS o34 F
Prol2Ala RS 7K 75 sl=lEalrl f2fsil
7kl A FfslAE A o] fofalA] ot B A A
PCOSeNA] o] fAc 8L nlakat fadE] Zlog Azt
Fet vlE AR WA g9 3 d9d 55
= A e glglent pzle] 0.05014 0.092 73A
Aol glglem, o] Prol2Ala FAAFFAS 714 PCOS
o] 7} omelE 7K uff ou)7} 9k Zlolrh Prol2Ala
frAxR A o] 735 vl 1 g7t Aot fefsiAl wlvtel
AL ofol] wlzle] &R o} AJ=EANIZAE F
2Jgk Zol7} gigitt. o= ulutoll oJsto] QlERIZFAdo}
F=ZA FX7E Folg Ko7t Shs 7FsAS shdw] vilA]
& glo] ARES vk 9kE wiAlla oA A EE
o] wlazeslgich 1 A AERATE BARE Selle
Prol2Ala FFAAFE3A-S 712 PCOSA 2818 2] H)
ZEXHIRo] Ya A eaAdtamdsl st o,
TE JERsrt da e A3t Fot ds™l
gl 3Qte 2AEZ| Oigk B3 g3l ode Ao
A7k} e Prol2Ala AREREA e 9t Homg
o]Zlo] o] FAAI AL A SARIA =
IRIA & 4= gk
PCOS o3& AR 23 kgim' S 715082 AAAE
T TAlF g TR vro] vlikeol] whel Prol2Ala
AR S 7 A8 eI QkEEA SXE
vl slols wie #AlE 2l vkt PCOS7E 67, AdAlE
o] 3o 1 7} g Yol AR oule gllrhdata
ugbA] gFelle Wk o dAtellAl
Prol2Ala FAAc G A] o] vlutse]] wlg) Ql&zlix]grAlot
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PPAR-v A 342 Ad o} wjnke} 22
AEAAGAE Hol= ofe] Ak el Wl F shiz
AElolght}. o] F FHk wo] T BuE Prol2Ala A
AcFgAde] Ala AR EA Al damizrAe] st
3L AR Dot QlERIA Ao tigh 2 Jat 9l
the Har) gl whi™Y) 20 ek e} s
AR Gary Fakslohs B glo] vhefet AxE B
olaL P9 o] FAAIHAL Apy Fmro} ut
2lof] PCOSOIIA ] JEAGgAzE Pl Aoz AY7hs
tl. PCOSE tgoZ & ool Prol2Ala A
Ae] Hlwrt Azl vjsl] Yot QEsizrAe] $of,
ol B2 Apy Pud whll] Huzol HIE
7H 7o g Ra%|3 It} Yilmaz 52 Prol2Ala -42F
thgAl o] HIESG<= PCOS oAJollA Azl nlsl &
oJalA Ukom(15% vs. 22%, P < 0.05), Prol2Ala -4
Ak A& 713 PCOS| A A71Eo] Prol2Pro HAARS
7121 739l nlste] AAE folst Xlo] glo] &Izt
FAo] £& ABE HAFYPY. ¥hH Tok 52 Prol2Ala
RS 7P S pcostt AAUET B
Prol2Pro 3oll Bls}o] mluksiA|at Qlgziz|abol) Ui
AN feleAl AYar Ao ae] fefgh Xjol= glod,
PCOS$} Prol2Ala H41ARFIA] 7he] 21 %Ql QlzksiA|
< Rolzlar sliePe.

PCOS®lIA Prol2Ala FAAICFFAIS] Wik Hampc)
ol hedst AaE Hola 9=t olZel7H| vl 1%,
2FQ1A] vFRleAE 15% 9.2, FleliE 5~13%
QPO b ATl 9= QFH o7} =4
ool ok 14%<] XS Holrhar gkl B ol Az
PCOSoIAelA Prol2Ala FAAFEAS) HIEE 72% %
ke 1ol vlsl Y Hola FAHETS] 10.2%2} vl
SIS wl el Xol= fle ZoE Kol =2} PCos
o] Wilzt Psl FH KRR o obd ZloE A7k
ey g pCOSOIlA Azl Hlel Prol2Ala #
kAl visr) Y Ware] tifo|x|ut e
7355 Bars]a glo] o] fARde] HEEA] PCOSS] B
A g 7HIcka AEAE e glom 1l vt o
= Ao 7

PPAR-vi= AAZS] B3R ol ASHHe-& =4
o 24 A S fAlslaL, Aldsh skl A
A Z5 B3l AV e 2 Ao A 4EA Q)
o7 ek Q%L odtol] wkEM Prol2Ala FAAICIIA
& PCOSOIlA] of8] 71A] o ZAE7IR] & ofr]2ule], 7]
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gk xJol7} glglom, AARAT s, WA 9 7
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OIPHNA: ohdkaZF T polycystic ovary syndrome,
PCOS)< 71817] o349 5-10%5 AAlsli= vl &3t
Agko &2, F 7L o] Asle] fF 4Rle] g
AR @zR7EA] PCOSE] Al medslA] gkort
kAL ol el SJslb QlasAgAdRt =d A
Z+Ee}k. PPAR-v -AIAICEA-2 vt gl o
AR & GEA 9lom, B Al vhdkag
oflA o] AR o] QlERIA Aot IJPEEAGT
7} FAgo] A dotHI]E sieivk

g 12572] PCOS o343} 34479] BALARF7IE
7= oAdelA AZEET} A AEE Z73aL PPAR-
v AARRA S AT

23} PPAR-v A4 9] Wl PCOSSF A7
F7) oAAellA [J3E ezt giodetk. PPAR-v H41AF &
Prol2Ala A4S 714 PCOS 942 Prol2Pro &
ARl vl3l] selEalel A o] oAl =%t
k. ARl WA 9 38 d9d sk
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