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ABSTRACT

Purpose: Obesogenic environments in children, in particular excessive intake of sodium, generate hypertension, which is a
major risk factor for chronic diseases, Methods: In all, 725 children, 379 boys and 373 girls, aged 8~9 years were recruited
from seven elementary schools in Kuro—ku, Seoul, To evaluate whether or not obesity risk was modulated by salt—sensitive
genes, Solute Carrier Familiy 12 member 3 (SLC12A3) was used as the target, After children were assigned into obese (BMI
» 85 percentile) or non—obese groups, anthropometry, blood biochemistry, and dietary intakes were measured according to
the genotypes GG (wild) or GA+AA (hetero+mutant). Results: Without gender differences, high TG and low HDLc were
detected in the obese group compared to the non—obese group, Regardless of obesity, weight gain and blood pressure
(BP) increased in the SLC12A3 GA+AA genotype rather than in the GG type, HDLc was associated with obesity risk without
genotype difference, Odd ratios for risk of obesity were 15.57 (95% Cl 2.192~110,654), 22.84 (95% Cl 1,565~333,469), and
9.32 (95%CI 1,262~68.817) in boys and girls with GA+AA genotypes as sodium intake increased above 4,000 mg/day.
Dietary calcium, sodium, folate, and vit C were associated with obesity risk according to gender or genotype differences,
Since high folate intake reduced obesity risk in only boys with GG type, Risk for overweight and obesity increased in boys
with GA+AA genotypes and dietary habits with high sodium and cholesterol and low folate, Conclusion: The A allele of

SLC12A3 rs11643718 was sensitive to development of obesity in children as sodium intake increased.,
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2= AL (117) SNPYE thdeg g A3 Aol
X GRK4 A486V (1s1801058), ACE (rs4341) 2 SLCI243
(1s116437818) 52 EAH)Z 71 BRI} GRK4 A486V
2 CYPIIB2 (1s1799998) EIHo|E 712 oJzp7} iU E
FAHE & 35 v f34o] solival Barsie]
t}? o]5 F Y AlxtolE Kol 1A solute carrier
Sfamiliy 12 member 3 (SLC12A43¥ 1,002~1,0307} o}v]=
A 2715 7HAIAL 1o Na-Cl 3-501 54 F-2 oAl
Thiazide-91 7o) SAlgtare k718 SL.C1243 213 )
20| A= (distal convoluted tubule, DCT) A3
2ol /A5 Na'9} CIS Al AEUZ ol5A17]=
AES 715S Bk welr SLCI24300) £378 =3
o7} WSt UEF AlgT Aoll, A, AZwdF, A
navlEEE, AZEFE ok E2EIEF (hypokalemic
metabolic alkalosis)2] F4& Hole XEW FFT
(Gitelman’s syndrome)o] 23} 20 2 Aol a3k
afde] miES 257849, ok, AR T 231F<]
I IEE Fgloug §ICI1243= Aeid 24 2 Y
z24 5 AWM - 23 7155 Ik SLCI12439) Al
zet 75 g g3t QKEhAPI= 282 Witii No
lysine kinases (WNKs)ol| 2]3f] ZHH T} WNKs= 2174
Al oA drEl Bshs AR FAld e, HH
2 5o 7PA 07 STK39 (SPAK or Ste20/SPSI related
kinase)2 5319 SLCI2435 Qiks}l (BAshAzIch 22
T3 WNK4o| Zo|aF4 25 B3l Eall=W SLCI1243
g8 A==t olul renin-angiotensin-aldosterone
system (RAAS)7|7Zol #eddl= angiotensin 117} WNK4
5 53l STK395 Al=ste] SLCI1243 TdQA|o] bl
3l 7176l #edgit. 2324 Aldosterone 2 estrogen 5%
SLC12439) AR S S7RIthe A7 Ad= Qiok?
mEbx] Aoprle] YEF AFH 282 P 1719 v
Ak o] 3% IS PIXERE B A7 5HE &
opTks o R UEF AFTY 7S sk SLCI1243
1511643718 734} v el whe WivhdAYsy} B np
oleutA] B Aol FHRIA} o Wl w|A= FFS K
A} g
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¢l (IRB 5215 SSWU IRB 2012-003)S Hro} X13)3}13]
o ke AE FETY i) 258k 38hdAlS
o g FA F AHE B AP AYAER 74 H
Now, B2} T AL AS5gko] e Ae (A &
A, 20] 4 F) 22 BMI WE-9] 5 0]ke] A5l &3l=
WIS AlQlelar HF2 o= F 7529 (FA: 3797
I8 3739)S AFHARZ BT} 2007 TdkAo}
Htsjol| A W3Egh Ao Bl AF4ad BFE AT, oA
AAIgE BTk} AG7|ES o]83ste] Al wE A#E
BMI®] H13-915=7} 95 Wil o3l IRk IE} 854
A ol AT EFS EFsle] vivkre® ¥R3)
185 MR- (8~94]] Fok: 19.80, Jo}: 19.05) H]wHS- A
o g BRIt HE oidAelA AAAS (1,
Az, sl2l=d, BMIL, 8 5), @A (HFAA 24, A
A, "9, AST/ALT, 5) 2 2AZALE 3051490t (Fig.
1).

SLC12A3 rs11643718 RTAt CtddEMnt 25
DNA 3Z& LaboPass™ Blood MiniKit (Cosmo

genetech)= AFE-3}59 T} protease 20 ulol] whole blood 200

uiE 48 % BL Buffer 200 wE 3713k 2 418 3, 6°C

Recruited the 752 subjects (boys: n = 379, girls: n = 373) from
seven elementary schools in Guro-gu, Seoul, South Korea

4

Questionnaire survey
—1 Age, sex, general

Anthropometric measurement
Weight, height, BMI, waist circumference, blood pressure

Blood biochemical measurement
TC, TG, HDL, auto-biochemical analyzer
LDL: Fried Wald formula, Insulin: RIA method

HOMA-IR
|| SLC12A3 genotype I gi | C allele
SNaPshot assay AA T allele

Dietary survey
1 24 hr recall method & CanPro

Statistical analysis
SPSS 19.0

Fig. 1. Experimental design of the cross-sectional study
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oA 2087t vjdzitt. DNAZS 3AA)717] 938l ethanol
(99.9%) 200 plE %Il vortexst™] spin columnel] &3] $-
8,000 rpmel| A AA1E-2] 3} Th. BW Buffer 700 ule} NW
Buffer 500 uts 122 520l 4 242t 44 &) ato] Folsl
= 2 HS 23] A AS = AE Buffer 200 ps 3718t
of oA 287t ujksted 8,000 rpmollA] 13 Al
gJate] AFAZHA] -80°CAllM W¥E BAsIATt. SLCI1243
©] SNP #2412 SNaPshot® assayS ©]-8-3}{th. PCR ¥-3-
S I3+ k-4 template DNA 10 ng, forward/reverse
primer Z}Z} 0.5 pM, 10X PCR buffer IpLi, dNTP 250 uM,
DNA Taq polymerase 0.25 unitE 293 FH537} 10 pl
7} HEE E5HE Yol T3 5 Dual 384-Well Gene
Amp PCR System 97002 ©]-83}4 95°C-10%, 1 cycle;
95°C-30%, Tm°C-13, 72°C-13, 35 cycles; 72°C-10%, 1
cycle B HH-3-A171 3F A H PCRS =333 th. Primer
extension reactiong $J3l A H PCR A= 1 uks- 0.15
pM genotyping primer (5-CTCCCTCTATAAATCCAA
AACAAACTTACTCTCACC-3)°] 2§ SNaPshot Ready
Reaction mixturedl] o] 96°C-10%, 50°C-5%, 60°C-30%
9] 3EAIE 25 cycles 7383133tk #2k9] fluorescent dye
terminatorsE A|A3}7] ¥sle] WHg-2HEo| SAP (shrimp
alkaline phosphatase) 1 unitS €] 37°C-75%, 72°C-15%
7t BRSAIATH ¥RSAME 1 plel] Hi-Di formamide 9 plE
go] 95°Ce] SR TP Eeell SR & F ABI
Prism® 3730x] DNA Analyzer (Applied Biosystems,
USA)E o]&3lo] B3l c}. Axte] 2448 Gene Mapper
4.0 analysis software (Applied Biosystems, USA)E ©|-&
STt SLCI243 1511643718 RS E43ha7
AA 7731218 sl Eated wild typed] GG minor
allelel] AZ- 7}3 hetero typed} mutant typeS &3k GA +
AAZ T3] HlolE) ¥4 shirh

&3 Biochemistry

122]3F o) 55 FAISH 5 AslebA 4 gl {32t
HALE 9ste] AHE381ed3,000 rpmollA] 15 E7F A4lEe)
sl AgS S, 4 A7HA] -80°CollA WE B
HHATE B AFollA o] & drt Aset SAIA =S
AFs417] (HITACHI 7600-110, Hitachi Ltd, Tokyo,
Japan) 3-& G4H (A1 kits, 302 =43l A&
B Qlxjel £ F#| 28| = (total cholesterol, TC)¥} 54
A9} (triglyceride, TG), HDL-Zd|2~E|Z (high density
lipoprotein-cholesterol, HDLc)}>- A58 3-27] (Ekachem
DTSC module, Johnson & johnson, USA)S o]83}3al,
LDL-Z92E|Z (LDLc)S Friedwald 32] [LDLc=TC-

HDLc-TG/5]ell 28 Atsiiet? g% ed w5t
ECLIA (electro chemiluminescence immunoassay )<
0]-8-3F A5 24 7] (automated immunology analyzer
ElecSys 2010, Roche Diagnostics)E ©|-8-3l =73}
t}. ¢l<d A4 212121 HOMA-IR (homeostasis model
assessment of insulin resistance)S F-EdH, FE X005
Y& 4%k T Matthewa 32 [F5 35U (WU/mL)
x ZE A (mmol/L) / 22.518 o] Alalai )28
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of oJste] AR oM, ALE A e 5 24, FL 1Y
o] o] ZAP} I EATE HAT 2219 T/t W o
o) REd Fo HEApl B ST, ol
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E AT 2}5+= SPSS 19.0 statistical package (SPSS Inc,
Chicago, IL, USA)S |83l 48t om, 2 Fte] &
o i3t RE ZAXE H (mean) + ¥52 2} (standard
error, SE) &2 ¥ FW=} (standard deviation, SD)Z Ak
=3t} AoldAAE e FEF AFHE AT S
EA A0 o] 83T SLCI243 (rs11643718) SNPY]
genotyped 23Xl T3 B4 chi-square testE A-8-3}
2™ Hardy—Weinberg equilibrium o] o]5}A] &
kot wEbA ZF WEETRe] A= partial pearson's
correlation coefficents ()2} chi-square testZ ¥233}$3c}.
A AT AH Gk, 5 SRR ] s
Al ATE Sl DA S HAEA] (stepwise regression)
I} ZR|2E AR (logistic regression analysis)yS %
3 Bk SIRAEE ekl Fold HAES AFFE 95%
FEoll A Attt Fd 1H] ol HE2 p < 0.05
FrollA] AT
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SLC12A3 rs11643718 X} CH Mol 2 EH
HlvkEal PAdollA] SLCI243 AR HEZFAE
913t chi-square ARS §F Ay}, F oAl 9] vlvk
HIS-2 GA + AAZO] 25.0%F GG (15%) B}t 97
© & Wokth (Table 1). ‘Fole] 73-9- HITH HIE-2 GA + AA
o] 30.0%=Z, GGB (17.9%)HT} =9kat, oJole] A=
fro)Fel o)zt ATt SLCI243 FR8S GG (wild;
628)38 3} GA + AA (hetero + mutant; 124%)8 © 2 U+
o] HlwahA A%, 5258, BMI, BP 2% GA + AAE 9]
7Vl 1] fRAPE AR, AEAAGA <
2} gl a7 2 Akel= 131t (data not shown).

A CHAXES] BMIOH M2 LI £

AA g AAAE 2R, A, As, sEd,
BMI, %7188t 5o] dAt oxpitt %3 €% TG
o] A4k 7} (76.93 mg/dL)7} FA} (68.82 mg/dL)K.Th
=9k g AFH S FY 21 2l 7] glitk

Y BF Bivktol A AA Al 3] (A, AlF, e
=4, BMIY} R f-o2 02 4] Yehdtt (Table
2). B3t BME= ' 55 g2 50 Wi2-lolste]aL Bl
TR 95 uliE9] o) te) &alglom 53] sgEde] A
-, HITHeh b= 90uE-9] o], BIvkgl of &)= 75~904)
9] Ale]Z UeRstth. &, BMI 85 &9 o3 HIvt
02 3o} Hole} oo} T njuke] Al AF, 3
=8, BMI A7} 95 wi-9] o] iX|E Bt
I Aslet w47, doloxe vivkato] &gt H]
3led B3 ALT, SBP, DBP, TG, $1&3 0] =31 HDLco| %
£ uhy| ool= H|YREo] ALT, TG, LDLc, FBS, ¢l
HOMA-IR $%|7} =31 HDLco] 3ttt v =5 vt
oA T TGS P& HDLeE HoFR1aL vivkst ol
= o, vivket ool QlEUAFA O Iz Wk
< B WA oiFaRe] g FH Tl fFJFl A}
I7F gilont mighl CAFAY A, B (9212 +

o

46.44 mg)o] BITHE (81.27 + 39.91 mg)ith f-2o]F o=
o] A3t (data not shown).

BMI 2t SLC12A3 rs11643718 {FXI2| interaction Ofl
me g4

BMIo]| w2 BIvk} Aol A SLCI243 A o
2 BRSO AAAS, H5X], AAZEAL 55 48
Atk HIvkE T gt &3 BT GA + AAES 7}
71 2ot GGEEY AlF, dl2lEdl, BMIL froj3e=
=T} (Table 2). BAFX AT BIvkEy} kol 4
3 GA + AAES 717l Aoy} GGEHET} ALT, SBP,
DBP,TG, LDLc7} -9)& 0 2 =9tt}. o HDLc] S A
Aol M= GA + AAZY BITHPOAE GGl T =92
| ofofe] Aem 2 ol ot o] B At
3} BT 25 GA + AAE ] U] =94t} 2] o] A} Ao
o3, Ca AH7} ¥IvHr} B/ ol GA + AA°] GG
ol vlte] froF oz F7skdnh. NadiF o 739, vt
oA GA + AAo] GGRET} frojF oz F7tgh vk
Aol GA + AARL 37 A3t HIER] Cof
735, BINEEe] GG ¥o] A2l GGHET A7 74
st

SLC12A3 rs11643718 S TIXt CHddol w2 H[2t X|
E (BMI)St 43 ForAoto] Ay

SLC1243 $7445e] t}2 BMI widlel vjX|x 2% A
¥} Awoh 49 FUae] AL Qohiy) el W
X 37348 ANk SLCI2439) GG FAAES
7}A Z~o}e] 7%~ SBP, HDLc, TC, FBS, insulin, 2j°] &
A, vk co) 437} freldow BMI S7t0l o
S MR Ao E YePgor, GG + GA F-3A8ES 7}
A= ZAolo A= SBP, HDLc, TC, S1&d 4371 494
o2 BMIo] Qe FAE Aoz FAY. mEp 2
4, A%, s2)5eE BMIl 2849 938 p2E 29
olme Aelsla WA HAEAL Fal do] A}
T AZEE WEES BAREd] ZPAON B W

Table 1. Relative frequencies of SLC12A3 rs11643718 genotypes in obese and non-obese boys and girls

Total Boy Girl
non-OB OBl non-Ob OB non-OB OB
GG 530 (84.4)2 98 (15.6) 262 (82.1) 57 (17.9) 268 (86.7) 41(13.3)
GA+AA 93 (75.0) 31(25.0) 42 (70.0) 18 (30.0) 51(79.7) 13(20.3)
P-value 0.011 0.030 0.145

1) Obesity classification by BMI percentiles; obesity 2 95 percentile, 85 percentile < overweight < 95 percentile, normal < 85 percentile for

Korean children obesity criteria from Korean society of obesity. In this obese (OB) group, the overweight group was included.

ber of subjects (%)

2) Num-



36 / SLC12A3 -3A} th Ad 3} Aoluigt

Table 2. Anthropometry and blood biochemistry in obese and non-obese boys and girls according to SLC12A3 1511643718 genotypes

Total Boy Girl
Non-OB OB Non-OB OB Non-OB OB
GG GA+AA GG GA+AA ) GG GA+AA GG GA+AA GG GA+AA GG GA+AA
(n=530) (N=93) (n=98) (n=31) (n=262) (n=42) (n=57) (n=18) (n=268) (N=51) (n=41) (n=13)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Anthropometric Measurements
) 131.09* 131.83* 13502" 135.21* 131.64% 132.09** 135.77** 138,04 130.55% 131.62 133.98" 131.3
Heightlem) 5ap)  (556)  (507) (654 OO (521) (508 (484 (685 OO (538 (598 (526 (344 OO0?
) 28.48 29.39"  40.26" 39.14* 29.14% 298"  41.53%  41.84" 27.84" 2906 38.49™" 35417
weight(ka) — 3eg)  426)  (572) (563 “°0 3sg +4an1) (567) (574) 0P 38 (44 (537 (258 00
5578"  56.69 68237 66.87* 57.28% 57.82" 70.63" 69.3" 5432 55757  449*  63.5"
We fem) (5.21)  (475) (7.17)  (6.44) <0001 (5.61)  (511)  (7.73)  (6.51) <0001 (432) (4.25) (4.64) (473) <0.001
) 16528 1685° 22 2133 16764 1703 2246° 2188 1629* 167" 2137° 2056
(1.52)  (1.66) (215 (1.82) ’ (1.5 (1.67)  (211)  (1.74) ’ (1.5)  (1.66) (207)  (1.69) <0.001
BMI (kg/m?) <0.001 <0.001
Lipid profiles
2446 2417 247 2323 249 245 253 2389 2403 239 2388 2231
AST(IU/L) (501) (553 (646 (395 " (489) (603 (646 (454 O (51) (502 (646 (287) ©
2018 2004" 265%  2432° 20.68" 2055 28.12% 2506" 17.69%  19.63" 24247 2331%
ALT(UA) (479)  (43) (13.57) (5.42) <0001 (481)  (417) (13.87) (5.45) <0001 (473)  (44)" (1298)% (5.42)F <0.001
108.15™ 113.13" 116.55™ 125357 109.76" 112.6%  120.98" 124.94* 106.59° 113.57* 110.39° 12592”
SBP {mmHg) (1659) (17.58) (209) (21.78) <0001 (16.58) (17.32) (19.59) (19.92) <0001 (16.48) (17.95) (21.33) (24.96) <0001
6891 7441 7495F 8139 69.3%  7476" 78.14% 8106 68.52° 7412° 7051 8185
DBP (mmHg) (1402) (16.22) (15.57) (15.84) <0001 (13.87) (16.94) (15.89) (14.56) <0001 (14.18) (15.78) (14.13) (18.07) 0.002
TC (mg/d) 17763 179.62 18368 18703 | 17678 17669 182 18278 | o 17847 18204 18602 19292
9 (30.38) (36.26) (30.59) (32.16) (29.4)  (33.97) (32.23) (30.53) (31.35) (38.2) (28.39) (34.65)
6887* 7533" 8532 93717 65.19* 7355 77.56% 8283 72.47F 768  961% 108.77*
TG (mg/di) (31.81) (44.74) (47.8)  (44.1) <0001 (29.98) (57.91) (42.09) (37.26) 0.027 (33.17) (30.47) (53.44) (49.73) <0001
10647 10611 114" 1165 10555 103.74 11253 11201 107.36 10806 11603 12271
LDL {mg/di) (28.32) (3388) (28.2) (31.54) 0.036 (27.36) (30.62) (29.64) (34.06) NS (29.26) (36.53) (26.29) (27.78) NS
57.39* 58.45° 52627 5179 58.19"  5824" 5396* 542° 5661 5862 5077F 48.46*
HDL (mg/d) (10.18)  (123)  (9.39)  (9.47) <0001 (9.73)  13.55) (10.48) (7.08) 0.019 (10.56) (11.31)  (7.33) (11.52) <0.001
Blood sugar related profiles
7487 7518 7618  75.42 7624 7729 7656 74 73.53" 7345 75661 77.38
FBS (ma/d) (675)  (6.46)  (6.69)  (6.92) NS (686) (7.35)  (6.41)  (6.07) NS (638) (508 (7.11)  (7.76) 0.043
) 652 772% 982 892 6.68° 861 903" 881 636" 698 1093t 9.8
nsulin (WU/ml) o7 693 (896  (491) 0PV 782 (728) (635 (576 O (424 (662 (11.67) (366 OO
122 1.45% 186" 1.68" 128 165 1728 1.63 115 128 205% 175
HOMAR (1.25)  (1.41)  (1.77)  (0.94) <0001 (1.61)  (1.49)  (1.3)  (1.07) NS 075  (1.33) (229) (0.77) <0001

1) P-value: Significantly differences of indicators among the 4 groups in total, boys and girls, NS: non-significant (p > 0.05)

*Significantly differences between GG and GA+AA in non-OB or OB groups (*p <0.05, **p <0.01).

Significantly differences between non-OB and OB groups in GG or GA+AA genotype (p <0.05).

Abbreviation: WC, waist circumferences; BMI, body mass index; AST, aspartate fransaminase; ALT, alanine fransaminase; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triacylglycrides; HDLc, high-density lipoprotein cholesterol; LDLc, low-density lipopro-
tein cholesterol; FBS, fasting blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance

T BMISS 9] 7lEoz el GG 4
T Y soks EF 94W 2 FBS 50| B2
(high-7}el|az2])of mivte] 2 =7t foj2 o= Frtet
G Ao] FerHlEdA} PaTes Ao At

high-HDLc®] 7= U 9 Fx0213) dglo] Hivt
AT} 03789 (95% CI: 0.187~0.785)E ZHA3IAT).
=, GA + AA A8 7HAAL Sl Aoke Aol gel

ElZ4137F medium-7}e|aze] (289~388 mg/day)r] 1
%7} 5,523 (95% CI: 1.134~26.887) 71313 .01 U E
F& 9F 4,000 mg/day o4 (high-7hel|ate]) AL 739
BTy HA T} 15.57480 (95% CI: 2.192~110.654) =73}
Ak 53] GA + AA FAAE & 71 o= IUHEF A
Z|A] 22.844 (95% CI: 1.566~333.469) ¢ 913w} =7}
Slal GA + AA FAAES 7171 ooyt aEF HHA]
9.238 (95% CI: 1.262~68.817) A|F =7} Z7Fk3Tt. &,
GA + AA F3AH8E 7H Hole ofolrtt YEF 45
ol we} HAFol 2 gEe] ¥ wrhe s & Stk
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