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Aim: The aim of this study was to investigate the effect of SNP45 of the adiponectin gene on body
fat distribution and carotid atherosclerosis in Japanese obese subjects.

Methods: A total of 64 obese subjects were investigated. Genotypes of SNP45 were assayed by poly-
merase chain reaction-restriction fragment length polymorphism. Visceral fat area (VFA) and subcu-
taneous fat area (SFA) were measured using computed tomography. The progression of atherosclero-
sis was evaluated by plaque score (PS) of carotid artery using B-mode ultrasonography.

Results: Men carrying the G allele of SNP45 showed higher VFA (172.8+50.8 vs. 147.1+58.7,
£=0.005), lower SFA (209.9 + 101.8 vs. 273.4 = 142.2, » =0.007), higher VFA/SFA (V/S) ratio (1.00 %
0.46 vs. 0.60 0.26, » <0.001) and higher PS (9.5%3.7 vs. 6.8 £4.2, p =0.012) than those with TT
genotype. Multivariate analysis showed that SNP45 was an independent determinant of V/S ratio
and PS in men. In subgroup analysis, PS tended to be associated with V/S ratio only in the carrier of
45G allele.

Conclusion: These results suggest that the G allele could be a risk factor of metabolic syndrome and

the development of atherosclerosis in Japanese obese subjects.
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Introduction

Adiponectin is a 244-amino acid protein synthe-
sized and secreted exclusively by adipose tissue"? and
plays an important role in the regulation of energy hom-
eostasis and insulin sensitivity’. Adiponectin also has
anti-atherogenic effects. This protein has been shown
to suppress the expression of class A scavenger recep-
tors in macrophages, affect the nuclear factor (NF)-«B

pathway and inhibit monocyte adhesion to aortic en-
dothelial cells®®.
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Genetic variations in the human adiponectin gene,
especially two single nucleotide polymorphisms (SNPs)
(+45T>G and +276G>T), have been reported to be
associated with obesity, insulin resistance”, type 2 dia-
betes'” 'V, and coronary artery disease'?. Hara et al.
reported that these two SNPs were associated with in-
sulin resistance, indicating the pathogenesis of type 2
diabetes'”. The mechanism underlying insulin resis-
tance in type 2 diabetes is not fully understood, but
many studies in nondiabetic populations have addressed
the importance of upper body fat distribution. How-
ever, the association between these SNPs and body fat
distribution has not been investigated. Based on these
previous findings, it has recently been reported that
the G allele of SNP45 was associated with susceptibil-
ity to coronary artery disease independent of conven-
tional risk factors'?. Although, the mechanism is not

clear, we hypothesized that SNP45 could modify body
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fat distribution and lead to more accumulation of vis-
ceral adipose tissue, resulting in metabolic abnormali-
ties and the development of atherosclerosis in the pro-
cess of increasing adipose tissue. To determine the va-
lidity of this hypothesis, we investigated the associa-
tion of SNP45 with (1) various clinical and metabolic
parameters, (2) body fat distribution, and (3) the pro-
gression of atherosclerosis using the plaque score of the
carotid artery and maximum IMT in a group of Japa-
nese obese patients.

Material and Methods

Subjects

Sixty-four Japanese obese subjects (40 men and 24
women, aged 54.2+16.6 years, BMI 30.3 + 5.3 kg/m?),
receiving medical checkups in our institute from 2002
to 2004, were recruited for this study. These included
49 patients with type 2 diabetes, among whom 24 were
treated with oral hypoglycemic agents, 13 with insu-
lin, and 12 with diet alone. Subjects with other endo-
crine diseases or significant renal or hepatic disease
were excluded.

Obesity was defined as a body mass index (BMI)
=25 kg/m?, based on the criteria of the Japan Society
for the Study of Obesity'?. Diabetes mellitus was di-
agnosed according to World Health Organization cri-
teria'¥ and/or receiving treatment for diabetes melli-
tus. Informed consent was obtained from all subjects.
This study was approved by the Ethics Committee of
Kanazawa University.

Screening of Mutations in the Adiponectin gene

Genomic DNA was extracted from peripheral
blood leukocytes using the standard procedure. Geno-
types were determined at position 45 relative to the
translation start site (corresponding to GenBank
AB012163S1, 2, 3) by PCR, followed by allele-specific
hybridization.

DNA fragments containing SNP45 (372 bp) were
amplified by PCR from genomic DNA using primers
5’-GCAGCTCCTAGAAGTAGACTCTGCTG-3’ and
5-GGAGGTCTGTGATGAAAGAGGCC-3’. PCR
products were incubated at 25C for 2 hours using
Smal (New England BioLabs Inc. UK). Digested prod-
ucts were separated by size on 3% agarose gel with
ethidium bromide staining. The DNA segment from
the G/G homozygote of SNP45 was digested into 209
and 163 bp fragments.

Laboratory Measurements
BMI was calculated as weight (in kilograms) di-
vided by height (in meters) squared. Waist circumfer-

ence at the umbilical level was measured in the exhala-
tion phase of respiration while standing,.

Venous blood samples were obtained after a 12-
hour overnight fast. Serum total cholesterol (TC) and
triglyceride (TG) were determined by enzymatic meth-
ods, and high-density lipoprotein cholesterol (HDL-C)
levels were measured by a polyanion-polymer/detergent
method. Serum immunoreactive insulin (IRI) was mea-
sured by enzyme-linked immunosorbent assay, blood
glucose with the glucose oxidase method, and HbAc
by high-pressure liquid chromatography. The insulin
resistance index was calculated based on homeostasis
model assessment (HOMA) [fasting glucose (mmol/L)
x fasting insulin (xU/mL)/22.5]". Plasma adiponec-
tin levels were measured with an enzyme-linked im-
munosorbent assay kit (Otsuka Pharmaceutical Co.,
Tokushima, Japan), and leptin was measured by radio-
immunoassay.

Body Fat Distribution

All subjects underwent computed tomography
(CT) at the umbilical level to measure the cross-sec-
tional abdominal subcutaneous fat area (SFA) and vis-
ceral fat area (VFA) using Fat Scan (N2 System Corp,
Osaka, ]apan)m). The VFA/SFA ratio was calculated as

visceral fat area divided by subcutaneous fat area.

Determination of Plaque Score and Max IMT

A high resolution B-mode ultrasonography unit
(SS-A 370A; Toshiba; Tokyo) with a 7.5 MHz transd-
ucer was used to determine the plaque score of the ca-
rotid artery'”. Carotid Intima-Media Thickness (IMT)
was measured at each common carotid, carotid bulb,
and internal carotid artery.

The maximum IMT (Max-IMT) was defined as
the highest IMT value at any location in the near and
far walls of the carotid arteries, including atheroma-
tous plaques on both sides. We defined a plaque, focal
IMT thickening, as an area where IMT=1.1 mm, and
calculated the plaque score by totaling the maximum
thickness of all plaques on the near and far walls of

vessels in the scanned area'”.

Statistical Analysis

All data are shown as the mean+SD. A chi-squ-
are test was used to confirm that the genotype frequen-
cy was in Hardy-Weinberg equilibrium and to com-
pare differences. Continuous variables were compared
by ANOVA after being adjusted for age, BMI, and
sex. Univariate and stepwise regression analyses were
employed to examine the association between the pla-
que score and clinical parameters. All statistical analy-
ses were conducted with StatView 5.0 for Macintosh
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Table 1. Genotype distribution and allele frequencies for the adiponectin gene SNP45

SNP45 genotypes

Allele frequencie

T/T T/G G/G T G
n (%) 34 (53.1) 25 (39.1) 5(7.8) 0.72 0.28
male (7 =40) 23 (57.5) 13 (32.5) 4 (10.0) 0.74 0.26
female (2 =24) 11 (45.8) 12 (50.0) 1(4.2) 0.71 0.29

Table 2. Clinical characteristics according to adiponectin genotypes at position 45

T/T T/IG+G/G r

n (%) 34 (53.1%) 30 (46.9%)

M/F 23/11 17/13 0.36
Age (years) 53*15 56+18 0.39
Type 2 diabetes (%) 73.5 73.3 0.98
BMI (kg/m?) 30.7+6.3 29.4%+3.6 0.56
Waist (cm) 103.3£14.2 103.2%13.0 0.37
HOMA-R 3.6x2.3 3.3%+19 0.80
HbA:c (%) 7.1£1.9 6.7%1.6 0.32
Total cholesterol (mg/dL) 21135 204 +43 0.44
Triglycerides (mg/dL) 152+ 104 151+82 0.80
HDL cholesterol (mg/dL) 46%10 45+13 0.35
Adiponectin (pg/mL) 5.5%2.3 6.8+4.5 0.26
Leptin (ng/mL) 10.8+6.4 14.1+12.3 0.07
Systolic blood pressure (mmHg) 131+19 135+20 0.34
Diastolic blood pressure (mmHg) 79+11 79+ 14 0.65
Subcutaneous fat area (cm?) 275.4%127.5 246.5%94.6 0.32
Visceral fat area (cm?) 140.5 £56.6 151.1+51.0 0.06
VIS ratio 0.56%0.24 0.76=0.45 0.009
Max IMT 1.89+0.81 221091 0.27
Plaque score 6.1x4.1 9.7+3.9 <0.001

NOTE. Values are the means = SD. Heterozygotes and homozygotes for minor alleles were combined for presentation.
Abbreviations: BMI=body mass index, HOMA-R=homeostasis model assessment of insulin resistance

* P values adjusted for age, sex, and body mass index.

(Abacus Concepts, Berkeley, CA). A P value of less than
0.05 was considered statistically significant. In step-
wise analysis, an F value greater than 4 was significant.

Results

Genotypes and Allele Distribution of SNP45 of the
Adiponectin gene

The genotype and allele frequencies of study sub-
jects are shown in Table 1. Genotype distributions were
in Hardy-Weinberg equilibrium at both loci, with T
being the major allele. The frequency of the T allele of
SNP45 was 72%, and the frequencies of the T/T gen-
otype, T/G genotype, and G/G genotype were 53.1%,
39.1%, and 7.8%, respectively.

Clinical and Metabolic Characteristics of this
Study According to SNP45 of the Adiponectin gene

Table 2 shows a comparison of clinical character-
istics and body composition according to adiponec-
tin genotypes. Subjects were divided into 45T/T hom-
ozygote and those carrying the G allele (45T/G and
45G/G).

No differences in sex, age, or the proportion with
diabetes were observed between any groups. Plasma
leptin levels tended to be higher in carriers of the 45G
allele (10.8 6.4 vs. 14.1+12.3, P=0.07). Other vari-
ables (HbA1c, plasma lipid, and plasma adiponectin
levels) did not differ between these genotypes.
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Table 3. Clinical characteristics according to gender

men women P

n 40 24

Age (years) 51%16 60x14 0.02
BMI (kg/m?) 30.7%6.3 29.4£3.6 0.56
Waist (cm) 102.7%13.7 104.2%13.5 0.03
HOMA-R 3.6x2.4 3.1%x1.3 0.76
HbA. (%) 67+1.9 74+15 0.14
Total cholesterol (mg/dL) 204 40 216+36 0.15
Triglycerides (mg/dL) 166=108 132£59 0.37
HDL cholesterol (mg/dL) 42+9 53+12 0.02
Adiponectin (pg/mL) 52%25 7.6+4.4 0.03
Leptin (ng/mL) 9.6+9.2 16.8+9.2 0.03
Systolic blood pressure (mmHg) 132+19 135+19 0.27
Diastolic blood pressure (mmHg) 80=13 779 0.65
Subcutaneous fat area (cm?) 246.4%129.1 287.6+£76.3 <0.001
Visceral fat area (cm?) 158.0£56.3 124.5+43.1 0.002
VIS ratio 0.77%0.41 0.47%0.17 <0.001
Max IMT 2.09+1.00 1.96%0.61 0.18
Plaque score 8.1x4.1 7.9%5.0 0.41

NOTE. Values are the means + SD. Heterozygotes and homozygotes for minor alleles were combined for presentation.
Abbreviations: BMI=body mass index, HOMA-R=homeostasis model assessment of insulin resistance

* P values adjusted for age and body mass index.

Table 4. Body fat distribution and PS according to adiponectin genotypes at position 45 in men and women

men women
T/T T/IG+G/G P T/T TIG+G/G P
VFA 147.1%58.7 172.8+50.8 0.005 126.7+52.0 122.7+36.1 0.763
SFA 273.4+142.2  209.9+101.8 0.007 279.8£95.6 294.3+58.8 0.091
VIS ratio 0.60%0.26 1.00+0.46 <0.001 0.49+0.18 0.44+0.16 0.262
PS 6.8+4.2 9.5+3.7 0.012 44%4.0 10.8+3.8 0.135

NOTE. Values are the means = SD. Heterozygotes and homozygotes for minor alleles were combined for presentation.
Abbreviations: VFA =visceral fat area, SFA=subcutaneous fat area

Relationship between Genotypes and Body Fat

Distribution

When we considered the VFA/SFA ratio as a mar-
ker of body fat distribution, it was significantly higher
in carriers of the 45G allele (0.76+0.45 vs. 0.56 +0.24,
P=0.009), whereas there were no associations between
SFA and SNP45. VFA tended to be higher in carriers
of the 45G allele than TT homozygote (151.1+51.0
vs. 140.5%=56.6 cm?, P=0.06). Neither BMI nor waist
circumference significantly differed between the two
groups. Since there were sex differences in body fat dis-
tribution in this study (Table 3: men vs. women; VFA:
158.0+56.3 vs. 124.5+43.1, P=0.002; SFA: 246.4 +
129.1 vs. 287.6£76.3, P<0.001; V/S ratio: 0.773

0.410 vs. 0.470£0.176, 2<0.001), we performed sep-
arate analyses of the association between SNP45 and
body fat distribution by sex (Table 4, Fig.1). In men,
SNP45 was associated with the VFA, SFA, and V/S ra-
tio, whereas in women SNP45 was not associated with
body fat distribution.

Furthermore, to evaluate the contribution of
SNP45 to the V/S ratio in men, stepwise regression
analysis was used (Table 5). Selected variables were
age, BMI, SNP45, and adiponectin. The data showed
that age, SNP45, and plasma adiponectin levels were
independent determinants of the V/S ratio in men

(R*=0.588, 2<0.0001).
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Fig.1. Effect of SNP45 of the adiponectin gene on body fat

distribution in all subjects, men and women

A. Effect of SNP45 on visceral fat area (VFA)

B. Effect of SNP45 on subcutaneous fat area (SFA)
C. Effect of SNP45 on VFA/SFA (V/F) ratio

Data are the means = SE. *P<0.05, **P<0.001

Relationship between Genotypes and Plaque Score
of Carotid Artery

We investigated the effect of SNP45 on the pla-
que score and max IMT of carotid arteries. Carriers of
the G allele had significantly greater PS than TT gen-
otype after adjusting for age, sex, and BMI (10.0+3.7
vs. 6.4%4.2, P<0.001).

As shown in Table 4, SNP45 was associated with
PS in men, and PS of the G allele tended to be higher
than the TT genotype in women. To analyze the inde-
pendent contribution of SNP45 to PS in men, step-
wise regression analysis was applied (Table 6). Selected
variables were age, BMI, V/S ratio, adiponectin, TC,
HDL-C, systolic BB, and SNP45. The data showed
that age and SNP45 were independent determinant of
PS in men (R?=0.372, P=0.0007).

Table 5. Stepwise regression analysis for determinant of V/S
ratio in men

Factor B F-value
Age 0.017 35.763
SNP45* 0.340 24.945
Adiponectin -0.073 13.688

R?=0.588

*TT genotype=0, TG genotype=1, GG genotype=2

Table 6. Stepwise regression analysis for determinant of PS in

men
Factor B F-value
Age 0.143 13.362
SNP45* 2.509 7.563
R?=0.372

*TT genotype=0, TG genotype=1, GG genotype=2

Table 7. Correlation of PS to V/S ratio according to the gen-

otype in men and women

equation r p

men

all y=4.05x+4.71 0.39 0.02

G allele y=3.22x+6.17 0.38 0.14

TT genotype y=2.91x+4.93 0.17 0.49
women

all y=4.67x+5.85 0.17 0.47

G allele y=12.00x+5.41 0.60 0.06

TT genotype y=-2.57x+5.59 0.13 0.75

Relationship between V/S Ratio and Plaque Score
of Carotid Artery

To examine the effect of the V/S ratio on PS, we
performed univariate analysis (Table 7).

There was a significant positive correlation bet-
ween the V/S ratio and PS in men (»=0.39, P=0.02),
whereas in women that correlation were not statistical-
ly significant (»=0.17, P =0.47).

Next, to investigate the impact of SNP45 on the
association between the V/S ratio and PS, we subdi-
vided into two groups according to the genotype of
SNP45 in men and women. The V/S ratio tended to
be associated with PS in the G allele in both men and
women (men: 7=0.38, p=0.14; women: »=0.60, p =
0.06, respectively). In contrast, in subjects with the TT
genotype, there was no relationship between the V/S
ratio and PS.
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Discussion

Our study had three major findings in Japanese
obese subjects. First, SNP45 in the adiponectin gene
was associated with body fat distribution. Second,
SNP45 was associated with the development of carot-
id atherosclerosis. Moreover, SNP45 had an impact on
the effect of visceral obesity for the progression of ath-
erosclerosis. Third, there was a gender difference in
the effect of SNP45.

First, we demonstrated that the G allele had high-
er VFA, lower SFA, and a significantly higher V/S ra-
tio compared to the TT genotype in men. Multivari-
ate regression analysis showed that SNP45 was an in-
dependent determinant of the V/S ratio. These results
indicated that the G allele of SNP45 is a risky geno-
type of visceral adiposity, resulting in metabolic syn-
drome. To our knowledge, this is the first study to
demonstrate the association of SNP45 with body fat
distribution. Some reports have shown that SNP45
contributes to obesity, insulin resistance, or dyslipid-
emia'® '® 1 In contrast, Ukkola et al. reported that
SNP45 was found in equal frequency among obese
and non-obese Swedish subjects®”. In French Cauca-
sians, the 45G allele frequency was similar in morbid-
ly obese adults and control subjects?”. The inconsis-
tency between these reports suggested that SNP45
could not be associated simply with weight or preva-
lence of obesity, but might contribute to body fat dis-
tribution in the process of becoming obese. Since vis-
ceral adipose tissue is widely believed to play a key role
in the pathogenesis of metabolic abnormalities, the G
allele of SNP45 could be an independent risk factor
for metabolic syndrome.

Second, another important finding of the present
study was the significant association between SNP45
and carotid artery PS in men. A similar trend was ob-
served in women. Multivariate regression analysis show-
ed that SNP45 was an independent determinant of
PS. These findings suggest that SNP45 may affect the
development of carotid atherosclerosis not only by mod-
ulating visceral obesity but also by other pathways.

To the best of our knowledge, PS tends to be as-
sociated with the V/S ratio only in the G allele in both
men and women. In a previous study, we described a
strong association between the V/S ratio and carotid
artery PS in Japanese males with metabolic syndrome?®?,
but patients with the T'T genotype were protected from
the atherogenic effect of visceral obesity. We hypothe-
sized that visceral obesity might exaggerate the dysreg-
ulation of adiponectin properties of the G allele. The
mechanism was unclear, but this hypothesis needs conf-
irmation by expression studies.

Third, in this study the degree of the effect of
SNP45 on body fat distribution and PS was different
between men and women. Adipose tissue is sexually
dimorphic in humans, with gender-specific differenc-
es in body fat distribution® 2. Gonadal steroids are
the major mediator of sex dimorphism of body com-
position in adults®> ?. Estrogen regulates both the met-
abolism and location of adipose tissue and plays a role
in adipogenesis, adipose deposition, lipogenesis, lipol-
ysis, and adipocyte proliferation?”. Furthermore, in re-
cent studies, Clegg ez al. reported that gonadal steroids
mediate body fat distribution and interact with the in-
tegrated adiposity messages conveyed to the brain®.
Taken together with previous studies, our findings sugg-
est that estrogen may interact with the adiponectin
gene in adipocyte and modulate the effect of SNP45.

In addition, estrogen is known to have a cardio-
protective effect. /n vivo evidence suggests that the ef-
fect of estrogen on adhesion molecules is mediated by
the inhibition of nuclear factor (NF)-«B DNA bind-
ing? 3%, As adiponectin has been shown to suppress
the expression of class A scavenger receptors in macro-
phages, to affect the NF-«B pathway and to inhibit
monocyte adhesion to aortic endothelial cells®®, ath-
erogenic properties of the G allele may be suppressed
by the effect of estrogen. Estrogen could interact with
SNP45 and modulate the atherogenic function of adi-
ponectin, but further large studies are needed to con-
firm the mechanism of gender-specific differences in
the effect of SNP45.

The mechanistic relationship between SNP45 and
both body fat distribution and the progression of ath-
erosclerosis is unclear. SNP45 is located in exon 2 of
the adiponectin gene and does not cause an amino acid
change (GGT to GGG, Gly15Gly). One possibility is
that SNP45 may have linkage disequilibrium with oth-
er undiscovered SNPs of the adiponectin gene having
an effect on adiponectin expression, secretion, struc-
ture, or action. Another possibility is that SNP45 lo-
cated in exon 2 is relatively close to the exon-intron
boundary which may affect splicing machinery and eft-
ect adiponectin expression. The G allele of SNP45 may
act through decreased adiponectin expression, which
may cause increased visceral adipose tissue. Indeed, in
Japanese type 2 diabetes, SNP45 is reported to be as-
sociated with reduced adiponectin levels'”. Similar find-
ings have been shown in an other study®. Further-
more, recent studies have reported various adiponectin
functions as an adipocyte differentiation factor, help-
ing to maintain equilibrium adipocyte size, as an auto-
crine/paracrine factor in adipose tissue and as a partic-
ipating factor in the regulation of adipocyte metabo-
lism and adipose tissue mass. In 3T3-L1 preadipocytes,
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adiponectin overexpression accelerates cell prolifera-
tion and differentiation, while in mature adipocytes,
autocrine adiponectin increases glucose uptake and lip-
id accumulation®”. Transgenic overexpression of adi-
ponectin in the physiological range induced morbld
obesity without insulin resistance in ob/ob mice?".

These reports indicated that hyperadiponectinemia may
induce simple obesity with more subcutaneous fat ac-
cumulation, while decreased adiponectin levels may
induce visceral obesity. Interestingly, the present study
showed that hypoadiponectinemia was the third inde-
pendent determinant of the V/§ ratio. Due to these pre-
vious findings combined with our present study, the
G allele might be genetically determined to have hy-
poadiponectinemia, contributing to the progression of
visceral obesity. In contrast, the TT genotype might
favor the accumulation of subcutaneous adipose tissue
through hyperadiponectinemia, preventing insulin re-
sistance, and eventually metabolic syndrome.

Adiponectin exists largely as low molecular weight
(LMW) hexamers and high molecular weight (HMW)
multimers®* ¥, Recent article showed that the ratio of
HMW to total adiponectin was responsible for meta-
bolic effects*®. Another study showed that HMW adi-
ponectin was an important factor in metabolic syn-
drome®. Therefore, the alternative possibility of the
atherogenic effect of SNP45 is that the proportion of
HMW adiponectin might decrease in the G allele of
SNP45, leading to atherosclerosis. As we measured to-
tal adiponectin and did not assess multimeric forms of
adiponectin, further study is needed.

In conclusion, we demonstrated that SNP45 was
associated with body fat distribution and PS of carotid
arteries. The TT genotype is a protective genotype
from metabolic syndrome and atherosclerosis progres-
sion in Japanese obese subjects. The mechanism by
which SNP45 affects body fat distribution and the de-
velopment of atherosclerosis has not been clarified at
present. Further investigations will be needed to eluc-
idate the functional mechanism of this polymorphism.
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