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PPARY:rs10865710 151805192, rs4684847 .1s709158 Fi rs3856806) A , iz i) X B FF%
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10/10, E35940 3 HEBE BE 4 0.5862 71 0.5885) T . JLAE BERE R (SBP: 28 X — 3 M4 10/10 71 8/10, F
HIR B B BE 4 0.6055 F10.6011) FI/\ JL4E AR (DBP: 38 L — BN 10/10, F AR 30 HERf
4 0.5926 #10.5972) . SBP il DBP {2tk (B LA AL 53 B4 10 | 1 4k AR (SBP: AL X — 3
P2 10/10 F18/10, IR B HERL B 2 0.6111 F10.6072) Al L4 FEAE &Y (DBP: & XL —F R 9/10,
SR B AR BE R 0.5753), &5 PPARKJ 10~ SNP £~ SNP Z (B fFE R AR, BLXH I
IKF-HA BEEW
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[Abstract] Objective To explore the impact of the gene-gene interaction among the single
nucleotide polymorphisms (SNPs) of peroxisome proliferator-activated receptor a/8/y on essential
hypertension (EH). Methods Participants were recruited based on the previous work of the PMMJS
(Prevention of Multiple Metabolic Disorders and Metabolic Syndrome in Jiangsu Province) cohort
study in Jiangsu province of China. A total number of 820 subjects were randomly selected from
the cohort and received gene polymorphism detection covered ten SNPs: PPAR a/d/y (PPAR a :
rs135539, rs1800206 and rs4253778 ; PPARS : 152016520 and rs9794; PPARY : 1510865710, rs1805192,
s4684847, 15709158 and rs3856806). Generalized Multifactor Dimensionality Reduction (GMDR)
model was used to evaluate the association between gene-gene interaction among the ten SNPs and
EH. Results After adjusting factors as gender, age, BMI, FPG, TG, HDL-C, high fat diet, low fiber
diet and physical activity, results from the GMDR analysis showed that the best qualitative trait
models were 7/9—dimensional model (EH: cross-validation consistency were 9/10 and 10/10,
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prediction accuracy were 0.5862 and 0.5885) , 5/9-dimensional model (SBP: cross-validation
consistency were 10/10 and 8/10, prediction accuracy were 0.6055 and 0.6011) , and 8/9—dimensional
model (DBP: cross-validation consistency both were 10/10, prediction accuracy were 0.5926 and
0.5972) , while the best quantitative trait models were 4/5—dimensional model (SBP: cross-validation
consistency were 10/10 and 8/10, prediction accuracy were 0.6111 and 0.6072) , and 5-dimensional
model (DBP: cross-validation consistency were 9/10, prediction accuracy were 0.5753). Conclusion
Interactions among ten SNPs of PPARs seemed to have existed and with significant impact on the

levels of blood pressure.

[Key words] Essential hypertension; Peroxisome proliferator-activated receptors; Generalized

multifactor dimensionality reduction; Interaction
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SNP rs1800206  rs4253778 152016520 1s9794 rs10865710  rs1805192  rs4684847 15709158 53856806
rs135539 0.183 0.072 0.042 0.032 0.051 0.075 0.006 0.056 0.021
rs1800206 - 0.030 0.371 0.114 0.118 0.236 0.712 0.049 0.277
154253778 - - 0.326 0.022 0.056 0.076 0.004 0.022 0.178
152016520 - - - 0.479 0.104 0.048 0.068 0.009 0.028
159794 - - - - 0.058 0.106 0.033 0.279 0.043
1510865710 - - - - - 0.005 0.032 0.036 0.036
rs1805192 - - - - - - 0.039 0.185 0.098
54684847 - - - - - - - 0.204 0.128
rs709158 - - - - - - - - 0.088
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2y 15135539, 1s9794, rs10865710, rs1805192, rs4684847, 13856806 8/10 57.11 0.0107
+ rs135539, 154253778, rs9794, 1510865710, rs1805192, 154684847, 1s3856806 9/10 58.62 0.0107
u rs135539, 154253778, rs2016520, rs9794, rs10865710, rs1805192, rs4684847, 15709158, rs3856806 10/10 58.85 0.0107
SBP (B)
- rs1800206, rs9794 9/10 55.47 0.0547
i 151800206, 159794, rs18065710, 1s1805192, rs4684847 10/10 60.55 0.0107
+ 154253778, rs2016520, 159794, rs10865710, rs1805192, rs4684847, 1s3856806 5/10 54.11 0.0547
L rs135539, rs4253778, 152016520, rs9794, rs10865710, rs1805192, rs4684847, rs1800206, rs3856806 8/10 60.11 0.0107
DBP(C)
i 151800206, rs4253778, 152016520, rs18065710, rs3856806 6/10 55.70 0.0547
N\ 15135539, 154253778, rs2016520, rs9794, rs10865710, rs1805 192, rs4684847, 153856806 10/10 59.26 0.0107
u 15135539, rs4253778, rs2016520, rs9794, rs10865710, rs1805192, rs4684847, 15709158, rs3856806 10/10 59.72 0.0107
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i 51800206, rs9794, rs10865710, 154253778, 154684847 9/10 57.53 0.0107
75 151800206, rs9794, rs10865710, rs4253778, rs4684847 ,1s3856806 8/10 57.89 0.0547

E:F*&4

T4 AL SR AL, WU HERS BE N 0.5753 (P=
0.0107) , 2 LB IF—BHE R 9/10, AAEFEMRZEIE
FIERIE S T R W A R 4 ML S5,
AL E SRER A HT ok BN B3 KB rs4253778,, 1
] PPAR0/S/yHI %51~ SNP 5 DBP (BB IR ) f7 46 2
R-ZNATER,

i
A5 SRR E B, B 78 PPARa® rs1800206 .

PPAR § K rs9794 F1 PPAR vy ¥ rs10865710 F1
154684847 Xt EH E A £5UN Y, ARBFRE R E

B, — Sk AN R ok BOR 5 EH A B3 6Bk
) SNP, H4H & 45 & VE F o] BE K HEXT EH A938001
LGN, L SBP( =140 mm Hg B, < 140 mm Hg) #1
DBP (=90 mm Hg 5, <90 mm Hg) %4}, TE V&
#| £ BMI FPG HDL-C . B ISR A1k & FAK A1 7%
&G, KX B AR R U] %t SBP #IDBP P2 A 520
EH itk 5B R BN 5 REH ., H¥E
IWHAFER N S — RPN — R EE
KER A B R A B 4 5 BB, X PPAR
TR 5 , — 543k SNP XF EH #4908 <7 15 F 7] 8B 9 AH
B SNP ME R T, S B 5 EH (0 6B e



+330- PIEFATR 22 E 2013 4E 4 A5 3455848  Chin J Epidemiol, April 2013, Vol. 34,No. 4

A~ SNP ST R AR BB, T 21> SNP B2 BAE 47
Mok Ay L& BlaX e ik N e . BFE
GMDR BRI /347 T 104> SNP 2 [8] 32 B /E A %T EH
P, B e 4R  BMILFPG. TG . HDL-C . & £F
IR R &L N TEh ERHEE AT EIHRTTIRHE,
%59 B 7%, UL EH . SBP #I DBP i & Holk % 4 i & 1
L HAERSERI A5 JUSEEERI(ER),, 1 L4
JERERI(SBP) R\ L4EEE# R (DBP) , SBP 1 DBP
AOBCR MR B R A3 B AR R R A5 D VO | T4
BERY (SBP) Al FL 4 FE AR (DBP) , X #6358 B AR A
B 41 & T K435 EH . SBP #1 DBP & & XL
SNPY WAL & T —sr A F BN R BIF TR
SCHI SNP, i i3 3 Fr & 7R 89 PPAR o/8/y 9 10 4~
SNPs 5 EH B fF L4 BB R BR T BA ERN K
SNP #I, PPAR a /) 15135539 , PPAR 3£ rs1805192 F
PPARYF 154253778 hIRIAEX EH AL BAEA . I3l
SRR, — S OCHR 73 BT o R B L SR T2 BK R B SNP
HAEEANRER, B FiX 55 F RN R RS
58 F RN R R AR EAE AR E R T HA S
B RO, AT REXE AL RN B S fh B, BAR— L
SNP I GBI TR /N B S Bt T — € R L PR AL ]
YERT, PR3 13 B 58 241> PPAR K9 SNP 32 B4 A Af
DI 4 Hf% PPAR S EHI R 226 &, Hp —# 05
Yt 1 32 HAE RIRLRL R 43 3 #4 B2 PPAR o/8/y 1) L4 FRY
BT R

PPAR Xt EH #4E R AL AT LM ()58 2% 1% 3l
R, AP PPAR B 5 ¥ al @ ik £ 5
% P F NF-KB 4 £2 & 8 55 1E H | B I 25 Bt o 7
ICAM-1,VCAM-1 FIMCP-1 ik, AT T %
SN R AR S . PPARET] LI i i
] 10 %5 - 38 ULZH B i) NF—kB {5 5, 31 IL-6 . R 5
JRE .COX-2 MM EE A/ (HO)-1 Ba i, A R
it £t AL FR S E G S A RELARE , DA T 9 ) o 1 4 L4
Mud%E . 5351 PPAR XA AT LAIE i 48 i JB 55 2 U
o R B EHEBT, E R B XY K R E IR,
RIS 2 R 40, i Nat -K " -ATP B RYTE M , 12D
ML Ca®t B FRIR {3 I R PR >, $2/R & LR VA
STANRL R FR TR, T i e 45 F088 B B Pt
BhRBEEE, C4LIEY PPARoMIPPARY T LA
SRR P ISR R R, R A R R I VER .
4 EFRR , ABFZEIA N PPAR 7EVR ¥ LR 2 2 P i
YERB N E 2 AE I — ARG RS, inserie
% i& PPAR o ) rs1800206 , PPAR & ) rs9794 L)k &
PPARy ] rs10865710 1 rs4684847 4 4~ 5 EH ., SBP

F1DBP B2 CHEH SNP' | A S GMDR # R i 8 7
FA 7S ) 4 B8 19 22 B4 R B Y o 2 B3 [R) VR R %) SNP,
o HEIE MRS A R M@ E LR EH ¥ A 43R
R EVER.

& % X #w

[1] Adamo KB, Tesson F. Gene-environment interaction and the
metabolic syndrome. Novartis Found Symp,2008,293:103-127.

[2] Azhar S. Peroxisome proliferator-activated receptors, metabolic
syndrome and cardiovascular disease. Future Cardiol, 2010, 6
(5):657-691.

[3] Leibovitz E, Schiffrin EL. PPAR activation: a new target for the
treatment of hypertension. J Cardiovasc Pharmacol, 2007, 50
(2):120-125.

[4] Cordell HJ, Clayton DG. Genetic association studies. Lancet,
2005,366(9491) :1121-1131.

[5] Lin Y,Gu SJ,Wu M, et al. Association between peroxisome
proliferator-activated receptors gene polymorphism and essential
hypertension. Chin J Epidemiol , 2012,33(6) : 597-601. (in Chinese)
MR, BURE , RS, %, o SR IEEERIE RN 1
BEFRESN SRR R IR CBBIS. SHRITRT 2
2,2012,33(6):597-601.

[6] Hu XS,Guo ZR, Zhou H, et al. Study on the prevalence of
metabolic syndrome among 35-74 year-old in Jiangsu province.
Chin J Epidemiol, 2006,27(9) : 751-756. (in Chinese)

WIBET, WER, S, % L5 35 ~ 74 5 AR SR
WATRF R, PERTREIRE,2006,27(9):751-756.

[7] Chalmers J, MacMahon S, Mancia G, et al. 1999 World Health
Organization-International Society of Hypertension guidelines
for the management of hypertension. Guidelines sub-committee
of the World Health Organization. Clin Exp Hyperten, 1999, 21
(5-6):1009-1060.

[8] Finck BN, Chinetti G, Staels B. PPARs/RXRs in cardiovascular
physiology and disease. PPAR Research,2008:173780.

(9] Semple RK, Chatterjee VKK, O’Rahilly S. PPARy and human
metabolic disease. J Clin Invest,2006,116(3):581-589.

[10] Holzapfel J, Heun R, Lutjohann D,et al. PPARD haplotype
influences cholesterol metabolism but is no risk factor of
Alzheimer’s disease. Neurosci Letters,2006,408(1):57-61.

[11] Yoshida T, Kato K, Fujimaki T, et al. Association of a polymorphism
of the apolipoprotein E gene with chronic kidney disease in
Japanese individuals with metabolic syndrome. Genomics, 2009,
93(3):221-226.

[12] Flavell DM, Ireland H, Stephens JW, et al. Peroxisome proliferator-
activated receptor o gene variation influences age of onset and
progression of type 2 diabetes. Diabetes,2005,54; 582-586.

[13] Luo WS, Guo ZR, Wu M, et al. Association of both peroxisome
proliferator-activated receptor, gene-gene interactions and the
body mass index. Chin J Epidemiol, 2012, 33(7) : 641-647. (in
Chinese )

o H, ko, K, % o B ALY RGOS 2 AR S
HMESHER-BERZEEASEEREHLR. PERT
FREFHTR,2012,33(7):641-647.

[14] Hosking L,Lumsden S,Lewis K, et al. Detection of genotyping
errors by Hardy-Weinberg equilibrium testing. Eur ] Hum Genet,
2004,12:395-399.

[15] Lou XY, Chen GB,YanL,et al. A generalized combinatorial
approach for detecting gene-by-gene and gene-by-environment
interactions with application to nicotine dependence. Am J Hum
Genet,2007,80(6): 1125-1137.

[16] Chen Q, Tang X, Hu YH. Detecting interaction for quantitative
trait by generalized multifactor dimensionality reduction. Chin J
Epidemiol,2010,31(8):938-941. (in Chinese)
BRI, TR, S KA. R U TR TR R PR 52
HAEA. P AERATR¥ A, 2010,31(8):938-941.

[17] Moore JH, Williams SM. Epistasis and its implications for
personal genetics. Am J Hum Genet,2009,85(3):309~320.

[18] Fisher RA. The correlation between relatives on the supposition
of Mendelian inheritance. Trans R Soc Edin, 1918,52:399-433.

[19] Phillips PC. Epistasis-the essential role of gene interactions in the
structure and evolution of genetic systems. Nat Rev Genet, 2008,
9(11):855-867.

(Wieks H #9:2012-10-16)
(A Gt AR



