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ABSTRACT

Purpose: We investigated the potential interaction between the G—protein beta—3 subunit gene (GNB3) C825T
polymorphism, a risk factor for chronic disease in various ethnicities, and obesogenic environments in overweight/obese
Korean children, Methods: The present study was conducted as a cross—sectional study using measures of anthropometry,
blood pressure (BP), and fasting blood samples as well as 3—day food records, Subjects were recruited from seven
elementary schools in an urban district in Seoul, South Korea, between 2007 and 2008, A total of 1,260 children aged 8—9
years were recruited in the study, including 633 boys (50.3%) and 627 girls (49.7%). Results: The allele frequencies of the
GNB3 polymorphism were C allele = 49.7% and T allele = 50.3% in subjects. In general, boys with T allele had higher BMI,
systolic BP (SBP), and triglycerides, although their energy intake was not significantly different from boys with C allele, In
contrast to boys, girls with T allele had lower BMI but higher SBP and energy intake than those with C allele. The girls with
T allele had a significantly lower BMI and waist circumference in both the normal weight group and obese group (OB), T
allele carriers in both genders had significantly higher TC than C allele carriers in the OB group. At last, girls with T allele
in OB appeared to have significantly lower HOMA—-IR than those with C allele, Conclusion: Unlike higher risk for negative
health outcomes by the GNB3 polymorphism in various ethnicities, GNB3 polymorphism did not influence obesogenic
environments in overweight/obese Korean children,
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INTRODUCTION

Childhood obesity has been continuously increasing
worldwide. According to the Korean National Health and
Nutrition Examination Survey conducted in 2010, the
prevalence of obesity in Korean children dramatically
increased from approximately 5% to 20% during the last
two decades.! Childhood obesity is strongly associated
with several health conditions, including cardiovascular
diseases, cancers, diabetes, high BP, and dyslipidemia.
Therefore, the prevention of early onset of obesity is a
critical factor to control serious consequences in adults.?
Various factors including genetic, behavioral, environmental,
physiological, social factors, contribute the etiology of
obesity.’ In fact, it was reported that as high as 70 percent of

the variation in obesity-related phenotypes is heritable in
humans*> which lead to tremendous efforts on understanding
genetic influences on obesity.

G proteins, heterotrimeric guanine nucleotide-binding
proteins, are ubiquitously expressed in human cells and
consist of alpha, beta, and gamma subunits.® G proteins are in
charge of regulating intracellular signal transduction in the G
protein coupled receptors (GPCR) activation and play a
crucial role in diverse physiological processes such as
metabolism, satiety, cardiovascular functions, and immune
response.”® Therefore, dysregulation of the G-proteins and
GPCR is associated with various diseases such as Alzheimer’s

10" cancers!! and endocrine related

disease,’ hypertension,
diseases.' In particular, the genetic sequences of G protein

beta3 subunit (GNB3) gene are known to be highly
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polymorphic, so that multiple genetic polymorphisms appear
due to its wide array of physiological roles."> Among these
polymorphisms, the GNB3 C825T polymorphism has been
intensively studied. The GNB3 C825T polymorphism,
located in exon 10 of GNB3, has been shown to enhance the
activation of heterotrimeric G protein in vitro'* and has been
shown to be variably associated with hypertension and
obesity. 410

The association of the GNB3 C825T polymorphism with
obesity was reported in young German, Chinese, African
Black, and Caucasian individuals,'>!7? although the allelic
frequencies and frequencies of major haplotypes of the
GNB3 C825T polymorphism differ by race and sex.”!"* It
has reported that the 825T allele may be associated with an
increased risk for hypertension and obesity in countries with a
Westernized lifestyle.>'?> A recent study on Korean obese
women demonstrated that the GNB3 825T allele is associated
with greater visceral fat** and differentially affects body fat
loss by sibutramine treatment of the female obese patients.?’
Thus, in countries with a Westernized lifestyle including
South Korea, the prevalence of GNB3 825T allele might be a
useful tool to predict an obesity and hypertension epidemic.
However, the potential interaction of the GNB3 C825T
polymorphism with dietary intake, obesity and metabolic
syndrome risk factors in Korean children has not been closely
evaluated yet.

A low level of HDL is one of the five criteria for the
diagnosis of metabolic syndrome.® Furthermore, the negative
relationship between HDL and the risk of developing
ischemic heart disease is well accepted.””*® However, all
HDL is not created equal; among HDL subfractions, the
HDL,,, HDL,,, and HDL,_ lipoproteins represent cardio-
protective subfractions, and HDLs, is associated with
increased cardiovascular risk.”®?° In addition, our previous
study demonstrated that small-sized HDL, HDL;, was
associated with increased metabolic syndrome risk factors and
closely related to waist circumference (WC), BP, triglyceride
(TG), and HOMA-IR in Korean adults.>

The objective of the present study was to investigate the
potential interaction of the GNB3 C825T polymorphism, a
risk factor for chronic disease in various ethnicities, with
obesogenic environments, such as dietary intake, lipid
profiles and insulin resistance-related factors, in overweight/
obese Korean children.

METHODS

Study population
The study participants were recruited from grade

elementary school, aged 8§ to 9 years old, in seven elementary

3rd

schools located in Guro-gu, Seoul, South Korea (Total n =
1,260; 50.3% boys; 49.7% girls) from April 2007 to May
2008. Informed assent and consent were obtained from the
children and parents in accordance with the ethical standards
of the responsible committee on human experiments. The
study was approved and regulated by the Institutional Review
Board of Korea University, Guro hospital (#:GR0837-001).
Experimental research design of the present study is shown in
Fig. 1.

Anthropometric, blood pressure and biochemical

parameters
Height, weight, and WC were measured using

standardized techniques with calibrated equipment. BMI
was calculated as weight/height® (kg/m?). Gender-specific
BMI-for-age in the 2007 Korean National Growth Chart was
used to formulate the following categories: underweight was
defined as a BMI of lower than 5™ percentile, normal
weight was defined as a BMI of equal to or higher than 5"
percentile lower than the g5t percentile, overweight was
defined as a BMI of equal to or higher than the 85"
percentile and lower than the 95™ percentile, and obese was
defined as a BMI of equal to or higher than the 95
percentile of the gender-specific BMI for age in the growth
chart 332 In the present study, the obese group (OB)
included the overweight and obese subjects, and the normal
weight group (NOR) included the normal and underweight
subjects. BP was measured using a sphygmomanometer
(Baum Co., Inc., South Korea). The subjects were allowed
to rest more than 5 min, and subject’s arm was horizontally
positioned to measure systolic blood pressure (SBP) and
diastolic blood pressure (DBP). Blood samples were
collected in the morning after the subjects had fasted for 12 hr.
Serum was separated by centrifugation and stored at -70°C
until analysis. Total cholesterol (TC), HDL-c and TG
concentrations were measured using a Hitachi-7600 analyzer
(Hitachi Ltd., Japan), and LDL-c was calculated by the
Friedewald formula as previously described.>* Fasting blood
insulin levels were measured using ECLIA (Electro-
chemiluminescence immunoassay) and detected by automated
immunology analyzer Elecsys 2010 (Roche Diagnostic, UK).
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Recruited the 1,260 subjects from eight elementary schools in Guro-gu, Seoul,
South Korea: Boy (n=633), Girls (n=627)

Questionnaire survey
Age, Sex, General

Anthropometric measurement

Weight, Height, BMI, Waist circumference, Blood pressure

Blood biochemical measurement

HOMA-IR

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

Dietary intakes
24 hr recall method & CanPro

Ultracentrifuge: HDL cholesterol
Nondenaturing gradient gel
Electrophoresis

Gel analysis

GNB3 genotype gg C allele
SNaPshot Assay TT T allele
HDL subtype

Statistical analysis
SPSS 14.0

Fig. 1. Experimental research design

GNB3 gene polymorphism analysis
The GNB3 gene polymorphism was analyzed using a

SNaPshot® multiplex kit according to the manufacturer’s
instruction. Briefly, genomic DNA was extracted using the
Labo Pass™ Blood Mini Kit (Cosmo Genetech, Seoul,
South Korea) and stored at -70°C until analysis. The primers
used for GNB3 polymorphism analysis were as follows: 5°-
GGAGCTGAGAATTGCTGTAG-3 (forward) and 5’-
TGTAAAACGACGGCCAGT-3 (reverse). Ten nanograms
of DNA was used in the reaction mixture containing 0.5 pM
forward/reverse primer, 1 uL of 10X PCR buffer, 250 uM
dNTP, and 0.25units of DNA Taq polymerase. The
thermocycling procedure consisted of pre-denaturation at
95°C for 10 min and 35 cycles of denaturation at 95°C for 30
sec, annealing at 72°C for 1 min, and extension at 72°C for 10
min. The amplification was performed using PCR machine

(GeneAmp® PCR system 9700, Applied Biosystems, USA),
and the results were analyzed by an ABI Prism® 3730x/DNA
Analyzer and GeneMapper4.0 analysis software (Applied
Biosystems, USA).

HDL particle size and its subfraction analysis
Samples (Total n = 60; 45% boy; 55% girls) from randomly

selected subjects were used to analyze HDL particle size and
subfraction. Plasma was obtained by centrifugation, and
sequential preparation was then performed to collect the HDL
fraction (d < 1.21 mg/ml) by ultracentrifugation (Hitachi
CS150GXL, Japan). The HDL fraction was analyzed by
nondenaturing gradient gel electrophoresis, as described
previously.’*3* Briefly, the electrophoresis buffer contains
90 mM Tris, 80 mM boric acid, and 3 mM EDTA. Prior to
the run, the electrophoresis system was pre-run for 20 min at
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80 V. Twelve microliters of a sample mix (sample : sample
buffer (40% sucrose, 0.01% bromophenyl blue), 2:1) was
loaded, and electrophoresis was performed at 100 V for 2 hr,
130V for4 hr, 150 V for 18 hr, and 120 V for 2 hr. The gel was
fixed with 10% sulfosalicylic acid for 30 min and stained
with 0.1% Coomassie G-250 for 1.5 hr. The stained gel was
destained by destaining solution containing 7.5% acetic
acid and 5% methanol and was then stored in 1% acetic
acid solution at 4°C. The Coomassie Blue G-250-stained
gels were analyzed with Image-Master ID software 4.0
(Amersham Pharmacia Biotech, USA).

Assessment of nutrient intake
The parents of the subjects were asked to provide 3-day

dietary records (2 weekdays and 1 weekend day). Nutrient
analyses of these dietary records were conducted using CAN-
Pro 3.0 software (The Korean Nutrition Society, Korea).*!
Nutrient intake data were adjusted by energy and evaluated
based on the Dietary Reference Intakes for Koreans (KDRI).

Statistical analysis
The data are presented as the mean + SD. To control for

total energy intake, all nutrients were adjusted for total energy
intake by using the residual method.>> A x’-test was used to
analyze the allele of GNB3 and its genotype distribution. The
mean differences were analyzed by t-tests or analysis of
variance (ANOVA). Partial Pearson's correlation coefficients
(r) were calculated and x>-tests were performed to determine
the relationships among variables. Significance was set at
p<0.05. Statistical analysis was performed using SPSS
(14.0) for Windows (SPSS Inc., IL, USA).

RESULTS

General participant characteristics
BMI, WC, and SBP were significantly higher in boys

than in girls; there was no difference in DBP. TC, TG and
LDL-c levels were significantly lower in boys than in girls,
but the HDL-c was significantly higher in boys than in girls
(Table 1). There were no differences in insulin resistance-
related factors and HDL peak size by gender. Boys appeared
to have significantly higher HDL,, subfractions and
significantly lower HDL;, subfractions than girls. Energy
and nutrient intake, including carbohydrate, protein, fat,
sodium and potassium, were significantly higher in boys
than in girls. The anthropometrics and metabolic syndrome

risk factors, including the lipid profile except for HDL and
insulin resistance related factors, were significantly higher
in the OB group compared to the NOR group for both
genders. The HDL peak size was smaller in the OB group
than in the NOR group. The HDL,,, subfraction was more
decreased in the OB group than in the NOR group, but the
HDL;, subfraction was more increased in the OB group
than in the NOR group. Energy intake in the OB group was
increased mainly due to higher protein intake compared to
the NOR group. In girls in the OB group, an increase in fat
intake also contributed to the higher energy intake. Sodium
and potassium intake were significantly higher in boys than in
girls; however, the difference was not observed between the
NOR and OB groups for both genders.

Gender difference of anthropometrics, BP, lipid profile,

and nutrient intake by GNB3 polymorphism
The genotype frequencies of the GNB3 polymorphism

were CC =23.7% (n=290), CT=52.1% (n=639), and TT
=24.2% (n=297), and the allele frequencies were C allele
=49.7% (n=1,219) and T allele = 50.3% (n=1,233) in the
subjects of the present study. There were no significant
differences according to gender in the allelic frequencies in
obese and normal weight subjects. Boys with the T allele had
higher BMI, WC, SBP and TG but lower HDL than boys
with the C allele (Table 2). Additionally, the boys with the T
allele had significantly higher calcium and phosphorus intake
with no significant differences in nutrient sources for energy
than the boys with the C allele. Girls with the T allele had
lower BMI and WC but higher energy intake and SBP than
the girls with the C allele. Inconsistently with the lower BMI
and WC in the girls with the T allele, these girls appeared to
have higher energy intake than the girls with the C allele, with
no significant differences in energy source nutrients or
vitamins and minerals.

Characteristics of the subjects by gender and BMI
according to the GNB3 polymorphism

We next determined whether the GNB3 C825T
polymorphism further influences the anthropometrics, lipids
and insulin resistance-related factors in boys and girls in the
NOR and OB groups (Fig. 2). Regarding the BMI and WC,
there was no significant difference between the boys with the
C allele and the boys with the T allele in both the NOR group
and the OB group. However, the girls with the T allele had

significantly lower BMI and WC than the girls with the C
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Table 1. Subject characteristics according o gender and BMI

Total Boys (n=633) Girls (n=627)
Characteristics T i P- 6 PP
otal Boys Girls value? NOR OB NOR OB valued value?
(n=1,260) (n=633) (n=627) (n=522) (n=111) (n=550) (n=76)
Anthropometrics
BMI (kg/m?) 178+01"  18.2%0.1 17.4+0.1 0000 17.2+18P 232+2.49 167179 21.7+1.7¢
WC (cm) 59.2+0.1 60.7+0.2 57.6+02 0000 583%57° 7194734 559+50° ¢70+47c 000 0000
Blood pressure
SBP (mmHg) 109.3+0.3 110.5£0.5 108.1+£0.5 0.000 108.5+15.6% 120.3+19.1¢ 106.7 £15.7° 1153£189°  0.000 0.000
DBP(mmHg) 70.1+£0.3 70.4%0.4 69.7+0.4 NS 69.1+13.0°% 769+140¢ 68.7+129° 74.6+13.6°  0.000 0.000
Lipid profiles 0.000 0.000
TC (mg/dl) 1753+0.6  173.7+09 1770£09 0009 172+30.9° 1787£30.4°  1756+308%  187.1£30.6° 0000 0.000
TG (mg/dL) 75.6+0.8 70.1+1.2 81.1+1.2 0.000 658+32.7¢ 90.5+54.7¢ 76.6+37.4° 7931099  0.000 0.000
HDL-c (mg/dL) 56.1+£0.2 56.9+0.3 553+03 0000 580+10.37 52.4+9.5° 560+10.3° 50.5£8.19  0.000 0.000
LDL-c (mg/dL) 10401£0.6 1029+08 1052408 0042 101.1£283% 1082+280° 1040+284% 1155£27.6° 0000 0.000
Insulin resistance related factors
FBS (mg/dl) 77.7+0.2 780+0.3 773103 NS 77.6+11.3% 80.9+14.7° 768+9.99 79.3£109°  0.000 0.000
Insulin (NU/mL) 7.3£0.1 7.1£0.2 7.4%£0.2 NS 6.7+65° 9.4+6.4° 6.7+5.4° 11.2+9.4° 0.000 0.000
HOMA-R 1.4+0.0 1.4+0.0 1.4+0.0 NS 1.3+1.4% 19+1.4° 1.3£1.19 22+19¢ 0.000 0.000
HDL subfractions n = 60 n=27 n=33 n=12 n=22 n=11
Peak size (nm) 9.7%1.1 98+1.0 9.5%1.2 NS 10.4£0.2° 9.1£0.3% 9.9+0.3° 89+0.3% 0000 0.002
HDLyy, (%) 352+34 35.5+3.2 349+3.6 NS 36.5+0.9 343+10° 35.5+0.8 338+1.0° 0032 NS
HDL,, (%) 207+1.1 21112 204+1.1 0021 21.0+0.3° 21.2+0.4° 20.6+0.29° 20.1+0.3° NS 0038
HDLg, (%) 16711 16.9+1.1 16.5£1.0 NS 16.6£0.3 171203 16.5£0.2 16.4+0.3 NS NS
HDLgy, (%) 11.8%1.1 11.6%+1.2 11.9+1.0 NS 11.4%£03 11.9+04 11.7+£0.2 122+0.3 NS NS
HDLy. (%) 157+2.5 149£22 163+25 0024 14.4+0.5° 15.5+0.6% 157 £0.5° 17507 0001 0.003
Energy and nutrient intake
Energy (kcal) 1,617+380.7 1,698.4+387.7 1,536.2+355.6 0.000 1,690+391.9° 1,733.7+367.5% 1,532.5+360.5% 1,558.0+325.29" 0.02 0.000
Carbohydrate (g) 220.8+24.4 2307+232 2108+21.2 0000 231.24232° 2285+235° 211.5+207° 207122379 NS 0.000
Protein (g) 33.6+139 69.7+88 6281169 0000 69.5+88° 70.8+8.8°" 622+9.2° 65.1+11.79°  0.000 0.000
Fat (g) 54.4%9.7 57.6+9.5 51.2+89 0000 57.6%9.4° 57.6+9.8° 51.5+8.8° 527 +9.0% 0.046 0.000
Na (mg) 3,573.6+785.03,7142+791.5 3,431.6+752.3 0.000 3,710.7+£776.1° 3729.5+857.2° 3,422.2+751.2% 3486.6+759.0° NS  0.000
K (mg) 2,338.3+484.8 2,4520+500.9 2,223.6+439.3 0.000 2,464.1 +484.0° 2,408.0+568.0° 2,217.9+436.9% 2,257.1+452.7° NS  0.000

1) Data are expressed as the mean + SD.; adjusted by energy
NOR and OB, expressed by an asterisk

allele in both the NOR and OB groups. Although there were
no significant differences in the anthropometrics related to the
GNB3 allele in boys in the OB group, the boys with the T
allele in the OB group had higher TC levels than the boys with
the C allele in the OB group. The girls with the T allele in the
OB group appeared to have significantly higher TC levels
than the girls with the C allele, which did not reconcile with
their lower BMI and WC. Regardless the GNB3 allele,
HOMA-IR levels were higher in boys in the OB group than in
boys in the NOR group. The HOMA-IR levels were
significantly lower in the girls with the T allele than the girls
with the C allele in the OB group in accordance with the lower
BMI and WC in the girls with the T allele. Thus, there was a
clear gender difference of GNB3 polymorphism in obese
children.

2) P-value: t-test between boys and girls
4) p-value: ANOVA, expressed by a lowercase letter

3) p-value: t-test between

Characteristics of HDL subfractions and insulin

resistance related factors by HDL peak size

We observed that there were significant alterations in
HDL-c levels and HDL subfractions by gender and BMI in
the Korean children in the present study. To investigate the
relationship between HDL peak size and HDL subfractions,
as well as insulin resistance related factors in this
population, the HDL peak size was divided into quartiles (1%
quartile (n = 16); < 8.80, 2" quartile (n = 18); 8.81~9.18, 3™
quartile (n =21); 9.80~10.60, 4th quartile (n = 14); > 10.61).
The percentage of the HDL,, subftraction increased as the
HDL peak size increased, but the percentage of the HDL5,,
subfraction decreased as the HDL peak size decreased (Fig.
3, A and B). Additionally, fasting insulin levels and
HOMA-IR tended to decrease with an increase in the HDL
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Table 2. Differences in anthropometrics, blood pressure, lipid profiles and nutrients intake by gender and GNB3 alleles

Total (n=2,452)

Boys (n=1,236)

Girls (n=1,216)

GNB3 p-value 3
C(n=1,219) T(n=1,233) C (n=604) T(n=632) C(n=615) T(n=4601)
Anthropometric measurement
BMI (kg/m?) 17.820.1" 17.9+0.1 18.1+0.1¢ 18.420.192 17.6+0.1P 17.2£0.1%" 0.000
WC (cm) 59.1+0.2 59.2+0.2 60.3+0.3° 61.2+0.3%" 57.9+0.3° 57.0+0.3%" 0.000
Blood pressure
SBP (mmHg) 109.0£0.5 109.7 £0.5 110.1+0.7¢ 111.4+0.7¢ 107.9+0.7° 108.0+0.7° 0.002
DBP (mmHg) 69.7 £0.4 70.4+0.4 70.1£0.6 71.2+0.5 69.4+0.5 69.6+0.5 NS
Lipid profile
TC (mg/dlL) 174.8+0.9 175.6+0.9 1732+1.3 1742+1.2 176.4+1.2 177.2+1.3 NS
TG (mg/dlL) 748%1.2 76312 69.6+1.6° 71.0+1.59" 79.4%1.7° 81.7+1.7° 0.000
HDL-c (mg/dL) 56.1+0.3 56.2+0.3 57.3+0.4° 56.9 +0.4> 54.0+0.4° 55.5+0.4° 0.000
LDL-c (mg/dL) 103.7+0.8 104.2+0.8 1020+ 1.2 1032+ 1.1 105.3+1.2 105.5+0.4 NS
Insulin resistance related profiles
FBS (mg/dlL) 77.4%03 77.7+0.3 77.6%0.5 78.5+0.5 77.1£0.4 77.0£0.4 NS
Insulin (nU/mL) 7.420.2 7.1£0.2 7.1£0.3 7.2£0.3 7.6+0.3 7.1£0.3 NS
HOMA-IR 1.4+0.0 1.4+0.0 1.4%0.1 1.4+0.1 1.5+0.1 1.4+0.1 NS
Energy and Nutrient intake
Energy (kcal) 1,6140+394.3 1,620.1£367.6 1,713.2+406.1° 1,677.9+369.8° 1,516.7+356.8° 1,559.5+355.6°"  0.000
Carbohydrate (g)  221.1+24.2 220.6 +24.4 231.3+22.7° 230.2+23.1° 211.2+21.3° 210.6+21.4° 0.000
Protein (g) 658+ 142 66.8+13.6 69.4+9.0P 69.9+8.7° 62.8+9.99 62.4+9.5° 0.000
Fat (g) 542+9.5 54.5+9.9 57.4+89° 57.7+9.7° 51.6+9.0° 51.7+8.8° 0.000
Na (mg) 357697947 3,566.9+7827 3,707.4+8054° 37159+7867° 3,448.8+763.1° 3,410.1+747.7°  0.000
Ca(mg) 5658+1620  578.3+168.8  588.5+168.6° 6125+165.0% 544.6+151.6°  543.5+164.99 0.000
P (mg) 958.4£1580 972.9%160.32 1,005.1 £164.7° 1,0255+155.6% 9125+£136.3%  917.5+1459° 0.000
Vitamin A (ugR.E) 828.9+329.3 83373209  8554%330.7° 863.4+315.1°  802.8+326.0°  802.4+324.2° 0.000
Vitamin B, (mg) 1.6+0.4 1.6+0.4 1.7+0.3° 1.7+0.3° 1.6+0.4° 1.60.4° 0.000
Vitamin B, (mg) 1.840.3 1.8+0.3 1.8+0.3° 1.8+0.3° 1.740.39 1.7+0.3° 0.000

1) Data are represented as the mean + SSD. adjusted by energy
an asterisk

peak size (Fig. 3C and D).

DISCUSSION

This was the first international report on the gender-
specific interaction of the GNB3 C825T polymorphism
with obesogenic environments, such as dietary intake, lipid
profiles and insulin resistance-related factors, in obesity of
Korean children aged between 8 and 9 years. The frequencies
of the 825C and 825T alleles in the samples were 0.497 and
0.503, respectively, which is in agreement with the previously
reported values in a Korean adult population.”> The
frequencies were 0.237, 0.521, and 0.242 for the 825C/C,
825T/C, and 825T/T genotypes in the overall study sample,
respectively. Compared to the worldwide ethnic
distribution of the GNB3 825T allele results for South
Koreans (n=31) by Siffert et al.,”! our result appeared to
have lower frequencies of the 825C allele (0.497 vs. 0.560)

2) *: P-value<0.05, t-test between C dllele and T allele, expressed by
3) p-value: ANOVA among 4 groups in boys and girls, expressed by a lowercase letter

and higher frequencies of the 825T allele (0.503 vs. 0.440).
It is well recognized that the allelic frequencies of the
GNB3 C825T polymorphism and frequencies of major

21-23 and SCX.24’36

haplotypes differ by race

In the present study, boys were significantly heavier than
girls based on BMI and WC, partially due to higher energy
intake by all three nutrients for energy supply. Although the
boys were significantly heavier, the TC, TG, and LDL-c
levels were significantly lower than those in girls suggesting
Korean boys in the current study are metabolically healthy,
although the average BMI was significantly higher than that
of girls. This discrepancy of BMI and lipid profile in both
genders could be partially explained by different patterns of
the HDL subfractions with significantly lower HDL,, and
higher HDL;, in girls than those in boys (Table 1). In
addition, our previous study in Korean adults aged average
49.2 + 11.5 years demonstrated gender differences in large
HDL,,, and small HDL;,, HDL;, subfractions.*® On the other
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Fig. 2. Anthropometric measurement, lipid profile and insulin resistance-related factors in boys and girls by BMI and GNB3 alleles.
Korean childhood obesity classification by BMI percentiles: obesity = 95 percentile, 85 percentile < overweight < 95 percentile, normal
weight (NOR) <85 percentile from the Korean Society of Obesity. The overweight group was included in the obese group (OB). An aster-
isk (*) indicates the statistical significance with p < 0.05 between the C and T alleles.

hands, Gracés et al.’’ demonstrated that some metabolic
consequences of obesity in Spanish obese children aged 6-8
year were similar to those found in adults such as elevated
TG, insulin, and HOMA-IR, lower HDL-c, however some
features such as blood glucose, TC, LDL-c behaved
differently. Thus, it is worthwhile to note that the association
of obesity with risk factors including elevated TG, TC, LDL-
¢, HDL-~c, insulinand HOMA-IR may be altered by children
age and depends on the chronology of sexual maturation.’’
The anthropometrics, BP, and metabolic syndrome risk
factors including the lipid profile, except for HDL and insulin
resistance related factors, were significantly higher in the OB
group than in the NOR group for both genders. An inverse
relationship between HDL particle diameter and TG level
has been shown in a previous study,*® and it was also
observed in the present study by demonstrating significantly
higher HDL particle size with lower TG levels in the NOR
group than the OB group for both genders (Fig. 3).

Multiple studies have demonstrated the association of the
GNB3 C825T polymorphism with obesity.!®!*21-3% Thus
it was proposed that the high number of GNB3 825T allele
carriers could be a major determinant for the observed

difference in the prevalence of obesity and obesity—related
disorders in certain ethnic groups especially living in
countries with uniform lifestyle conditions. On the other
hands, a few studies did not confirm such an association
between the C825T polymorphism and obesity.***! A
gender difference in the GNB3 polymorphism was shown
in the present study, as evidenced by the boys with the T
allele having a higher BMI than the boys with the C allele.
There was no significant difference in BMI between the
girls with the T allele and the girls with the C allele. A
similar trend was observed in German male subjects aged
between 58 and 59 years in which the TT genotypes were
associated with higher BMI compared to the CC and CT
genotypes.36 Furthermore, the girls with the T allele consumed
a significantly higher energy intake than the girls with the C
allele without having different BMIs, whereas no energy
intake difference was observed in the boys.

SUMMARY

The allelic differences in boys in the NOR and OB groups
did not appear in the anthropometrics, whereas the allelic
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differences of BMI and WC included lower levels in the
girls with the T alleles in both the NOR and OB groups. The
allelic differences in TC and LDL levels were displayed
differentially depending on the BMI status of the boys. The
limitations of the study included the following; (1) it was
difficult to collect data for 3 days of 24-h diet recalls by
students aged 8~9 years and (2) a lack of blood samples
from subjects limited the number of samples to perform
HDL subfraction analysis as well as a high cost of
performing the analysis. Nevertheless, we believe this study
is the first to show gender-specific interaction of the GNB3
C825T polymorphism with obesogenic environments, such
as dietary intake, lipid profiles and insulin resistance-
related factors, in obesity of Korean children aged between 8
and 9 years. Unlike a higher risk for negative health outcomes
by the GNB3 polymorphism in various ethnicities, GNB3
polymorphism did not influence the obesogenic environments
in overweight/obese Korean children. Finally, the high
prevalence of the GNB3 T allele may not be a useful tool to
predict an obesity and hypertension epidemic in Korean
children.

ACKNOWLEDGEMENTS

This study was supported by the Korean Food & Drug
Administration (11162KFDA162) and the National Research
Foundation of Korea grant funded by the Korean government
(MSIP) (2014R1A2A1A11049611/1). We thank the
principals, teachers in charge of the third-year classes, the
nursing and nutrition teachers in the seven elementary schools
(Dongguro, Gocheck, Gowon, Kaemyoung, Maebong, Onsu,
Youngseo) located in Guro-gu, and medical doctors in Guro-gu
Public Health Center run by the Ministry of Health and
Welfare. We also thank the more than 30 students of the
Department of Food and Nutrition in Sungshin Women’s
University who participated in the study as surveyors.

REFERENCES

1. Moon JS. Secular trends of body sizes in Korean children and ado-
lescents: from 1965 to 2010. Korean J Pediatr 2011; 54(11): 436-
442.

2. Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D,
Stewart L, Kelnar CJ. Health consequences of obesity. Arch Dis
Child 2003; 88(9): 748-752.



11.

12.

14.

15.

16.

17.

19.

20.

21.

Journal of Nutrition and Health (J Nutr Health) 2016; 49(4): 223 ~232 /231

. Bouchard C. Current understanding of the etiology of obesity:

genetic and nongenetic factors. Am J Clin Nutr 1991; 53(6 Suppl):
1561S-1565S.

. Comuzzie AG, Allison DB. The search for human obesity genes.

Science 1998; 280(5368): 1374-1377.

. Alfredo Martinez J, Enriquez L, Moreno-Aliaga MJ, Marti A.

Genetics of obesity. Public Health Nutr 2007; 10(10A): 1138-
1144.

. Hamm HE. The many faces of G protein signaling. J Biol Chem

1998;273(2): 669-672.

. Oldham WM, Hamm HE. Heterotrimeric G protein activation by

G-protein-coupled receptors. Nat Rev Mol Cell Biol 2008; 9(1):
60-71.

. Tesmer JJ. The quest to understand heterotrimeric G protein sig-

naling. Nat Struct Mol Biol 2010; 17(6): 650-652.

. Thathiah A, De Strooper B. The role of G protein-coupled recep-

tors in the pathology of Alzheimer's disease. Nat Rev Neurosci
2011; 12(2): 73-87.

. Brinks HL, Eckhart AD. Regulation of GPCR signaling in hyper-

tension. Biochim Biophys Acta 2010; 1802(12): 1268-1275.
Lappano R, Maggiolini M. G protein-coupled receptors: novel tar-
gets for drug discovery in cancer. Nat Rev Drug Discov 2011;
10(1): 47-60.

Vassart G, Costagliola S. G protein-coupled receptors: mutations
and endocrine diseases. Nat Rev Endocrinol 2011; 7(6): 362-372.

. Rosskopf D, Busch S, Manthey I, Siffert W. G protein beta 3 gene:

structure, promoter, and additional polymorphisms. Hypertension
2000; 36(1): 33-41.

Siffert W, Rosskopf D, Siffert G, Busch S, Moritz A, Erbel R,
Sharma AM, Ritz E, Wichmann HE, Jakobs KH, Horsthemke B.
Association of a human G-protein beta3 subunit variant with
hypertension. Nat Genet 1998; 18(1): 45-48.

Siffert W, Naber C, Walla M, Ritz E. G protein 3 subunit 825T
allele and its potential association with obesity in hypertensive
individuals. J Hypertens 1999; 17(8): 1095-1098.

Klenke S, Kussmann M, Siffert W. The GNB3 C825T polymor-
phism as a pharmacogenetic marker in the treatment of hyperten-
sion, obesity, and depression. Pharmacogenet Genomics 2011;
21(9): 594-606.

Hegele RA, Harris SB, Hanley AJ, Cao H, Zinman B. G protein
beta3 subunit gene variant and blood pressure variation in Cana-
dian Qji-Cree. Hypertension 1998; 32(4): 688-692.

. Siffert W, Rosskopf D, Erbel R. Genetic polymorphism of the G-

protein beta3 subunit, obesity and essential hypertension. Herz
20005 25(1): 26-33.

Poch E, Giner V, Gonzalez-Nuiiez D, Coll E, Oriola J, de la Sierra
A. Association of the G protein beta3 subunit T allele with insulin
resistance in essential hypertension. Clin Exp Hypertens 2002;
24(5): 345-353.

Brand E, Wang JG, Herrmann SM, Staessen JA. An epidemiologi-
cal study of blood pressure and metabolic phenotypes in relation to
the Gbeta3 C825T polymorphism. J Hypertens 2003; 21(4): 729-
737.

Siffert W, Forster P, Jockel KH, Mvere DA, Brinkmann B, Naber
C, Crookes R, Du P Heyns A, Epplen JT, Fridey J, Freedman BI,
Miiller N, Stolke D, Sharma AM, Al Moutaery K, Grosse-Wilde
H, Buerbaum B, Ehrlich T, Ahmad HR, Horsthemke B, Du Toit

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

ED, Tiilikainen A, Ge J, Wang Y, Rosskopf D, Rosskopf D. World-
wide ethnic distribution of the G protein beta3 subunit 825T allele
and its association with obesity in Caucasian, Chinese, and Black
African individuals. ] Am Soc Nephrol 1999; 10(9): 1921-1930.
LiB, Ge D, Wang Y, Zhao W, Zhou X, Gu D, Chen R. G protein 33
subunit gene variants and essential hypertension in the northern
Chinese Han population. Ann Hum Genet 2005; 69(Pt 4): 468-
473.

Bae Y, Park C, Han J, Hong YJ, Song HH, Shin ES, Lee JE, Han
BG, Jang Y, Shin DJ, Yoon SK. Interaction between GNB3 C825T
and ACE I/D polymorphisms in essential hypertension in Koreans.
J Hum Hypertens 2007; 21(2): 159-166.

Ko KD, Kim KK, Suh HS, Hwang IC. Associations between the
GNB3 C825T polymorphism and obesity-related metabolic risk
factors in Korean obese women. J Endocrinol Invest 2014; 37(11):
1117-1120.

Hwang IC, Kim KK, Ahn HY, Suh HS, Oh SW. Effect of the G-
protein beta3 subunit 825T allele on the change of body adiposity
in obese female. Diabetes Obes Metab 2013; 15(3): 284-286.
Babu A, Fogelfeld L. Metabolic syndrome and prediabetes. Dis
Mon 2006; 52(2-3): 55-144.

Vekic J, Topic A, Zeljkovic A, Jelic-Ivanovic Z, Spasojevic-Kali-
manovska V. LDL and HDL subclasses and their relationship with
Framingham risk score in middle-aged Serbian population. Clin
Biochem 2007; 40(5-6): 310-316.

Camont L, Chapman MJ, Kontush A. Biological activities of HDL
subpopulations and their relevance to cardiovascular disease.
Trends Mol Med 2011; 17(10): 594-603.

Lamarche B, Moorjani S, Cantin B, Dagenais GR, Lupien PJ,
Després JP. Associations of HDL2 and HDL3 subfractions with
ischemic heart disease in men. Prospective results from the Québec
Cardiovascular Study. Arterioscler Thromb Vasc Biol 1997; 17(6):
1098-1105.

Lee M, Jang Y, Kim K, Cho H, Jee SH, Park Y, Kim MK. Relation-
ship between HDL3 subclasses and waist circumferences on the
prevalence of metabolic syndrome: KMSRI-Seoul Study. Athero-
sclerosis 2010; 213(1): 288-293.

Moon JS, Lee SY, Nam CM, Choi JM, Choe BK, Seo JW, Oh K,
Jang MJ, Hwang SS, Yoo MH, Kim YT, Lee CG. 2007 Korean
National Growth Charts: review of developmental process and an
outlook. Korean J Pediatr 2008; 51(1): 1-25.

Seo J, Cho Y, Kang J, Hur Y, Park H, Kim K, Kwon S. New diag-
nostic criteria for obesity and overweight in Korean children and
adolescents using 2007 Korean National Growth Charts. Obes Res
Clin Pract 2013; 7(3): e182-e189.

Lee M, Kim MK, Kim SM, Park H, Park CG, Park HK. Gender-
based differences on the association between salt-sensitive genes
and obesity in Korean children aged between 8 and 9 years. PLoS
One 2015; 10(3): e0120111.

Pérusse M, Pascot A, Després JP, Couillard C, Lamarche B. A new
method for HDL particle sizing by polyacrylamide gradient gel
electrophoresis using whole plasma. J Lipid Res 2001; 42(8):
1331-1334.

Willett WC, Howe GR, Kushi LH. Adjustment for total energy
intake in epidemiologic studies. Am J Clin Nutr 1997; 65(4 Suppl):
1220S-1228S.

Frey UH, Moebus S, Mohlenkamp S, Kélsch H, Bauer M, Leh-



232 / Childhood obesity with G-protein beta-3 subunit gene polymorphism

37.

38.

mann N, Nothen M, Miihleisen TW, Stang A, Erbel R, Jockel KH,
Peters J, Siffert W. GNB3 gene 825 TT variant predicts hard coro-
nary events in the population-based Heinz Nixdorf Recall study.
Atherosclerosis 2014; 237(2): 437-442.

Garcés C, Gutierrez-Guisado J, Benavente M, Cano B, Viturro E,
Ortega H, de Oya M. Obesity in Spanish schoolchildren: relation-
ship with lipid profile and insulin resistance. Obes Res 2005; 13(6):
959-963.

Numata M. High density lipoprotein particle size in children: rela-
tion to atherogenic dyslipidemia. Clin Pediatr Endocrinol 2004;
13(1):1-9.

39.

40.

41.

Hegele RA, Anderson C, Young TK, Connelly PW. G-protein
beta3 subunit gene splice variant and body fat distribution in Nun-
avut Inuit. Genome Res 1999; 9(10): 972-977.

Benjafield AV, Lin RC, Dalziel B, Gosby AK, Caterson ID, Morris
BJ. G-protein beta3 subunit gene splice variant in obesity and over-
weight. Int J Obes Relat Metab Disord 2001; 25(6): 777-780.
Rankinen T, Rice T, Leon AS, Skinner JS, Wilmore JH, Rao DC,
Bouchard C. G protein beta 3 polymorphism and hemodynamic
and body composition phenotypes in the HERITAGE Family
Study. Physiol Genomics 2002; 8(2): 151-157.



