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Hypertension is caused by a combination of genetic and environmental factors. In advanced
countries, more than 30% of adults have hypertension. Among the genetic factors affecting
hypertension, there are reports from European cohort studies that variants of the MACROD2 gene

are correlated with blood pressure and the hypertension status.

In this study, genetic

polymorphisms of the MACROD2 gene region were selected and extracted based on Korean
Genome and Epidemiology data, and logistic regression analysis was then performed for the
hypertensive state. Linear regression analysis was also performed for the systolic and diastolic
blood pressure. As a result, 16 SNPs showed a statistically significant association with a

hypertensive state, and 2 SNPs (rs16996211, rs6034240) showed statistical significance, even in
blood pressure. The most significant rs16996211 had a relative risk of hypertension of 0.85 (Cl:
0.76~0.95, P=3.1x1073), as well as an association with the systolic blood pressure (beta=-0.75,
P=0.024) and diastolic blood pressure (beta=-0.59, P=0.01). These results suggest that
polymorphisms of the MACRODZ2 gene are associated with hypertension in both Caucasians and
Koreans, and highlight the potential genetic correlations with the pathogenesis of hypertension.
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o7 gelA Q=dl7-9], 1L FellA MACROD2 (MACRO
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2 ATE Q1R Skl AR Sl A ek &
A} AFd(Korean genome and epidemiology, KoGES)2] ¥k
¢l Korean association resource (KARE)E 7|9FO. = s}9lch
[16]. 2 Ao ARE3 5 A Kol e K= Ay yhe| Ry
QAR A28 A S BroF AR-BFITH2017-040). ©]2]
SHA R AR ol A A7 e QMg A3 et A < A
TFAES o= el o3t gl {3 72 3t S0 E
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Ao gt - Holeke] At At7E E210)7] wize]
8,842 0] ti At Foll A 1LE Y AR 2 t-& A=
g g ol w2 5571 E T} o] 7] ol st A% 9171
Ao AE B oFe HESAY Bl = & o S
oFE-S B-8317 9= 1,291 Al9I%t 7,551
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56.8+8.44M| 2 FAH 0 & [-o]51A Apo| 7} Qllh. & A
of 283 K4 FE = AR S EAAT KNI,
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3. QHH 2XM1 Single Nucleotide Polymorphism (SNP)
A

4 A= E 7|HEe 2 SNP (Single
nucleotide polymorphism)& A8}t DNA Al2E 9
Aolate] YR EHoA L] FE3AL, FAF s 9fel
A= Affymetrix genome-wide human SNP array 5.0
(Affymetrix Inc., Santa Clara, CA, USA)Z AMg-3FIct -4
Y 5 ATt 98% ofstol AW, 4% o14+e] =2 missing
genotype call rates B oA, 30% &3}2] heterozygosity
S 7HAY, A BRI EASHE AR Al = i
B Aol M A MACRODZ 574+ & HARAI(2 Mb)
& ol Al 5 kb# 2] o] J 9ol EASk= 3417 SNP=
& Ageqlth o] SNPES AAA 4ol f1xl= UCSC
(University of colombo school of computing) Genome
browser on human Mar. 2006 (NCBI human genome build
30)E 7|50 = k3t
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igse] B4 24ell= PLINK  version  1.07
(http://pngu.mgh.harvard.edu/~purcell/plink)Z}  PASW
Statistics version 18.0 (SPSS Inc. Chicago, IL, USA)= AM8-5}
Aok S SRt} A7) 2ol TSt -4 A ol o] A
4 A 2AAY 3 24 ARSSRlen additive
genetic model-& 7|9Fo & 3}ich. T18] 1l 427] Eoh 9l o9k
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1. MACROD2 R7Xet ndtnto| 2X|AE 3|7 &4

A A= A HEY = 1%Table Lof| A=
IS T HN=1,968)9] B+t Lo, Bt 7571 o““”(Systollc
blood pressure; SB ) Bt o]¢k7] FH(Diastolic blood
pressure; DBP)> 22} 56.75+8.44A4), 139.42+17.27
mmHg, 88.97 + 10. 90 mmHg ©& UePgtH(Table 1). 44
Gty 189 2Hx-9] Student 7ol 4] SBP, DBPL] -2
SHEAA Ko7k St cllVdshol A E et TRltollA] B

T =2 5 A& UetiTable D).

2 A Rl MACRODZ= wi5- 71 HAMAI(2 MbyE Al
AR B4 A SNPE- NCBI human genome build 36
£ 71502 Bo] 201 AAAf| A 341712] SNPE©] 24 o
Aol Bgstdeh. AEE MACROD22] 34171 SNP2 thAko.
2 0EY TRt At 2to] Hi$E AIAE 3)7] Ao
= A%, 4 9 A9s FHSE Aoyt f4 Bd

additive genetic model= 7|8F0.2 19t 1 A3} 167 SNP
oAl FAHS= FOfRt ARIAI(P<0.05)F E1E 4= 9%
tHTable 2). ] % 7V %% O] 531X 10°)S Hof ¢
= SNP2 1516996211 0 & A4 1 'ei= 0.85 (95% A=
7+ 0.76~0.95)%1 A0 & YepytHFigure 1). Minor allelef’]
T 719 W15 AW HH e 2ol A= 16.1%0] 1

Table 1. Basic characteristics of the subjects in the KARE
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2 @Y AT oA = HS H‘ﬂ 3 3t
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2. MACROD2 7RIt Rtute| M ol 24
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57| ool A= rs3833290] 7HE =& 79 2 LE
WI(B=-1.928, P=1.3x107), DBPOIA= 1s6135644°] 714
2 0] EE UERITHB=-1.2, A=1.6x10°). 18], 11
7§e] SNP (rs7268327, 1$595247, rs424240, rs383329,
1367595, 1$65567, rs17694839, rs6110694, rs16996211,
rs6045560 156135644)5-2 571 E9Y(SBP) T} olebr| dof
(DBP) EFollA] SAA fo/d& Hola=al 9lom, o]5 SNP
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Characteristics Quantitative trait analysis*

Case-control analysis**

Number of subjects 7,551
Gender [men (%)/women (%)] 3,747 (49.6)/3,804 (50.4)
Age (M years+SD) 51.44+8.78
Systolic blood pressure (SBP) 115.65+17.25
(M mmHg+SD)
Diastolic blood pressure (DBP)
(M mmHg+SD)
Total cholesterol (M mg/dL+SD)
High density lipoprotein cholesterol
(M mg/dL+SD)
Triglyceride (M mg/dL+SD)

74.21£11.27

190.68+35.71
44.85+10.03

159.97+105.54

Normotensive Hypertensive P-value***
4,452 1,968
2,061 (46.3)/2,389 (53.7) 910 (46.2)/1,058 (53.8) 0.955
49.39+8.11 56.75+8.45 <0.0001
104.69+9.15 139.42+17.27 <0.0001
67.68%+7.72 88.97+10.90 <0.0001
188.05+34.16 197.37+37.70 <0.0001
45.05+9.92 43.73+10.26 <0.0001
146.90+95.75 190.22+115.38 <0.0001

Abbreviations: KARE, Korean association resource; 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. ***Significant differences in characteristics between the normotensive and hypertensive subjects

were determined by the two-tailed Student’s #test.
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Table 2. The significant association results of SNPs in the MACROD2 gene with blood pressures and hypertension in the KARE

Hypertension

No. SNP f;/:ilgfef MAF Function (controls 4450: cases 1968 ) SBP DBP

Cases Controls OR (95%ClI) Add P Betatse  Add P Betatse Add P
1 156110206 T 0.367 0.382 intron  0.90 (0.83~0.98) 0.019 -0.26+0.27 0.325 -0.17x0.18 0.342
2 rs6042613 T 0.367 0.383 intron  0.91 (0.83~0.99) 0.024 -0.27+0.27 0.304 -0.15+0.18 0.401
3 1517263597 C 0.392 0.414 intron  0.91 (0.84~0.99) 0.031 -0.39+0.26 0.133 -0.21+£0.18 0.232
4 51998238 C 0.396 0.419 intron  0.91 (0.84~0.99) 0.034 -0.43+0.26 0.103 -0.25+0.18 0.164
5 152208453 T 0.394 0.413 intron  0.91 (0.84~0.99) 0.031 -0.39+0.26 0.141 -0.20+0.18 0.261
6 15994567 T 0.393 0.413 intron  0.92 (0.84~1.00) 0.038 -0.36+0.26 0.166 -0.19+0.18 0.282
7 16110305 C 0.232 0.248 intron  0.90 (0.82~0.99) 0.028 -0.43+0.30 0.161 -0.01+0.21 0.951
8 1516996211 T 0.161 0.187 intron  0.85 (0.76~0.95) 3.1x10° -0.75+0.33 0.024 -0.59+0.23 0.010
9 rs6034240 C 0.122 0.135 intron  0.83 (0.74~0.94) 4.2x10> -0.62+0.38 0.098 -0.61+0.26 0.018
10 rs17705904 C 0.030 0.025 intron  1.30 (1.01~1.67) 0.038 1.21+£0.80 0.133 0.75+0.55 0.167
11 rs6080048 T 0.260 0.247 intron 1.10 (1.00~1.21) 0.047 0.48+0.30 0.109 0.31+£0.20 0.128
12 156110847 T 0.256 0.243 intron 1.10 (1.01~1.21) 0.038 0.50+0.30 0.098 0.32+0.20 0.119
13 rs6080057 G 0.250 0.238 intron 1.11 (1.01~1.22) 0.036 0.47+0.30 0.116 0.28+0.20 0.171
14 rs6080069 A 0.252 0.239 intron  1.12 (1.02~1.23) 0.022 0.50+0.30 0.096 0.28+0.20 0.168
15 156074984 C 0.255 0.243 intron  1.12 (1.02~1.23) 0.024 0.51+0.30 0.087 0.29+£0.20 0.158
16 rs775109 T 0.193 0.172 intron  1.13 (1.02~1.26) 0.020 0.47x0.34 0.162 0.33+0.23 0.148

Abbreviations: beta, regression coefficient; Cl, confidence interval; KARE, Korean association resource; 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.
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colors indicating the levels of linkage
disequilibrium (R?. At the bottom of
the figure, the nucleotide position of

155 the MACRODZ gene on chromosome

20 (NCBI build 36) is shown.
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Table 3. Results of the Regulome DB and HaploReg of two SNP in the MACROD2 gene

Regulome DB HaploReg
SNP Al A2 ; ; ;
Score TFBS DNase Proteins Motifs DNase Enhancer histone Motifs
bound marks changed
rs16996211 T A 6 Freac-7, HFH8(FOXF1A), Foxa2 4 organs 9 altered motifs
rs6034240 C T 4 + + CTCF BRST, BRN Hoxb9, Pou5f1

Abbreviations: SNP, single nucleotide polymorphism; A1, minor allele; A2, major allele; TFBS, transcription binding factor site; +, affect;
RegulomeDB is a database that annotates SNPs with known and predicted regulatory elements in the intergenic regions of the H. sapiens
genome (http://www.regulomedb.org/index); HaploReg is a tool for exploring annotations of candidate regulatory SNPs
(http://archive.broadinstitute.org/mammals/haploreg/haploreg_v3.php).

MACROD2 5371 o]l Qa3 vd 7Hs 35 HolF=a 9l Axte]o] Qlom MACRODZZY A1 A878 A izt Ik

o}, T3t rs6034240-8 DNase peak X017} Itk A8 2h¢l AJHF Ao A 9] VAP-19] g A= A8 uigch =

3} 2= 99171 HaploRegol A1 AA} 217k9] Hoxb9$} Pousfl S MACROD29] exon A o] ]9t} ¢3to] Qltk= A-H15]

O] A%t motif= 2485171 wiitol| o] A MACROD2 724 & &3 MACROD27} B[t et A7} Qick= A& & 4=

o] JS = 7S Hol5al Qirk(Table 3). Qo vk nEtTte] 214l o] Q= v o9k
ko] EARICHH o AR A7t E Aol

-z MACRODZ22} a1g Yol Tafl E-43t Slavin 51019 =&

o] A= Wellcome Trust Case Control Consortium (WTCCC)

B oo A= S0l tiAko. & MACROD2 744 o]2h= United Kingdom (UK)2] go]E] & o]-8-8} coronary
A

o ofk

(34171 SNP)ZF E ) =] 5! 189t Abefjof| tjeh AR 4] artery disease (CAD)?} hypertension (HTN)ol| i3}

Alggstoict, G TAke] 8- 227 Hokol Hatil o]¢h] Two-marker logistic model association testE AA| AL,
okl Pt XS0 ZhzF Y] 7|29l 140 mmHg, 90  HTINS| B4 A3} GPR6Y, XRCCA, MYO6, ZFAT, MACROD2
mmHg Bt 2 FAE B0l o=t o A& a2t oA frelidol ERlElom 115 ZFA TR MACROD = 118
ool LAY oS F-g-oko] el Aol EefTh - Eeko Aol gl YT EATHI3, 18, 191,

2 245 AgSe] EE] HEol, - QA0 A= KARE Ho] 61 o §8fe] 2gte] ol 24

MACROD2 5747 A SNP] QY At} A7 o2 AE 3| EAS AAISH AL, SHA d-tellAl= o rHAE o]
o 7FO] MAF Hpolof wh2 FAA f-odS B4t 4 W §oto] T EUT s W AZte| ool £4ste] Z17to] ARy}
olof| w2 ¥} *WS&H ol thoto] dobr a1zt 819 A FHARE BHCh B Aol A v ubA S o] 43t
E} 1A 16719] SNPollA] 8t Adefet SAK o2 ofu] o) 24815 o SPA Aol Al el sk Al WERSE MACROD29)

ool Rl Giet. o5 T E A T Q= SNPE  1s2007529F 15200759 Aol SNPi= UCSC Genome
TOHH el FUet Wk o] Golst WAS Hol=  Browser on Human Mar. 2006 (NCBI human genome build
Aol 36) 71202 P wf) 2 o] EA o4 SNPoll= R84

SNP+=27]$iet. o]l 3t A= MACROD2-:Ak2] T}
GoF 4] Y I E Qe ete] At Al S SR SIETK Table 2). oFof gholeh 4= ol e, Tk obA Aol Al THg ubA 2 AR

2 AF oA = R A G AT EF o] 83t A=, A 152007522} 1s200759= 178 o] AlAlLS LeRU A] 9F
MACRODZ29] £7 SNP=°] €ofol Jak vd Aolgt= 7}t AUtk A Aol A & mEAR ARG 152007522 15200759
5A3& A A AL Qlk, SRR MACRODZZY o9 A] 18 QF 7F QR o] kil Wl Zlo] ofy il 1s200752%F
of| JERS u|X =] of A= AH AFL APSFA] ok in - 15200759 AF] Q] SNP7F 8t AFkAdo] gl yig o v
silicos FoNA ZPgA LR & 4= Qlrk= A o] Sl 2 ol el gltt= A 4 4=tk 1y 2

=
T2y 9PA AT YT MACROD29ES] BHAIS AR A ol Edat e MCRODZQ] ohE SNPE2 25 4= 91
o A[111], Vascular adhesion protein-1 (VAP-1)©] AJ<;3F #] Qo o] Higo g 18U MACROD29] AL drd
W Aol A A= HEE] o] S3HA| 2 s vt Aot oyl T A3l
At AR o=, T8 5 ol HeEhA] v of m- ZFA Tv‘:— TAIEE G735 T A3 -84 vi7iRkg- & | <
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