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Hypertension (HTN) is one of the cardiovascular disease risk factors. Peroxisome proliferator-activated receptor y
coactivator 1 alpha (PPARGCI1A) is involved in a master modulator of mitochondrial biogenesis, and pulmonary arterial
hypertension. In this study, we report results of PPARGCIA were associated with hypertension and its intermediate
phenotype of systolic (SBP) and diastolic blood pressure (DBP) in the Korean population. In detail, identifying a
susceptibility locus, 3 SNPs for HTN, 2 SNPs for SBP, 3 SNPs for DBP at P<0.05. Among them, rs1472095 in PPARGCIA
gene statistically demonstrated one of the significant correlations with Hypertension (P-value=0.00359, OR=0.8, 95%
CI=0.68~0.93). The minor allele (T) of PPARGC1A was statistically associated with the increased value of DBP, SBP,
and the increase risk of hypertension. We aim to manifest a significant association between genetic variant in PPARGCIA

and hypertension. This finding suggested that association of PPARGCIA genetic polymorphism and HTN accelerates

our understanding of blood pressure control and underlines potential drug targets for treatment of hypertension.
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Peroxisome proliferator-activated receptors (PPAR)-=-
= 78A superfamilyol] 8= 2I3H= 2 5E HARQIA o]
W AE W e|A] =2 A 23 3, AR O
U dirbel] To3 S sk AIEA-YAF Vs
o= dsto] ¥he] X th(Sinha et al., 2020). PPAR-2 371]
9] isotype (PPARq, PPARP/S PPARY)Z A1 AA}oIA}=
A A, eeshe diAb B v EZEol giabe] wols)
= FAAE 24dseE 98-S SoHLi et al, 2018; Vargas-
Sanchez et al, 2020). £3], PPARyE= 59 tjrlel A%
FAAES e AAE B3te] F8 A &
24 S Rt ofUe} 5 A, 99 JIWE
I Fe A= FReke] Aol E i gthPopoy,
2018; Qiu, 2020). PPARy coactivator 1o (PPARGCIA)<
PGC-la}alE 715} PPARy¥} Agslo] Al W thek
st giAL7]5oll #Hod Sol(Puigserver et al., 1998). & A 7HA]
1071 ©]/¢] isoformo] A8k & 1H4] 4 (Angiogenesis),
v E = 2]o} A3 (Mitochondrial biogenesis), T-5H| TS
(Muscle hypertrophy), %3 41%-d(Gluconeogenesis) 5l
233kS FUHMartinez-Redondo et al.,, 2015). 3HH, #|arggh
(pulmonary hypertension, PH)> ¥ 9 H& A|ze] F2
I AP S ST tiAbEE o] 57 o]t Yeligar
et al, 2018). M|EZ=g]o} iz W g Aehds =4
3= PPARGCIAS} 3 ¥3H= PPARyT W2 PHOlA o
Eun ﬁ:] §L:L /q]zzo ZA)S er(Hart et al
2018) ZH 1099 B 2= {-AA|SKsports genomics)

& FAR g Jsh=iE T PPAR A}t 3 EEA
(coactivator)ol] Tgt A7} o] o] FoJR| L ) THAhmetov
and Fedotovskaya, 2015; Petr et al., 2019).
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k=9l f-d A 4 82414 (Korean Genome and Epi-
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H(Korean Association Resource, KARE)2] =] A+ th’
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e

9 FHdR s Ay JARYES
%S ol ARSI tH17100901-01-01). &
Joll A 20010l AlRFSE FFE AGR
A9} QRtA] FAJNES ez gkl
A A5 stk A 9140~694) Hd
2AEIG oW, o5 FolA AL (Quality
Control, QC) A& &3l A &4 7l 23sHA
22 1,196780] AL]=or HFHoR o] § rhse A
T AHE F 8,842 (FA: 4,1837, 9JAl: 4,659™)0]
Ak et gk fwolete] A AT-E fls)
884213394 EH*W% EH*“’ A ) T
s e ol S
1291788 A
!

[
£ g
QOE‘,—“_L?E
+=

“r o HT ox

10,038‘33 =

# AAL % ﬂié )
55172 AT iRtz A
gaioleh ¥t X EE Wi = A} 96
oF SAR(1,96878)0ll EFFete] RA2E 3] A
systeict. whebA dA A4S F 968”3
7] 9 140 mmHg ©]% E= 19l 90 mmHg o]
AEkelar %] dgto] 120 mmHg ﬂlt’& WA o]$h7]
o] 80 mmHg PIRbe]™ A7 thxa(N=4,452) 0.2 A
eItk BARA(ALE I iR (AR it A%
S 4941811419} 568184442 o]t EBAA zto]=
Uebith B A Ay sUstuel 2ygde] B
(KNH)ZFE A48 508 4 F A4 2498
48051 TH1041231-170822-BR-062-01).

-W S M ﬂJlO

<]
{ <
96

ol ¢t

EEOR AT A 2 =
&3t (72> A, W. A. Baum,
Copiague, NY, USA)Z S SA4sIlth tidat=
ﬁ‘” SA el 57 5 FAS FHsH skl liﬂJ—

& AAE fAIE A 5w ool AlRAtelE AL 31
]

Soahon] 1 BEGE T 0 S ALl

/Y EMI HAHAI|MA(Single Nucleotide Poly-
morphism, SNP) A&

B A1Z 9g 543 KARE AEZ nlglo s vheldd
ASENPS A, Brdeo Y AT ol
Z}¢] DNA A 82E B F3539
SNP array 5.0 (Affymetrix, Inc., Santa Clara, CA, USA)E A}

g3le] HAY BEL ST FHF W5 AL} 98%
ol’dhe

!, Genome-Wide Human

o]3} = =< missing genotype call rate (4%

-13-



Table 1. Basic characteristics of the subjects in the KoGES

Quantltatlve trait

.ok
Case-control analysis

Characterisitics

analysis’ Normotensive Hypertensive Pvalue™
Number of subjects 7,551 4,452 1,968
Gender [men (%)/women (%)] 33’,784 074(3596'6‘2)/ 22’?36819(?,563"37))/ 19’})(; f(§4(6532 )8/) 0.955
Age (M years = SD) 51.44+8.78 49.39+8.11 56.751£8.45 <0.0001
Systolic blood pressure (SBP) (M mmHg + SD) 115.65£17.25 104.69%9.15 139.42+17.27 <0.0001
Diastolic blood pressure (DBP) (M mmHg + SD) 7421411.27 67.68+7.72 88.97410.90 <0.0001
Total cholesterol (M mg/dL * SD) 190.68t35.71 188.05t34.16 197.37£37.70 <0.0001
High density lipoprotein cholesterol (M mg/dL & SD) 44.851+10.03 45.051£9.92 43.73+10.26 <0.0001
Triglyceride (M mg/dL + SD) 159.97£105.54 146.90£95.75 190.22+115.38 <0.0001

Abbreviations: M, mean value; SD, standard deviation. *Individuals who are not using hypertensive medications. **Controls (normotensive),
SBP < 120 mmHg and DBP < 80 mmHg; Cases (hypertensive), SBP > 140 mmHg and/or DBP > 90 mmHg and/or antihypertensive
medication. ***Significantdifferences in characteristics between the normotensive and hypertensive subjects were determined by the two-

tailed Student's ¢-test

4%, 30% %32 heterozygosityS 7FA A, A
e RS AL FHIATE & Aol A 24
PPARGCIA XA 9F% 2 wreko|A] +5 kb® 333
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o] A ) A]+= UCSC Genome Browser (NCBI human
ab36,2006)% 7|70 sheit),
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o] &
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A +2& 913l PLINK version 1.07 (http:/pngu.mgh.
harvard.edu/~purcell/plink)Z} SPSS (PASW Statistics v18.0,
Chicago, 1L, USA)= AF&-3IGith 222~ 34 &4&
ARt et AT A7 Tl 3l additive
genetic model S 7|WFO. 2 3 {14 wWolo] Ayl HA
< T8kl 571 d9kSBP) R ol¢k] EHDBP)}
2 Wolo] A= 48 39 A4S ARSIt
aejaL 3]7] A Aol vol, A9, AL s A
sto] ALY Z1Elal P gkol 0.05 olske] A s
$o 59l TEow Aath 1o, 54 snpol
et oY fald R Aed RIS sels] 99
7] Geography of Genetic Variants (GGV) browser (https:/
popgen.uchicago.edu/ggv)E ©]-&3l2™ 1000 Genome
databaseE 7]HFS. 2 &} th(Marcus and Novembre, 2017).
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ok a8k SEHN=1968)°] it o], Fit 57|
(SBP), 1t o|2+7] d¢(DBP) 56.7518.444], 139.42+
17.27 mmHg, 88.97+10.90 mmHg©. % EFSTH(Table 1).
283} AN BF 22 X5 YERA I Student
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4% 9] Wk Eg SBP} DBP Tl Yoz wiak
o8 AASL gtk

PPARGCTA R7KI2| 728t SNPS0H thet in silico

7|C> —_ _l

Al oS B
o fHlA B e
HaploReg (https://pubs.broadinstitute.org/mammals/haploreg/
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Table 2. The association analysis results of SNPs in the PPARGCIA gene with blood pressure and hypertension in the Korean population

Hypertension

No. SNP IZEEI(: MAF Function (controls 4,450: cases 1,968) SBP DBP

Cases  Controls OR (95%CI) Add P beta tse Add P beta se Add P
1 159790699 T 0.066  0.057 Downstream 1.21(1.02~1.43) 0.031 0.06+0.56 0910 0.01+£038 0977
2 152932966 C 0.075  0.088 Intron 0.80 (0.69~0.93)  4.60<10° -121£047 9.74X10° 0941032 2.98X10°
3 1510938963 T 0438 0427 Intron 1.04 (0.96~1.13) 0.354 0.22+0.26 0397 0.27+0.18  0.125
4 151472095 T 0.074  0.087 Intron 0.80 (0.68~0.93)  3.59x10° -1.301£047 541X10°  -0.90+032 4.60x10°
5 153774908 G 0217 0214 Intron 1.03 (0.93~1.14) 0.558 -0.24+032 0449 -0.29+0.22  0.178
6 153774907 G 0223 0216 Intron 1.05(0.95~1.15) 0.367 0.58+0.31  0.061 041021  0.053
7 152290604 G 0216 0213 Intron 1.03 (0.93~1.14) 0.539 -0.26+032 0423 -0.29+0.22  0.188
8 136448226 C 0488  0.487 Intron 1.02 (0.94~1.10) 0.667 0.071£0.26  0.787 -0.06+0.18  0.753
9 156448227 A 0271 0.269  Intron 1.00 (0.91~1.10) 0977 042£029  0.149 0.35£020  0.079
10 1810007750 G 0206 0206 Intron 1.00 (0.90~1.11) 0.979 0.56+0.32  0.084 0.38+£0.22  0.081
11 187656250 G 0391 0403  Intron 0.93 (0.86~1.01) 0.100 -044£027  0.096 -0.38+0.18  0.035
12 1s10212638 G 0.069  0.075 Intron 0.93 (0.79~1.09) 0.392 0.69+0.50  0.163 048+0.34  0.155
13 rs16874265 A 0.107  0.111 Intron 0.96 (0.84~1.10) 0.538 0.11+£042  0.801 -0.074£0.28  0.810
14 1s17576121 G 0.026  0.021 Intron 1.09 (0.83~1.42) 0.553 0.7410.89  0.409 0.73£0.61  0.227

15 152946386 G 0.391 0.389  Intron

1.01 (0.93~1.10) 0.812

-0.29+0.27 0281 -0.28%+0.18  0.129

Abbreviations: beta, regression coefficient; CI, confidence interval; MAF, minor allele frequency; OR, odds ratio; se, standard error; SNP, single nucleotide
polymorphism; Controls (normotensive), SBP < 120 mmHg and DBP < 80 mmHg; Cases (hypertensive), SBP > 140 mmHg and/or DBP > 90 mmHg and/or
antihypertensive medication. Statistically significant values (P<0.05) are indicated in bold and underline.

Table 3. Results of the HaploReg of SNP in the KL gene on chromosome 20

No. SNP Al A2 ASNfreg  Cefredorf : .
this study Enhancer histone marks Motifs changed
1 152932966 C A 0.06 0.075 HRT 10 altered motifs
2 151472095 T C 0.06 0.074 4 tissues 8 altered motifs

Abbreviations: SNP, single nucleotide polymorphism; A1, minor allele; A2, major allele; +, affect; HaploReg is a tool for exploring
annotations of candidate regulatory SNPs (https://pubs.broadinstitute.org/mammals/haploreg/haploreg_v4.php)
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Fig. 1. The worldwide geographic distribution of genetic polymorphisms using 1000 Genomes Project Consortium data. A. Geographic
distribution of genetic variant of PPARGCIA 152932966 are distributed on maps of minor (C) allele frequencies in populations. B. Similarly,
genetic polymorphism of PPARGCI14 rs1472095 are distributed on maps of minor (T) allele frequency in populations over the globe. The
blue slices of the pie chart show a minor allele frequency of each regional population globally.

w412} SBP, DBP K704 f-2)/do] UM 27H9] SNP
£-2 enhancer histone marks®} motifs changed®l| ~] SNP2]
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271] SNP9] ¢17] st whe} A} B oll dEE
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FGell HAIgk 15712] SNP FHo] &S td
2 18N hypertension) L =X+ XA 57 Y
(systolic blood pressure, SBP)Z} ©]£7] & $H(diastolic blood
pressure, DBP) 539 A#AAAE A 431 Els}t
At} o] F 3709] SNPE(1s9790699, 152932966, rs1472095)
o] BAAQ FoA(P<0.05)S YERAATE ©] F s
14720957} a1&stat A 0= b fo3h ks Bl
tH(P-value, 0.00359).
t}F9] exomed} whole genome sequencing ZZAE S
tjolgluo] 2ol A -2 GnomAD (The Genome Aggregation
Database)-3F721 1,909 323 Whole Exome Sequencing-
ol A= 1529329662 minor allele (C)Z A 75~ C=0.2659,
major allele (A)E A1 74-9-+= A=0.7341°]30t} 53], HIE
wele] ¢ C=0.1121, A=0.8879% eI} Atz o s 1
< minor allele (C)E AHIL AATE HHAY, 151472095+
GnomAD®!| 4= minor allele (T)E Ad 7%, T=0.3097,

major allele (C)E A'd -9+ C=0.6903°]3t}. & A7
o A1 418 minor allele®] 7-9- 152932966 (C)= 0.075%
151472095 ()& T=0.0745 YERN ] F-72le] dit4E
2} A 8= GnomAD| A 2] minor allele W1 =H T} 3=
Qo] Aoz o W2 HlX<(minor allele frequency)
= zh= the 1S ¢ S tKFg 1, Table 3). 8, 1000
Genome Project® 7|22 3t GGV browser$} HaploReg
AR S o]gete] QJIER $1X]g PPARGCIA
Z1¥ ] 1529329662] minor allele2 A Swit) 24
FdE VR ofZe]7RRI(C)S C=0.22, o]
7FRI(C)> C=0.38, - N(C) C=0.25, o}A[o}91L C=0.06
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L Ao we} FARo] ¢17] RETE 2 AolE e
lakglar 2 AT Case HIZCO)E HW 00755 YE}
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ol TE|a WEERIo® A E o] itk Bl WO
% PPARGCIA 1s14720952] minor allele o} 2] 7}2)(T)
2 T=039, oFH|Z]7F(T)E& T=0.40, F+HSNT)S T=0.25,
OFAJOFRI(T)S T=0.06< HITE “SoFA[oFQN(T)S T=0.08,
Holalolol(T)S T=0.218 Bt} & A9] Case HIE
()X 00742 HoJF0A 1529329664 7 151472095 % &
oFAoRIET} {418 minor allele frequencyE YFEF AT
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fu 4o o
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