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Abstract Several lines of evidence have suggested that
pancreatic fi-cell destruction is caused by inflammatory
cellular responses mediated by T lymphocytes in individ-
uals with type 1A diabetes. B lymphocytes, which play an
important role in the production of autoantibodies to f-cell
antigens such as insulin, glutamic acid decarboxylase
(GAD) or insulinoma associated antigen 2 (IA-2) in type
1A diabetes, are also known as professional antigen-pre-
senting cells and T-lymphocyte activators. Here, we report
a case of long-standing autoimmune type 1 diabetes with
common variable immunodeficiency, which is known as a
functional deficiency of B lymphocytes. A 51-year-old man
was admitted to our hospital because of hyperglycemia. He
had suffered from frequent bacterial infections from early
childhood. At 16 years old, he was diagnosed with com-
mon variable immunodeficiency. At age 27, he experienced
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sudden-onset diabetic ketosis and was diagnosed with type
1 diabetes. Enzyme-linked immunospot (ELISPOT) assay
recently revealed that interferon-y-producing T lympho-
cytes but not interleukin 4-producing T lymphocytes,
which react with GAD and insulin B_;g, were present at
increased levels in his peripheral blood at 51 years old.
This case represents the longest reported interval between
onset of type 1 diabetes and confirmation of cell-mediated
autoimmunity against pancreatic f-cells in a patient with
common variable immunodeficiency.

Keywords IDDM - CVID - ELISPOT - GAD - 1A-2

Introduction

Several lines of evidence have suggested that pancreatic
p-cell destruction is caused by inflammatory cellular
responses mediated by T lymphocytes in individuals with
type 1A diabetes [1, 2]. B lymphocytes, which play an
important role in the production of autoantibodies to f8 cell
antigens such as insulin, GAD or IA-2 in type 1A diabetes
patients, are also known as professional antigen-presenting
cells and T-lymphocyte activators.

Here, we report a case of long-standing autoimmune
type 1 diabetes with common variable immunodeficiency
(CVID), which is a functional deficiency of B lymphocytes.

Case report

In 2009, a 51-year-old man was admitted to our hospital
because of hyperglycemia. He had suffered from frequent
bacterial infections from early childhood. At 16 years
old, he was diagnosed with CVID. At age 27, he had sudden-
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51

onset diabetic ketosis and was diagnosed with type 1 dia-
betes. At admission to our hospital, his blood glucose level
was 306 mg/dl, and urinary C peptide excretion was reduced
to 8.7 pg/day. The serum IgG level was as low as 340 mg/dl
(normal range 870-1,700 mg/dl), the IgA level was 57 mg/dl
(normal range 110-410 mg/dl), and the IgM level was
31 mg/dl (normal range 35-220 mg/dl). Subcutaneous
injection of insulin was started. He has been treated with
monthly intravenous injections of y-globulin (5,000 mg)
since the age of 45. Immunoglobulin supplementation led to
a marked reduction in the number of infections. Islet cell
antibodies (ICA) and GAD antibodies were not detected
either at 46 years old or on admission. IA-2 antibody,
insulin autoantibodies (IAA), antinuclear antibody, thyroid-
stimulating hormone (TSH) receptor antibody and thyro-
globulin antibody tests were also negative.

Laboratory data on admission revealed normal blood
count and blood chemistry. However, the CD19+ B-lym-
phocyte level (139/ul) but not the CD34 T-lymphocyte
level (1,160/ul) was decreased. The CD4/CDS8 ratio had
decreased to 30.5/46.0 (0.66). The HLA haplotypes of
DRBI-DOBI were '04:05-%04:01 and *11:01-%03:01.
A glucagon tolerance test revealed the complete loss of
endogenous insulin secretion capacity; the serum C-peptide
concentrations before and 6 min after injection were
undetectable (below 0.01 ng/ml).

We measured the responses of pancreatic f-cell-reactive
peripheral T lymphocytes using an immunoglobulin-free
enzyme-linked immunospot (ELISPOT) assay as described
previously [3]. The mean number of interferon (IFN)-y
spots reactive to GADgs and insulin By_;g peptide was 7.5
and 3.5, respectively, in a duplicate assay. Interleukin
(IL)-4 spots reactive to those peptides were not detected.

Neither IFN-y spots nor IL-4 spots reacted to insulin Bg_53,
Bio24, Ai1s and Ly,3. To compare the positivity among
the other diabetic patients and control subjects in ELISPOT
assay, the mean number of antigen-stimulated IFN-y spots
reactive to GADgs was plotted after subtracting the back-
ground (T cells only). A significant IFN-y response to the
GADg;s peptide was observed in this patient (Fig. 1a). Data
for other patients with type 1A diabetes and type 2 diabetes
and for healthy controls were taken from our previous
report [3].

Two-color flow cytometric analysis revealed decreased
numbers of CD10™ CD19™ cells and CD10™ CD22™" cells
(mature B lymphocytes) (Fig. 1b, ¢). However, the numbers
of CD10* CD19™ cells and CD10" CD22™ cells (immature
B lymphocytes) were not increased (Fig. 1b, c). The ref-
erence values of our methods were less than 1.0% for
CD10% cells, 5.0-24.0% for CD19" cells and 2.0-17.0%
for CD227 cells. CD4™ FoxP3™ regulatory T cells were
2.5% in this patient, while they were 3.6 (1.2-5.1)%
[median (range)] in 20 healthy individuals [16].

Discussion

We report the first case of established T cell immunity in
an autoimmune type 1 (type 1A) diabetes patient with
CVID. Islet autoantibodies were not detected; however, an
ELISPOT assay, a useful tool to detect T-lymphocyte-
mediated autoimmunity directly with good reproducibility
in type 1 diabetes patients [3, 4], revealed GAD- and
insulin By_jg-reactive Thl cells, but not GAD- and insulin
B s-reactive Th2 cells among the peripheral lymphocytes
in this patient. T-lymphocyte reactivity specific to beta cell

40 =

30 =

20 =

Spots/ 2 x 105 PBMC

%

Healthy Type 2 Type 1A
controls  diabetes diabetes
(n=29) (n=18) (n=49)

Fig. 1 a IFN-y spots reactive to GADgs in ELISPOT assays for
subjects with type 1A diabetes or type 2 diabetes and for normal
control subjects. The open circle represents our patient. Other data
were taken from reference 3. Two-color flow cytometric analysis of

our patient’s PBMCs. A decreased number of CD10™ CD19% cells
and a normal number of CD10™ CD19™ cells (b) and a decreased
number of CD10™ CD227" cells and a normal number of CD10™
CD227 cells (¢) are shown
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antigens of insulin B,_;g suggested the presence of a beta-
cell-specific immune response. Higashide et al. [17] have
reported that insulin By_;s reactive Thl cells are present in
6 of 18 recent-onset type 1 diabetic patients by ELISPOT
assay, also suggesting the presence of insulin B,_ g-reactive
Thl cells in this patient indicates a long-lasting autoim-
mune response rather than acquired response induced by
the long-lasting insulin treatment. There have already been
several reports of probable type 1 diabetes with CVID, and
ICA were detected in one of these patients. However, these
patients did not have T lymphocyte immune reactivity to
p cells at all [5-9].

CVID is a primary immune disorder characterized by
hypogammaglobulinemia, antibody deficiency and recur-
rent infections [10]. This patient had (1) repeated infections
in his childhood but not in his babyhood, (2) low levels of
IgM, IgG and IgA in sera, (3) a normal number of T
lymphocytes and (4) decreased but not absent B lympho-
cytes in his peripheral blood.

Our examination suggested that both the number and
function of B lymphocytes were reduced in this patient.
Laboratory data revealed a decreased CD19" B-lympho-
cyte level (139/ul). Flow cytometric analysis revealed no
insufficient maturation of B lymphocytes in this patient.
The functional deficiency of B lymphocytes was not
directly observed; however, the history of repeated infec-
tions and improvement resulting from y-globulin supple-
mentation suggests non-specific functional loss of B
lymphocytes. The lack of islet-related autoantibodies in
spite of the positive reaction for his T lymphocytes against
islet autoantigens might also indicate the reduction of
B-lymphocyte function. On the other hand, the number of
T lymphocyte including regulatory T cells, was normal in
this patient.

This patient suffers from type 1A diabetes. This fact
might indicate that B-lymphocyte insufficiency is not
essential to the development of human type 1A diabetes
despite the evidence in non-obese diabetic (NOD) mice, a
rodent model [11-13]. The number of B lymphocytes in
human insulitis lesions is low [2]. The effect of anti-CD20
therapy was limited to the patients with established auto-
immune type 1 diabetes [14]. Type 1 diabetes has even
been reported in a patient with X-linked severe agamma-
globulinemia [15]. All of these findings suggest that B
lymphocytes are not necessary to develop autoimmune f
cell destruction in humans. Our present case with type 1A
diabetes and CVID supports this concept for human type
1A diabetes. In addition, our patient had a positive reaction
of T lymphocytes to islet autoantigens even 24 years after
the onset of type 1 diabetes. These results might indicate
that B-lymphocyte-mediated immunodeficiency was able
to maintain anti-f cell autoimmunity long after disease
onset.

@ Springer

Autoimmune diseases are more frequent in CVID
patients than in general population [18, 19]. However, the
prevalence of type 1 diabetes in CVID patients is not well
documented. The established diagnosis of type 1 diabetes is
sometimes difficult in CVID patients because islet auto-
antibodies are negative despite the presence of islet auto-
immunity shown in the present case. It may underrepresent
the prevalence of type 1 diabetes in CVID patients.

In conclusion, this case represents the longest reported
interval between onset of type 1 diabetes and confirmation
of cell-mediated autoimmunity against pancreatic ff-cells in
a patient with CVID.

Acknowledgments This study was supported in part by a Grant-in-
Aid for Research on Intractable Diseases from the Japanese Ministry
of Health, Labour and Welfare. The authors have no relevant conflict
of interest to disclose.

References

1. Eisenbarth GS, Polonsky KS, Buse JB. Type 1 diabetes mellitus.
In: Larsen PR et al., editors. Williams textbook of endocrinology.
11th ed. Philadelphia: Saunders; 2008. p. 1391-1416.

2. Ttoh N, Hanafusa T, Miyazaki A, Miyagawa J, Yamagata K,
Yamamoto K, Waguri M, Imagawa A, Tamura S, Inada M,
Kawata S, Tarui S, Kono N, Matsuzawa Y. Mononuclear cell
infiltration and its relation to the expression of major histocom-
patibility complex antigens and adhesion molecules in pancreas
biopsy specimens from newly diagnosed insulin-dependent
diabetes mellitus patients. J Clin Invest. 1993;92:2313-22.

3. Kotani R, Nagata M, Imagawa A, Moriyama H, Yasuda H,
Miyagawa J, Hanafusa T, Yokono K. T lymphocyte response
against pancreatic beta cell antigens in fulminant Type 1 diabetes.
Diabetologia. 2004;47:1285-91.

4. Nagata M, Kotani R, Moriyama H, Yokono K, Roep BO, Peak-
man M. Detection of autoreactive T cells in type 1 diabetes using
coded autoantigens and an immunoglobulin-free cytokine ELI-
SPOT assay: report from the fourth immunology of diabetes
society T cell workshop. Ann N 'Y Acad Sci. 2004;1037:10-5.

5. Moffitt JE, Guill MF, Leffell MS, Ades EW, Burek CL, Lobel
SA, Hoffman WH. Type I diabetes in an adolescent with common
variable immunodeficiency. J Allergy Clin Immunol. 1989;84:
191-6.

6. Metin A, Tezcan I, Ozyiirek H. IDDM in an adolescent patient
with common variable immunodeficiency. Diabetes Care. 1997;
20:677-8.

7. Iglesias P, Ferreira A, Diez JJ. Common variable immunodefi-
ciency in adult wornan with IDDM. Diabetes Care. 1998;21:1029.

8. Lopez Cruz MC, Martin Mateos MA, Giner Munoz MT, Plaza
Martin AM, Sierra Martinez JI. Common variable immunodefi-
ciency, insulin-dependent diabetes mellitus and celiac disease.
Allergol Immunopathol (Madr). 2000;28:323-7.

9. Topaloglu AK, Yuksel B, Yilmaz M, Mungan NO, Guneser S,
Ozer G. Coexistence of common variable immunodeficiency and
autoimmune polyglandular syndrome type 2. J Pediatr Endocrinol
Metab. 2001;14:565~6.

10. International Union of Immunological Societies. Primary immu-
nodeficiency diseases, report of an IUIS scientific committee.
Clin Exp Immunol. 1999;118(Suppl 1):1-28.

11. Serreze DV, Chapman HD, Varnum DS, Hanson MS, Reifsnyder
PC, Richard SD, Fleming SA, Leiter EH, Shultz LD.



Type 1 diabetes with CVID

53

12.

13.

14.

15.

B lymphocytes are essential for the initiation of T cell-mediated
autoimmune diabetes: analysis of a new “speed congenic” stock
of NOD.Ig mu null mice. J Exp Med. 1996;184:2049-53.
Noorchashm H, Noorchashm N, Kern J, Rostami SY, Barker CF,
Naji A. B-cells are required for the initiation of insulitis and
sialitis in nonobese diabetic mice. Diabetes. 1997;46:941-6.

Hu CY, Rodriguez-Pinto D, Du W, Ahuja A, Henegariu O, Wong
FS, Shlomchik MJ, Wen L. Treatment with CD20-specific anti-
body prevents and reverses autoimmune diabetes in mice. J Clin
Invest. 2007;117:3857-67.

Pescovitz MD, Greenbaum CJ, Krause-Steinrauf H, Becker DJ,
Gitelman SE, Goland R, Gottlieb PA, Marks JB, McGee PF,
Moran AM, Raskin P, Rodriguez H, Schatz DA, Wherrett D,
Wilson DM, Lachin JM, Skyler JS. Type 1 Diabetes TrialNet
Anti-CD20 Study Group. Rituximab, B-lymphocyte depletion,
and preservation of beta-cell function. N Engl J Med. 2009;361:
2143-52.

Martin S, Wolf-Eichbaum D, Duinkerken G, Scherbaum WA,
Kolb H, Noordzij JG, Roep BO. Development of type 1 diabetes

16.

17.

18.

despite severe hereditary B-lymphocyte deficiency. N Engl T
Med. 2001;345:1036-40.

Haseda F, Imagawa A, Murase-Mishiba Y, Sano H, Hirano-
Kuwata S, Ueda H, Terasaki J, Hanafusa T. Low CTLA-4
expression in CD4™ helper T-cells in patients with fulminant type
1 diabetes, Immunol Lett. 2011;139:80-6.

Higashide T, Kawamura T, Nagata M, Kotani R, Kimura K,
Hirose M, Inada H, Niihira S, Yamano T. T cell epitope mapping
study with insulin overlapping peptides using ELISPOT assay in
Japanese children and adolescents with type 1 diabetes. Pediatr
Res. 2006;59:445-50.

Cunningham-Rundles C, Bodian C. Common variable immuno-
deficiency: clinical and immunological features of 248 patients.
Clin Immunol. 1999;92:34-48.

. Quintil, Soresina A, Spadaro G, Martino S, Donnanno S, Agostini C,

Claudio P, Franco D, Maria Pesce A, Borghese F, Guerra A, Rondelli
R, Plebani A, Italian Primary Immunodeficiency Network. Long-
term follow-up and outcome of a large cohort of patients with com-
mon variable immunodeficiency. J Clin Immunol. 2007;27:308-16

@ Springer



@

Journal of Human Genetics (2012) 57, 46-51
© 2012 The Japan Society of Human Genetics Al rights reserved 1434-5161/12 $32.00

www.nature.com/jhg

ORIGINAL ARTICLE

Genetic variations in the CYP17A1 and NT5C2 genes
are associated with a reduction in visceral and
subcutaneous fat areas in Japanese women

Kikuko Hotta!l, Aya Kitamoto!, Takuya Kitamoto!, Seiho Mizusawa?, Hajime Teranishi?, Tomoaki Matsuo?,
Yoshio Nakata?, Hideyuki Hyogo*, Hidenori Ochi?, Takahiro Nakamura®, Seika Kamohara®,

Nobuyuki Miyatake7, Kazuaki Kotani®, Ryoya Komatsu®, Naoto Itoh!?, Tkuo Mineo!!, Jun Wadal?,

Masato Yoneda!3, Atsushi Nakajima13, Tohru Funahashi'¥, Shigeru Miyazakil®, Katsuto Tokunagals,
Hiroaki Masuzaki'’, Takato Ueno!®, Kazuaki Chayama?, Kazuyuki Hamaguchi'®, Kentaro Yamada?’,
Toshiaki Hanafusa?!, Shinichi Oikawa?2, Hironobu Yoshimatsu?3, Toshiie Sakata?3, Kiyoji Tanaka3,

Yuji Matsuzawa®, Kazuwa Nakao!?* and Akihiro Sekinel-2

Visceral fat accumulation has an important role in increasing the morbidity and mortality rates, by increasing the risk of
developing several metabolic disorders, such as type 2 diabetes, dyslipidemia and hypertension. New genetic loci that are
associated with increased systolic and diastolic blood pressures have been identified by genome-wide association studies in
Caucasian populations. This study investigates whether single nucleotide polymorphisms (SNPs) that confer susceptibility to
high blood pressure are also associated with visceral fat obesity. We genotyped 1279 Japanese subjects (556 men and 723
women) who underwent computed tomography for measuring the visceral fat area (VFA) and subcutaneous fat area (SFA) at
the following SNPs: FGF5 rs16998073, CACNBZ rs11014166, C100rf107 rs1530440, CYP17A1 rs1004467, NT5C2
rs11191548, PLEKHA7 rs381815, ATP2B1 rs2681472 and rs2681492, ARID3B 16495112, CSK rs1378942, PLCD3
1s12946454, and ZNF652 rs16948048. In an additive model, risk alleles of the CYPI1741 rs1004467 and NT5C2
rs11191548 were found to be significantly associated with reduced SFA (P=0.00011 and 0.0016, respectively). When the
analysis was performed separately in men and women, significant associations of rs1004467 (additive model) and rs11191548
(recessive model) with reduced VFA (P=0.0018 and 0.0022, respectively) and SFA (P=0.00039 and 0.00059, respectively)
were observed in women, but not in men. Our results suggest that polymorphisms in the CYPI741 and NT5CZ genes influence
a reduction in both visceral and subcutaneous fat mass in Japanese women.

Journal of Human Genetics (2012) 57, 46-51; doi:10.1038/jhg.2011.127; published online 10 November 2011

Keywords: computed tomography; CYP17A1; Japanese subjects; NT5CZ; sexual dimorphism; subcutaneous fat area; visceral fat area
INTRODUCTION and hypertension, which increases cardiovascular disease morbidity

Metabolic syndrome is a combination of multiple risk factors, and mortality.! Several studies have indicated that the intra-abdominal
including central obesity, impaired glucose tolerance, dyslipidemia adipose tissue has a central role in metabolic syndrome, as the
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accumulated visceral adipose tissue leads to alterations in the plasma
levels of adipocytokines, resulting in the development of dyslipidemia,
hypertension and insulin resistance.> Intra-abdominal fat accumula-
tion (central adiposity) is determined by waist circumference, waist—
hip ratio, biological impedance or the visceral fat area (VFA) measured
using computed tomography.*® There is abundant evidence that
body fat distribution is influenced by genetic loci.®® Individual
variation in waist~hip ratio is heritable, with heritability estimates
ranging from 22 to 61%. Recent genome-wide association studies
(GWAS) showed that genetic loci were associated with waist circum-
ference and waist-hip ratio in the Caucasian population.>!0
We previously reported that the rs1558902 and rs1421085 genotypes
of the fat mass- and obesity-associated gene (FTO) were significantly
associated with VFA, as well as with the subcutaneous fat area (SFA)
and body mass index (BMI) in the Japanese population.!!

Recent progress in GWAS has increased the number of known
genetic susceptibility loci for obesity.!2~1¢ We investigated the associa-
tion between the single nucleotide polymorphisms (SNPs) underlying
susceptibility to obesity and fat distribution (as determined by
computed tomography), and found that rs7498665 in the SH2B
adaptor protein 1 (SH2BI) gene was associated with VFA, uncovering
the genetic background of central obesity.!”

GWAS, and meta-analysis of GWAS, have identified various disease-
associated genetic variations.'® Hypertension is one of the risk factors
of metabolic syndrome and is considerably related to central obesity.
Obesity-associated allele of 1s1558902 and rs1421085 in the FTO gene
were associated with hypertension, but not that of rs7498665 in the
SH2BI gene in the Japanese population.!” The genetic variations
associated with hypertension have been identified by GWAS.?%2!
In this study, we investigate whether the recently reported hyperten-
sion-related loci are also associated with VFA, which is another
important factor responsible for metabolic syndrome.

MATERIALS AND METHODS

Study subjects

We enrolled 1279 Japanese subjects from outpatient clinics; these patients
agreed to undergo computed tomography testing (in the supine position) to
determine VFA and SFA values at the umbilical level (14-L5), as previously
reported.!” Both VFA and SFA values were calculated using the FatScan
software program (N2system, Osaka, Japan).?? The patients visited the hospi-
tals to undergo treatment for obesity and/or metabolic abnormalities, such as
hypertension, dyslipidemia and type 2 diabetes. Patients with secondary obesity
and obesity-related hereditary disorders were excluded from this study. Patients
with disease (such as cancer, and renal, heart and hepatic failure), or under
treatment (such as corticosteroid and chemotherapy) that strongly affects body
weight, were also excluded. Athletes were also excluded from this study. Clinical
data were recorded at the first visit to the hospital. The clinical characteristics of
the subjects are summarized in Table 1. Metabolic syndrome and metabolic
abnormalities were diagnosed according to the criteria released by the Japanese
Committee for the Diagnostic Criteria of Metabolic Syndrome in April 200543
Written informed consent was obtained from each subject, and the protocol
was approved by the ethics committee of each institution and by that of Kyoto
University.

DNA extraction and SNP genotyping

Genomic DNA was extracted from the blood samples collected from each
subject using the Genomix kit (Talent Stl, Trieste, Italy). We selected 12 SNPs
that were previously identified as susceptibility loci for hypertension by GWAS
in Caucasian populations,”®*! and constructed Invader probes (Third Wave
Technologies, Madison, WI, USA) for each. The 12 selected SNPs were as
follows: 1516998073 in the fibroblast growth factor 5 (FGF5) gene; 1511014166
in the calcium channel, voltage-dependent, B-2 subunit (CACNB2) gene;
rs1530440 in the chromosome 10 open reading frame 107 (CI0orf107) gene;
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Table 1 Clinical characteristics of the subjects

Men Women Total

n 556 723 1279
Age (years) 49.4+12.2 52.2+11.3 51.0+11.8
BMI (kgm=2) 30.2+6.1 28.1+5.3 29.0+58
VFA (cm?) 155.3+67.7 99.8£53.6 123.9+66.1
SFA (cm?) 206.7+108.6 241.6+£97.2 2265+103.7
Waist circumference (cm) 97.5+11.3 91.8+10.3 94.2+11.1
Prevalence of metabolic disease

Dyslipidemia 293 (53%) 244 (34%) 537 (42%)

Hypertension
Impaired fasting glucose
Metabolic syndrome

379 (68%)
177 (32%)
248 (45%)

452 (63%)
176 (24%)
162 (22%)

831 (65%)
353 (28%)
410 (32%)

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

rs1004467 in the cytochrome P450, family 17, subfamily A, polypeptide 1
(CYP17AI) gene; 1511191548 in the 5"-nucleotidase, cytosolic II (NT5C2) gene;
rs381815 in the pleckstrin homology domain containing, family A member 7
(PLEKHA?7) gene; 152681472 and 152681492 in the ATPase, Ca®* transporting,
plasma membrane 1 (ATP2BI) gene; 156495112 in the AT-rich interactive
domain 3B (BRIGHT-like) (ARID3B) gene; rs1378942 in the c-src tyrosine
kinase (CSK) gene; 1512946454 in the phospholipase C, delta 3 (PLCD3) gene;
and 1516948048 in the zinc finger protein 652 (ZNF652) gene. The SNPs were
genotyped using Invader assays, as previously described.”® The success rate of
these assays was > 99.0%.

Statistical analysis

For the additive model, we coded the genotypes as 0, 1 or 2 depending on the
number of copies of the risk alleles. For the recessive model, homozygosity with
the risk allele was coded as 1 and the others were coded as 0. Risk alleles refer to
the hypertension-associated alleles, according to previous reports.»?! Multiple
linear regression analyses were performed to test the independent effect of the
risk alleles on BMI, VFA and SFA, by taking into account the effects of other
variables (that is, age and gender) that were assumed to be independent of the
effect of each SNP. The values of BMI, VFA and SFA were logarithmically
transformed before performing the multiple linear regression analysis. Differ-
ences in the quantities of anthropometric parameters among the different
genotypes were assessed by the analysis of covariance, by taking into account
the effects of other variables (that is, age and/or institute). Hardy—Weinberg
equilibrium was assessed using the y*-test** To test SNPxSNP epistasis, we
used a linear regression model for each SNP1 and SNP2, and fit the model in the
form of Y=+ x SNP1+f,x SNP2+f;3x SNP1x SNP2+f3, x age+f35 x gender.
Although we collected the samples at the region of Hondo (Kanto, Kinki,
Chugoku and Kyushu; Supplementary Table 1), we performed Wright’s
F-statistics®® to evaluate the difference in the population structures of our
sample using randomly selected 31 SNPs. We divided our samples into two
groups (SFA >208 cm® and <208 cm?). Median of SFA (208 cm?) was used as
a cut-off value. The results indicated that the population structure of the two
groups were almost the same in view of a very small Fgr value between both the
groups (mean Fsp=0.00023). Statistical analysis was performed using R soft-
ware (http://www.r-project.org/). P-values were assessed with a Bonferroni
correction and P<0.0042 (0.05/12) was considered statistically significant.

RESULTS

The clinical characteristics and genotypes of the subjects are shown in
Tables 1 and 2, respectively. All the SNPs were in Hardy—Weinberg
equilibrium and the minor allele frequencies did not diverge from
those reported in the HapMap database. The BMI, VFA and SFA
values for each SNP genotype are reported in Table 3. Multiple linear
regression analyses of the anthropometric parameters with respect to
the 12 analyzed SNPs are shown in Table 4. The A-allele of 151004467
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Table 2 Genotypic characteristics of the subjects
SNP ID CHR Position (Build 36.3) Nearby gene Allele 1/2 BP-associated allele Genotype HWE P-value
rs16998073 4 81403365 FGF5 T/IA T 120/514/644 0.24
rs11014166 10 18748804 CACNBZ2 TIA A 4/124/1151 0.73
rs1530440 10 63194597 C100rf107 T/C C 30/296/953 0.22
rs1004467 10 104 584 497 CYPI7Al AG A 559/567/153 0.62
rs11191548 10 104836168 NT5C2 TIC T 675/504/100 0.66
15381815 11 16858844 PLEKHA7 Crr T 842/381/56 0.13
152681472 12 88533090 ATP2B1 AG A 546/562/171 0.17
152681492 12 88537220 ATP2B1 cr T 168/561/549 0.19
16495112 15 72619851 ARID3B AC A 530/575/173 0.39
11378942 15 72864420 CSK AC C 49/410/817 0.78
112946454 17 40563647 PLCD3 T/A T 34/343/901 0.84
1516948048 17 44795465 ZNF652 G/A G 18/326/935 0.08
Abbreviations: BP, blood pressure; CHR, chromosome; HWE, Hardy-Weinberg equilibrium.
Table 3 Mean BMI, VFA and SFA for 12 blood pressure risk variants
Mean+ s.d.
BMI (kgm~2) VFA (cm?) SFA (cm?)
Genotype Genotype Genotype
SNP ID Nearby gene 11 12 22 11 12 22 11 12 22
1$16998073 FGF5 28.8+4.7 29.0+58 29.0+6.0 1262%66.1 121.6+66.5 12534659 227.4%983 2245+111.0 227.7+98.7
1s11014166 CACNBZ2 27.0£2.7 29.6%6.1 28.9+58 123.4+82.2 136.7+68.2 12254658 178.6+35.8 233.7+106.4 225.8+103.6
1s1530440  Cl0orf107  30.8%£6.5 28.6+54 29.1+59 129.8+63.1 120.2+66.4 124.9+66.2 236.4+119.2 223.0+91.4 227.2+106.9
151004467  CYP17A1 284+56 29.5x6.1 294452 117.5+64.9 130.6+685 122.5+59.3 215.5+92.7 231.4+111.5 247.9+107.9
1s11191548 NT5C2 28.6+58 29.5+59 289%51 11924653 130.9+68.6 120.5+557 217.2+96.0 2385+113.2 228.1+988
1381815 PLEKHA7 292459 287%57 27.8%43 124.1%£64.2 1243%+715 117.9£55.9 229.4+1059 221.5+101.6 215.3%83.1
152681472  ATP2B1 29.2+58 288+54 29.0£7.0 127.1%£67.5 121.5+64.8 121.8%4658 227.4+100.4 223.5+100.3 233.1+123.6
1$2681492  ATP2B1 29.0+£7.1 287+52 293%59 121.9%66.3 121.4+64.8 127.0+67.4 234641239 221.9+983 228.7+102.3
1s6495112  ARID3B 289458 29.0£57 29.3£6.2 1225+63.4 125.0+69.2 124.9+64.3 223.7+106.5 229.5+102.6 225.1+99.2
151378942  CSK 28.0+4.2 289+6.1 29.1£57 110.0+63.3 121.8162.4 125.6+67.6 222.9+845 2259+104.3 227.0+104.7
1512946454 PLCD3 30.14£8.2 286450 29.1£59 137.2+80.0 123.0+67.4 123.7+65.1 254.4+1050 216.4+93.7 229.2+107.0
1516948048 ZNF652 28.1+2.8 29.4+59 289+£58 1286+73.7 124.8+659 123.5+66.1 2150+60.6 227.0+96.3 226.5+106.9

Abbreviations: BMI, body mass index; SFA, subcutaneous fat area; SNP, single nucleotide polymorphism; VFA, visceral fat area.
11, allelel/allelel; 12, allielel/allele2; 22, allele2/allele2. Allele 1 and allele 2 of each SNP is indicated in Table 2.

in the CYPI7AI gene was significantly associated with reduced BMI
(P=0.0018). The other SNPs were not significantly associated with
BMI. No SNP was significantly associated with VFA. The A-allele of
151004467 in the CYPI7AI and the T-allele of rs11191548 in the
NT5C2 gene were significantly associated with reduced SFA. These
SNPs are in linkage disequilibrium, as reported in the HapMap
database (D'=0.98, r*=0.71), and the A-allele of rs1004467 and
T-allele of rs11191548 are reported to be risk alleles for increased
blood pressure.2%?!

BMI, VFA and SFA are known to be affected by gender; therefore,
we compared rs1004467 and rs11191548 alleles with anthropometric
parameters (BMI, VFA and SFA) in men and women independently
(Table 5). Associations of both SNPs with VFA (P=0.0018 and
P=0.0043) and SFA (P=0.00039 and P=0.0021) in women were
significant, except the association of T-allele of rs11191548 with
VFA. The VFA and SFA values of the rs11191548 genotype suggest
that the recessive model would be the best-fitted model both in men
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and women. By using the recessive model, results revealed significant
associations of the rs11191548 genotype with VFA (P=0.0022) and
SFA in women (P=0.00059). These SNPs did not show any association
with VFA or SFA in men, suggesting that they exhibit sexual
dimorphism, as has been suggested in a recent report.?® As both
151004467 and rs11191548 were associated with a reduction in both
VEA and SFA, we examined the association of these SNPs with total fat
area. The SNPs were significantly associated with total fat area
(P=0.00012 at 151004467, P=0.00052 at 1rs11191548 in additive
model) in women, but not in men, suggesting that risk allele for
high blood pressure of these SNPs are associated with reduced
adiposity in women. The very small mean Fgp value (0.00023)
indicated no population structure in our subjects. As we collected
the samples from nine institutes in four regions of Japan (Supple-
mentary Table 1), we tested multiple linear regression analysis with age
and institute as explanatory variables in men and women. Very similar
results were observed. In additive model, significant associations of the
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Table 4 Relationship between blood pressure-associated loci and adiposity measures

BMI VFA SFA

SNP ID Nearby gene B s.e P-value B s.e. P-value B s.e. P-value
1516998073 FGF5 -0.002 0.003 0.55 —0.003 0.010 0.78 -0.010 0.008 0.22
1511014166 CACNBZ2 -0.005 0.007 0.48 -0.043 0.021 0.043 -0.008 0.017 0.63
rs15630440 C10o0rfl107 -0.002 0.004 0.71 0.010 0.014 0.48 —0.005 0.011 0.64
1s1004467 CYP17A1 -0.010 0.003 0.0018 -0.022 0.010 0.027 -0.030 0.008 0.00011
1s11191548 NT5C2 —0.008 0.003 0.015 -0.019 0.011 0.078 —0.026 0.008 0.0016
1381815 PLEKHA7 -0.007 0.004 0.046 -0.004 0.012 0.76 -0.015 0.009 0.10
1s2681472 ATP2B1 0.002 0.003 0.43 0.006 0.010 0.52 0.005 0.008 0.49
1s2681492 ATP2B1 0.003 0.003 0.34 0.006 0.010 0.54 0.006 0.008 0.40
1s6495112 ARID3B -0.002 0.003 0.45 -0.004 0.010 0.65 -0.007 0.008 0.36
rs1378942 CSK 0.005 0.004 0.20 0.010 0.012 0.40 0.005 0.009 0.61
1s12946454 PLCD3 -0.003 0.004 0.39 0.009 0.013 0.50 -0.011 0.010 0.28
1s16948048 ZNF652 0.005 0.004 0.30 0.008 0.014 0.57 0.005 0.011 0.67

Abbreviations: BMI, body mass index; SFA, subcutaneous fat area; SNP, single nucleotide polymorphism; VFA, visceral fat area.
Data were derived from a linear regression analysis. The values of BMI, VFA and SFA were logarithmically transformed. Logarithmically transformed BMI, VFA and SFA were adjusted for age and
gender. Tested alleles are risk alleles of increased blood pressure.

Table 5 Relationship between rs1004467 and rs11191548, and adiposity in men and women

Values at each genotype Additive model Recessive mode!
SNP ID (gene)  Phenotype Gender 11 12 22 B (s.e.) P-value B (s.e.) P-value
rs1004467 n Men 233 259 64
(CYP17AI1) Women 326 308 89
BMI (kgm=2)  Men 29.7£6.6 30.6%£59 30.1£5.1 -0.011 (0.005)  0.029 —0.017 (0.006)  0.0085
Women 27.6+£4.6 285+6.0 28.9+5.3 ~0.010 (0.004)  0..017 -0.013(0.006) 0.019
VFA (cm?) Men 152.9+67.7 160.6+69.2 142.8+59.9 0.004 (0.014) 0.78 -0.012 (0.019) 0.52
Women 92.3+£49.2 105.4+£56.8 107.8+£54.7 —0.044 (0.014)  0.0018 —0.061 (0.019) 0.0014
SFA (cm?) Men 198.6+£103.0 211.9+113.8 215.4+106.7 —0.028 (0.013)  0.037 ~0.036 (0.018)  0.047
Women  227.6+82.7 248.0+106.9 271.2+103.3 —-0.033 (0.009) 0.00039  -0.040(0.013) 0.0020
1511191548 n Men 289 220 47
(NT5C2) Women 386 284 53
BMI (kgm—2) Men 30.0£6.8 306+54 29.4+5.4 -0.007 (0.005) 0.19 -0.013 (0.006)  0.049
Women 27.6+£4.7 28.7+6.1 28.5+4.8 —-0.010(0.004) 0.021 —0.015 (0.006)  0.0080
VFA (cm?) Men 1563.8+68.0 161.3+69.3 137.2+54.8 0.007 (0.014) 0.65 -0.008 (0.018) 0.65
Women 93.3+49.3 107.4+58.1 105.8+52.8 —0.043 (0.015)  0.0043 —0.059 (0.019)  0.0022
SFA (cm?) Men 202.14+107.5 214.3+111.3 199.9+£102.5 -0.023(0.014) 0.10 —0.035(0.018) 0.048
Women  228.5184.9 257.4+111.1 253.0+89.0 —0.031 (0.010) 0.0021 —0.044 (0.013)  0.00059

Abbreviations: BMI, body mass index; SFA, subcutaneous fat area; SNP, single nucleotide polymorphism; VFA, visceral fat area.
Values are shown as the mean*s.d. Data were derived from a linear regression analysis. The values of BMI, VFA and SFA were logarithmically transformed. Logarithmically transformed BMI, VFA

and SFA were adjusted for age. Tested alleles (allelel at both SNPs) are risk alleles of increased blood pressure.

rs1004467 and 1511191548 genotype with VFA (P=0.0015 and 0.0011,
respectively) and SFA (P=0.00021 and 0.00062, respectively) were
observed in women (Supplementary Table 2). Statistical analysis using
analysis of covariance indicated significant associations of the
rs1004467 and 1511191548 genotype with VFA (P=0.0020 and
0.0015, respectively) and SFA (P=0.00033 and 0.00042, respectively)
in women (Supplementary Table 2). As some diabetes medications
have an effect on adiposity,?’ we performed the analysis excluding 147
type 2 diabetic patients treated with sulfonylureas, biguanides and
thiazolidinediones We found the similar significant associations of the
151004467 and rs11191548 genotype with VFA and SFA in women
(Supplementary Table 3).

We have reported that rs1558902 in the FTO gene is associated with
both VFA and SFA,!! and that rs7498665 in the SH2BI gene is

associated with VFA.'” Thus, we examined SNPxSNP epistasis in
men, women and all subjects. The combination of rs1004467 and
157498665 exhibited no epistatic effect on VFA in men (P=0.43),
women (P=0.86) or all subjects (P=0.76). The combination of
51004467 and rs1558902 did not show epistatic effect on VFA in
men (P=0.99), women (P=0.53) or all subjects (P=0.60), or on SFA
in men (P=0.63), women (P=0.83) or all subjects (P=0.89).

Among the SNPs tested in this study, 116998073 in the FGF5 gene
and rs11191548 in the NT5C2 gene were associated with increased
systolic blood pressure (P<0.05). Rs11191548 in the NT5C2 gene
were also associated with hypertension (P<0.05). We could replicate
the association between blood pressure and the above two SNPs that
were reported to be strongly associated with blood pressure in the
Japanese population (Supplementary Table 4).28
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DISCUSSION

In this study, we showed that the A-allele of rs1004467 in the CYP17A1
and the T-allele of rs11191548 in the NT5C2 gene were significantly
associated with reduced VFA, SFA and total fat area in women.
Association of T-allele of rs11191548 in the NT5C2 gene with
increased systolic blood pressure and hypertension was replicated in
our sample, as reported previously.?® Our hypothesis was that these
risk alleles would be associated with increased VFA and/or SFA as
increased adiposity is a risk for hypertension;» however, these alleles
affected decreased adiposity. The associations between SNPs and
increased blood pressure/hypertension were evaluated after being
adjusted for BMI, age and gender. Thus, the SNPs associated with
visceral fat obesity-related and gender-dependent hypertension would
be excluded in the screening stage. Indeed, recent analysis has shown
that genetic variation near insulin receptor substrate 1 (IRSI) is
associated with reduced adiposity and an impaired metabolic profile.?
Thus, it is likely that rs1004467 and rs11191548 are associated with
reduced VFA and SFA, as well as with hypertension in women.

The SNPs rs1004467 and rs11191548 were not associated with
BMI in men or women, as reported for rs2943650 near IRS1.> As
BMI represents both fat and lean body mass, our observation
suggests that these SNPs influence a reduction in VFA and SFA, or
influence an increased percentage of lean body mass. The significant
associations of rs1004467 and rs1191548 with reduced VFA and SFA
were observed in women, but not in men. The rs1004467 SNP is
located in the intron of the CYPI7A1 gene. CYP17A1 is involved in the
biosynthesis of glucocorticoids, mineral corticoids, androgens and
estrogens.’’ The 1s1004467 risk allele may reflect differences in
CYPI7AI gene expression that alter the biosynthesis of steroid
hormones, leading to hypertension and reduced adiposity in
women. The region of linkage disequilibrium that includes
151004467 and rs11191548 contains a couple of genes in addition to
CYPI7AI: NT5C2, arsenic (+3 oxidation state) methyltransferase
(ASBMT) and cyclin M2 (CNNM2). NT5C2 is a cytosolic IMP/
GMP selective 5”-nucleotidase and involved in nucleic acids or DNA
synthesis.>' CNNM2 (ancient conserved domain protein, ACDP2) js a
transporter of magnesium, which is required for the catalytic activity
of numerous metalloenzymes.*? Thus, these genes would be important
for metabolism in adipocyte hyperplasia and hypertrophy. Further
investigation is warranted to elucidate the functional SNPs and
susceptibility genes.

We have previously reported that FTO rs1558902 is associated with
VFA and SFA, and that SH2BI rs7498665 is associated with VEA.1117
Epistasis, or gene-gene interaction, has recently received much atten-
tion in human genetics.’® In this study, the effect of these SNPs on
VFA and SFA was additive, and an epistatic effect was not observed.

In summary, we showed that CYPI7AI rs1004467 and NT5C2
rs11191548 SNPs are significantly associated with both reduced VFA
and SFA in women. Our results suggest that the region encompassing
CYP17A1 to NT5C2 has a role in reducing visceral and subcutaneous
fat mass. However, these results require confirmation in other
populations.
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