2328

by RACKI1 suppression. It is possible that RACK1 is also involved in
other unknown resistance mechanisms (Huang et al., 2008).

In conclusion, RACK]1 regulated the expression and localization of
ABCG2 in a post-transcriptional manner, suggesting that RACKI
affects the ABCG2 transport activity. Because RACK]1 also regulates
ABCB#4 in a manner similar to that of ABCG2 but not ABCB1, it is
possible that RACKI1 plays a selective, functional role in the regula-
tion of some ABC transporters,
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Polymorphisms in NRXN3, TFAP2B, MSRA, LYPLAL1,
FTO and MC4R and their effect on visceral fat area
in the Japanese population

Kikuko Hotta!, Michihiro Nakamura!, Takahiro Nakamura2>, Tomoaki Matsuo?, Yoshio Nakata?,

Seika Kamohara®, Nobuyuki Miyatake®, Kazuaki Kotani’, Ryoya Komatsu®, Naoto Itoh®, Ikuo Mineo!®,
Jun Wada!!, Masato Yoneda'?, Atsushi Nakajima!2, Tohru Funahashi’, Shigeru Miyazaki'3,

Katsuto Tokunaga'4, Manabu Kawamoto!5, Hiroaki Masuzakil®, Takato Ueno!’, Kazuyuki Hamaguchi!,
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The predominant risk factor of metabolic syndrome is intra-abdominal fat accumulation, which is determined by waist
circumference and waist-hip ratic measurements and visceral fat area (VFA) that is measured by computed tomography (CT).
There is evidence that waist circumference and waist-hip ratio in the Caucasian population are associated with variations in
several genes, including neurexin 3 (NRXN3), transcription factor AP-2p (TFAP2B), methionine sulfoxide reductase A (MSRA),
lysophospholipase-like-1 (LYPLAL 1), fat mass and obesity associated (FT0) and melanocortin 4 receptor (MC4R) genes. To
investigate the relationship between VFA and subcutaneous fat area (SFA) and these genes in the recruited Japanese population,
we genotyped 8 single-nucleotide polymorphisms (SNPs) in these 6 genes from 1228 subjects. Multiple regression analysis
revealed that gender, age, and rs1558902 and rs1421085 genotypes (additive model) in FTO were significantly associated with
body mass index (BMI; P=0.0039 and 0.0039, respectively), SFA (P=0.0027 and 0.0023, respectively) and VFA (P=0.045
and 0.040, respectively). However, SNPs in other genes, namely, NRXN3, TFAP2B, MSRA, LYPLAL1 and MC4R were not
significantly associated with BMI, SFA or VFA. Our data suggest that some SNPs, which were identified in genome-wide studies
in the Caucasians, also confer susceptibility to fat distribution in the Japanese subjects.

Journal of Human Genetics (2010) 55, 738-742; doi:10.1038/jhg.2010.99; published online 12 August 2010

Keywords: fat mass and obesity associated (FT0); lysophospholipase-like 1 (LYPLALI); melanocortin 4 receptor (MC4R); methionine
sulfoxide reductase A (MSRA); neurexin 3 (NRXN3); subcutaneous fat area; transcription factor AP-2-B (TFAP2B); visceral fat area

INTRODUCTION

Metabolic syndrome is a common clinical phenotype that is mani-
fested as concurrent metabolic abnormalities, including central obe-
sity, glucose intolerance, dyslipidemia and hypertension.! Because
several other definitions also exist,? the adequacy of this concept
remains debatable. Recently, metabolic syndrome has attracted

considerable interest because of increasing the number of patients.
Although the pathogenesis of metabolic syndrome is not fully under-
stood, the predominant underlying risk factor is considered to be
visceral obesity due to an atherogenic diet and physical inactivity, in
addition to certain genetic factors."? Adipose tissue, especially the
visceral fat, secretes various adipocytokines. An increase in the adipose
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Table 1 Clinical characteristics of the subjects

Men (h=518) Women (n=710) Total (h=1228)
Age (years) 49.7+11.9 52.1+11.3 51.1+11.6
BMI (kg —2) 30.3+6.2 28.2+5.3 29.1+58
VFA (cm?) 160.9+66.8 102.5+54.5 127.1+66.5
SFA (em?) 213.0+£110.8 246.4198.6 232.3+105.2

Abbreviations: BMI, body mass index; SFA, subcutaneous fat area; VFA, visceral fat area.
Data are shown as the mean + s.d.

tissue mass leads to an alteration in the plasma adipocytokine level,
resulting in dyslipidemia, hypertension and insulin resistance.>* Intra-
abdominal fat accumulation (central adiposity) is determined in terms
of the waist circumference and waist-hip ratio measurements and
visceral fat area (VFA) that is measured by computed tomo-
graphy (CT).1>6 Recently, two genome-wide association studies had
been conducted to identify the loci that were linked with waist
circumference or waist-hip ratio.”?

In this study, we investigated the association of single-nucleotide
polymorphisms (SNPs) in neurexin 3 (NRXN3), transcription factor
AP-2f (TFAP2B), methionine sulfoxide reductase A (MSRA), lyso-
phospholipase-like-1 (LYPLALI), fat mass and obesity associated
(FTO) and melanocortin 4 receptor (MC4R) genes with VFA and
subcutaneous fat area (SFA) that were determined by CT.

MATERIALS AND METHODS

Study subjects

We recruited 1228 Japanese subjects from outpatient clinics after they agreed to

undergo CT examinations (supine position) that were performed to determine

the VFA and SFA values at the level of the umbilicus (L4-L5). Both VFA and

SFA were calculated using the FatScan software program (N2system, Osaka,

Japan).? The clinical characteristics of the patients are summarized in Table 1.
All subjects provided their informed written consent, and the protocol was

approved by the ethics committee of each institution and by that of RIKEN.

DNA extraction and SNP genotyping

Using Genomix (Talent Srl, Trieste, Italy), genomic DNA was extracted from
blood samples collected from each subject. We constructed Invader probes
(Third Wave Technologies, Madison, W1, USA) for rs1558902 and rs1421085 in
FTO, rs489693 and rs17700144 in MC4R, rs1046997 in NRXN3, 15987237 in
TFAP2B, rs782622 (rs545854) in MSRA and 152605100 in LYPLALI. The SNPs
were genotyped using Invader assays as described previously.'® The success rate
of this assays was >99.0%.

Statistical analysis

Differences in the quantitative clinical data between case and control groups
were tested by the Mann-Whitney U-test. Differences in the quantities of
clinical data between the different genotypes were assessed by the Kruskal-
Wallis test. We coded genotypes as 0, 1 or 2 depending on the number of copies
of the risk alleles. Multiple linear regression analysis was performed to test the
independent effect of risk alleles on body mass index (BMI), VFA or SFA by
considering the effects of other variables (age and gender), which were assumed
to be independent of the effect of the SNPs. The significance of the association
between an independent variable and dependent variable was determined using
a t-test, Hardy-Weinberg equilibrium was assessed using the y?-test.!

RESULTS

BMI, VFA and SFA are known to be affected by gender, and an
association between rs2605100 in LYPLAL! and the waist-hip ratio
has been reported only in women.” Therefore, we first compared the
anthropometric parameters (BMI, VFA and SFA) among the different
genotypes in the men and women. One SNP—r510146997 in
NRXN3—was found to be monomorphic, as reported in the HapMap
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database. Two SNPs (rs1558902 and rs1421085) in FTO were sig-
nificantly associated with BMI in women (Table 2). The association of
5489693 and rs17700144 in MC4R with BMI has been reported in the
Caucasian population;”® however, such association was not observed
in our study. The SNPs in TFAP2B, MSRA and LYPLAL! were not
associated with BMI, which is a finding consistent with that of
Lindgren et al.” No SNPs in the five genes were associated with VFA
in either men or women (Table 3). Although rs489693 was marginally
associated with VFA in men, the risk allele was different from that
reported in the Caucasian population.” Two SNPs (rs1558902 and
rs1421085) in FTO were significantly associated with SFA both in men
(P=0.034 and 0.040, respectively) and women (P=0.010 and 0.0083,
respectively) (Table 4). SNPs in other genes were not significantly
associated with SFA. All SNPs were found to exhibit Hardy-Weinberg
equilibrium (P> 0.10).

Next, we attempted to perform multiple linear regression analysis
by using BMI, VFA and SFA as the dependent variables, and with age,
gender or genotype as an explanatory variable. We transformed
genotypes to 0, 1 or 2 depending on the number of copies of the
risk alleles. The A-allele of rs1558902 and the C-allele of rs1421085 in
FTO were significantly associated with increases in BMI (P=0.0039
and 0.0039, respectively), VFA (P=0.045 and 0.040, respectively) and
SFA (P=0.0027 and 0.0023, respectively) even after age and gender
were included in the model (Supplementary Tables 1, 2, and 3).
Multiple linear regression analysis showed that the SNPs of other
genes were not significantly associated with BMI, VFA and SFA.

We also conducted power analysis of linear regression (additive
model) with a significance level of 0.05, considering the effect size of
the parameters. For rs1558902, the estimated effect sizes per allele
(regression coefficients) for VFA and SFA were 5.8 and 14.4cm?,
respectively (Supplementary Tables 2 and 3). The power of our
statistical test was calculated on the basis of these estimated effect
sizes and by performing 10 000 simulations. When the allele frequency
was assumed to be 0.2, the power was estimated to be 0.32 for VFA
and 0.81 for SFA; however, when the allele frequency was assumed to
be 0.1, the respective powers were estimated to be 0.20 and 0.56.

DISCUSSION

The most important risk factor for metabolic syndrome is visceral fat
obesity. According to the criteria released by the Japanese Committee
for the Diagnostic Criteria of Metabolic Syndrome in April 2005,
metabolic syndrome is defined by the presence of two or more
abnormalities (dyslipidemia, impaired glicose tolerance or diabetes
and hypertension), in addition to visceral fat obesity. The cutoff points
for visceral fat obesity (waist circumference, 85 cm in men and 90 cm
in women) are based on the cutoff point for VFA (100 cm?) that is
determined by CT.56 Visceral fat mass measurement by CT is more
precise than that derived from BMI or waist circumference measure-
ments. Furthermore, for predicting metabolic risk-factor clustering,
VFA is superior to waist circumference or BML!? Therefore, we
examined the association of VFA and SFA with the SNPs related to
waist circumference and waist-hip ratio, and identified in a genome-
wide study.”® We found that the SNPs in FTO were significantly
associated with BMI, as we have previously reported.!* We also found
that these SNPs were associated with VFA and SFA; however, the
association between these SNPs and VFA was marginal because VFA
was not significantly different among the genotypes in men. We did not
find any association between other SNPs and BMI, VFA or SFA. These
findings may be due to the low power of this study. Therefore, further
studies with more subjects should be conducted to conclude that SNPs
in genes other than FTO are not associated with VFA or SFA.
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Table 2 Comparison of BMI among the different genotypes

BM! (kgm~2)
SNP ID Closest gene Aliele1/allele2 Risk allele Gender Genotype 11 12 22 P-value
rs1558902 FT0 AT A Men 25/190/302 30.3t5.1 30.9+5.9 29.9+64 0.058
Women 39/239/430 29.616.7 288156 27.7+50 0.012
Total 64/429/732 29.916.1 29.7+58 28.6+5.7 0.00021
151421085 Fro cr c Men 25/189/304 30.3%5.1 309+5.9 30.0+6.4 0.076
Women 39/238/431 29.6+6.7 288+5.6 27.7+50 0.0093
Total 64/427/735 29.9+6.1 29.7+5.8 28.6%5.7 0.00022
rs489693 MC4R C/A A Men 308/184/26 30.8+6.9 29.5+4.6 30.2+6.6 0.24
Women 422/238/50 28.415.2 278155 283162 0.13
Total 730/422/76 29.416.1 28.515.2 289164 0.045
rs17700144 MC4R AG A Men 0/30/488 — 30.7+5.6 303+6.2 0.48
Women 2/42/662 25.0, 26.2 27.1+38 283154 0.34
Total 2/72/1150 25.0, 26.2 28.6+4.9 29.1+59 0.62
rs987237 TFAP2B AlG G Men 330/168/19 30.2+6.2 30.6+6.1 30.1+63 0.56
Women 434/242/32 28.2+55 28.0+£5.2 28.8+4.7 0.47
Total 764/410/51 29.1+59 29.1+57 293+54 0.80
rs7826222 MSRA CiG c Men 7712351205 30.7+5.1 305+5.9 30.0£6.9 0.22
Women 117/321/271 28.0+5.3 28.2+4.8 282159 0.68
Total 194/556/476 29,1454 29.2+54 29.0+64 0.44
152605100 LYPLALL AG G Men 22/145/351 30.5+5.2 30.9+6.6 30.1+6.1 0.23
Women 14/200/495 26.6+4.7 28.7+6.0 28.0£5.0 0.24
Total 36/345/846 29.0%+5.3 29.6+6.3 28.9+5.6 0.16

Abbreviations: BMI, body mass index; SNP, single-nuclectide polymorphism.
Pvalues were analyzed using the Kruskal-Wallis test. Avalues for 12 vs 22 at rs17700144 were analyzed using the Mann-Whitney {test. Data are presented as the meants.d.

Table 3 Comparison of VFA among the different genotypes

VFA (cm?)
SNP ID Closest gene Allelel/allele2 Risk allele Gender Genotype 11 12 22 P-value
1s1558902 FTO AT A Men 25/190/302 163.2+52.1 166.9+67.5 157.11£67.4 0.22
Women 39/239/430 105.8+69.3 106.2+53.1 100.1+£53.7 0.23
Total 64/429/732 128.2+68.7 133.0t67.0 123.6+66.0 0.039
151421085 FT0 cT o} Men 25/189/304 163.2+52.1 167.2+67.6 156.8+67.2 0.18
Women 39/238/431 105.8+69.3 106.1+53.2 100.0+53.4 0.25
Total 64/427/735 128.2+68.7 133.1+67.2 123.5+65.7 0.037
rs489693 MC4R C/A A Men 308B/184/26 166.7+67.2 154.7+66.2 135.5+56.7 0.047
Women 422/238/50 105.6+55.1 95.5+51.2 109.1161.8 0.089
Total 730/422/76 131.4+67.6 121.3+65.2 118.2+61.0 0.035
rs17700144 MC4R AG A Men 0/30/488 — 161.5+62.4 160.9+67.1 0.87
Women 2/42/662 68.3, 90.2 104.8+50.8 102.4+£54.8 0.60
Total 2/72/1150 68.3,90.2 128.4+62.2 127.2+66.9 0.69
rs987237 TFAP2B A/G G Men 330/168/19 158.4+65.7 169.0+69.1 132.6+56.7 0.06
Women 434/242/32 102.7+£53.4 101.3+55.7 109.4+61.5 0.71
Total 764/410/51 126.7+65.2 129.0+69.9 118.0+£60.3 0.65
rs7826222 MSRA C/G c Men 77/235/205 161.7+£65.6 162.91£66.6 158.5+67.7 0.80
Women 117/321/271 105.4+57.1 103.3+54.8 100.5+53.1 0.74
Total 194/556/476 127.7+66.5 128.5+66.9 125.4+66.3 0.71
52605100 LYPLAL1 AG G Men 22/145/351 153.2+65.4 167.9+74.5 158.5+63.4 0.51
Women 14/200/495 94.1+41.1 101.7+53.0 103.1+£55.5 0.92
Total 36/345/846 130.2+63.6 129.5+70.9 126.1+64.9 0.86

Abbreviations: VFA, visceral fat area; SNP, single-nucleotide polymorphism.
P-values were analyzed using the Kruskal-Wallis test. Pvalues for 12 vs 22 at rs17700144 were analyzed using the Mann-Whitney Utest. Data are presented as the meants.d.

SNPs in FTO were associated with SFA and VFA. Therefore, some to body fat distribution in the Japanese subjects. On the other hand,
of the SNPs, which were identified by genome-wide association studies  rs10146997 in NRXN3 was found to be monomorphic in our subjects,
in the Caucasian population, were also found to confer susceptibility and we could not find associations between SNPs in MC4R, TFAP2B,
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Table 4 Comparison of SFA among the different genotypes
SFA ()
SNP ID Closest gene  Allelel/allele2  Risk allele  Gender  Genotype 11 12 22 P-value
rs1558902 FTO AT A Men 25/190/302 2159+1105  223.0:104.4 206.2+114.7 0.034
Women 39/239/430 279.6+129.9  2559:96.9 238.5+95.6 0.010
Total 64/429/732 254341257 241311015 225.2+105.1 0.0024
rs1421085 FTO [¢2) Cc Men 25/189/304 2159+110.5 223.1:104.6 206.4+114.4 0.040
Women 39/238/431 279.6+129.9 256.2+96.9 238.41+95.6 0.0083
Total 64/427/735 254311257 241.6x101.6 225.1+£104.9 0.0021
rs489693 MC4R C/A A Men 308/184/26 2208+114.4 199.7£97.0 214011496 0.16
Women 422/238/50 250.0+£95.2 242.8+106.6 232.9+86.8 0.29
Total 730/422/76 237.7+1046 223911046 226.4+111.7 0.051
rs17700144 MC4R AG A Men 0/30/488 — 227.6+1198 212.1£110.3 0.34
Women 2/42/662 179.3, 180.0 222.4+76.3 248.6+99.9 0.15
Total 2/72/1150 1793, 180.0 224.5+96.1 233.1+105.9 0.67
rs987237 TFAPZB AG G Men 330/168/19 207.8+106.8 2250+ 1196 195.0+96.8 0.20
Women 434/242/32 2515+102.6  237.8:x92.1 246.2+88.7 0.38
Total 764/410/51 2326+1066 232.6+104.3 227.1+94.2 0.96
rs7826222 MSRA C/G c Men 77/235/205 2300+119.7 211.9+109.2 207.9+109.3 0.44
Women 117/321/271 241.9+93.0 247.1£91.3 247.9+109.0 0.65
Total 194/556/476 237.1+104.3 232.31100.7 230.7+£1108 0.52
rs2605100 LYPLALL AG G Men 22/145/351 217.3+106.5 216.2t112.5 211.4+£110.7 0.66
Women 14/200/495 224.2+94.0 257.5+108.6 242.8+94.2 0.17
Total 36/345/846 220.0+£100.5  240.1+1120 229.7+102.5 0.21
Abb SFA, subc fat area; SNP, single-nucleotide polymorphism.

MSRA or LYPLAL! and VFA or SFA. Thus, there is a possibility that
genetic susceptibility to body fat distribution is likely to differ among
various ethnic groups.

rs1558902 and rs1421085 in FTO were in linkage disequilibrium
with rs9939609, which is associated with obesity and type II dia-
betes.!4~!6 Concentrations of circulating adipocytokines are affected by
the accumulation of adipose tissue, especially visceral adipose tissue.
Therefore, rs1558902 and rs1421085 probably affect subcutaneous and
visceral fat accumulation, leading to the development of type II
diabetes by altered adipocytokine secretion. The precise mechanism
of how FTO affects adipose tissue accumulation is not clear yet;
however, there is evidence that FTO is involved in the development
of obesity. FTO is ubiquitously expressed, and a strong expression is
observed in the arcuate, paraventricular, dorsomedial and ventromedial
nuclei, which are critical energy-regulation sites.'s"'® FTO also exists
in the nucleus and is reported to be a member of the Fe(II} and
2-oxoglutarate-dependent oxygenase superfamily,'”!® FTO-deficient
and dominant-negative mutant FTO mice have shown reduced fat
mass and increased energy expenditure. 202! These reports indicate that
FTO has an important role in energy homeostasis by regulating energy
expenditure. Although the effects of the SNPs rs1558902 and rs1421085
on gene expression need to be elucidated, variations in FTO probably
affect subcutaneous and visceral fat accumulation,

In summary, we showed that rs1558902 and rs1421085 in FTO may
be associated with SFA and VFA in the Japanese population. In our
study, rs489693 and rs17700144 in MC4R, rs1046997 in NRXNS3,
15987237 in TEAP2B, rs782622 (rs545854) in MSRA and rs2605100 in
LYPLALI were not associated with SFA or VFA.
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he article entitled ‘A remark on rare
variants’ by Oexle! is an interesting
report in which the author describes an
approach to the study of common diseases
caused by multiple rare variants. The article
contains three parts. The first part is a dis-
cussion of the concept of population attribu-
table risk (PAR) proposed by Bodmer and
Bonilla.? PAR is a kind of index that repre-
sents the contribution of a variant to the
onset of the disease. For calculating the
cumulative genetic effect of rare variants, an
approximate expression for estimating PAR is
presented. However, the explanation of PAR
in the original article is difficult to under-
stand because it does not go into enough
detail. The author explained the process of
obtaining the equations described in the
original article. The second part is a discus-
sion of the efficiency of genetic analysis for
rare variants with strong effect size. The
powers of both affected sib-pair analysis and
transmission/disequilibrium test (TDT) were
calculated based on the methods of Risch and
Merikangas.> The author illustrated that
affected sib-pair analysis is more sensitive to
a decrease in frequency or effect size than
TDT. The third part proposes a disease model
based on Kimura’s infinite sites model. The
author derived a simple relationship between
the variant’s selection coefficient and its effect
size. The number of contributing genetic
variants can be estimated by this model.
Finally, TDT was applied to the disease
model. The author derived the required sam-
ple size for the test.
The first two parts are very informative
and contribute to the understanding of ori-

Dr T Nakamura is at the Laboratory for Mathematics,
National Defense Medical College, 3-2 Namiki, Tokor-
ozawa, Saitama 359-8513, Japan.

E-mail: nakataka@ndmc.ac.jp

ginal articles. Moreover, 1 find the disease
model proposed in the third part very intri-
guing.

Recently, many genetic variants that
cause multifactorial disease have been
detected by genome-wide association study
(GWAS). To increase the power of GWAS,
high-frequency single-nucleotide polymorph-
isms (SNPs) are used as markers. This means
that common variants with low odds ratio
(OR) can be detected by GWAS. However, it
is also possible to discover rare variants
with high OR by sequencing around the
positive markers. For example, the association
between ABCGZ2 and serum uric acid levels
was identified by GWAS* The functional
variant Q141K in ABCG2 increases the
serum uric acid level. We searched for the
causative SNPs of gout and hyperuricemia in
the ABCG2 gene. The common variant
QI41K was associated with gout (minor
allele frequency (MAF)=0.32; OR=223).
Moreover, the rare variant QI26X was
detected as a  disease-related SNP
(MAF=0.03; OR=4.25). Functional analysis
showed that Q141K reduced activity by half
and that Q126X was associated with no
activity.’

Discoveries such as these may increase
in the future. However, there may be
many rare causative SNPs that cannot
be detected by GWAS. Genetic researchers
are accordingly interested in the question
of how many causative variants exist with
a particular OR and MAFE. The mathematical
model proposed in the third part may
give an approximate answer to this question.
The proposed model contains compli-
cated equations; in particular, there are many
equations about selection parameter s.
However, the parameter s was integrated
out and two parameters remained:
relative fertility and affection rate of the
disease. These two parameters alone are

required to estimate the number of the cau-
sative variants. The model therefore seems to
be simple.

The simulation study for the power
of TDT was performed using estimates
of the number of causative SNPs in
the third part. The estimated number
can be applied not only for a power cal-
culation of TDT but also for a power calcula-
tion of an association study using chi-
square test. Therefore, the model can help
in study design. Cumulative PAR, which
represents the summary genetic effect of
particular variants, can also be calculated
by the estimate. Moreover, if we can
obtain a more exact estimate of the number
of causative SNPs with some genetic effect,
the heritability of the disease may be esti-
mated.

This model is based on the assumption
that relative fertility and affection rate deter-
mine the ORs and the frequencies for the
variants. Moreover, it is assumed that the
variants associated with disease are under
selection, even if the disease onset is late.
These two assumptions seem not to be
robust. Therefore, evidence that this model
represents the real structure of genetic disease
is required for genetic researchers to use the
model confidently.

One method for confirming the validity of
the model is to check the inheritance
of the variants. The author claims that
disease susceptibility genes may be associated
with a selective disadvantage even if the
average onset is late. If this assumption is
true, the rare variants contributing to
diseases are not inherited with a probability
of 1/2. It appears that the fitness of the
model for the real genetic architecture
could be verified by investigating the prob-
ability of inheritance of the disease-related
variant, genetic effect, frequency and relative
fertility.
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The real structure of genetic disease would
not appear as simple as described in the
article. However, for the purpose of theore-
tical study it is useful to start from the
simplest case. I hope that this article serves
as the basis from which to develop research
on rare causative variants.
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Vitart 5 X, GLUT9 ﬁg}i&%%ﬁ%‘ﬁ'é Z &% GWAS OEDBICHO T
HEL 2L, TOHEEME (K. E 890uM) kowTbHLIICL
720 F Vitart 51, GLUTY QgAY X7awnvizkh (URATI
LHATEEC) MBS NGC L bHEL TS ©, GLUTY Io & 5 REHH%EE

%7 —2 MERMBELREREVAEES/ LT FISERT (GWAS)

4 g WERH & BEF ik
2007 Lietal. 4731 A A 4UFASadinia  GLUT9/SLC2A9, PIA2 28
- [1,301 Al [« %Y7A Chianti} -

2008 Doringetal. 1,644 A FA YA Augsberg GLUT9/SLC2A9 29
4,162 A} [F41 Y A Augsberg] S
[4,066 A1 [K-+ YA Pomerania)
(1,719 Al [#F-Z bUTA Salzburg]

2008 Vitartetal. 986 A YRAFFFA GLUT9/SLC2A9 30
o [708 A] [ %Y XA Orkney 8]
2008 McArdle 868 A FAYRFXUAAN  GLUT9/SLC2AY 31
et al. Amish
2008 Dehghan 7609 A ZI—Oy/NRBA GLUT9/SLC2A9, 32
et al. S - ABCGZ, |
4,148 A #5 >4 A% Rotterdam SLC17A3-SLC17A1-

SLC17A4
11,024 A 7AUAAAA ‘
3843 A TAUHBARA
2000 Kolzetal. 28141 A I—Ow/SA (AZHEHF) GLUTY/SLC2A9, . 33
ABCG2,
SLC17A3-SLC17A1-
SLC17A4,
" URAT1/SLC22A12,
OAT4/SLC22A11,
MCTO/SLC16AS,
PDZK1, GCKR,
: LRAC16A-SCGN
2010 Kamatani 14,700 A BAEA - URAT1/SLC22A12, 34
etal. GLUT9/SLC2A9,
ABCG2, LRP2

# [ ] W replication study OF&%RT (RIS LYFIA; &E)




162 $HT7E RROM VAR |

B EOROMETLHEREN SO fik, TELMEEREELSN T
L EDZNT—R, D7V bR EORERBIEE X ) b REBERAEEO K
AHHEEOZ EARERTNRD ¥,

CLUTO/SLC2A9 # REMEDEIZHET 5 2 LISMA T, BEOHEC
ERRMEICB T A CLUTY ORBEERENTWSZ L b, GLUTY
SLC2A9 BiZF I BHERBIEDS 2 ORERETF Th 2 THMESTRS
Tz, H5 5 14385 10 M 10 b7 5 85t v N OREBI 7 — 5 24+
DL BERORESHI T — 5 "= AR EATH I LI LY, THRERNE
BEfRL 729 2°C, GLUTOMET % 1& & LI ARRBRILE O BRsE 550 MEhT

Sl L 7zo” 2 DREIRABO MBI LIzt & ORI & ) BT
MES ST 2 DD EEID I Ay AR (73 7 BREWR L - #H{ETF
Z5E) L LCRI9EC & RIOW # RV HEFZLARTE (W7 - 1), »o
GLUTO 252 MATS AL LT, b b OFAIRMEIC 5 2 B BRI
VI REIZHoTWAZ EERTIENTEL (M7 -1 AP, ZoiEH,
ERBRINAED 1 611 GLUT9 @ PAIZR ZRE 72 & ) 85 % 233 59,
s S RO REIN SN LD, B X U OB RS0 7
=T EYERTE TN LT b, %f—”x@#ﬁ%ﬂ’ﬁ?ﬁ%—&: ThTwn
pa 37)0 : _

BUERBIEOKRER & LCRVIES N GLUTI BIZF D 2 D0
£ (R198C, R380W) 13, & b \CIEE LA E QMBI — 7O i FR7E
LCWwdo $7, HEET IV BROTVESYPEHHET I BAOBHIGE
XpIEIZED, TIAOBHOMENE LTS Mo BERRGE & EFID
200 GLUTY E{5FOZEREIY, GLUTI KIEMEERE (GLUT1 deficiency syn-
drome, GLUT1IDS) T3 & b5 Glucose transporter 1 (GLUTI/SLCZAJ)
BEFORELEE (RI53C & R333W)® 2 L&l RT 3/ B 0L
BTH oV GLUTL KIBSEEIEY, BA~O 7 V2 — R RS T 457
DI T AP AT LR BREE S e T BREEOMERETH S, ZRLD
GLUTI ¥ U GLUT9 #ET BT A RELEEHLO T V¥ = v i3,
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GLUT family ‘THRAF S iz EF — 7 OMIZFEL, WAEOA%E ST, M,
B, YOEDO PTG VAR—F - ZHB LI VG AN -V ThH D
"sugar transport proteins signature Prh WA ET A P,

GLUTI o R333 % &L RFIC OV id, B4 0% L DB T ¥ —
D12& LTEELRREAEZE) P Sato bIZL YRENTBY, ZOE
F—T7BITE3DOT VX VREEZRET I VBICBERTZILET, 20O
RLPL— AR OBEEIR L & 12, MBALCROM S = L 38RE S h
T3 9, GLUTY oW TH, HADEF—7HICHED bRDTILEE V5
I 200KRTHY, 5D R380 i sugar tranSpc;rt proteins signature M HC
bEDBELBESRTVE D, MIEEAT V7 — b LTHE bRE U — 0
WEELRREZH-TWALEZIDNS, Lizh o T, R3B0 Z&LEERER
MOBEEN T V= VBEOERY RTTER, FENBEELCLIET Y
O —BEEREEEL, O ERRBIESRONAIC O EEER AN =

ALD1DOTHHrEEZLNE Y, '

(3) BEHERBIME 1 BH&0 2 5

EFHERBIEOTEREREF GLUTIOREIC LY, EARERET
b URATI BRITE 5 b0 [EHHERMIAE 1| (RHUCL renal hy-
pouricemia type 1, MIM 220150), GLUT9ZRIZ X 5 b OH [EE{ERERM
fiE 2 B | (RHUCZ, renal hypouricemia type 2, 4MIM 612076) LWMOTHIEE
MBI BoRY, ZO% GLUTI ORERELEYHD 5 I 0 Bk
DEGAPRE SN D, EHELORED PEH SN 51, [EHEERRE
M 1 ) & Rk TEEERRILE 28] CBnTd, ERRamERe
REEROEENDEZEVHRETRENLD, ChTFTOBTIZLY,
URATI B X U GLUTY OTI#EET 1T 28 % 8 7 W R B SE Bl 557
T B ELHRSNTEY, RNOKERETRE LS [BHIERMRILE
38! | (RHUCS, renal hypouricemid type 3) DHFEEISREE TS B, *
%2, GLUT9#{ETF 0 SNP & RO ME b BH O Mk 0 EpIR RHZE I By



154 7% RBOFFVAR—F—
TEENTVEY, ZOFFHBEEHLPILENTELY, SBROMEDKRR -
PR SN D,

4. JRERPER NS Y AKR—F —

(1) ABCG2/BCRP &JEfE - ERELNAE

ABCG2 ¥ 6 MIEEER OIS ¥ 37 BTHY, FE 2 BHEETHET 51—
TH5 47D ABC b5 v AR—F —Thbo ABCG2 MR AK 2 L OEH 0
HEE R 2 2 2 b Cvieds, WEEOERE LTEN 714 > Usto
WMETIT L AL EN TP o7,

IiEREEIC b B GWAS I2EILH, HE%EE b%‘“f%@ﬁ’ﬁﬁc& 21 %
%%ﬁ%kbtfjAv{Fﬁﬁ%ﬁ(ﬁmmmwkmm&emmmﬂﬂt.
%4 pEfERC, BROREEETOERESITET S LIRES R
729, common disease & LT L REFOBEIIONT, €4 A%%
L LERER IR CTHoke 2B, % 4 Rtk ER L OBEEERIC
i, OBIRAOEERWERET £ LCRESIth ABCG2/BCRP & E
nNTWiz, Z0%, MERBEICET S GWASOFER, ABCG2 2 &L BE
BRHEEFSHRESRE (F7 - 2) %%, ABCG2REETFIZOVWT, &
B0 ATP KEMREEEM%ME ABCG2 £ — FLTED 2, ZoMEETF
KB AMRMAE R ET S ERMEALBEL TR L, &5
& Woodward & * B2 ZRMIZICRWZLEE L2, EELE ST,
ABCG2 BIETIT BT & WD SNP T3 5 Q126X B & UF QU1K D44
ADEPERORECEETHY, BAOTERRRTHLI L FRLEL
729 ThbEFELANEETS, OQL26X iE#idk{k ABCG2 mHEM#4E
B 0%E THES Y, QUK IEH S0%IERmEEs (K7 -3), @-hb
DSNPRFELATTY 4 TRk (ThbbHEPLI, Q126X & Ql4IK
D 23BN SNP P FHHCEET B 2 EiRV), L) 200KE,E, O
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A iRt F506SfsX4
#
LLOOUBOGCEU0TOCN (F506fs) of - 5
& S441N~8 500 1\
© _ ® QG@QB
DS0E® 0
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m 7
GXLX %%
- @ o0
g’é‘ :0
39560 9644 -
| .
©. ®650 655
O0G DEDRRTE
€, : C ¥R
@mm@0uoe@m@@@000@0@@@000@@@@@@@@@@m@@omq@
350 - W
SOE0A0EAEEERARENNEREROORECIERCARDDVEEEEY
GL300 »—E268R

000(!6@@00@@00@@ﬂ0@0©@@0@@0@@9@ HEMOEEEACODCEED)

"fvvv‘

meeemoeoéaove®@®om
N 85K

B - : 200
' ‘180
160}
140+
120+
100+

80

5

PRI

2

RN S PRI

[“C] FREAEIRE

(poml/mg protein)
o
o

7.—3 ABCG2HBW37 /BBHEEITRE
A FROYV—EFN BRI 90 AOBRBIVEERNZHR L Lz =22y XL hEBH 6
N60oDT I/ BEBRENS BEFERELTRT. #: NHESEEMESEM (N5%6), *: AN
74 FEEGOHBICHELY X514 554 (C592, C603, C603). B : ZEERIC L BIREBEREEDET .
AR (wild type) /i3 6 DOBEMREFEB R & HERZI3 MIEH 6 R LA-MBENE (RS2
VY ERWT, ATPEET I AREFETICSY BREO 22 RE L (BYEEsEEcE
R)o (XWLO L HBIHE, &%)



