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Table 1 Clinical characteristics of each sample set. Data are means & SD. BMI Body mass index

Kobe Gunma Consortium

Diabetes Control Diabetes Control Diabetes Control
n 465 323 576 1,173 974
Male participants (%) 59.6 . 45.8 56.1 404 56.6 43.1
Age at study (years) 60.5 £ 10.7 75.6 + 8.1 60.2 £ 11.5 673 £ 6.5 62.5 + 88 692 £ 7.0
BMI 243 £ 39 214 £35 239 +42 23.0+29 23.1 £ 2.9 22.6 £ 3.0
HbA,. (%) 81420 50+ 04 78 £35 5.0+04 75+ 15 49 4 0.4

diabetes (OR = 1.48, P =27 x 107 OR =139, P=
4.6 x 107% OR = 1.70, P = 9.8 x 107>, respectively) in
the combined sample sets. However, neither rs11196218 nor
rs290487 showed a significant association. These results
indicate that TCF7L2 is an important susceptibility gene for
type 2 diabetes in the Japanese population.

Keywords Type 2 diabetes - Polymorphism - S-cell
function - Transcription factor 7-like 2 (TCF7L2) -
Association study

Introduction

The transcription factor 7-like 2 gene (TCF7L2) is one of
the most convincing susceptibility genes for type 2 diabe-
tes. Following the initial report (Grant et al. 2006), there
have been a number of association studies in various ethnic
groups (Florez et al. 2006; Zhang et al. 2006; Saxena et al.
2006). Regarding the Asian population, Horikoshi et al.
(2007) reported that a single nucleotide polymorphism
(SNP), 17903146, in TCF7L2 is associated with type 2
diabetes in the Japanese population but that other SNPs
(rs7895340, rs11196205, rs12255372) are not. The minor
allele frequencies of these SNPs in Japanese were also
found to be much lower than those of Caucasians. Hayashi
et al. (2007) replicated the association of TCF7L2 with
type 2 diabetes in Japanese. Contradictory results were
reported for Han Chinese populations (Ng et al. 2007,
Chang et al. 2007), but these two reports found that other
common SNPs (rs11196218 and rs290487, respectively)
were associated with type 2 diabetes. This apparent dif-
ference between Asian populations could be due to the
relatively small sample sizes involved. Recently, variants
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in the TCF7L2 gene also were reported to be associated
with B-cell function (Schifer et al. 2007; Lyssenko et al.
2007) and response to sulfonylureas in Caucasians (Pear-
son et al. 2007). To clarify the association of the TCF7L2
gene with type 2 diabetes and f-cell function in an Asian
population, we have performed association studies using a
relatively large Japanese sample set: 2,214 Japanese indi-
viduals with type 2 diabetes and 1,873 normal controls.

Subjects and methods
Subjects

Three sample sets were involved. The Kobe set and the
Gunma set samples were recruited from hospitals in Hyogo
and Gunma prefecture, respectively. The Consortium set
samples were recruited from seven districts in Japan by the
Study Group of the Millennium Genome Project for Dia-
betes Mellitus. The Kobe, Gunma, and Consortium sets
were independent of one another. The inclusion criteria for
normal, control subjects of the Consortium set were as
follows: (1) >60 years of age; (2) HbA,. values <5.8%;
and (3) no family history of type 2 diabetes in first- or
second-degree relatives. In the Kobe and Gunma control
samples, the inclusion criteria were (1) no past history of
diabetes and (2) HbA,. values < 5.8%. The control sub-
jects were hospital patients for annual medical checkup or
unrelated disorders. Type 2 diabetes was diagnosed in
accordance with WHO criteria. Other forms of diabetes
were excluded based on the clinical data. The clinical and
laboratory characteristics of the study subjects are shown in
Table 1. Written, informed consent was obtained from all
participants. The study was approved by the ethics com-
mittee of each participating institute.

Genotyping

Five SNPs (rs7903146, rs11196205, rs12255372,
rs11196218, 1s290487) were genotyped using TagMan
SNP Genotyping Assays (Applied Biosystems, Foster City,
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CA) or SSP-FCS (sequence specific primer-fluorescence
correlation spectroscopy) Assays (Bannai et al. 2004). Of
the original five SNPs (rs7903146, 1511196203,
1s12255372, rs7901695, 1s7895340) in the first report
(Grant et al. 2006), we selected three SNPs (rs7903146,
rs11196205, rs12255372) for the following reasons: the
original five SNPs are located in one linkage disequilib-
rium (LD) block surrounding exon 4 in the Japanese
population (Supplementary Figure 1), which is similar to
the case in Caucasians (Grant et al. 2006); rs7901695 and
rs7895340 are in almost complete LD with rs7903146
(** = 1) and rs11196205 (** = 0.90), respectively, in the
Japanese population (Horikoshi et al. 2007); there is no
common (minor allele frequency > 10%) SNP in this LD
block (HapMap JPT data). We also genotyped rs11196218
and 15290487, which were associated with type 2 diabetes
in Han Chinese, to replicate this association in Japanese.
To evaluate our genotyping, 180 samples in the Consor-
tium set were genotyped by both TagMan SNP Genotyping
Assays and SSP-FCS Assays. The concordance rate
between these two assays was 100%: genotypes determined
by TagMan or SSP-FCS methods were identical to those
determined by direct sequencing for 48 samples.

The genotyping success rates in the three sample sets
were all >93%. All five SNPs were in Hardy—Weinberg
equilibrium (HWE; P > 0.05 in the Exact test) in both case
and control groups of all sample sets.

Clinical assessment

The clinical profile of each subject was directly deter-
mined at the time of entry. HOMA-IR and HOMA-f were
calculated as follows: HOMA-IR = (fasting insulin
[pmol/1}) x glucose [mmol/1])/22.5 x 6 and HOMA-
p = (fasting insulin [pmol/1]) x 2)/(glucose [mmol/l]
— 3.5) x 6. Diabetic subjects treated with insulin were
excluded from analysis of HOMA-IR and HOMA-S.
Assessments were performed with the combined three
sample sets. Data are expressed as means £ SD.

Statistical analysis

The differences for SNPs or estimated haplotypes between
type 2 diabetic and non-diabetic subjects were compared
using Chi-square test under an allelic model. We also
performed multiple logistic regression analysis adjusted for
age, sex, and BMI under a dominant model. Statistical
analysis was performed with the Stat-View program (ver-
ston 5.0-J; SAS Institute, Cary, NC). The relation of the
variants in 7CF7L2 with BMI and Homeostasis model
assessment (HOMA-IR and HOMA-f) by ¢ test under the
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dominant model! for each SNP was then assessed. The
HOMA-IR and HOMA-f data were log-transformed for
normality. LD and haplotype analyses were performed with
SNPAlyze version 5.1 pro software (Dynacom, Mobara,
Japan). We considered statistical significance at P values
of < 0.01 and < 0.017 in the association study for SNPs
and for clinical parameters, respectively, after Bonferroni
correction. The prevalence of type 2 diabetes in the Japa-
nese population was assumed to be 0.07. Population
attributable risk (PAR) was calculated as PAR = p(RR-1)/
[p(RR-1) + 1], where p and RR are the risk allele fre-
quency in the general population and the relative risk,
respectively, estimated by the prevalence. When the fre-
quency of risk allele, OR, and type I error probability are
assumed to be 0.03 (Horikoshi et al. 2007), 1.46 (Cauchi
et al. 2007), and 0.05, respectively, based upon the previ-
ous study, the power of our combined samples (2,214 cases
and 1,873 controls) to detect association between SNP
rs7903146 and type 2 diabetes is 0.92. In the case of OR
assumed to be 1.69 (Horikoshi et al. 2007), the power of
our study is 0.99.

Results

We performed association analyses using three independent
sample sets. Regarding three SNPs (rs7903146,rs11196205,
and rs12255372), which originally showed association with
type 2 diabetes, the minor alleles showed a trend toward
association with type 2 diabetes in the Kobe set. These SNPs

" also showed a marginally significant association in the

Gunma set and in the Consortium set when multiple testing
was considered. In the combined three sample sets (Com-
bined set), the minor alleles of rs7903146, rs11196205, and
rs12255372 showed a significant association with suscepti-
bility to the disease (OR = 148, P =27 x 10_4;
OR = 1.39,P = 4.6 x 1074, OR = 1.70,P = 9.8 x 1075,
respectively). These associations remained significant after
adjustment for age, sex, and BMI (Table 2). Asin a previous
report (Horikoshi et al. 2007), the MAF and PAR in our
study were much lower (MAF: 0.022—0.072, PAR: ~0.02
in the Combined set) than those in Caucasians. Neither
rs11196218 nor 15290487 showed a significant association
in any sample set (Table 2).

LD among the five SNPs in 974 control subjects in the
Consortium set was then analyzed. The D' and r* values are
shown in Table 3. As reported previously for Japanese,
three SNPs (157903146, rs11196205, and rs12255372) were
found to be in modest to strong LD (D' = 0.56-1.0).
Haplotypes then were constructed with these SNPs in the
Combined set and assessed for association with type 2
diabetes. A haplotype comprising the risk allele of each
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Adjusted P

MAF OR

Combined
Adjusted P n

P

OR

MAF

Table 2 continued

Consortium
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Control Case Control (95% CI)

Case

Control Case Control (95% CI)

Case

100
744
824
239

93
873
977

54
381
448

45
476
507
169

0.46

0.45

1.04

0.36

0.37

0.50

0.91

0.99

0.37

0.37

(0.95-1.14)

(0.88-1.13)

306

129

SNP, T-C-T, was significantly associated with type 2
diabetes (P = 5.3 x 107°) (Table 4).

The relation of rs7903146, rs11196205, and rs12255372
to BMI, HOMA-IR, and HOMA-{§ in the combined cases .
and controls were then compared. There was no associa-
tion with BMI in cases or controls. The risk allele of
157903146 was associated with lower HOMA-f (CC
(n = 789) versus CT/TT (n = 83); 52.0 & 87.6 versus
35.7 £ 35.9, P = 0.009) and lower HOMA-IR (CC vs.
CT/TT; 3.2 £ 45 vs. 22 + 1.6, P = 0.01) in the com-
bined diabetic subjects. However, these associations
disappeared after adjustment for age, sex, and BMI. No
association was found for HOMA-f or HOMA-IR in the
combined control subjects.

Discussion

We have found that three SNPs (17903146, rs11196205,
1s12255372) of TCF7L2 are associated with susceptibility
to type 2 diabetes in the Japanese population. Our results
are consistent with previous reports for Japanese popula-
tions (Horikoshi et al. 2007; Hayashi et al. 2007), but not
with other reports for Han Chinese populations (Ng et al.
2007; Chang et al. 2007). The apparent difference in the
association of these SNPs in Asians could be due to the
low frequencies of the SNPs and the relatively small
sample sizes used in the previous studies. Since we did not
detect any association of rs11196218 or rs290487 in the
present study, the associations of the two SNPs in the
previous reports for Chinese might be specific to that
population. In this study, rs7903146, rs11196205, and
rs12255372 were in modest to strong LD. Based on Hap-
Map data (JPT), the LD block surrounding exon 4 of
TCF7L2 in Asians does not exceed the gene (Supple-
mentary Figure 1), which is consistent with findings in
Caucasians (Grant et al. 2006). Previous reports (Ng et al.
2007; Chang et al. 2007) also found that the three SNPs
were in a single LD block while the other two (rs11196218
and rs290487) were not. According to meta-analysis by
Cauchi et al. (2007), TCF7L2 is the most reproducible
susceptibility gene for type 2 diabetes in various ethnic
groups. TCF7L2 also was one of the most significantly
associated genes in recent genome-wide association studies
(Sladek et al. 2007; WTCCC 2007). While the risk alleles
of this gene are not common in East Asians, including
Japanese, and the population attributable risk is much
lower, TCF7L2 is nevertheless a risk gene for type 2 dia-
betes in East Asians as well as in other populations. On the
other hand, in a very recent online report, polymorphisms
in the TCF7L2 gene were found not to be associated with
type 2 diabetes in a relatively large study of Pima Indians
(Guo et al. 2007). Further investigation is required to
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Table 3 Pairwise linkage

disequilibrium (LD) for five rs7903146 rs11196205 rs12255372 rs1196218 15290487

SNPs in the TCF7L2 gene. 157903146 0.24 0.49 0.002 0.0036

Values of D' (left lower) and of

 (upper right) for pairwise LD 511196205 0.56 0.44 0.012 0.0037

analysis in 974 control subjects rs12255372 0.93 1.00 0.007 0.0036

of the Consortium set rs1196218 0.45 0.87 1.00 0.0002
15290487 0.22 0.19 0.30 0.02

Table 4 Association analysis for haplotypes with three SNPs
(rs7903146, rs11196205, rs12255372). P values were calculated by
the chi-square test with estimated haplotype data from the Combined
set

Haplotype Case Control P

C-G-G 0.91 0.93 1.5 x 107°
C-C-G 0.032 0.031 072
T-C-T 0.032 0.018 53 x 1073
T-G-G 0.020 0.017 0.30

elucidate the differences in the contribution of the TCF7L2
gene to type 2 diabetes among various populations.
TCF7L2 regulates expression of the proglucagon gene
(GCG), which encodes the precursor of glucagon, gluca-
gon-like peptide 1 (GLP-1) (Yi et al. 2005). Several reports
have found that polymorphisms of TCF7L2 are associated
with f-cell function (Florez et al. 2006; Saxena et al. 2006;
Schifer et al. 2007; Lyssenko et al. 2007). In this study, the
association between the TCF7L2 gene and HOMA-f was
found to disappear after adjustment for the various factors.
Although the relationship of this gene to f-cell function is
not clear in this study, our results suggest that TCF7L2 is
an important susceptibility gene for type 2 diabetes in
Japanese. The pathophysiological mechanism of this gene
in susceptibility to type 2 diabetes remains to be elucidated.
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Abstract

The level of leptin increases with obesity, whereas that of adiponectin decreases with obesity. It is reported that the ratio of leptin to
adiponectin (L/A) is associated with insulin resistance. It is difficult to evaluate insulin resistance in diabetic patients who have a dysfunction
of insulin secretion. The aim of this study was to examine whether the L/A ratio is a useful marker for insulin resistance in diabetic patients.
We examined L/A in the serum of a total of 139 Japanese patients with type 2 diabetes mellitus (66 women and 73 men) and 7 healthy
individuals recruited in our hospital. Changes in the levels of leptin and adiponectin were observed using the oral glucose tolerance test and a
hyper- and euglycemic clamp test. Twenty-one patients with type 2 diabetes mellitus were observed for more than 6 months after treatment
with pioglitazone, and 31 patients with type 2 diabetes mellitus were observed for more than 6 months after the treatment with metformin.
The mean value of L/A in 139 Japanese patients with type 2 diabetes mellitus was 1.22 + 1.41 (1.68 £ 1.76 in women, 0.81 + 0.80 in men;
P =.0002). In the clamp tests, L/A correlated with glucose infusion rate (GIR) (r* = 0.26, P = .0034). The correlation of L/A and GIR
indicated a stronger correlation than either leptin (r% = 0.144, P = .03) or adiponectin alone (r* = 0.023, P = .41), or the homeostasis model

 assessment of insulin resistance (r2 = 0.103, P = .08). The average hemoglobin A}, (HbA.) improved from 10.2% + 1.2% t0 9.2% + 1.6%
(P =.0037) in 6 months after treatment with pioglitazone. Our results indicate pioglitazone to be effective for HbA,. improvement in subjects
with high L/A and low L/A. The average HbA, improved from 9.2% = 0.9% to 8.0% % 1.2% (P = .0002) in 6 months after treatment with
metformin. Our results indicate metformin to be effective for HbA |, improvement in subjects with a low L/A. In conclusion, we demonstrate
that L/A is different between male and female subjects. The correlation of L/A and GIR by the euglycemic hyperinsulinemic clamp test
suggests that L/A is a useful indicator for the choice of drug to treat diabetes mellitus.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Obesity is defined by an accumulation of adipocytes
throughout the body and is also associated with a variety of
metabolic diseases. Insulin resistance or metabolic syndrome
is now thought to be triggered by deposition of fat in the
major target organs for insulin such as liver or muscle [1]. To
improve the adverse metabolic state, it is necessary to create
a negative balance in energy intake and energy consumption
(ie, by exercising or by enhancing the oxidation of fatty acid
in the tissues using medication), thereby leading to weight

* Corresponding author. Tel.: +81 562 93 9242; fax: +81 562 95 1879.
E-mail address: mituyasu@fujita-hu.ac.jp (M. Itoh).

0026-0495/$ — see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2007.09.011

loss. Leptin and adiponectin are important hormones derived
from fat cells and secreted into the serum. Both hormones
improve insulin resistance [2,3], although the blood
concentrations are contradictory depending on adipocyte
deposition. Specifically, the level of leptin increases with
obesity, whereas that of adiponectin decreases [4]. Moreover,
adiponectin acts against arterial sclerosis as a “good
hormone” [5]. It was recently reported that the ratio of
leptin to adiponectin (L/A) could act as a useful marker for
metabolic disease [6,7]. Indeed, L/A was reported to display
a better correlation to insulin resistance than the level of
leptin or adiponectin alone [8,9]. The ratio of leptin to
adiponectin is an excellent indicator of obesity and could be
a useful marker for the progression of arterial sclerosis
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Table 1
Changes in the concentration of leptin and adiponectin during the OGTT
0 min 60 min 120 min

Plasma glucose (mg/dL) 106.1 +10.9 191.0+37.4 1317+ 50.3
Insulin (mol/L) 325+ 146 3644+£2550 209.1+99.0
C-peptide (mol/L) 301.2+86.0 1641.7+711.6 14729 +516.3
Leptin (ng/mL) 6.34 +2.89 5.88 £ 2.69 541231
Adiponectin (ug/mL) 7.87+3.12 8.04 +£3.43 8.07 +2.87

The number of subjects was 7. All values are the mean + SD. The serum
level of both leptin and adiponectin showed no significant change.
Comparison was made by dependent 7 test.

because the levels of the 2 hormones fluctuate in the opposite
direction depending on the amount of visceral fat. Here, we
evaluate L/A in patients with type 2 diabetes mellitus to
assess the clinical significance.

We measured the levels of leptin and adiponectin during
an oral glucose tolerance test (OGTT) and hyper- and
euglycemic clamp test. In addition, we examined the
relationship between insulin resistance in the muscles and
L/A during the euglycemic hyperinsulinemic clamp test. We
then measured the levels of leptin and adiponectin in diabetic
patients and examined the possible selectivity of diabetic
drugs using this index.

2. Subjects and methods

A total of 139 Japanese patients with type 2 diabetes
mellitus (66 women and 73 men) agreed to take part in this

study. The mean age of the female subjects was 62.8 + 11.6
years, with a mean body mass index (BMI) of 24.6 + 5.8
kg/m?. The mean age of the male subjects was 59.2 + 12.8
years, with a mean BMI of 23.8 + 3.7 kg/m?. The mean
age of diabetes onset for the female and male subjects was
51.7 £ 11.7 and 50.5 + 11.6 years, respectively. The mean
hemoglobin A;. (HbA;.) of the female and male subjects
was 8.0 = 1.6 and 7.8 + 2.0, respectively. In addition, 7
healthy individuals (6 women and 1 man) who received an
OGTT in our hospital also participated in this study. At the
time of recruitment, informed consent was obtained from
each subject. All the patients had their serum leptin and
adiponectin levels measured. The OGTT was performed
with 75 g glucose; and the levels of leptin and adiponectin
were measured at 0, 60, and 120 minutes. Fifteen patients
(7 women and 8 men) with type 2 diabetes mellitus (mean
age of female and male subjects: 64.4 + 10.2 and 44.5 +
9.7 years, respectively; mean BMI of female and male
subjects: 23.6 + 5.1 and 25.7 + 3.2 kg/m?, respectively)
received a hyperglycemic clamp test. A total of 31 patients
(14 women and 17 men) with type 2 diabetes mellitus
(mean age of female and male subjects: 64.8 + 9.8 and
48.7 + 11.7 years, respectively; mean BMI of female and
male subjects: 25.1 + 4.9 and 254 + 3.8 kg/m o
respectively) received a euglycemic hyperinsulinemic
clamp test. The hyperglycemic-euglycemic insulin clamp
study was performed according to the standard protocol
[10]. We maintained the hyperglycemic clamp at the
glucose level of 225 mg/dL for 60 minutes. The levels of
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Fig. 1. Leptin to adiponectin ratio and GIR by hyperinsulinemic glucose clamp test. Comparison was made by simple linear regression analyses. Results were
considered statistically significant at P <.05. Results examined separately for female and male subjects gave 7> = 0.400 (P = .0154) for women and r?=0.134

(P = .148) for men. Thus, a stronger correlation was found in female subjects.
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Table 2
The changes of leptin and adiponectin concentrations during the
hyperglycemic glucose clamp

0 min 60 min
Leptin (ng/mL) 6.22 +4.62 5.51+£439*
Adiponectin (ug/mL) 539+3.54 5.21+3.40

The number of subject was 15. All values are the mean + SD. Comparison
was made by dependent ¢ test.
* P <.05, compared with 0 min.

leptin and adiponectin were measured at 0 and 60 minutes.
We set the euglycemic hyperinsulinemic clamp test
(average insulin level of 98 mU/mL) at a glucose level
of 100 mg/dL, which was maintained for 90 minutes; and
the levels of leptin and adiponectin were measured at 0 and
90 minutes. Glucose infusion rate (GIR) at the end of the
euglycemic hyperinsulinemic clamp test was also mea-
sured. Twenty-one patients (7 women and 14 men) with
type 2 diabetes mellitus were observed for more than 6
months after treatment with pioglitazone (15 mg/d). Thirty-
one patients (14 women and 17 men) with type 2 diabetes
mellitus were observed for more than 6 months after
treatment with metformin (500 mg/d). Almost all subjects
in both groups of patients were taking a sulfonylurea.
Serum leptin levels were measured by using the human
leptin radioimmunoassay kit (LINCO Research, St Charles,
MO). Serum adiponectin levels were measured by using
the adiponectin enzyme-linked immunosorbent assay kit
(Otsuka Pharmaceutical, Tokyo, Japan).

3. Statistical analyses

The clinical variables were compared by dependent and
independent ¢ test or by simple linear regression analysis. All
statistical analyses were performed by the StatView 5.0
software (SAS Institute, Cary, NC). All values are the
mean = SD, and a value of P < .05 was considered
statistically significant. Statistical methods are included in
the tables and figures.

4. Results

4.1. Changes of serum leptin and adiponectin during OGTT
and hyper- and euglycemic hyperinsulinemic clamp tests

Changes in the mean values of leptin and adiponectin
during OGTT are shown in Table 1. During the test, the mean
plasma glucose values at 0, 60, and 120 minutes were 106,
191, and 131 mg/dL, respectively. The serum level of both
leptin and adiponectin showed no significant change.

Changes in the mean values of leptin and adiponectin
during the hyper- and euglycemic hyperinsulinemic clamp
tests are shown in Table 2. The level of leptin decreased
significantly 60 minutes (P = .0017) after the hyperglycemic
clamp test, but no significant change in the level of
adiponectin was observed. Indeed, our results concur with
a previous study that concluded that the serum level of
adiponectin is unaffected by hyperinsulinemia and hyper-
glycemia [11].
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Fig. 2. Leptin to adiponectin ratio and BMI. Comparison was made by simple linear regression analyses. Results were considered statistically significant at P <
.05. Results examined separately for female and male subjects gave r?=0.655 (P =.0001) for women and r2=10.177 (P = .0017) for men. Thus, a stronger
correlation was found in female subjects. The correlation of L/A and BMI indicated a stronger correlation than leptin (r*=0289, P=.001) or adiponectin alone
(r*=0.052, P = .020).
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Table 3
Clinical characteristics of the study population before treatment

Treatment by pioglitazone Treatment by metformin

Sex (F/M) 7/14 14/17

Age (v; FM) 60.0 +13.1/59.2 + 143 58.9+9.2/58.4+ 838

BMI (kg/m?, F/M) 28.0+3.126.9 + 4.4 243 +3.5/24.1£4.6

Onset of diabetes ~ 51.2 %+ 9.2/49.2 + 8.3 49.1+8.3/485+ 8.8
(v; FM)

HbA: (%; F/M)
Leptin (ng/mL; F/M)

10.1+£0.7/10.7+ 1.1
114+£26/39+1.8

9.2+1.0/93+09
11.9£55/40+2.5

Adiponectin 62+24/50+1.6 8.1+3.0/74+29
(ug/mL; F/M)
L/A ratio (F/M) 2.06 + 0.79/0.92 £ 0.77 1.87 £ 1.54/0.79 + 0.84

All values are the mean + SD. F/M indicates female/male.

4.2. L/4 correlated with GIR by euglycemic
hyperinsulinemic clamp test

The mean values of L/A, BMI, and GIR in this clamp test
were 1.62 £1.57 (2.18 = 1.88 in women, 1.14 & 1.12 in men),
25.4+4.44 kg/m? (25.4 +4.69 in women, 25.4 + 4,38 in men)
and 4.76 + 1.75 mg/(kg min) (4.82 + 2.08 in women, 4.72 +
1.48 in men), respectively. In the euglycemic hyperinsulinemic
clamp tests, L/A correlated with GIR (% = 0.26, P = .0034)
(Fig. 1). The correlation of leptin and GIR was weak (2 =
0.144, P = .035), and adiponectin (> = 0.023, P = .41) or the
homeostasis model assessment of insulin resistance (HOMA-
IR) (r2 =(.103, P =.08) was not correlated with GIR. The L/A
correlation in women (> = 0.400, P= .01 54) was stronger than
that in men (2 = 0.134, P = .148) (Fig. 1). The L/A was also
correlated with BMI (% = 0.240, P = .003). The relationship is
particularly good for female patients. It was also reported that
L/A in women with polycystic ovary syndrome is related with
insulin resistance [12]. However, these sex-based differences
might be related to age variation within the subject group.

4.3. L/A in different BMI populations with type 2 diabetes mellitus
The L/A correlated with BMI (2 = 0.279, P <.001), as
shown in Fig. 2. The mean L/A was 1.22 * 1.41. The

After treatment with pioglitazon

51 R%0.048 ©
o 44 P=.332
$s{° ©
T e}

2-
S ; o
w )
=4 090 ©0° ©
o 0 .0
z 1o
O -1-

o}

'2 T T 13 1

0 1 2 3
A /A

271

mean L/A was significantly higher in women (1.68 + 1.76)
than in men (0.81 + 0.80). However, this sex difference
was not apparent when BMI ranged from 20 to 24. We
then divided the subjects into 3 groups: BMI less than 20
(9 women and 8 men), BMI of 20 to 24 (24 women and
31 men), and BMI more than 24 (31 women and 31 men).
The L/As of women and men were 0.48 + 0.37/0.27 = 0.11
for BMI less than 20 (P = .078), 0.91 £ 0.60/0.75 + 0.92
for BMI 20 to 24 (P = 480), and 2.64 % 2.13/0.95 + 0.69 for
BMI more than 24 (P = .0001), respectively. No
differences were observed in terms of the BMI between
men and women in the 3 groups. Comparison was made
by independent ¢ test.

4.4. L/4 ratio and the effects of pioglitazone and metformin

The clinical parameters of the patients before treatment
are shown in Table 3. The average HbA,. improved from
10.25% % 1.2% to 9.2% = 1.6% (P = .0037) 6 months after
treatment with pioglitazone. The average weight signifi-
cantly changed from 66.4 + 11.7 to 69.7 + 12.9 kg (P =
.0025). Treatment with pioglitazone was considered effec-
tive because an HbA . decline was observed in subjects with
high L/A and low L/A (Fig. 3A). The average HbA,,
improved from 9.2% =+ 0.9% to 8.0% £ 1.2% (P = .0002)
6 months after treatment with metformin. No change in
average weight was observed (from 60.2 + 11.9 to 60.5 +
12.4 kg, P = .66). Treatment with metformin was considered
effective because an HbA . decline was observed in subjects
with a low L/A (Fig. 3B). Comparison was made by
dependent ¢ test.

5. Discussion

Methods to alleviate or prevent insulin resistance and
obesity have been intensively studied. The target molecules
of these therapies are leptin, adiponectin, tumor necrosis
factor o, and plasminogen activator inhibitor 1 derived from
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Fig. 3. Correlation of L/A and change of HbA, . after treatments with pioglitazone and metformin. In Fig. 2, the L/A ranges in 50% middle persons are from 0.580
to 2.100 for women and 0.335 to 1.041 for men. In this study, low L/4 subjects are defined as those with less than 0.580 for women and 0.335 for men; high L/4
subjects are those with more than 2.100 in women and 1.041 in men. Number of subjects undergoing treatment with pioglitazone having low L/A or high L/A was
3 and 7, respectively. Number of subjects undergoing treatment with metformin having low L/A or high L/A was 8 and 11, respectively. Comparison was made
by simple linear regression analyses. Results were considered statisticaily significant at P <.05.
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fat cells [13-16]). In the present study, we measured leptin and
adiponectin, which regulate insulin sensitivity, during the
OGTT and hyper- and euglycemic clamp test. Our results
show that the level of leptin decreases significantly during
the hyperglycemic clamp test, but the change is not
significant during the OGTT. These observations indicate
that the duration of hyperglycemia is the determining factor
of leptin concentration in the serum. Thus, long-term
hyperglycemic conditions may obstruct appetite suppression
as the level of leptin decreases. However, the precise
mechanism remains unclear.

Leptin has been reported to be a good hormone because it
improves insulin resistance [2]. Adiponectin is also a good
hormone because it improves insulin resistance and has
action on anti-arterial sclerosis [3]. However, the level of
leptin increases with obesity, whereas that of adiponectin
decreases [4]. Thus, we reasoned that the L/A ratio may be
an excellent predictor for insulin resistance in diabetic
patients. When diabetic patients are evaluated for insulin
resistance using HOMA-R, it is essential that the fasting
plasma glucose is greater than 140 mg/dL to avoid erroneous
results [17]. This study clearly demonstrates that L/A
correlates with GIR more closely than leptin and adiponectin
alone or HOMA-R. We therefore conclude that L/A could be
a useful index for insulin resistance in clinical practice.

It has been reported that both leptin and adiponectin in the
peripheral tissues indicate oxidation enhancement of fatty
acid through adenosine monophosphate—activated protein
kinases [18,19], resulting in an improvement of insulin
resistance and obesity. Metformin has been reported to
decrease gluconeogenesis in the liver and increase uptake of
glucose in the peripheral tissues through adenosine mono-
phosphate—activated protein kinases [20]. Moreover, it has
also been confirmed that pioglitazone, an insulin-sensitizing
drug, is a powerful tool to increase plasma adiponectin. We
reasoned that the balance of leptin and adiponectin in the
body could influence the effect of antidiabetic drugs.
Therefore, we examined the effect of these drugs using
L/A as an index. Our results show that pioglitazone was
particularly potent in subjects with a high L/A and in those
with a low L/A compared with the midrange L/A population.
This may be because many subjects with high L/A are low in
adiponectin, making them particularly receptive to increases
in the level of adiponectin. However, because the sample
number is too small, we cannot explain why low L/A
subjects are more amenable to HbA . improvement. Further
studies involving greater subject numbers will be required to
investigate this mechanism in more detail.

On the other hand, metformin was potent in subjects with
low L/A. Low L/A subjects in this study had a high serum
adiponectin and low BMIL This may be because the
condition of high adiponectin is working as a good balance
for the communication of the signal. These results appear to
contradict previous studies using metformin, which con-
cluded that the drug is particularly effective for obese
individuals [21]. However, more recent studies reported that

there was no difference in the change of HbA;. between
noncbese and obese subjects with type 2 diabetes mellitus
[22]. Finally, we anticipate reinforcement of the effect of
using metformin after an increase in adiponectin after
treatment with pioglitazone. Further studies are required to
confirm this hypothesis. In conclusion, we found that L/A is
a good predictor for insulin resistance in diabetic patients. In
addition, L/A may be a good indicator for assessing the
effectiveness of antidiabetic drugs.
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Lack of Association of LRP5 and LRP6 Polymorphisms with
Type 2 Diabetes Mellitus in the Japanese Population
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Abstract. Aims. A missense mutation in the low density lipoprotein receptor-related protein 6 gene (LRP6) was recently
shown to be responsible for a disorder characterized by early-onset coronary artery disease as well as diabetes mellitus
(DM), hyperlipidemia, hypertension, and osteoporosis. Mice deficient in LRPS, a closely related paralog of LRP6,
manifest a marked impairment in glucose tolerance. The aim of the present study was to examine whether common
variants of LRPS and LRP6 ate associated with Type 2 DM or dyslipidemia in Japanese individuals. Methods. Thirteen
single nucleotide polymorphisms (SNPs) of LRP6 and nine SNPs of LRP5 were genotyped in a total of 608 Type 2 DM
patients and 366 nondiabetic control subjects (initial study). An association analysis was then performed for each SNP and
for haplotypes. For some of the SNPs, we provided another sample panel of 576 cases and 576 controls for the replication
study. The relation to clinical characteristics was also examined in diabetic subjects. Resulis. In the initial study, three
SNPs of LRP6 were found to be associated with susceptibility to Type 2 DM. However, this association was not detected
in the replication panel. None of SNPs in LRP5 were associated with Type 2 DM in the initial panel. Neither LRP6 nor
LRPS was associated with body mass index, HOMA-B, HOMA-IR or serum lipid concentrations. Conclusions. We found
no evidence for a substantial effect of LRPS or LRP6 SNPs on susceptibility to type 2 diabetes or clinical characteristics of

diabetic subjects in Japanese population.

Key words: LRPS, LRP6, Single nucleotide polymorphism, Association study, Type 2 diabetes mellitus

(Endocrine Journal 55: 699-707, 2008)

THE common form of Type 2 diabetes mellitus (DM)
results from a complex interaction between genetic
background and the environment. Identification of
susceptibility genes for Type 2 DM has proven diffi-
cult because of the multifactorial nature of the disease.
Genes responsible for monogenic disorders are poten-
tial contributors to similar conditions with a multifac-
torial etiology. A missense mutation (R611C) in the
low density lipoprotein (LDL) receptor-related protein
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6 gene (LRP6) was recently shown to be causally
linked to a dominant form of early-onset coronary ar-
tery disease in an Iranian family. This mutation was
also linked to DM, hyperlipidemia, hypertension, and
osteoporosis in the same family [1]. Mice deficient in
LRPS5, a closely related paralog of LRP6, manifest a
marked impairment in glucose tolerance [2]. LRP5
and LRP6 are members of the LDL receptor family {3]
and function as co-receptors for Wnt ligands, playing
an important role in Wnt signaling [4]. The transcrip-
tion factor 7-like 2 gene (TCF7L2) shows a reproduc-
ible association with Type 2 DM [5] in multiple
populations, and the encoded protein also plays a role
in Wnt signaling [6].

These various observations suggest that LRPS5 and
LRP6 are potential susceptibility genes for Type 2
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DM. We therefore examined whether common vari-
ants of LRP5 and LRP6 might be associated with Type
2 DM or dyslipidemia in Japanese individuals.

Subjects and Methods
Subjects

A total of 608 unrelated individuals with Type 2
DM and 366 unrelated nondiabetic control subjects
were enrolled for the initial study. We provided anoth-
er sample panel of 576 cases and 576 controls for the
replication study (replication panel). In the initial
panel, the mean + SD of age, body mass index (BMI),
and HbA, were 61.3+9.9 years, 23.8 +3.4kg/m?,
and 7.9 &+ 1.8%, respectively, for the diabetic subjects
and 75.4 + 8.1 years, 21.5 + 3.6 kg/m?, and 5.0 + 0.4%,
respectively, for the control subjects. In the replication
panel, those for the cases were 60.2% 11.5 years,
23.9 £4.2 kg/m?, and 7.8 + 3.5%, respectively and, for
the controls, 67.3 = 6.5 years, 23.0+ 2.9 kg/m?, and
5.0 £ 0.4%, respectively. The diagnosis of Type 2 DM
was based on the criteria of the American Diabetes
Association (1997). The nondiabetic subjects were
selected according to the following criteria: age of
>60 years (only for the initial panel), no past history of
glucose intolerance, HbA,, content of <5.7%, and no
family history of DM. The study was performed with
written informed consent from all subjects and was
approved by the Ethics Committee of Kobe University
Graduate School of Medicine or of Gifu University
School of Medicine. :

Clinical assessment

The BMI of each individual was directly measured
at the time of collection of blood samples. The fasting
plasma glucose concentration (FPG), fasting plasma
immunoreactive insulin concentration (FIRI), serum
concentrations of total cholesterol and high density
lipoprotein (HDL)-cholesterol, and HbA | level were
determined by standard laboratory techniques calibrat-
ed with uniform standards. Indices of basal insulin se-
cretion and resistance were derived by homeostasis
model assessment (HOMA). The HOMA of B cell
function (HOMA-B) was calculated as [FIRI (pmol/1)
x 20)/[FPG (mmol/1) - 3.5] x 6, and that of insulin re-
sistance (HOMA-IR) was calculated as [FPG (mmol/1)

x FIRI (pmol/1)}/22.5 x 6 [7]. The serum concentration
of LDL-cholestero!l was calculated as [total cholesterol
(mmol/1) — HDL-cholesterol ~ (mmol/l) - [triglyceride
(mmol/1)/5]] [8]. Among the 608 diabetic subjects of
the initial panel, the 467 individuals who had not been
treated with insulin were evaluated for HOMA-IR,
HOMA-B, and FPG, whereas the 422 individuals who
had not taken lipid-lowering drugs were evaluated for
lipid parameters.

DNA analysis

We selected 13 single nucleotide polymorphisms
(SNPs) of LRP6 (Fig. 1A) and nine SNPs of LRP5
(Fig. 2A) from the HapMap database (http://www.
hapmap.org) according to the inclusion criteria as
follows: minor allele frequencies >0.10 (except a non-
synonymous polymorphism, rs2302685 in LRP6) and
linkage disequilibrium (LD) by #2<0.8 in the Japanese
data (JPT). Genomic DNA was extracted from blood
with the use of a QlAamp DNA Blood Maxi Kit
(Qiagen, Valencia, CA), and genotypes for the SNPs
were determined with the TagMan procedure (Applied
Biosystems, Foster City, CA). The polymerase chain
reaction was performed with ABsolute QPCR ROX
Mixes (ABgene, Epsom, UK) and an ABI PRISM
7700 Sequence Detector System (Applied Biosys-
tems); the amplification protocol included incubation
at 95°C for 15 min followed by 40 cycles of 92°C for
15s and 60°C for 1 min. Sequencing of exon 9 of
LRP6 was performed with the use of a Big Dye Termi-
nator Cycle Sequencing FS Ready Reaction Kit (Ap-
plied Biosystems) and an automated DNA capillary
sequencer (model 3100, Applied Biosystems).

Statistical analysis

We assessed association and Hardy-Weinberg equi-
librium with the chi-square test. Linkage disequilibri-
umand haplotype analyses including permutation tests
were performed with SNPAlyze version 5.1 pro soft-
ware (Dynacom, Mobara, Japan). Haplotype estima-
tion was performed by the expectation-maximization
algorithm [9]. If we assume a minor allele frequency
of 0.24, odds ratio of 1.3, and type I error probability
(o) of 0.05, the power of our initial sample (608 cases
and 366 controls) computed by the PS program [10] is
0.82. In case of combined sample (1184 cases and 942
controls), the power is 0.98. Averaged data are pre-
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Fig. 1.

Genomic organization of LRP6 and pairwise LD analysis of SNPs. (A) Schematic representation of the LRP6 genomic region

showing the locations of SNPs. Coding and noncoding sequences of exons are shown as closed and open boxes, respectively.
Details of the SNPs are provided in Table 1. (B) Values of D' (bold type) and of 72 (nonbold type) for pairwise LD analysis in
92 control subjects. Three estimated LD blocks are highlighted in gray.

sented as means =+ SD, and differences between groups
were analyzed by ANOVA; if necessary, data were log
transformed. Statistical analysis was performed with
StatView software version 5.0-J (SAS Institute, Cary,
NC). A P value of <0.05 was considered statistically
significant.

Results

LRP6

For analysis of LD in the LRP6 genomic region, we
genotyped 13 SNPs in 92 nondiabetic control subjects.

The D' and 2 values for the 92 control subjects are
shown in Fig. 1B. Two SNPs (SNP6-3, SNP6-8) were
excluded from further genotyping because of their ab-
solute LD. The remaining 11 SNPs, including a non-
synonymous polymorphism (I11062V, SNP6-11), were
genotyped in all 608 Type 2 DM subjects and 366 con-
trol subjects. All SNPs with the exception of SNP6-13
were in Hardy-Weinberg equilibrium (P>0.01). Asso-
ciation results for the 11 genotyped SNPs are shown in
Table 1. We found associations between three SNPs
(SNP6-1, SNP6-2, SNP6-7) and susceptibility to Type
2 DM. SNP6-7 showed the strongest association (odds
ratio = 0.74, 95% confidence interval = 0.59 to 0.93,
P =0.008). SNP6-2 and SNP6-7 were in strong LD
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Genomic organization of LRP5 and pairwise LD analysis of SNPs. (A) Schematic representation of the LRP5 genomic region

showing the locations of SNPs. Coding and noncoding sequences of exons are shown as closed and open boxes, respectively.
Details of the SNPs are provided in Table 4. (B) Values of D' (bold type) and of 7? (nonbold type) for pairwise LD analysis in
92 control subjects. Two estimated LD blocks are highlighted in gray.

with each other (#2=0.94) in the 92 control subjects
tested for LD. We also sequenced exon 9 of LRP6,
which contains the previously identified missense
mutation R611C [1]. No polymorphism was detected
in the 24 diabetic and 24 control subjects subjected to
such direct sequencing.

An LD block spanning SNP6-2 to SNP6-7 (Fig. 1B)
encompassed a region containing exons 2 and 3 of
LRP6 but did not include exon 9. Although we per-
formed haplotype analysis with SNP6-7 and the other
SNPs, we did not detect an association with Type 2
DM more significant than that of SNP6-7. A haplo-
type comprising SNP6-5 = A and SNP6-7 = G showed

an association with Type 2 DM similar to that of
SNP6-7 alone (estimated haplotype frequencies of 0.19
and 0.24 in diabetic and control subjects, respectively;
permutation P value computed by 10,000 permutations
= 0.006).

When we consider multiple testing for the number
of SNPs (P<0.05/9 SNPs; where four of 13 SNPs are
not counted because of strong LD of 2>0.8), the LD
block including SNP6-7 is the most likely to be associ-
ated with the susceptibility to Type 2 DM. Therefore,
we did not include SNP6-1 for further analysis (P val-
ue of SNP6-1 = 0.042). In order to examine a replica-
tion for the association of the SNPs or the LD block,
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Table 1. Association analysis for SNPs of LRP6 and Type 2 DM in the initial panel

Position on SNP s Major Minor MAF P value Odds ratio
chromosome 12 name number allele allele Case Control (95% CI)

12314360 SNP6-1 rs7136900 G A 0.08 0.10 0.042* 0.72 (0.52-0.99)

12304062 SNP6-2 1510743980 C T 0.19 0.23 0.019* 0.77 (0.61-0.96)

12279248 SNP6-3 rs7956971 T C

12267732 SNP6-4 rs11054731 G A 0.28 0.31 0.106

12256592 SNP6-5 rs17302049 A G 0.22 0.20 0.241

12253186 SNP6-6 rs1181332 A G 0.05 0.05 0.837

12241380 SNP6-7 rs2417086 A G 0.19 0.24 0.008* 0.74 (0.59-0.93)

12224619 SNP6-8 rs10492120 C T

12222642 SNP6-9 rs2417085 T C 0.16 0.18 0.186

12214885 SNP6-10 rs7294695 G C 0.19 0.21 0.293

12193165 SNP6-11 rs2302685 T C 0.06 0.05 0.333

12166202 SNP6-12 rs2284396 C T 0.18 0.22 0.094

12159793 SNP6-13 rs7316466 T C 0.16 0.16 0.984

SNP position is indicated as base-pair number in NCBI build 127. MAF, minor allele frequency. P values for the difference in the
minor allele frequency between cases and controls were calculated by the chi-square test; the odds ratio and 95% confidence interval
(CI) were also calculated for the minor allele. Asterisks indicate P values of <0.05.

Table 2. Association analysis for rs2417086 (SNP6-7) and rs17302049 (SNP6-5)

Initial panel

dbSNP ID n

Replication panel

MAF

MAF OR P dbSNP ID n OR P
Case Control Case Control (95%CD) Case Control Case Control (95% CI)
rs2417086 AA 400 215 0.19 024 0.74 0.008%* rs2417086 AA 305 336 023 0.22 1.06 0.569
AG 188 128 (0.59-0.93) AG 167 175 (0.86-1.31)
GG 20 23 GG 30 29
rs17302049 AA 364 231 022 020 1.15 0.241 rs17302049 AA 322 329 022 023 0.92 0.451
AG 214 113 (0.91-1.44) AG 170 188 (0.75-1.13)
GG 29 16 GG 28 33
Combined
dbSNP ID n MAF OR
P
Case Control Case Control (95%CD
rs2417086 AA 705 551 021 022 0.89 0.130
gg 323 3(5)3 (0.77-1.03) MAF, minor allele frequency. P values for the difference in the
minor allele frequency between cases and controls were calcu-
1517302049 AA 686 560 022 0.22 1.01 0.895 lated by the chi-square test; the odds ratio and 95% confidence
AG 384 301 (0.87-1.17) interval (CI) were also calculated for the minor allele. Asterisks
GG 57 49 indicate P values of <0.05.

SNP6-5 and SNP6-7 were genotyped in an indepen-
dent sample panel (replication panel). However, none
of these two SNPs or haplotypes were associated with
Type 2 DM in the replication panel (Table 2 for SNPs,
data not shown for haplotypes). No association was
apparent when we combined the initial panel and the
replication panel (Table 2).

Finally, we examined the relation of SNP6-7 to clin-
ical characteristics in the diabetic subjects of the initial
panel. However, no apparent association was found
with BMI, HOMA-IR, HOMA-B, or serum lipid pa-
rameters (Table 3).
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Table 3. Clinical characteristics of Type 2 DM subjects in the initial panel according to genotype for rs2417086 (SNP6-7) of LRPS.

Parameter AA AG GG P value
Sex (male/female) 234/166 107/81 8/12
Age (years) 61 +£ 10 (n=400) 61 £ 10 (n=188) 59+12 (n=20) 0.710
BMI (kg/m?) 23.8 +3.5 (n=1399) 23.9+3.3 (n=188) 25.0+ 4.5 (n=20) 0.245
FPG (mmol/l) 7.7 2.5 (n=307) 7.5+£2.0(n=139) 82+2.8(rn=19) 0.285
HOMA-IR* 2.90 £2.39 (n=1299) 3.14%£3.32 (n=136) 2.79+£2.06 (n=19) 0.920
HOMA-p* 54.0 £ 95.4 (n=298) 60.5+£80.2 (n=133) 443+503 (n=19) 0.342
Total cholesterol (mmol/Iy* 53+ 1.0(n=271) 52+£1.0(n=119) 54+0.6(n=15) 0614
HDL-cholesterol (mmol/l)* 1.4+ 0.4 (n=269) 14+04(n=118) 13204 (n=15) 0.832
LDL-cholesterol (mmol/1)* 3.3x0.9 (n=267) 32209 (n=116) 3320.5(n=14) 0.689
Triglyceride (mmol/1)* 1.4 £0.8 (n=271) 1.7+£2.6(n=119) 1.8+x13(n=15) 0.302
HbA, (%)* 8.0+ 1.9 (n=400) 7.7+ 1.7 (n=187) 7.7+£1.7 (n=20) 0312
Data are means + SD. P values were calculated by ANOVA. *These parameters were log transformed before analysis.
Table 4. Association analysis for SNPs of LRP35 and Type 2 DM in the initial panel.
Position on SNP name rs number Major allele Minor allele MAF P value
Chromosome 11 Case Control
67838979 SNP5-1 1312016 C T 0.48 0.48 0.920
67845407 SNP5-2 rs4988300 G T 0.25 0.24 0.626
67857932 SNP5-3 rs7944040 C T 0.14 0.15 0.584
67897990 SNP54 rs638051 A G 0.26 0.28 0.442
67920032 SNP5-5 rs4930573 C G 0.22 0.23 0.591
67938604 SNP5-6 rs314750 A G 0.33 0.36 0.244
67949266 SNP5-7 rs556442 A G 0.37 0.40 0.171
67957871 SNP5-8 rs3736228 C T 0.29 0.30 0.587
67966294 SNP5-9 rs3781579 T C 0.16 0.16 0.820

SNP position is indicated as base-pair number in NCBI build 127. MAF, minor allele frequency. P values for the difference in the
minor allele frequency between cases and controls were calculated by the chi-square test.

LRP5

Nine SNPs including a non-synonymous SNP
(A1330V, SNPS-8) were genotyped in 92 control sub-
jects. The D’ and #* values for these subjects are
shown in Fig. 2B. Then all polymorphisms were
genotyped in the initial panel of 608 Type 2 DM sub-
jects and 366 control subjects. They were in Hardy-
Weinberg equilibrium (P>0.01).

The results of association tests for susceptibility to
Type 2 DM are shown in Table 4. No association be-
tween SNPs of LRPS5 and Type 2 DM was apparent in
this panel. Next, we assessed the relations between all
SNPs and clinical characteristics, BMI, HOMA-IR,
HOMA-B, or serum lipid parameters in the diabetic
subjects. However, no association was detected (data
not shown).

Discussion

We found no evidence for a substantial effect of
LRPS or LRP6 SNPs on susceptibility to type 2 DM in
Japanese population. The association of rs2417086
(SNP6-7) or haplotype analysis in LRP6 observed in
the initial panel could be false positive due to the small
sample number. A previous study showed that a muta-
tion in LRP6 was genetically linked with a familial
disorder characterized by early-onset coronary artery
disease as well as hyperlipidemia, hypertension, DM,
and osteoporosis [1]. Genes that cause rare monogenic
disorders might also confer susceptibility to similar
conditions with a multifactorial etiology, although we
failed to detect such a case. For example, genes re-
sponsible for maturity-onset diabetes of the young, an
autosomal dominant monogenic form of DM, have
also been associated with Type 2 DM [11-14].
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LRP5 and LRP6 are co-receptors for Wnt ligands [4,
15]. Wnt signaling is necessary for embryogenesis but
also plays important roles in postnatal development
and tissue homeostasis. Mouse embryos homozygous
for an insertion mutation in Lrp6 exhibit a variety of
severe developmental abnormalities, including mid-
brain defects, truncation of the skeleton, and limb
anomalies [4]. Lrp6 mutations cause early-onset os-
teoporosis in mice {16]. Lrp5~~ mice exhibit low bone
density and frequent bone fractures. In human, muta-
tions in LRP5 cause the autosomal recessive disorder
osteoporosis-pseudoglioma syndrome (OPPG) [17, 18].
Recently, some reports showed that polymorphisms of
LRPS were associated with bone mineral density [19—
21]. Meanwhile, LRP5 plays an important role in glu-
cose and lipid metabolism, with Lrp5 knockout mice
showing a marked impairment in glucose tolerance as
a result of a reduced level of glucose-induced insulin
secretion. Maintenance of these knockout mice on a
high-fat diet also increases the plasma concentration of
cholesterol to levels greater than those apparent in sim-
ilarly fed normal mice [2]. We assessed whether poly-
morphisms of LRP5 or LRP6 were associated with
HOMA-IR, HOMA-B, or lipid parameters in patients
with Type 2 DM. However, no such association was
detected. We did not evaluate whether the polymor-
phisms were associated with osteoporosis or cardio-
vascular disease because information was not available
for these disorders. Recently, Guo et al. showed thata
haplotype including rs4988300 (SNP5-2) in LRP5 was
associated with BMI in Caucasian diabetic subjects
[22]. Although we investigated the association be-
tween BMI and this polymorphism or haplotypes com-
prising SNP5-1 to SNP5-3, there was no association

(data not shown).

To date, TCF7L2 (also known as TCF4) has been
the gene most reproducibly associated with Type 2
DM [5]. TCF7L2 is a transcription factor that partners
with B-catenin in the canonical Wnt signaling pathway
[6]. Wnt signaling and B-catenin are necessary for
the proliferation of pancreas including B cells in mice
[23-25]. Elucidation of the mechanisms by which this
signaling pathway contributes to regulation of glucose
metabolism may provide insight into the pathogenesis
of Type 2 DM.

In conclusion, our results failed to reveal an associa-
tion between Type 2 DM and SNPs or haplotypes of
LRP5 and LRP6. Furthermore, we found no associa-
tion between these genes and any clinical characteris-
tics such as serum LDL-cholesterol in the subjects
with Type 2 DM. Similar studies are needed to clarify
whether variants of LRP35 and LRP6 may be associated
with coronary artery disease, hyperlipidemia, hyper-
tension as well as Type 2 DM.
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