Diabetologia (2007) 50:1218-1227
DOI 10.1007/s00125-007-0631-2

ARTICLE

Genetic association of single nucleotide polymorphisms
in endonuclease G-like 1 gene with type 2 diabetes

in a Japanese population

M. Moritani - K. Nomura - T. Tanahashi - D. Osabe -
Y. Fujita - S. Shinohara - Y. Yamaguchi - P. Keshavarz -
E. Kudo - N. Nakamura - T. Yoshikawa - E. Ichiishi -
Y. Takata - N. Yasui - H. Shiota - K. Kunika - H. Inoue -
M. Itakura

Received: 17 September 2006 / Accepted: 21 January 2007 / Published online: 6 April 2007

© Springer-Verlag 2007

Abstract

Aims/hypothesis In order to identify type 2 diabetes disease
susceptibility gene(s) in a Japanese population, we applied
a region-wide case—control association test to the 20.4 Mb
region between D3S1293 and D3S2319 on chromosome
3p24.3-22.1, supported by linkage to type 2 diabetes and its
related traits in Japanese and multiple populations.
Materials and methods We performed a two-stage associa-
tion test using 1,762 Japanese persons with 485 gene-centric,
evenly spaced, common single nucleotide polymorphism
(SNP) markers with minor allele frequency >0.1. For mouse
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studies, total RNA was extracted from various organs of
BKS.Cg-+Lepr®/+Lepr™ and control mice, and from
MING6, NIH3T3 and C2C12 cell lines.

Results We detected a landmark SNP375 (4/G) (rs2051211,
p=0.000046, odds ratio=1.33, 95% CI 1.16—1.53) in intron
5 of the endonuclease G-like 1 (ENDOGLI) gene.
Systematic dense SNPs approach identified a susceptibility
linkage disequilibrium (LD) block of 116.5 kb by |D’|, an
LD units map and a critical region of 2.1 kb by /% in
ENDOGLI. A haplotype-based association test showed that
an at-risk haplotype is associated with disease status (p=
0.00001). The expression of ENDOGLI was rather ubiqui-
tous with relatively abundant expression in the brain and
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also in a pancreatic islet beta cell line. Mouse Endogl!
expression increased in pancreatic islets of hyperglycaemic
BKS.Cg-+Leprdb/+Leprdb mice compared with that in
control mice.

Conclusions/interpretation Based on the population genet-
ics, fine mapping of LD block and haplotype analysis, we
conclude that ENDOGLI is a candidate disease-suscepti-
bility gene for type 2 diabetes in a Japanese population.
Further analysis in a larger sample size is required to
substantiate this conclusion.

Keywords ENDOGLI gene - Evenly-spaced common SNP
marker - Fine mapping - Haplotype analysis - LD block -
Single nucleotide polymorphisms (SNPs) - Type 2 diabetes

Abbreviations

ACVR2B  activin A receptor, type 1IB
ENDOG endonuclease G

ENDOGL1 endonuclease G-like 1

FPRP false positive report probability
LD linkage disequilibrium

LDU linkage disequilibrium units
lod logarithm of the odds

MAF minor allele frequency

mp map position

OR odds ratio

SNP single nucleotide polymorphism
Introduction

To identify the disease susceptibility gene(s) for type 2
diabetes, genetic association tests based on the candidate
gene approach [1] or genome-wide association tests using
single nucleotide polymorphisms (SNPs) [2—4] have been
performed. We applied a region-wide association test, as an
alternative and effective approach offering unbiased reli-
ability, time and cost efficiency compared with a genome-
wide association test. This was followed by SNPs-based
fine-scale linkage disequilibrium (LD) and association
mapping in the candidate region, supported by replicated
linkage signals in Japanese and other multiple populations.

In a number of candidate regions [5—11] for type 2
diabetes and its related traits, we selected the overlapping
region on chromosome 3p24.3-22.1. This region showed
nominal significance in linkage (maximum logarithm of the
odds [lod] score=1.58) for type 2 diabetes in a Japanese
population [12]. In Japanese people, it was reported to
substantially overlap with that in Mexican Americans [0,
13] and with that reported in the American Diabetes
Association’s Genetics of NIDDM study in Mexican Amer-
icans [14]. These results in Mexican Americans were

replicated in Pima Indians [15] and Finnish families [16]
(Electronic supplementary material [ESM] Table 1).

This candidate region, supported by replicated linkage
signals including significant evidence of linkage with lod
>3.6 [14], is expected to contain susceptibility gene(s).
Studying this region, we focused on 44-70 cM in a
Japanese population, assessing it here, in Japanese persons,
by means of an association test. As selection criteria for the
association test, we used gene-centric, evenly spaced
common SNP markers, i.e. minor allele frequency (MAF)
>0.1 at 10-kb intervals as far as possible. Our approach
indicated that an association existed between multiple
variants in the endonuclease G-like 1 (ENDOGLI) gene
(MIM 604051) and type 2 diabetes.

Subjects and methods

Subjects with type 2 diabetes and control subjects For this
study, 1,762 Japanese subjects, consisting of 864 type 2
diabetic patients and 898 control subjects, were used. Type 2
diabetic patients were mainly recruited from the outpatient
clinic of Tokushima University Hospital, Kyoto Prefectural
University Hospital and their affiliated hospitals. The diag-
nosis of type 2 diabetes was based on the 1985 WHO criteria
and patients were clinically defined as having gradual adult
onset of the disease with medication. Patients with clinical
criteria for monogenic forms of diabetes were excluded.
Control subjects consisted of healthy adult members of the
general population, who were intensively checked to ensure:
(1) they had no family history of diabetes; (2) HbA,. levels
were normal, i.e. <5.8%; (3) no other diseases were apparent
on close clinical examination; and (4) that they were all of
Japanese origin. Control subjects were mainly recruited from
the Pharma SNP consortium (Web address, see ESM
Table 2), a nationwide collection of Japanese control subjects
obtained through the Health Science Research Resources
Bank of the Japanese Collection of Research and Japan
Health Science Foundation. The clinical characteristics of all
subjects are presented in Table 1.

Genomic DNA was extracted from peripheral blood
leucocytes or Epstein—Barr virus-immortalised B lympho-
cytes prepared by a standard protocol. We obtained
informed consent from all subjects. All processes were
approved by the Ethical Committee for Human Genome
and Gene Research at the University of Tokushima in
accordance with the tenets of the Declaration of Helsinki.

Animals/animal tissues BKS.Cg-+Lepr™/+Lepr™ (db mice)
and BKS.Cg-m+/m+ (control mice) were purchased from
CLEA Japan (Tokyo, Japan). Total RNA was extracted from
the brain, liver, heart, kidney, lung, muscle, spleen, thymus,
small intestine and pancreas in db and control mice,
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Sample size Quality cont_rol of genotyping
Quality control 671 (type 2 diabetic 310 vs controls 361)
[SNP markers 539 Japanese common SNPs tested ]
l HWE > 0.05, MAF > 0.1
S . First association test (allele frequency, X?)
) ample size . .
First stage 671 (type 2 diabetic 310 vs controls 361)
discovery panel
[SNP markers 485 SNPs tested ]
ﬂ p <0.05
. Second association test (allele frequency, X?)
Sample size . .
Second stage 1,091 (type 2 diabetic 554 vs controls 537)
replication panel
[ SNP markers 23 SNPs tested ]

o |

J

First + second combined association test
1,762 (type 2 diabetic 864 vs controls 898)

p <0.05

Selection of two candidate SNPs

Assessment of p value in the combined samples of first and second association test

Fig. 1 Schematic representation of quality control and two-stage association tests. Sample size and the number of SNPs in the quality control,
first, second and combined (first and second) association tests are indicated. HWE, Hardy—Weinberg equilibrium; MAF, minor allele frequency

respectively, and from three cell lines (MIN6 pancreatic
islet beta cell line and NIH3T3 and C2C12 non-beta cell
lines) with Dneasy 96 (Qiagen, Stanford, CA, USA) and
prepared with DNase treatment.

SNP markers and genotyping We provisionally selected
539 gene-centric, evenly spaced, common SNP markers
within the target region according to the following criteria:
(1) suitability for designing optimal TagMan high-through-
put genotyping; (2) location in the gene region that we
defined between 10 kb upstream of the transcription start
site and 10 kb downstream of the final exon; (3) a distance
of <10 kb between adjacent SNPs; and (4) common SNPs
with a MAF >0.1 as our criteria for selecting SNPs for the
association test from a prior selection of SNPs with a MAF
>0.15 based on genotype data in 46 Japanese control
individuals (24 males/22 females) (unpublished data sup-
plied by Applied Biosystems, Foster City, CA, USA).

All SNP markers were genotyped by the TagMan
method according to the standard manufacturer’s protocol

(TagMan Universal PCR MasterMix, no uracil-N-glycosy-
lase; Applied Biosystems). SNP markers that we were
unable to amplify in this way were genotyped using
QuantiTect Probe PCR Master Mix (Qiagen). Genotyping
results were assessed by two researchers independently. To
verify the genotyping accuracy, we genotyped 32 subjects
for 30 randomly selected SNPs and retyped these subjects
by direct sequencing analysis. Comparison of the results by
two methods showed 100% concordance.

Study design of the association test We conducted a two-
stage case—control association test strategy in all samples by
randomly assigning them to two independent panels (Fig. 1).
In the first stage, we performed an association test of 310 type
2 diabetic patients and 361 control subjects (total: 671) at all
SNP loci, and SNPs exhibiting significant allelic association
(»<0.05) were further examined in the second stage with
independent replication in 554 type 2 diabetic patients and
537 control subjects (total: 1,091). We assessed the
association by a x? test with a standard 2 x2 allele frequency
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contingency table for the status diabetes or control. Using the
PS program [17], we calculated the statistical power of this
case-control test to detect association with a risk allele
relating to MAF, a type 1 error rate and sample size. The
false positive report probability (FPRP) was assessed by the
method proposed by Wacholder et al. [18].

Analysis of stratification We analysed the sub-structure of
our samples by using the distribution of x> statistics for
genome-wide unlinked SNP markers. We used GCONTROL
software [19, 20] (Web address, see ESM Table 2) to assess
the variability and magnitude of the test statistics observed at
loci which are inflated in the event of population stratifica-
tion or an unmeasured genetic relationship among the
subjects. In subjects from the first stage in our study we
analysed the genotype data of 92 SNP markers scattered
throughout the genome with intervals of more than 1 Mb
(SNP information available on request).

Analysis of linkage disequilibrium blocks We assessed LD
blocks in 310 type 2 diabetic and 361 control subjects by |D'| or
#>0.9 according to Gabriel’s rule [21] using SNPAlyze
version 5.1 Pro (DYNACOM, Yokohama, Japan). We
calculated LD units (LDU) to assess a recombination rate
between LD blocks using LDMAP software [22]. The
LDMAP is based on the Markov model and estimates the
extent of LD between adjacent SNPs, which is expressed in
LDU. To assess the LD block by LDU, we further assessed
the local recombination rate between each pair of consecutive
SNPs with PHASE version 2.2 software [23, 24]. A graphical
overview of the [D'| or 7 value was constructed using GOLD
(Web address, see ESM Table 2). We analysed the haplotype
with five SNPs in the 7*-based LD block using SNPAlyze,
which is based on the expectation-maximisation algorithm.

Discovery of SNPs by sequencing around the ENDOGLI
gene To discover novel SNPs in ENDOGLI, all six coding
exons and 35 kb including intron 5 and 3’ downstream of
ENDOGL]I were resequenced using the genomic DNA of 32
individuals (16 type 2 diabetic subjects, 16 control subjects),
in addition to the search via the public database. All PCR
products were prepared with ExoSAP-IT (Amersham Bio-
sciences, Piscataway, NJ, USA) and sequenced using a
terminator cycle sequencing kit (BigDye, version 1.1;
Applied Biosystems) in both directions according to the
standard manufacturer’s protocol and a 3730xl sequencer
(Applied Biosystems).

Quantitative real time-PCR expression analysis of
ENDOGLI1 We performed quantitative RT-PCR analysis
to estimate the expression of human ENDOGLI or mouse
Endogll using a 7900HT system with SYBR Green PCR
Master Mix (Applied Biosystems). Human tissues were

@ Springer

obtained from the adult human total RNA master panel (BD
Bioscience, Palo Alto, CA, USA). RT-PCR conditions were
based on the manufacturer’s protocols.

Electronic database information The URLs for data used
in this study are presented as ESM Table 2.

Results

Selection of SNPs in the target region We selected the target
region corresponding to a 20.4 Mb interval between
D3S1293 (44.8 cM, map position [mp]: 21.9 Mb) and
D3S2319 (70 cM, mp: 43.0 Mb) sequence-tagged-site
markers. After quality control, we excluded 31 of the
original 539 SNPs because they exhibited ambiguous
genotyping qualities, leaving 508 SNPs for further study.
Of these 508 SNPs, 499 were mapped within 80 genes
(63% of the 128 genes based on NCBI Build 36.1 human
genome assembly in the target region) (ESM Table 3) and
nine were located in intergenic regions. After genotyping
these SNPs, we selected 485 SNPs for further analysis. Our
selection was based on Hardy—Weinberg equilibrium,
p>0.05 (x* test), and MAF >0.1, because the power fell
below 40% for SNPs with MAF<0.1 and an odds ratio (OR)
of 1.3. The average MAF of the 485 SNPs was 0.32+0.003
in 310 type 2 diabetic subjects and 361 control subjects.

Association test in target region In the first stage, a total
of 485 SNPs was tested and analysed for association
between SNP allele frequency and disease status. Of the
485 SNPs, 23 showed significant association with type 2
diabetes (p<0.05) in the allele frequency (Fig. 2b, ESM
Table 4). These 23 SNPs were analysed in the second stage
following independent replication.

Among these 23 SNPs, two of them, namely SNP158
(rs1857883) and SNP375 (rs2051211), showed a replicated
association (p<0.05) (Fig. 2c, ESM Table 4). Moreover,
when all of the genotyping raw data of the first and second
stages were combined, the landmark SNP375 in ENDOGL1
exhibited a peak of association in allele frequency with type
2 diabetes (p=0.000046, OR=1.33, 95% CI=1.17-1.53)
(Fig. 2d, ESM Table 4). SNP375 showed a significant
association even after a conservative correction for multiple
testing (Bonferroni-corrected p=0.000046x485=0.022).
The association between SNP375 and type 2 diabetes
was confirmed to be independent of age and sex in the
logistic regression analysis (data not shown). The
genotype of SNP375, calculated by a x* test, showed
statistical significance (p=0.00016) (ESM Table 5).
SNP158 also showed a significant association in the
combined test (p=0.00034, OR=0.78, 95% CI=0.69—
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Fig. 2 Results of association
tests on the chromosome a
3p24.3-22.1 region. The vertical
bars a show gene position of the
RefSeq genes and all selected
SNPs markers. Allelic p values
for allele frequency in associa-
tion tests are shown: b in the
first stage for 485 SNPs in 310
type 2 diabetic and 361 control
subjects; ¢ in the second stage
for replication of 23 SNPs in
554 type 2 diabetic and 537
control subjects; and d in first
and second stage subjects com-
bined for 23 SNPs in 864 type 2
diabetic and 898 control sub-
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0.90), but it was not positive after Bonferroni’s correction
for multiple testing.

To exclude the possibility that our significant p values
were false positives, we applied the FPRP method. To
determine FPRP values, we used our experimentally
determined OR values and the corresponding 95% Cls for
SNP375 and SNP158 in the combined test. For SNP375 the
FPRP value for a prior probability of 0.1% was 0.065
(0.413 for SNP158), satisfying a stringent FPRP value of
<0.2 [18] and indicating that our findings were noteworthy
(ESM Table 6). As a result, we postulated that SNP375 is a
putative disease susceptibility SNP for type 2 diabetes in a
Japanese population.

Detection power and assessment of population stratifica-
tion Power calculation showed that our association test

32 42
Physical distance (Mbp)

with a sample size of 864 type 2 diabetic subjects and 898
control subjects affords a mean power >75% to detect the
effect size of OR 1.3, a MAF of 0.3 and type 1 error rate of
0.05 (ESM Fig. la—c).

Using the Genomic Control method in the GCONTROL
program, we assessed whether adverse stratification exists in
our samples. Our results ruled out any harmful stratification in
our population based on the inflation factor (data not shown).
Significant allelic association of SNP375 was observed even
after the GCONTROL program had corrected for latent
population substructures (posterior probability=0.940).

Determination of LD block structure around the landmark
SNP375 and comprehensive detection of novel SNPs To
investigate the fine LD structure around SNP375 and the
pattern of LD across the entire ENDOGLI gene, we

@ Springer
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Fig. 3 LD block in the candidate ACVR2B ENDOGLI
region and p values around the a ' ———HHHH - {
landmark SNP373. Changes in — sxp posion | | NIRRT I
LDU and recombination rates in - o o o ®g T oo -
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(rs2051211) (vertical arrow) i
were plotted a against physical ; 15 15T
positions of SNPs by LDMAP 8 ’
and PHASE. Bold line: estimates £ 116.5 kb
of changes in LDU by LDMAP; g 10 1 5’
bold dotted line: estimates of -_E a
recombination rate by PHASE g 5 0.5 =
version 2.0. Horizontal columns é ™ Fhs 7 g
a: hatched, resequenced region; U, 2-0 4-0 6IO 8l0 160 120 1:10 1l60 0
open, |D'|-based LD block; filled,
#*-based LD block. b Allelic 7777
p values for 45 SNPs between I 1
A-01 and A-11 in the ENDOGLI
and ACVR2B region are plotted T
against their physical positions. b
Bold line: p=0.05 > 5

= .

S 4

o .

= 3 . .

N

R .

§ 1 . . . - . l:' e - -

< , . « .o, S I A

0 20 40 60 80 100 120 140 160

searched the public databases and found 14 SNPs (A-01;
rs196377 to A-14; rs9873213) (ESM Table 7). Of these 14
SNPs, 9 (A-01 to A-09; rs2300668) were located 19.1—
141 kb upstream from SNP375 and 5 (A-10; rs6810361 to
A-14) were located 15.2-90.1 kb downstream from
SNP375. To discover new SNPs, we resequenced the
interval spanning 35 kb on both sides of SNP375 with a
high LD coefficient (|D'|=1.0). Genomic DNA from 32
control individuals was chosen on the basis of distribution of
haplotype A-01/SNP375/SNP381 in an attempt to increase
the probability of finding polymorphisms. Altogether we
identified 31 SNPs, including five new SNPs; however, ten
of the 31 SNPs were not common (MAF<0.1). Consequent-
ly, we genotyped 35 SNPs (14 of A-01 to A-14 and 21
common SNPs from the 31 identified) with MAF >0.1 based
on the same criteria for selection of SNPs for the association
test. For our dense-SNPs typing, the |D’|-based type 2
diabetes susceptibility LD block was defined between A-02
(rs6807940) and B-19 (rs7647657), and included 40 SNPs
that spanned 116.5 kb (Fig. 3, ESM Fig. 2).

To further confirm the LD block structure, we examined
LDU. We detected one main LD block in the association
region that included SNPs between A-02 and B-19 and
showed a low recombination rate. The LD block pattern in
the LDU map was consistent with the recombination rate as
estimated using PHASE software (Fig. 3a, the broken line).
In ENDOGLI, the r*-based tight LD block of 2.1 kb
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Genomic position (kb)

including significant SNPs was detected (Fig. 3a, ESM
Fig. 3).

We also analysed the association of 40 SNPs in the |D’|-
based LD block by comparing the allele frequency in all
subjects. Our additional genotype analysis indicated that the
following seven SNPs are significant: B-05 (rs6599210; mp
1.5 kb upstream from SNP375, p=0.000348); B-07
(rs6599211; mp 0.9 kb upstream from SNP375, p=0.047);
B-08 (rs17037804; mp 0.5 kb upstream from SNP375,
p=0.000038); B-11 (rs2070490; mp 6.3 kb downstream
from SNP375, p=0.0012); and B-17 (new SNP; mp 8.8 kb
downstream from SNP375, p=0.0062) (Fig. 3b, ESM
Table 7). Two SNPs B-18 (rs7649984) and B-19 near the
LD block boundary showed a lower level of significance
(»=0.047, 0.048, respectively). The SNP B-08 remained
significant after a conservative correction for multiple testing
(Bonferroni-corrected p=0.018). The FPRP value for SNP
B-08 for a prior probability of 0.1% was 0.038 (<0.2).

Haplotype analysis in the candidate LD block To assess the
association between disease status and haplotype in the LD
block, we selected all five SNPs in the 7*-based LD block,
including the most significant SNP, and analysed haplo-
types. We observed five major haplotypes composed of five
SNPs (B-05, B-06, B-07, B-08 and SNP375), which
covered more than 95% of haplotypes in the LD block
(Table 2). We found a significant association between
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disease status and an at-risk haplotype Hap 2 (G-T-G-G-G,
permutation p=0.00001) and a disease-protective haplotype
Hap 3 (A-T-G-A-A, permutation p=0.0008).

Expression of human ENDOGL1 or mouse Endogll
Human ENDOGLI expression was ubiquitous at relatively
high levels, especially in the brain (ESM Fig. 4a). Mouse
Endogll expression was also high in the brain. We
observed statistically significant differences in Endogll
mRNA levels in skeletal muscle and islets of hyper-
glycaemic mice at 12 weeks of age compared with those
of normoglycaemic mice (p<0.01) (ESM Fig. 4b). MIN6
cells also expressed a significantly higher level of mouse
Endogll than did NIH3T3 or C2C12 cells (p<0.01) (ESM
Fig. 4c). These findings suggest that expression of Endogl!
is increased in islets of diabetic mice.

Discussion

SNP-based LD mapping of disease susceptibility regions
by region-wide association has been proposed for the
identification of susceptibility gene(s) for common dis-
eases such as type 2 diabetes and rheumatoid arthritis
[25, 26]. In an indirect association test in a Japanese
population, we hypothesised that we would be able to
efficiently detect the disease susceptibility gene(s) by using
evenly spaced, common SNPs at approximately 10 kb
intervals in the target region of replicated linkage evidence.
Because the tag-SNPs resource from the HapMap [27] was
not available at the onset of this study, we used SNPs
yielding priorities in location and allele frequencies, rather
than tag-SNPs drawn from LD information with a high-
density SNP map.

In this study, we selected a target region on chromosome
3p24.3-22.1 that corresponds to 20.4 Mb based on
replicated linkage for type 2 diabetes or its related traits
[6, 12-16]. We adopted a two-step association test using
1,762 Japanese subjects to reduce the time and cost of
genotyping. With prior simulation, the power using
common SNP markers with a MAF >0.1 in the gene region
and a sample size of 864 type 2 diabetic subjects and
matched controls was >75%—sufficient to detect the
susceptibility variant(s). One weakness of our association
test is the age difference between the type 2 diabetic and
control subjects (63.2 vs 41.0). Despite this age difference,
the stratification analysis showed an absence of harmful
stratification in our samples.

Our association test strategy successfully identified a
significant association for one landmark SNP among the
485 analysed, namely SNP375 (rs2051211), located in
intron 5 of ENDOGLI (NM_005107). This SNP showed a

strong allelic association with type 2 diabetes even after
conservative Bonferroni’s correction. Not only the allele
type, but also the genotype of SNP375 showed statistical
significance. This was supported by the result of FPRP
values. In logistic regression analysis, the association with
SNP375 remained statistically significant after adjustment
for age and sex. Because ageing is an important factor for
developing diabetes, we suggest that the result of our
association test be confirmed in later studies using age-
matched control subjects.

LD mapping of the candidate region is a crucial step in
identification of candidate gene(s) for disease and at-risk or
protective haplotypes [2, 28]. Such strategies have also
been shown to be useful in identifying novel or complex
disease-related genes [29, 30]. We constructed a dense LD
map and identified one block of 116.5 kb with a high LD
coefficient (|D'|>0.9). The LDU scale shows a pattern of
‘plateaus’ corresponding to regions of strong LD and
‘steps’ corresponding to regions of recombination. This
pattern is mostly in concordance with recombination rates
as assessed by PHASE. This |D’|-based LD block included
two genes: ENDOGLI and activin A receptor, type IIB
(ACVR2B). The SNPs in ACVR2B were not associated with
type 2 diabetes in this study. In contrast, not only the
landmark SNP375 revealed significant association with
type 2 diabetes, but also subsequent analysis of multiple
additional SNPs within ENDOGLI including the most
significant SNP B-08 (rs17037804).

The |D'|-based LD block of 116.5 kb included a 2.1-kb
LD block as defined by * (range >0.85) around landmark
SNP375. A haplotype-based association test revealed a
significant result for at-risk and protective haplotypes,
which we confirmed by a permutation test. Comparable p
values were observed in single SNP association as well as
haplotype association. On the basis of these observations,
our study suggests that the variants in ENDOGLI seem to
confer susceptibility to type 2 diabetes. No phenotypic
differences between carriers of the risk genotype compared
with non-carriers were observed in control and/or type 2
diabetic subjects. Until now, however, the exact causal
connection between these intronic SNPs and the risk of
type 2 diabetes is not known, and the mechanism by which
these candidate variants confer disease susceptibility
remains to be elucidated.

The ENDOGLI gene consists of six exons spanning
approximately 31 kb of genomic DNA, while the 1.5 kb
ENDOGLI transcript encodes a protein of 368 amino acids
[31]. Human ENDOGLI expression was high in the brain
and relatively low in insulin target tissues such as liver.
Mouse Endogll expression was high in the brain, and lower
in muscle of db mice than in that of control mice.
Interestingly, mouse Endogll expression was significantly
higher in the pancreatic islets of hyperglycaemic db mice
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than in control mice and that in MING6 cell was higher than
in non-beta cell lines. Although these observations suggest
that ENDOGL1 protein may play a functional role in
pancreatic islet beta cells, further investigation is obviously
required before a firm conclusion can be drawn.

ENDOGLI1 is a member of the DNA/RNA endonuclease
family, including human [32], murine [33] and bovine [34]
endonuclease G (ENDOG). The ENDOGLI1 sequence
shows 38.2, 37.1 and 36.5% amino acid identity to human,
murine and bovine ENDOG, respectively. ENDOG is a
mitochondria-specific nuclease that translocates to the
nucleus during apoptosis [35]. Further study on a possible
role of ENDOGLI in the apoptotic pathway, especially in
islet beta cells, is also required.

In conclusion, we have identified SNPs in the
ENDOGLI gene that show a significant association with
type 2 diabetes. This is the first study to propose that
ENDOGLI may be a candidate gene for conferring
susceptibility to type 2 diabetes in a Japanese population.
To determine the consistency of our observation, replication
studies in other independent populations should be given
high priority.
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