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Hypertension often leads to cardiovascular disease and kidney disease, and hypertention is an
important worldwide problem. Body mass index (BMI) has an important role for raising blood
pressure. Further, hypertension can be affected by both environmental factors and genetic factors.
Many single nucleotide polymorphisms have been associated with hypertension. Genome wide
association study (GWAS) is a method of confirming a new locus of increasing the risk of disease,
and GWAS has confirmed several single nucleotide polymorphisms (SNPs) that are associated with
high blood pressure. This study analyzed the relationship between systolic blood pressure, diastolic
blood pressure and SNP of the A7TP2B7 gene in 994 Koreans. SNPs that showed the highest
statistical significance with systolic and diastolic blood pressures were selected on the multiple linear
regression analysis. One-way analysis of variance for systolic and diastolic blood pressures was
performed, and multiple logistic regression analysis was performed on the risk of hypertension. The
Pvalues were two-tailed, and £<0.05 was considered significant. Four SNPs were associated with
systolic blood pressure and six SNPs were associated with diastolic blood pressure. In addition, a
genotype—based analysis showed significant odds ratios for the risk of hypertension in older men
(adjusted OR, 5.743; 95% ClI, 1.173~28.121; P=0.031). This study suggests that the A7TP2B7
variants affect both the systolic and diastolic blood pressure.

Copyright © 2020 The Korean Society for Clinical Laboratory Science. All rights reserved.
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index, BMI)7} =9 EA5at e AP ik E3L
TEUZ T4 Q0 -FAA 8Rlof FFE S S qloH,
H|THE 7l FolghAtatA|of] lokar B ar E|QicHo]. o)
A7 = BT YA P o8 dAas 2R o AER AN T
EALHES] 207 Assto] WAy, AE717k BMI, @
P2 A& o] JITH7]. =Hiofl A o] Foi 7l gt AtollA] H17
7 ot w73 7 o} g HlwsiSiE W, 18U H[E T o
AN == FEES HIloH, BITE 57 & of/do] =2 H
&2 HH8].

FHadog w2 o 97] g X(single nucleotide
polymorphism, SNP)°] &7} o] ItH9). f37F &
A 719 /iE I Ee) I 53R AR SR A
THgenome wide association study, GWAS)7} ¥ =21 0.
1, GWASE= 24 18] et =2 -4 A& ERlsk=
Hhdolrt, 7120 thE GWAS ARollA St d=id o &
A 7] tFgd A4S ERIFITH10]. B2 GWAS A+tollA g7 at
ZHs ThAQl PMCAL (plasma membrane calcium
ATPase 1)9] ATP2BI (plama membrane calcium-trans-
porting ATPase 1732+ @43} Ao o= A2
APt ATP2B1 A= 129 GA8A |0 fA]8) /1o, jh=
of| 4] o]F0jx KARE (Korean Association Resource)AF&.
O Ao = ATP2B1 5734F2] SNPQI 15172497547t 75
7| EFAISHA Ao irkal HarE|Qirk11]. APT2B1 +
TR = @] Q1 ARt RA] Yol HntkofiEt uQloflA]
T EAESTH12l. FSoollAe 189 T SNPE 7L
BMIot2] A A7} o] FofRqlar, BTk Fofgt A
< HQ1 SNP7} B ar=]QIeH13). Tefut S=Rloll A= ATP2B1
AR} rEQdTte] TS BMIE J e oto] 2493 e
AQ] ISt wEbA & AtolA= 2Rl 994782 thde =
T%7] @Y, o] @ ATP2B1 7aAke] SNPL}F A
= A1 o, BMIGA|o] whet SH9TIEo = AlSSlslo]
Fol7F Qli=A] ot al, oj Ao Fo] A=A ERlskar

A} 319ict

i

[e)

1. 17 Cfe

QAT AR 20064 1€5E 20079 6871 A2
ZEY A7) HES10] GRIESE AT Ao
of3t 6,622 % AAAS], A%, SletEd, et B
AHEHAEE, BEA EHE ST, ©] F 1,004 Thst
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of Z-RaA tF /g HA2 X3S ol dR=2] AP 59
£ ol on, BAEC] BAY FAR AT 0] YA
21072 Aot 9948 thd o= 513t AtAEo] o
sfo] ZA|tfglal IRB (Institutional Review Board of
Human Research at Eulji University)2] 5912 A2tHIRB
No: EUIRB2016-15).

2. e

SlElEdl= SAFE ol &sto] AEA R SEAlel 9 FXt
OIS $H O S70k= AS YR 0= 513l o, et 9
A5 7517 olHE 73 F= v 91 3 emE S785I8IH: 719}
A R 29t 2 X S755181nt. BMI= Als(ke)/ 7]
(mH) o= AXYslYTh $27] W(systolic blood pressure,
SBP)#} o|27] @l(diastolic blood pressure, DBP) 25 15
B PgS F3t - 2795190t A A 99478 AJHof| u}
2 4), Aol W2H20~29, 30~39, 40~49, 50~59, 60~
69, 70~79), BMI S=A:= thehu|erala][22, 23] HaE 3l
510(<23.0 kg/m’, 23~24.9 kg/m’, =25.0 kg/m’) 319]1
Fo=2 ASSE k. 9 U2 vsr INC 7 (Seventh
Report of the Joint National Committee on the Prevention)
71l T A B 571 @] 120 mmHg PIHHo]
11, o]F7] o] 80 mmHg FIFEe = FJofsioiom, IrHt
= 57] 9ol 140 mmHg oVgol A o|7] Elo]
90 mmHg o1 = st

k

ol
Jon

1

3. 45t

HE IR 12411 o 54 2ol @8-S AFsle] il
2] & Fol 702 YA ARG A HRA S5 A1
Hfasting blood sugar, FBS)I} =G AHE, S4AH, 12
U= ZHAHES Hitachi-7600 AR 3247 |(Hitachi
Co, Tokyo, Japan)E °]-&sto] Z7gst3.0H, A+ A=
o] HAL BHE AT A== E-E5H

At

4. Xzx2| H 24

1) RTA 24

Affymetrix Genome-Wide Human SNP array 5.0
(Affymetrix, Santa Clara, CA, USA) o]-8s}o] 942 &
AL AR 0™ quality control call rate (dynamic
model algorithm)=86% O A& UERN I, X GAA] A+9]
heterozygosity= VAt 7i71R19] 82 AelsHA 5131
t}. Genotype calling< birdseed v2 algorithm< 55| A|3}



SFATt. 20| BAE0] YALK<90%, MIND (missing rate
per individual) >0.1 7I& #8), PLINKE ©|&s}o
identity-by-sate (IBS) AF=2] 0.2 A SNPE E4olo] 7
ARoR AWYS 71 HEZ At F-44F SNP2]
position= NCBI build 36 °]-&53tt

2) 84 &4

EA m=73M2 PLINK ver. 1.05 (Free Software
Foundation, Inc. Boston, USA)2} Haploview ver. 4.1
(Broad Institute, USA) 9 IBM SPSS statistics 24.0
(Armonk, NY, USA)= ARE5I3AL BA| 473l minor
allele frequency (MAF) 5% ©Jo}Q1 SNPES A LA A
T V3RS Aukd E4do] thgt B 5 A4 AAEs B
(mean+SD) 2 & HA|SIT. AR} JHS SAIHFE 51
A3 HAEA S Algeielt). theA3ARA0IN =5
7] o 4 o]e7] Y 7MY =2 TAA FeldE HRI SNP
£ A5t 571 @Y R o] EolM 3 HeE =
2 SAA 73S HQl SNPER AJES 25t 5314+
(genotype)oll WE F7} EAE ALt One-way
ANOVA (analysis of variance)s A1¥stx, 1EY 9

Table 1. Characteristics of the study subjects
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FIlol| thet RS =AAE S HREAE Algslt). e EAIA
E 3] 842 BMI 18 Tt 712(14, 15] (<25 kg/m’,
>25.0 kg/m?) 2 & AJFsigon], AL oj4o] ¥7] 7|1%
[7, 8] (<50, =50)2& Z}Z} FEsto] Alg¥stalon, A,
BMI, &5 A| @< BAISH HRolA] vl wsiSict. T3, &4
2] B3-S wiAlsk ] HSH(SBP 120~140 and/or DBP
80~90)°] fF=l= Q1¥S A25t normotensive? 439
83} hypertension?] 123740 & F48 A| 3ot EJE L
£ 79ollA] 2 tailed significanceS ¥ 1L, P<0.055 %
AZ o= Fogt AL 7513t

ER

A A= 99478010 2, HA 5611, o/ 433
© & J9%]o] Qlt}. BMI, FBS, SBP, DBP $X|%="g4do] B &
Qrom, Hyt A% d 7FE Ao)7H Gk E 5 30T
7} 919do] 1Y Wokeh AL BMI $:307} >25.0 kg/m?Q1 Q1
Qo] AU wWeokon o3Ad] AL BMI 42317} <23.0 kg/m’Q]
Ql9lo] A Wokth. T12] 3 BMI $:317} >25.0 kg/m*Ql H]gt
of == Qe ggET Hido]l o Wllth EIh

Body mass index, kg/m’

<23.0 kg/m? 422 (42.5%)

23~24.9 kg/m? 256 (25.8%)

>25.0 kg/m? 316 (31.7%)
Nomortensive (SBP <120 and DBP <80) 439
Hypertension (SBP >140 or DBP >90) 124

163 (29.1%)
172 (30.7%)
226 (40.3%)
167
96

Overall (N=994) Men (N=561) Women (N=433)
Mean+SD Mean+SD Mean+SD

Age, year 41.54+8.48 41.92+8.62 41.06+8.28

Body mass index, kg/m’ 23.68+3.14 24.57+2.95 22.54+3.00

Fasting blood sugar, mg/dL 93.78+16.37 97.06+18.59 89.52+11.65

Systolic blood pressure, mmHg 120.86+£13.84 125.00£12.41 115.50+13.76

Diastolic blood pressure, mmHg 73.85+10.39 76.36+10.78 70.41+9.64

HDL-C 54.19+12.88 49.77+10.49 59.92+13.43

LDL-C 108.67£29.22 113.35+£29.43 102.61£27.83

Uric acid 5.36+1.50 6.23+1.29 4.21+0.83

N (%)

Age, year 21 (2.1%) 14 (2.5%) 7 (1.6%)
20~29 497 (50.0%) 261 (46.5%) 236 (54.5%)
30~39 318 (32.0%) 185 (33.0%) 133 (30.7%)
40~49 113 (11.4%) 75 (13.4%) 38 (8.8%)
50~59 40 (4.0%) 24 (4.3%) 16 (3.7%)
60~69 5 (0.5%) 2 (0.4%) 3 (0.7%)

259 (59.8%)
84 (19.4%)
90 (20.8%)
272
28

Abbreviations: HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; SD, standard deviation; SBP, systolic

blood pressure; DBP, diastolic blood pressure.

www.kjcls.org



48 Gi Tae Kim, et al. Effects of ATP2B1 Variants in South Korean Population

hypertension (SBP =140 or DBP =90)°]| efd=l= QL=
FAdo] o EttKTable 1).

57| ol oot B vIR= ATP2B1 53R
SNP= 471471 331, 17K9] SNP (rs10506974; B, 2.816;
P=0.010)7} 57| B &5 BARCE fo3S 7S
o, 2] 3709] SNP (rs7136259; B, —2.086; P=0.0004),
(rs17249754, B, —1.98; ~=0.001), (rs17836882: B, —2.191;
P-0.0189)= 57| B FolsHA A2AIFH. 124l o]
7] Eoll F2oHA| FF= HIR= SNP= 677 131, 2
7H2] SNP (rs10506974; B, 2.258; P=0. 008), (rs10777237,
B, 0.9561; P=0.0402)7} o] BUZ FJsHA S7HIHR L
™, 4709 SNP (rs7136259; B, *1.429; P=0.002),
(rs17249754; B, —1.28; P=0.006), (rs1371075; B, —

P=0.007), (rs10506983; B, —1.196; P=0.0238)7} °]+7]
A= Ff5HA HAAF T Z2+2] SNPE2] minor alleleﬂr
minor allele frequencyv— Table 20 UeRict. ==7] E<
I}oll7] B BF-FJoHA| S PIAR= SNP= 157136259,
517249754, rs10506974 3712] SNPHtHTable 2).
57| @Yt o] EYel B FOJSHA ¥ PIA=
ATP2B] AR SNPEZE A Eo] W2 one-way
ANOVAE A5}ttt rs7136259+= minor allele?l TS 7}
AE, $57] Yol Wokon, FAoAKYE F2fsia ‘3}
(P=0.010). rs17249754+= minor alleleQl AZ 7HE4E
7] @Yol Z3kom, ”"301]7“/\1“}%943]@5} rs10506974
= minor allele®] 57| o] =8koH, o JoAAT-F2]

5}AHTable 3).

Table 2. A7P2B7 variants significantly associated with blood pressure based on a linear regression model

SNP Position Minor/Major allele MAF B (S.E.) P-value
Systolic blood pressure
rs7136259 88605319 T/C 0.3756 —2.098 (0.5913) 4.07x10*
rs17249754 88584717 A/G 0.3685 —1.993 (0.6023) 9.68x10°*
rs10506974 88510467 T/C 0.07122 2.837 (1.095) 9.71x107°
rs17836882 88708990 A/C 0.1154 —2.084 (0.9309) 2.54x1072
Diastolic blood pressure
rs7136259 88605319 T/C 0.3756 —1.443 (0.4617) 1.82x10°°
rs17249754 88584717 A/G 0.3685 —1.295 (0.4696) 5.92x10°
rs1371075 89087651 C/T 0.09629 —1.972 (0.7428) 8.06x107°
rs10506974 88510467 T/C 0.07122 2.276 (0.8536) 7.80x10°°
rs10506983 89177415 A/C 0.2207 —1.12 (0.5273) 3.39x10 2
rs10777237 89167655 T/C 0.3685 0.9844 (0.4655) 3.47x10 2

Estimated effect size (B) for the significant SNPs identified from N=994 and associated A-value in multiple linear regression model considering

age and sex under ad additive model.

Abbreviations: MAF, minor allele frequency; SNP, single nucleotide polymorphism; SE, standard error.

Table 3. Mean of systolic blood pressure levels by genotype of A7P2B7 gene SNPs (N=994)

SNP Men Women
Genotype N ) oan F P-value - F P-value
b ean+SD N (%) Mean+SD
rs7136259
T/T 72 (12.9%) 121.81+12.91 4618 0.010 64 (14.8%) 112.562+13.72 2.493 0.084
T/C 273 (48.8%) 124.56+12.69 197 (45.6%) 115.27+14.02
C/C 215 (38.4%) 126.69+11.65 171 (39.6%) 116.95+13.36
rs17249754
A/A 68 (12.3%) 122.60+13.55 4.751 0.009 58 (13.5%) 114.72+14.65 2.455 0.087
A/G 273 (49.3%) 123.99+12.34 199 (46.4%) 114.17+13.76
G/G 213 (38.4%) 126.91+11.94 172 (40.1%) 117.26+13.26
rs10506974
Cc/C 488 (87.1%) 124.68+12.27 1.811 0.164 366 (84.9%) 114.89+13.63 3.177 0.043
T/C 68 (12.1%) 127.62+13.37 63 (14.6%) 118.79+13.93
T/T 4 (0.7%) 121.75+9.65 2 (0.5%) 129.00+1.41

Calculated by the ANOVA (analysis of variance) test.

Abbreviations: SD, standard deviation; SNP, single nucleotide polymorphism.
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57| EY o] EYol BF FOJotA ¥ vIA=
ATP2B] AAS] SNPEZE f4AKgo]| WE one-way
ANOVAE A5ttt 157136259+ minor allele?l TS 7+
AE, o] Fo| B2 3RS Bl o, /oA R

SFATH2=0.000). rs17249754+= minor allele?! AS 71
TE, o|7] FPo| I AH3RE E]low, d/dolAARE 72
SFATH2=0.017). rs105069742] 74-%- 783} o4 539
51A] AQIKTable 4).

rs10506974+= F-AFg0] T/T<I QlHo] Zo] FEAoj|A A
ofati.om, 2712] SNPZ -xFgE 483} Ho](age <50,
age=>50)°] w}t 1 F9 WA el W HEEAIAE I
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BAE Aletglon], AT BMI, FBSE B4 W= salrt
(Table 5). 1s7316259+=FJoIAIA%t minor allele?] TS 7+

A A S22 o7} LS 7E Y 9]5lo] =8 Ak
S HYon {ARo] C/Colal, age<50¥ Wi(adjusted
OR, 4.094; 95% CI, 1.439~11.649; =0.008)2} age=50
2 wi(adjusted OR, 5.743; 95% CI, 1.173~28.121;
P=0.031)FF-8-95199t}. rs17249754= FAoAA R minor
allele?l AS 7HIA| 9425, Uolt B2rs, 18U A
910l =& AP HyoH, Fag0] G/GOlAL, age<50
A wj(adjusted OR, 4.392; 95% CI, 1.412~13.571;
P=0.010)9} age=50% (adjusted OR, 7.060; 95% ClI,

Table 4. Mean of diastolic blood pressure levels by genotype of ATP2B7 gene SNPs (N=994)

SNP Men Women
Genotype N ) oo F P-value N F P-value
b ean+SD N (%) Mean+SD
rs7136259
T/T 72 (12.9%) 73.58+9.70 5.236 0.006 64 (14.8%) 69.50+10.23 0.747 0.474
T/C 273 (48.8%) 76.21+10.31 197 (45.6%) 70.13+9.61
Cc/C 215 (38.4%) 77.92+9.95 171 (39.6%) 71.05+9.49
rs17249754
A/A 68 (12.3%) 74.19+10.49 4113 0.017 58 (13.5%) 70.69+10.25 1.426 0.241
A/G 273 (49.3%) 75.91£10.04 199 (46.4%) 69.64+9.71
G/G 213 (38.4%) 77.84+10.03 172 (40.1%) 71.33+9.33
rs10506974
Cc/C 488 (87.1%) 76.23+10.04 1.676 0.188 366 (84.9%) 70.03%£9.75 2.683 0.070
T/C 68 (12.1%) 78.63+10.98 63 (14.6%) 72.51+8.73
T/T 4 (0.7%) 77.00+10.17 2 (0.5%) 79.50+2.12
Calculated by the ANOVA (analysis of variance) test.
Abbreviations: SD, standard deviation; SNP, single nucleotide polymorphism.
Table 5. Multiple logistic regression analysis of A7P2B7 SNP on the risk of hypertension by age, sex
SNP Genotype age<50 OR (95% CI) P-value age>50 OR (95% ClI) P-value
rs7136259 Men
T/T 1 2.455 (0.140~42.926) 0.5638
T/C 2.664 (0.976~7.268) 0.056 1.179 (0.232~5.986) 0.843
c/C 4.094 (1.439~11.649) 0.008 5.743 (1.173~28.121) 0.031
Women
T/T 1 0.429 (0.024~7.591) 0.356
T/C 1.189 (0.230~6.153) 0.836 0.541 (0.043~6.757) 0.633
C/C 0.872 (0.159~4.774) 0.874 1.140 (0.099~13.063) 0.916
rs17249754 Men
A/A 1 3.071 (0.166~56.885) 0.451
A/G 2.563 (0.852~7.551) 0.095 1.447 (0.262~7.983) 0.671
G/G 4.392 (1.421~13.571) 0.010 7.060 (1.320~37.762) 0.022
Women
A/A 1 0.469 (0.027~8.104) 0.603
A/G 1.101 (0.212~5.705) 0.909 0.471 (0.038~5.849) 0.558
G/G 0.852 (0.155~4.675) 0.854 1.083 (0.095~12.289) 0.949

Adjusted for age, body mass index, fasting blood sugar.
Abbreviations: Cl, confidence interval: OR, odd ratio.
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1.320~37.762; P=0.022)%t -ol5t3ich.

rs10506974+= A1 0] /T Qo] o] oA A
ofs}9.om, 2709] SNPE 321 g8} H |9k 7|51 BMI
Z2)(<25.00 kg/m’, =25.00 kg/m")°ll wet 18 A 9
ol w2 tIF2ALES|AESS Ao, ARt
BMI, FBSE A == 53itH(Table 0). rs7316259= 943
oA minor allele] TE 7R ¥24-F, BMI A7 =
SE, TG A 93o] B2 S HeloH, fRtgo]
C/Colal, BMI $:X|7} <25.00 kg/m*Y w(adjusted OR,
12.617: 95% CI, 1.560~102.025; =0.017)2} BMI $=X]7}
>25.00 kg/m’Q w(adjusted OR, 14.065; 95% CI,
1.517~130.403; 7=0.020)5+ S-9J5}9dch. rs17249754=
FAIAMT minor allele?] AZ 7HAA] FE5E, o7t &
SE, TEY A 913o] w2 S HeloH, fRtgo]
G/GolaL, BMI =37} <25.00 kg/m*Q W(adjusted OR,
9.734; 95% CI, 1.197~79.184; P=0.033)2} BMI 27} >
25.00 kg/m*% W(adjusted OR, 10.973; 95% CI, 1.149~
104.787; P=0.037)%t 3-2Jokict.

2

a

2 Aol A= 7Rl E4 5617, o4 4331, & 99478

o PFE F= 3709 SNP (rs7136259, rs17249754,
1s10506974)F AHsto] H4& Ald¥stoi o, gt Lo,
BMI Ao w2} F7F A4S AFslch E3h SNP
(rs10506974)= FEAFEE 19 Fot Fofl U7 A& Q19
o] Qlo] PF EAof| A= A sttt
% 1t Z5 HE(Plasma membrane calcium pump,

PMCP)= M| M Ca®* & Eo]2 o Hi&3l= Ao=
LA ek EZE AEURLAIEL] Alolol A Ca™ o] 52 %
Z3IH16). PMCAE= 943 719] isoformE 7FA| 11 9lom, &
2 PMCAE 47 FA19] XK ATP2B1, ATP2B2, ATP2B3,
ATP2B2)°l 2Jsf 3 FtH16]. PMCA13} PMCA4E= 2= %
ZofA e F 4= 2Aal, PMCA29F PMCA3S vt 83k 22
AEof AT HrAH T} ZF2H] PMCAS] isoforme 77 ®o
of) oJaf P Tk 5= YrH17]. PMCA1TH PMCA4 =59 1
oA A, T 5547 Ca™ g 2AT Tt &
HFATE PMCA1E = PMCA47} B B2 1517} o]F01 A
Yo thet & kAL ITH18, 191

FolA oFoi% g thfi fAtof|A] 7]&o] HarE SNP
=33 AT HRE 22 SNPES Bl 3o, BMIgH
O] AT A= o|Fo] HrH20]. BoMoRIE thie = 3
o 5 mean atterial pressure, MAP)2} @M pulse
pressure, PP)2F HE GWAS HelE4]o] o]FojF o o

—_

o g 57] EY, ol U ATP2BI A SNP < -FAA2] SNP=o] €91 =31k 181l TR Q151 #HEd
oF AT B4 57 @ ol7] Sl 554 SZ o= 3 GWAS HEREA oA Foiat s 13714
Table 6. Multiple logistic regression analysis of A7P2B87 SNP on the risk of hypertension by BMI, sex
2 > 2
SNP Genotype BM(|)<R2(59'2(% k(%m P-value BM(l)_RQ%g(% k(%m P-value
rs7136259 Men
T/T 1 6.239 (0.589~65.927) 0.129
T/C 7.019 (0.876~56.267) 0.067 7.116 (0.799~63.349) 0.079
c/C 12.617 (1.560~102.025) 0.017 14.065 (1.517~130.403) 0.020
Women
T/T 1 4.199 (0.199~88.410) 0.356
T/C 2.401 (0.262~22.029) 0.439 3.119 (0.212~45.849) 0.407
c/C 3.052 (0.329~28.292) 0.326 1.801 (0.125~25.936) 0.666
rs17249754 Men
A/A 1 3.934 (0.354~43.689) 0.265
A/G 4.529 (0.553~37.122) 0.159 5.488 (0.609~49.434) 0.129
G/G 9.734 (1.197~79.184) 0.033 10.973 (1.149~104.787) 0.037
Women
A/A 1 3.156 (0.187~53.128) 0.425
A/G 1.778 (0.241~13.095) 0.5672 2.379 (0.204~27.761) 0.489
G/G 2.478 (0.337~18.229) 0.373 1.368 (0.121~15.399) 0.800

Adjusted for age, body mass index, fasting blood sugar.

Abbreviations: BMI, body mass index: Cl, confidence interval; OR, odd ratios.
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