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Association between obesity and polymorphisms
in SEC16B, TMEM18, GNPDA2, BDNF, FAIM2
and MC4R in a Japanese population

Kikuko Hotta1, Michihiro Nakamura1, Takahiro Nakamura2,3, Tomoaki Matsuo4, Yoshio Nakata4,
Seika Kamohara5, Nobuyuki Miyatake6, Kazuaki Kotani7, Ryoya Komatsu8, Naoto Itoh9, Ikuo Mineo10,
Jun Wada11, Hiroaki Masuzaki12, Masato Yoneda13, Atsushi Nakajima13, Tohru Funahashi7, Shigeru Miyazaki14,
Katsuto Tokunaga15, Manabu Kawamoto16, Takato Ueno17, Kazuyuki Hamaguchi18, Kiyoji Tanaka4,
Kentaro Yamada19, Toshiaki Hanafusa20, Shinichi Oikawa21, Hironobu Yoshimatsu22, Kazuwa Nakao12,
Toshiie Sakata22, Yuji Matsuzawa7, Naoyuki Kamatani3 and Yusuke Nakamura23

There is evidence that the obesity phenotype in the Caucasian populations is associated with variations in several genes, including

neuronal growth regulator 1 (NEGR1), SEC16 homolog B (SCE16B), transmembrane protein 18 (TMEM18), ets variant 5 (ETV5),

glucosamine-6-phosphate deaminase 2 (GNPDA2), prolactin (PRL), brain-derived neurotrophic factor (BDNF), mitochondrial carrier

homolog 2 (MTCH2), Fas apoptotic inhibitory molecule 2 (FAIM2), SH2B adaptor protein 1 (SH2B1), v-maf musculoaponeurotic

fibrosarcoma oncogene homolog (MAF), Niemann-Pick disease, type C1 (NPC1), melanocortin 4 receptor (MC4R) and potassium

channel tetramerisation domain containing 15 (KCTD15). To investigate the relationship between obesity and these genes in

the Japanese population, we genotyped 27 single-nucleotide polymorphisms (SNPs) in 14 genes from obese subjects (n¼1129,

body mass index (BMI) X30kgm�2) and normal-weight control subjects (n¼1736, BMI o25kgm�2). The SNP rs10913469

in SEC16B (P¼0.000012) and four SNPs (rs2867125, rs6548238, rs4854344 and rs7561317) in the TMEM18 gene

(P¼0.00015), all of which were in almost absolute linkage disequilibrium, were significantly associated with obesity in the

Japanese population. SNPs in GNPDA2, BDNF, FAIM2 and MC4R genes were marginally associated with obesity (Po0.05).

Our data suggest that some SNPs identified by genome-wide association studies in the Caucasians also confer susceptibility

to obesity in Japanese subjects.
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INTRODUCTION

Obesity is the most common nutritional disorder in developed
countries and is a major risk factor for hypertension, cardiovascular
disease and type II diabetes.1,2 Genetic factors, as well as environ-
mental factors, contribute to the development of obesity.3–5 As a
result of recent progress in single-nucleotide polymorphism (SNP)

genotyping techniques, it is now possible to conduct genome-wide
screens to identify common genetic variants associated with obesity.
We carried out a large-scale case–control association study and found
that secretogranin III (SCG3)6 and myotubularin-related protein 9
(MTMR9)7 confer susceptibility to the obesity phenotype in the
Japanese population. Genome-wide association studies have shown
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that variations in the upstream region of the insulin induced gene 2
(INSIG2)8 and in the fat mass and obesity associated (FTO)9–11 genes
are linked with the obesity phenotype. We recently reported the
association between variations in the FTO and INSIG2 genes and
obesity in Japanese subjects.12,13 Large-scale genome-wide association
studies have recently shown that 16 loci are related to variations in
body mass index (BMI).14–17 With the exception of FTO, these loci
have not been examined in Asian populations.

To investigate the relationship between obesity and SNPs in the
15 loci in the Japanese population, we carried out a case–control
association study using patients with adult obesity (BMI X30 kg m�2)
and normal-weight controls (BMI o25 kg m�2). This study found
that rs10913469 in the SEC16 homolog B (SCE16B) gene and
four SNPs (rs2867125, rs6548238, rs4854344 and rs7561317) in the
transmembrane protein 18 (TMEM18) gene were associated with
adult obesity.

MATERIALS AND METHODS

Study subjects
The sample size of the obese Japanese subjects (BMI X30 kg m�2) was 1129

(male/female ratio, 571:558; age, 49.1±13.6 years; BMI, 34.2±5.3 kg m�2),

whereas for the Japanese normal-weight controls (BMI o25 kg m�2), it was

1736 (male/female ratio, 849:887; age, 48.8±15.8 years; BMI, 21.7±2.1 kg m�2).

The obese subjects were recruited from among outpatients of 15 medical

institutes. Patients with secondary obesity, obesity-related hereditary disorders

or medication-induced obesity were not included in the study. The normal-

weight control subjects were recruited from among subjects who had under-

gone a medical examination for the screening of common diseases at eight

medical institutes. Self-claiming nationality of all subjects were Japanese.

As most Japanese individuals fell into two clusters, Hondo and Rykyu,18 we

collected the case and control subjects at the region of Hondo (Kyushu,

Chugoku-Shikoku, Kinki and Kanto-Koshinetsu). Details of the geographical

region of the subjects was described in Supplementary Table 1. The clinical

features of the subjects are summarized in Table 1. Each subject gave written

informed consent, and the protocol was approved by the ethics committee of

each institution and that of RIKEN.

DNA preparation and SNP genotyping
Genomic DNA was prepared using Genomix (Talent Srl, Trieste, Italy) from

blood samples collected from each subject. We constructed Invader probes

(Third Wave Technologies, Madison, WI, USA) for rs3101366 and rs2815752

in the neuronal growth regulator 1 (NEGR1) gene; rs6548238 and rs4854344

in the TMEM18 gene; rs10938397 in the glucosamine-6-phosphate deaminase 2

(GNPDA2) gene; rs4074134, rs4923461, rs925946 and rs6265 in the brain-

derived neurotrophic factor (BDNF) gene; rs10838738 in the mitochondrial

carrier homolog 2 (MTCH2) gene; rs8049439, rs4788102 and rs7498665 in

the SH2B adaptor protein 1 (SH2B1) gene; rs1424233 in the v-maf musculo-

aponeurotic fibrosarcoma oncogene homolog (MAF) gene; rs1805081 in the

Niemann-Pick disease, type C1 (NPC1) gene; rs17782313 in the melanocortin 4

receptor (MC4R) gene; and rs29941 and rs11084753 in the potassium channel

tetramerisation domain containing 15 (KCTD15) gene. The SNPs were geno-

typed using Invader assays as previously described.19,20 Pre-designed TaqMan

probes (Applied Biosystems, Foster City, CA, USA) were purchased for

genotyping of rs2568958 (C_1682788_10) in the NEGR1 gene, rs4712652

(C_29580306_10) in the prolactin (PRL) gene, rs10508503 (C_29615408_20)

in the phosphotriesterase related (PTER) gene, rs10501087 (C_1751776_10) in

the BDNF gene, rs7138803 (C_29248155_10) in the Fas apoptotic inhibitory

molecule 2 (FAIM2) gene and rs12970134 (C_3058722_10) in the MC4R gene.

TaqMan probes for rs10913469 in the SEC16B gene, rs2867125 and rs7561317

in the TMEM18 gene, and rs7647305 in the ets variant 5 (ETV5) gene were

designed and synthesized by Applied Biosystems. The success rates of these

assays were 499.0%, with the exception of rs10501087 (98.9%) and rs12970134

(96.3%) in the control subjects (Supplementary Table 2). Using rs11084753 and

rs7498665, we confirmed that there was almost a 100% agreement between the

results of genotyping by Invader and Taqman assays.

Statistical analysis
For each case–control study, the w2-test (additive model) was performed

according to Sladek et al.21 We coded genotypes as 0, 1 and 2, depending

on the number of copies of the risk alleles. Odds ratios (ORs) adjusted for age

and gender were calculated using multiple logistic regression analysis with

genotypes, age and gender as the independent variables.

The Hardy–Weinberg equilibrium was assessed using the w2-test.22 We used

the linkage disequilibrium (LD) measures D¢ and r2, calculated as previously

reported.23 Although we collected the samples at the region of Hondo,

we performed Wright’s F-statistics24 to evaluate the difference in the popu-

lation structures of our case and control groups using randomly selected

28 SNPs. The results indicated that the population structure of our case and

control groups were almost the same in view of a very small FST value between

the both groups (FST¼0.00011). Simple comparison of the clinical data between

case and control groups was carried out using the Mann–Whitney U-test.

Simple comparison of the clinical data in the different genotypes was carried

out using the Kruskal–Wallis test.

RESULTS

The most significant association was observed for rs10913469 in
the SEC16B gene (P¼0.000012, allele-specific OR (95% confidence
interval (CI)) adjusted for age and gender¼1.31 (1.16–1.48)). Four
SNPs (rs2867125, rs6548238, rs4854344 and rs7561317) in the
TMEM18 gene were also associated significantly with obesity in the
Japanese subjects (Table 2). Four SNPs in the TMEM18 gene were in

Table 1 Clinical characteristics of the subjects

Case Control

n Value n Value P-value

Gender (male/female) 1129 571/558 1736 849/887 0.38

Age (years) 1129 49.1±13.6 1736 48.8±15.8 0.37

BMI (kg m�2) 1129 34.2±5.3 1736 21.7±2.1 o0.0001

Fasting glucose (mg per 100 ml) 1085 124.8±47.0 1731 98.7±22.9 o0.0001

Total cholesterol (mg per 100 ml) 1101 210.8±38.4 1731 203.3±36.6 o0.0001

Triglycerides (mg per 100 ml) 1093 157.4±109.4 1731 106.8±74.1 o0.0001

HDL cholesterol (mg per 100 ml) 1007 53.0±18.0 1691 64.2±15.5 o0.0001

Systolic blood pressure (mm Hg) 1056 136.7±18.4 1693 123.6±17.9 o0.0001

Diastolic blood pressure (mm Hg) 1056 84.5±12.5 1693 76.2±11.2 o0.0001

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein.
Data are shown as the mean±s.d. Male/female ratio was analyzed by the w2-test. P-values for quantitative traits were analyzed using the Mann–Whitney U-test.
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almost absolute LD (D¢40.99, r240.95). The P-value of rs7561317
was smallest among the four SNPs (P¼0.00015, OR¼1.45 (95%
CI¼1.20–1.75)). SNP rs10938397 in the GNPDA2 gene, three SNPs
(rs4074134, rs4923461 and rs10501087) in the BDNF gene, rs7138803
in the FAIM2 gene and rs17782313 in the MC4R gene were marginally
associated with obesity (Po0.05). Three SNPs (rs4074134, rs4923461
and rs10501087) in the BDNF gene were in almost complete LD
(D¢40.99, r240.86). The risk alleles of the above SNPs were the same
as reported previously.14–17 The other SNPs investigated were not
associated with obesity in the Japanese subjects. One SNP, rs10508503,
in the PTER gene was monomorphic in the Japanese population.
All SNPs were in the Hardy–Weinberg equilibrium (P40.05), with the
exception of rs4074134 (P¼0.03) and rs6265 (P¼0.04) in the obese
subjects and rs11084753 in the control subjects (P¼0.02).

As some of these SNPs are known to be associated with type II
diabetes,15 we investigated whether the genotypes of SNP rs10913469
and rs7561317 were associated with the phenotypes of metabolic
disorders. We compared the following parameters among the different
genotypes in the cases and controls: BMI; blood pressure; and levels of
fasting plasma glucose, total cholesterol, triglycerides and high-density
lipoprotein (HDL) cholesterol. The quantitative phenotypes for BMI,
fasting plasma glucose, total cholesterol, triglycerides, HDL cholesterol
and blood pressure were not found to be significantly associated with
the genotypes at rs10913469 and rs7561317 in either the case or
control groups (Tables 3 and 4). Thorleifsson et al.15 reported that

rs7138803 was associated with both obesity and type II diabetes,
and therefore we also compared the quantitative traits among the
different genotypes in the cases and controls. We could, however,
find no association between genotypes and the quantitative traits
(data not shown).

DISCUSSION

In this study, we found that the SNPs in the SEC16B and TMEM18
genes were associated significantly with obesity in the Japanese
population. We have previously reported that SNPs in the FTO and
INSIG2 genes are associated with obesity in Japanese subjects.12,13

Therefore, some of the SNPs identified by genome-wide association
studies in the Caucasians also confer susceptibility to obesity in
Japanese subjects. Further, the SNP in the PTER gene was only a
C allele in our sample, whereas according to the HapMap data,
SNPs in the SCG3 gene are risk alleles only in the Caucasians.
Therefore, genetic susceptibility to obesity is likely to differ among
ethnic groups.

We could not replicate the association 16 SNPs and obesity in this
study. This may be due to the low power of the study, as the ORs were
around 1.1 in the Caucasians.15 In the simulation study, the power of
this test was 0.31 in the following condition; the sizes of the case and
the control groups are 1129 and 1736, respectively, OR is 1.1, risk allele
frequency is 0.2 and the mode of inheritance is additive (Supple-
mentary Figure 1). Therefore, further studies would be necessary to

Table 2 Association of candidate SNP loci with obesity

Case Control Risk allele (%)

Nearest

gene Chromosome SNP Position

Allele1/

allele2 11 12 22 11 12 22

Risk

allele Case Control P-value

Odds ratio

(95% CI)

HWE

Case

P-value

Control

NEGR1 1 rs3101336 72523773 A/G 4 154 970 9 272 1454 G 0.93 0.92 0.10 1.17 (0.96–1.44) 0.42 0.33

rs2568958 72537704 A/G 968 155 4 1450 270 9 A 0.93 0.92 0.13 1.16 (0.95–1.42) 0.40 0.35

rs2815752 72585028 A/G 970 155 4 1454 272 9 A 0.93 0.92 0.11 1.17 (0.95–1.43) 0.40 0.33

SEC16B 1 rs10913469 176180142 C/T 73 464 590 92 579 1063 C 0.27 0.22 1.2�10�5 1.31 (1.16–1.48) 0.15 0.26

TMEM18 2 rs2867125 612827 A/G 7 154 967 20 315 1389 G 0.93 0.90 0.00029 1.42 (1.18–1.73) 0.75 0.65

rs6548238 624905 T/C 7 158 964 20 325 1390 C 0.92 0.89 0.00024 1.43 (1.19–1.73) 0.85 0.84

rs4854344 628144 T/G 962 159 7 1385 329 20 T 0.92 0.89 0.00018 1.44 (1.19–1.75) 0.88 0.93

rs7561317 634953 A/G 7 159 962 20 330 1383 G 0.92 0.89 0.00015 1.45 (1.20–1.75) 0.88 0.95

ETV5 3 rs7647305 187316984 C/T 1045 83 1 1590 130 1 C 0.96 0.96 0.89 1.03 (0.78–1.37) 0.62 0.32

GNPDA2 4 rs10938397 44877284 A/G 503 494 131 845 729 158 G 0.34 0.30 0.0081 1.17 (1.04–1.31) 0.56 0.97

PRL 6 rs4712652 22186594 A/G 775 309 37 1183 504 38 A 0.83 0.83 0.79 0.98 (0.85–1.13) 0.37 0.06

BDNF 11 rs4074134 27603861 G/A 454 497 178 610 828 290 G 0.62 0.59 0.027 1.13 (1.01–1.26) 0.03 0.75

rs4923461 27613486 A/G 452 501 175 613 828 291 A 0.62 0.59 0.026 1.13 (1.02–1.26) 0.07 0.69

rs925946 27623778 T/G 3 76 1050 3 111 1619 T 0.04 0.03 0.61 1.08 (0.82–1.44) 0.20 0.45

rs10501087 27626684 C/T 187 509 426 318 812 587 T 0.61 0.58 0.038 1.12 (1.01–1.25) 0.10 0.21

rs6265 27636492 A/G 191 505 431 318 817 598 G 0.61 0.58 0.059 1.11 (1.00–1.23) 0.04 0.18

MTCH2 11 rs10838738 47619625 G/A 110 464 553 173 735 823 G 0.30 0.31 0.49 0.96 (0.85–1.07) 0.38 0.64

FAIM2 12 rs7138803 48533735 A/G 170 502 453 212 777 737 A 0.37 0.35 0.045 1.12 (1.01–1.25) 0.11 0.74

SH2B1 16 rs8049439 28745016 C/T 59 404 666 105 594 1035 C 0.23 0.23 0.95 1.00 (0.88–1.13) 0.82 0.11

rs4788102 28780899 A/G 28 258 841 35 399 1302 A 0.14 0.14 0.65 1.03 (0.89–1.20) 0.13 0.49

rs7498665 28790742 G/A 28 259 842 34 399 1301 G 0.14 0.13 0.61 1.04 (0.89–1.21) 0.14 0.60

MAF 16 rs1424233 78240252 A/G 639 412 76 1018 611 102 A 0.75 0.76 0.21 0.93 (0.82–1.05) 0.39 0.42

NPC1 18 rs1805081 19394430 A/G 585 453 86 883 713 133 A 0.72 0.72 0.67 1.02 (0.91–1.15) 0.90 0.51

MC4R 18 rs17782313 56002077 T/C 635 437 57 1049 599 85 C 0.24 0.22 0.049 1.13 (1.00–1.28) 0.10 0.97

rs12970134 56035730 A/G 24 318 784 37 443 1191 A 0.16 0.15 0.43 1.06 (0.91–1.23) 0.21 0.58

KCTD15 19 rs29941 39001372 T/C 698 373 57 1078 574 82 C 0.22 0.21 0.78 1.01 (0.89–1.15) 0.44 0.62

rs11084753 39013977 G/A 110 472 547 167 677 886 G 0.31 0.29 0.26 1.06 (0.95–1.19) 0.58 0.02

Abbreviations: CI, confidence interval; SNP, single-nucleotide polymorphism, HWE, Hardy–Weinberg equilibrium.
The odds ratio for each SNP was adjusted simultaneously for age and gender using the additive model.
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elucidate the association between 16 SNPs and obesity in the Japanese
population.

The SEC16B encodes long (Sec16L) and short (Sec16S) proteins,
which are expressed ubiquitously in various tissues.25 Sec16L and
Sec16S are required for secretory cargo traffic from the endoplasmic
reticulum to the Golgi apparatus.25,26 We have reported that SCG3
and secretogranin II (SCG2) form secretory granules with orexin,
neuropeptide Y (NPY) and proopiomelanocortin (POMC).6,27 Thus,
Sec16 may have a role in the transport of SCG3 and SCG2 together
with orexin, NPY and POMC from the endoplasmic reticulum to the
Golgi apparatus, and also in regulating the secretion of these appetite-
related peptides. In addition to many neuropeptides in the central
nervous system, peptides secreted from other tissues, such as adipose
tissue and the gastrointestinal organs, participate in the control of
food intake. There have been no reports indicating the involvement of
Sec16 in appetite regulation, but it is interesting to speculate that
Sec16 may be a potential factor in the regulation of food intake and
that alteration in the amounts or function of Sec16 could be related to
the development of obesity. TMEM18 is also expressed in various
tissues, with its expression level being high in the brain and hypo-
thalamus.16 This gene may also participate in the appetite-signaling
system, although the function of TMEM18 is yet to be elucidated.

Single-nucleotide polymorphisms in the GNPDA2, BDNF, FAIM2
and MC4R genes may be associated with obesity in Japanese subjects.
As we previously reported, the obesity-related SCG3 and MTMR9
genes are highly expressed in the hypothalamus;6,7 the expression of

GNPDA2, BDNF, FAIM2 and MC4R, as well as FTO, is high in the
hypothalamus.9,16,28 Disruption of BDNF or MC4R gene function in
mice results in hyperphagia and obesity, indicating that these genes are
involved in the regulation of appetite.29,30 Although FAIM2 has an
anti-apoptotic function in Hela cells, its role in the hypothalamus
is yet to be studied. The function of GNPDA2 in the hypothalamus
has also not been elucidated. Although the functions of these genes
in the hypothalamus remains to be fully investigated, many of the
genes causing monogenic and common obesity are expressed in
the hypothalamus, indicating that they have important roles in the
regulation of food intake. These genes are therefore likely to confer
susceptibility to obesity in Japanese subjects.

In summary, we were able to replicate the previously reported
genetic variations in the SEC16B and TMEM18 genes that may
influence the risk of obesity in the Japanese population. Genetic
variations in GNPDA2, BDNF, FAIM2 and MC4R may be associated
with obesity in the Japanese.
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Table 3 Comparison of various quantitative phenotypes among the different genotypes at rs10913469 in obese and control subjects

Obesea Controla

CC CT TT P-valueb CC CT TT P-valueb

Age (year) 47.7±15.7 48.4±13.6 49.7±13.4 0.11 48.9±15.6 48.7±15.5 48.8±15.9 0.99

BMI (kg m�2) 34.8±5.4 34.2±4.7 34.2±5.7 0.14 21.7±2.0 21.7±2.1 21.7±2.1 0.89

Glucose (mg per 100 ml) 129.3±47.7 122.8±45.0 125.7± 48.5 0.52 105.6±47.8 98.0±21.9 98.5±20.1 0.25

Total cholesterol (mg per 100 ml) 210.8±40.7 211.0±38.3 210.6±38.3 0.90 203.7±34.7 203.2±36.1 203.3±37.0 0.93

Triglycerides (mg per 100 ml) 151.0±81.7 160.1±111.9 156.3±110.6 0.77 107.3±65.0 101.5±63.1 109.6±80.2 0.17

HDL cholesterol (mg per 100 ml) 53.8±40.0 52.5±15.1 53.3±15.6 0.21 62.3±12.1 65.3±15.2 63.7±15.9 0.19

SBP (mm Hg) 133.3±17.0 136.4±18.1 137.4±18.7 0.13 124.8±19.6 122.0±17.7 124.4±17.8 0.02

DBP (mmHg) 83.1±9.8 84.1±12.5 85.1±12.7 0.23 77.1±12.5 75.5±11.3 76.5±11.1 0.12

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; SBP, systolic blood pressure.
Data are presented as the mean±s.d.
aThe data of each quantitative phenotype from obese and control subjects were compared in the different genotypes at rs10913469 in obese and control subjects.
bP-values analyzed using the Kruskal–Wallis test in each group of obese and control subjects.

Table 4 Comparison of various quantitative phenotypes among different genotypes at rs7561317 in obese and control subjects

Obesea Controla

TT CT CC P-valueb TT CT CC P-valueb

Age (year) 49.7±13.0 48.0±13.6 49.3±13.6 0.63 47.7±16.1 49.4±16.1 48.6±15.7 0.64

BMI (kg m�2) 34.1±5.1 34.9±6.3 34.1±5.1 0.14 21.5±2.1 21.7±2.1 21.7±2.0 0.88

Glucose (mg per 100 ml) 128.3±45.0 129.9±49.3 124.0±46.7 0.17 100.3±11.6 98.6±18.3 98.7±24.1 0.34

Total cholesterol (mg per 100 ml) 201.9±26.1 210.0±34.2 211.1±39.1 0.79 198.5±16.5 198.7±36.3 204.4±36.8 0.04

Triglycerides (mg per 100 ml) 108.3±42.0 155.9±104.2 158.1±110.6 0.42 121.1±121.4 103.1±66.4 107.5±75.1 0.58

HDL cholesterol (mg per 100 ml) 59.7±22.6 53.9±30.2 52.8±14.9 0.44 63.6±10.8 63.0±15.6 64.4±15.5 0.51

SBP (mm Hg) 136.3±5.8 135.2±16.7 137.0±18.7 0.66 125.6±15.8 124.0±17.3 123.5±18.0 0.61

DBP (mmHg) 84.7±7.8 84.4±11.1 84.5±12.7 0.93 78.1±11.8 76.6±10.2 76.1±11.4 0.38

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; SBP, systolic blood pressure.
Data are shown as the mean±s.d.
aThe data of each quantitative phenotype from obese and control subjects were compared in the different genotypes at rs7561317 in obese and control subjects.
bP-values analyzed using the Kruskal–Wallis test in each group of obese and control subjects.
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