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Abstract Recently, Genome Wide Association (GWA)
studies identified novel single nucleotide polymorphisms
(SNPs), highly associated with type 2 diabetes (T2D) in
several case-control studies of European descent. However,
the impact of these markers on glucose homeostasis in a
population-based study remains to be clarified.
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The French prospective D.E.S.I.R. study (N=4,707) was
genotyped for 22 polymorphisms within 14 loci showing
nominal to strong association with T2D in recently
published GWA analyses (CDKALI, IGFBP2, CDKN2A/
2B, EXT2, HHEX, LOC646279, SLC30A48, MMP26,
KCTDI12, LDLR, CAMTAI, LOC38776, NGN3 and
CXCR4). We assessed their effects on quantitative traits
related to glucose homeostasis in 4,283 normoglycemic
middle-aged participants at baseline and their contribution
to T2D incidence during 9 years of follow-up.
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Individuals carrying T2D risk alleles of CDKALI or
SLC30A4A8 had lower fasting plasma insulin level
(rs7756992 P=0.003) or lower basal insulin secretion
(rs13266634 P=0.0005), respectively, than non-carriers.
Furthermore, NGN3 and MMP26 risk alleles associated
with higher fasting plasma glucose levels (rs10823406 P=
0.01 and rs2499953 P=0.04, respectively). However, for
these SNPs, only modest associations were found with a
higher incidence of T2D: hazard ratios of 2.03 [1.00—4.11]
for MMP26 (1s2499953 P=0.05) and 1.33 [1.02—1.73] for
NGN3 (rs10823406 P=0.03).

We confirmed deleterious effects of SLC3048, CDKALI,
NGN3 and MMP26 risk alleles on glucose homeostasis in
the D.E.S.I.LR. prospective cohort. However, in contrast to
TCF7L2, the contribution of novel loci to T2D incidence
seems only modest in the general middle-aged French
population and should be replicated in larger cohorts.

Keywords Diabetes - Genetics - Metabolic - Disease

Introduction

Recently, GWA studies revealed novel single nucleotide
polymorphisms (SNPs) strongly associated with type 2
diabetes (T2D) [1-5]. In a French population, the well
known 157903146 TCF7L2 polymorphism ranked first for
its effect on T2D prevalence followed by four new loci:
SLC3048, HHEX, LOC387761 and EXT?2 [1]. Subsequent-
ly, GWA studies in Finnish, English, Icelandic and Danish
cohorts emphasized the role of CDKALI, CDKN2A/2B and
IGFBP2 on T2D and confirmed the effect of TCF7L2,
SLC3048 and HHEX [2-5]. In the French GWA scan,
additional SNPs located in MMP26, LDLR, KCTDI2,
CAMTAI, NGN, CXCR4 and LOC646279 were also among
the 15 first signals in joint stage I and stage II analyses, but
their current status is still uncertain. Although large-scale
case-control studies are very sensitive in detecting genetic
effects, they are not good models for evaluating the true
contribution of disease-associated genes in unselected
general populations [6].

The objective of our study was to assess whether the risk
alleles or risk genotypes (N=22) of 14 novel loci from
GWA analyses modulate quantitative traits related to
glucose homeostasis (fasting glucose, fasting insulin,
HOMA-B and HOMA-IR) in the 9-year prospective D.E.
S.ILR. cohort (N=4,707), a French general middle-aged
population [7, 8]. As this cohort is limited in statistical
power to analyze genetic variants with modest effects on
T2D risk, we also examined their association with
hyperglycemia (HG; individuals with T2D or impaired
fasting glucose) incidence, as we recently did for TCF7L2
[9].

@ Springer

Materials and methods
Study population

Clinical characteristics of D.E.S.ILR. participants are
reported in Supplementary Table 1. A French cohort of
2,576 men and 2,636 women from a general population
(aged between 30 and 65 years at inclusion) participated in
the D.E.S.L.LR. longitudinal study and were clinically and
biologically evaluated at inclusion and at 3, 6 and 9-year
visits [8]. Participants were recruited from volunteers
insured by the French social security system, which offers
periodic health examinations free of charge. They came
from 10 health examination centers in the western-central
part of France. All participants signed an informed consent.
The protocol was approved by the Ethics Committee for the
Protection of Subjects for Biomedical Research of Bicétre
Hospital. Among the 5,212 subjects of the D.E.S.LR.
cohort, 3,786 individuals were followed during the entire
study.

Because the ethnic origin could not be legally docu-
mented at the beginning of the D.E.S.LR. study, we
estimated the proportion of subjects having non-European
ancestry from a subgroup of 654 subjects selected in the D.
E.S.ILR. cohort, as previously described [1]. This subgroup
was genotyped for 328 SNPs which were spaced by at least
5 Mb and highly differentiated among individuals from
different continents (Fst>0.2 based on the Perlegen dataset)
[29]. Analysis using the STRUCTURE software identified
only two individuals of non-European ancestry in a total of
654 individuals. From this analysis, the proportion of
subjects having non-European ancestry was estimated to
0.30% in the D.E.S.I.R. cohort. Additionally, all individuals
born outside France were excluded from our analysis.

Three classes of glycemic status were defined according
to the 1997 American Diabetes Association criteria [30]:
NG, defined as fasting glucose<6.1 mmol/l; IFG, defined
as fasting plasma glucose (FPG) between 6.1 and
6.99 mmol/l; and type 2 diabetes, defined as fasting
plasma glucose>7.0 mmol/l and/or treatment by glucose
lowering agents. Hyperglycemia (HG) was defined by IFG
or T2D.

The study of baseline glucose homeostasis was on the
4,283 NG participants; the study of incident glucose status
was on 186 incident T2D participants and 508 incident HG
participants.

Measurements

Venous blood samples were collected in the morning after
subjects had fasted for 12 h. Fasting plasma glucose was
assayed by the glucose oxidase method applied to fluoro-
oxalated plasma, using a Technicon RA1000 (Bayer,
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Table 2 Effects of the 22 SNPs on fasting glucose and fasting insulin in 4,283 individuals normoglycemic at baseline: the D.E.S.L.R. Study

Whole-genome study Gene rs ID Fasting glucose (mmol/l) Fasting insulin (pmol/l)
1-1 1-2 2-2 P 1-1 1-2 2-2 P
Scott [3] CDKN2A/2B 1510811661 5.18+0.43 5.19+0.44 5.20£0.45 0.2 44.07+23.74 44.85+25.75 44.13+26.57 0.6
Zeggini [2] CDKN2A/2B 18564398 5.20+0.45 5.19+0.45 521+0.45 0.07 4592+34.98 44.86+2545 43.33+£23.49 0.06
Saxena [4] CDKALI 1s7754840  5.19+0.44 5.20+0.45 5.19+0.46 1 44.90+£28.38 43.96+23.73 44.20+27.51 0.05
Steinthorsdottir [5] CDKALI 1s7756992  5.19+0.44 520+0.46 5.19+0.44 0.9 44.97+27.66 44.26+24.65 42.26+26.67 0.003
CDKALI rs10946398 5.19+0.44 5.20+0.45 5.19+0.46 1 44.98+28.4  43.93+23.74 44.17+27.56 0.04
IFGBP2 rs4402960  5.19+0.45 521+0.44 5204045 04 4435+28.43 44394242  4530+26.10 0.2
IGFBP2 rs1470579  5.1940.45 5.21+0.44 520+0.45 0.5 4438+28.5 44.4+24.19 453242599 0.2
Sladek [1] EXT2¢ rs1113132 5.20+£0.43 5.20+0.45 5.20+0.45 0.6 44.69+23.1  45.02+25.88 44.19+27.22 1.0
EXT2? rs3740878  5.20+0.43 520+0.45 5204045 0.8 44.44+23.05 45.09+2591 44.11+£27.20 1.0
EXT2¢ 1311037909 5.20+0.44 5.19+0.45 520+0.45 0.6 4424+22.81 45.01+25.92 44.16+27.24 1.0
EXT2? 1s729287 521+£0.43 5.19+£0.45 5.20+£0.45 0.7 4490+23.16 45.04+26.00 44.15+27.17 0.8
HHEX rs1111875  5.19+40.45 5.19+0.45 5.20+0.44 0.09 4426+24.99 44.75+25.11 44.04+28.06 0.9
HHEX rs7923837  5.1940.45 5.20+0.45 5.20+0.45 0.09 4523+25.68 44.58+2529 44.21+27.96 0.6
LOC646279 151256517  5.20+0.45 5.19+0.44 5.25+047 1 44.25+26.58 44.90+£25.94 45.59+2299 0.3
SLC3048" 113266634 5.13+0.46 5.19+0.45 522+0.44 0.0003 46.32+36.83 45.19+£25.74 44.03+25.05 0.2
MMP26 12499953 5.20+0.45 5.22+0.44 534+na  0.04 44.61+£26.57 42.01+20.81 26.31+na 0.9
KCTDI12 rs2876711  5.17+0.45 520+0.44 5214045 0.2 4549+33.24 43.66+23.86 45.24+26.13 0.5
LDLR rs6413504  5.20+0.43 5.20+0.46 5.20+0.44 0.4 44.96+30.88 44.29+25.56 44.61+23.05 0.7
CAMTAI rs1193179  5.20+0.44 520+0.46 5.1840.47 0.8 44.47+24.81 44.95+28.79 43.17+£26.55 0.2
LOC387761 r1s7480010  5.19+0.45 520+0.45 521+043 0.5 44.16+24.37 44.38+27.55 47.13+£31.97 0.4
NGN3 rs10823406 5.10+0.45 5.20+0.46 5.21+0.44 0.01 42.97+22.84 44.73+£29.17 44.68+24.98 0.5
CXCR4 1932206 5.19+0.44 5.21+045 5.19+£0.44 0.9 4431+24.34 4538+28.98 43.15+23.25 0.8

Data are presented as means=+standard deviations

P values are from linear regression models after adjustments for BMI age and gender
Allele 2 Risk allele for T2D in whole-genome association studies, d dominant genetic model, » recessive genetic model, na not available

#Remained significant after Bonferroni (multiple-testing) correction

Puteaux, France) or a Kone Automate (Evry, France). To
adjust for differences between and within laboratories over
the four triennial examinations, glucose concentrations
were standardized by age and sex with respect to a
reference population of 211,427 individuals examined in
the IRSA Health Examination Centres and assayed in the
IRSA laboratory. Fasting serum insulin was measured by an
enzymo-immunoassay with IMX (Abbott, Rungis, France)
(48). Insulin secretion was assessed by calculating the
HOMA-B index, defined as (fasting insulinx20)/(fasting
glucose—35), and peripheral insulin resistance was estimat-
ed by HOMA-IR, defined as (fasting insulinx fasting
glucose)/22.5. Other biological and metabolic parameters
were assessed as previously described [8].

SNP genotyping

All participants were genotyped using an allelic discrimi-
nation assay-by-design TagMan method on ABI 7900
(Applied Biosystems). There was a 97-99% genotyping
success rate (Table 1). The genotyping error rate was
assessed by randomly re-genotyping 384 participants. No
difference was found with the first genotyping results. The
genotypic distributions of all polymorphisms were in
Hardy—Weinberg equilibrium.

@ Springer

Statistical analysis

Polymorphism effects on quantitative traits at baseline were
calculated by linear regression models adjusted for age,
gender and BMI. All metabolic traits were log-transformed
for linear regression analysis in order to normalize their
distribution. Hazard ratios for HG and T2D incidence were
assessed using the Cox model, adjusted for age, gender and
BMI. For each study on quantitative traits or T2D/HG
incidence, a conservative Bonferroni correction (multipli-
cation by the number of SNPs) was applied to the P values
for multiple comparisons. All P values are two-sided. SPSS
(version 14.0.2) and R statistics (version 2.5.1) software
were used for general statistics.

Results
Metabolic effects on glucose homeostasis

Clinical characteristics at baseline of the 4,707 participants
of the D.E.S.L.LR. (Data from an Epidemiological Study on
the Insulin Resistance syndrome) study are reported in
Supplementary Table 1. Physiological effects of the studied
SNPs on quantitative phenotypes related to glucose
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HR for T2D

homeostasis were analyzed in all participants normoglyce-
mic (NG) at baseline (N=4,283). The genotypic distribution
of each SNP at baseline is presented in Table 1. Fasting
plasma glucose levels were higher in participants carrying
risk alleles of SLC3048 (1513266634 P=0.0003), NGN3
(rs10823406 P=0.01) and MMP26 (rs2499953 P=0.04)
with no impact on fasting insulin (Table 2). Conversely, an
association with lower fasting plasma insulin level was
found in subjects carrying risk alleles of CDKALI
(rs7756992 P=0.003, rs10946398 P=0.04 and rs7754840
P=0.05) with no detectable effect on fasting glucose. In
individuals carrying one of the studied risk alleles
(rs564398) of CDKN2A/2B, trends for associations were
observed with higher fasting glucose (P=0.07) and lower
fasting insulin (P=0.06).

In a second analysis, effects on HOMA indices were also
assessed as markers of insulin secretion (HOMA-B) and
insulin resistance (HOMA-IR) (Table 3). We found lower
HOMA-B value in individuals with the SLC30A48 risk allele
(rs13266634 P=0.0005) and a trend towards such a
decrease in individuals with the HHEX risk alleles
(rs7923837 P=0.06 and rs1111875 P=0.07). Furthermore,
lower HOMA-IR value (P=0.04) were detected in partic-
ipants carrying one of the CDKN2A4/2B (rs564398) risk
alleles. The SLC30A48 genetic variant was the only SNP

HR for HG

remaining significant after conservative Bonferroni correc-
tions for its effects on fasting glucose and HOMA-B.

Association with type 2 diabetes and hyperglycemia
incidence

The genotypic distribution of incident T2D and HG cases
as well as individuals remaining NG after 9 years of follow-
up is presented in Table 4; in order to increase the statistical
power, participants with impaired fasting glucose (IFG) or
T2D were studied together as a single group of HG subjects
[9, 10]. For each SNP, the best fitting genetic model was
selected from our previous GWA results in French
individuals [1]. In this regard, every polymorphism was
analyzed using an additive genetic model except for EXT?2
(dominant model) and KCTDI2 (recessive model). For
CDKALI, CDKN2A/2B, IGFBP2, HHEX and EXT2, we
studied more than one SNP because they have all been
reported as associated with T2D in previous studies [1-5].

Only trends or nominal associations with T2D incidence
were found with hazard ratios (HR) of 2.03 [1.00—4.11]
(rs2499953 P=0.05) for MMP26, 1.33 [1.02-1.73]
(rs10823406 P=0.03) for NGN3 and 1.25 [0.99-1.58]
(rs13266634 P=0.06) for SLC3048 (Fig. 1). Two other
genetic variants were also associated with trends towards a

@ Springer
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Table 3 Effects of the 22 SNPs on HOMA indices in 4,283 individuals' normoglycemic at baseline: the D.E.S.LR. Study

Whole-genome study Gene rs ID HOMA-B HOMA-IR

1-1 1-2 2-2 P 1-1 1-2 2-2 P
Scott [3] CDKN24/2B 1510811661 93.89+47.15 90.17+54.68 91.86+64.67 0.6 1.73£0.95 1.72+£1.04 1.70+1.00 0.7
Zeggini [2] CDKN2A/2B 18564398 924145991 93.14+67.63 88.81+£51.63 0.1 1.75£1.10 1.74£1.05 1.65+0.92 0.04
Saxena [4] CDKALI 1s7754840  90.59+52.45 91.43+69.30 94.49+61.30 0.8 1.70£0.99 1.70£1.00 1.76+1.16 0.7

Steinthorsdottir [5] CDKALI 157756992  90.86+53.23 92.65+71.42 89.48+53.40 0.4 1.70£0.97 1.72+1.04 1.67+1.13 0.1
CDKALI rs10946398 90.80+52.72 91.38+69.26 94.51+61.44 0.7 1.70£0.99 1.70+£1.00 1.76x1.16 0.7

IFGBP2 154402960  92.54+69.85 90.03+51.61 92.60+55.87 0.5 1.69+1.01 1.71+1.00 1.76x1.08 0.3
IGFBP2 rs1470579  92.73+£70.05 90.15+£51.57 92.61+£55.58 0.5 1.69+1.01 1.71+1.00 1.76x1.08 0.3
Sladek [1] EXT2? rs1113132  89.80+48.42 92.30+£56.86 91.35+65.25 0.8 1.68+0.90 1.73+1.00 1.70+1.03 0.5
EXT2? rs3740878  89.25+48.49 92.27+£56.95 91.15+65.13 0.7 1.67£0.90 1.73+1.00 1.70£1.03 0.4
EXT2? rs11037909 88.73+47.84 92.31+56.93 91.33+£65.30 0.7 1.66+0.89 1.73+1.00 1.70£1.03 0.4
EXT2? 15729287 88.47+43.57 92.46+57.70 91.21+£65.10 0.7 1.69+£091 1.73+1.01 1.70£1.03 0.5
HHEX rs1111875  91.20+53.42 94.12+69.94 88.19+51.03  0.07 1.70£0.95 1.73+1.03 1.69£1.02 0.8
HHEX 1s7923837  92.49+52.67 93.29+69.61 88.95+51.90  0.06 1.72£0.96 1.72+1.02 1.70£1.02 0.7

LOC646279 151256517  91.22+63.06 92.31+£55.97 89.39+42.20 0.5 1.71+1.01 1.71+1.01 1.74+0.87 0.5
SLC3048" 1513266634 96.90+49.83 94.88+71.83 88.03+53.38  0.0005 1.74+£1.04 1.74+1.05 1.70+0.98 0.6

MMP26 1s2499953  91.78+61.39 85.35+49.99 75.60+na 0.2 1.71+£1.02 1.67+0.88 0.91+na 0.7
KCTDI12" rs2876711  93.09+54.16 88.98+50.77 94.94+£76.98 0.2 1.74£1.09 1.68+1.00 1.73£0.99 0.4
LDLR rs6413504  90.69+54.53 91.33+£56.69 92.88+73.90 0.8 1.71£1.04 1.70+£1.02 1.73£0.97 0.4

CAMTAI 1s1193179  90.75+£51.72 92.23+60.20 96.15+116.18 0.7 1.71£1.00 1.72+1.02 1.69+1.13 0.7
LOC387761 157480010  91.89+67.52 90.30+£51.95 93.98+58.65 0.8 1.70£0.96 1.71+1.02 1.77£1.22 0.9
NGN3 rs10823406 99.22+56.63 92.36+73.48 90.55+£52.20 0.1 1.62£0.98 1.73+1.04 1.71£1.00 0.7
CXCR4 1s932206 91.77£60.39 92.71+£56.05 89.14+£69.92 0.9 1.72£0.99 1.75+1.07 1.63+0.91 0.5

Data are presented as means+standard deviations, and after log-transformation

P values are from linear regression models after adjustments for BMI age and gender

Allele 2 Risk allele for T2D in whole-genome association studies, d dominant genetic model r recessive genetic model, na not available
#Remained significant Bonferroni (multiple-testing) correction

Table 4 Genotypic distribution of the 22 SNPs according to incident T2D (N=186) or HG (N=508): the D.E.S.I.R. Study

SNPs identified in Gene rs ID Genotype 1-1 Genotype 1-2 Genotype 2-2 P value (HR)
whole-genome studies
T2D HG T2D HG T2D HG T2D HG
Scott [3] CDKN2A4/2B 15564398 27 (0.15) 81 (0.16) 85 (0.46) 240 048y 74 (0.4 183 036y 0.9 0.4
Zegglnl [2] CDKN2A/2B 110811661 6 0.03) 14 0.03) 56 0.3) 149 0.3) 124 0.67) 341 0.68) 0.3 0.08
Saxena [4] CDKALI 1510946398 (a) 85 (0.46) 219 044y 74 04 223 045y 26 (.14 59 0.12) 0.4 0.4
Steinthorsdottir [5] CDKALI 157754840 (b) 84 (0.46) 219 a4y T4 04 224 045y 26 (0.14) 59 ©0.12) 0.3 0.1
CDKALI 157756992 (c) 86 (0.46) 240 048y 80 (0.43) 218 043y 19 oy 44 0.09) 0.1 0.1
IFGBP2 154402960 80 (0.43) 223 a4y 85 (0.46) 220 044y 20 (.11 60 (0.12) 0.6 0.4
IGFBP2 rs1470579 78 (0.42) 222 (0.44y 86 (0.47) 219 044y 20 .11y 60 (0.12) 0.5 0.5
Sladek [1] EXT2 rs1113132 (a) 14 (.08 31 (0.06) 71 (033 192 o33y 100 os4y 278 055y 0.8 0.3
EXTZd rs11037909 (b) 13 (0.07) 31 (0.06) 71 (0.39) 194 (0.39) 99 (0.54) 275 (0.55) 0.9 0.3
EXT2? rs3740878 (c) 13 (0.07) 31 (0.06) 74 (0.4 196 039y 99 (0.53) 279 055y 1 0.3
EXT2 1s729287 (d) 14 (0.08 32 (0.06) 73 (039 197 0399 99 (053 277 (0s5y 0.8 0.3
HHEX rs1111875 29 (0.16) 66 (0.13) 86 (0.47) 234 047y 67 (037 197 .4 0.8 0.06
HHEX rs7923837 26 (0.14) 56 (0.11) 93 (0.5) 247 (0.49) 67 (0.36) 203 0.4) 0.8 0.1
LOC646279 151256517 138 (0.75y 366 (0.73) 45 (024 121 024y 2 001 15 0.03) 0.7 0.4
SLC3048 1513266634 12 .07 35 0.07) 72 (0.39) 213 043y 100 054y 251 o5 0.06 0.1
MMP26 152499953 178 096y 492 097y 8 (0.04) 14 (0.03) 0 (0 0 (0 0.05 0.6
KCTD12’ 12876711 33 (0.18) 96 (0.19) 95 (0.51) 242 (0.48) 57 (0.31) 165 (0.33) 0.3 0.9
LDLR rs6413504 40 (0.22) 138 028y 95 (051) 238 043y 50 (027 125 025y 0.1 0.9
CAMTAI rs1193179 104 os6) 280 056y 71 (033) 188 033y 11 (0.06) 32 (0.06) 0.4 0.4
LOC387761 rs7480010 88 (0.48) 252 (0.5 83 (0.45) 215 43y 13 .07 37 (0.07) 0.8 0.5
NGN3 1s10823406 6 (0.03) 24 (0.05) 64 (0.35) 189 038y 115 062y 288 057y  0.03 0.2
CXCR4 1s932206 39 021 127 025y 100 (os4y 246 040y 46 (025 131 026y 0.5 0.6

HG Hyperglycemic (T2D+IFG), 72D type 2 diabetic, Allele 2 risk allele for T2D in whole-genome association studies, /R hazard ratio for
hyperglycemia (HG) or type 2 diabetes (T2D) incidence assessed by Cox survival analysis (adjusted for BMI, age, and gender), 7* linkage
disequilibrium, d dominant genetic model r recessive genetic model
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higher incidence of HG with HRs of 1.15 [0.98-1.35]
(rs10811661 P=0.08) for CDKN2A4/2B and 1.13 [0.99—
1.29] (rs1111875 P=0.06) for HHEX (Fig. 1). As expected,
no result remained significant after conservative Bonferroni
correction.

Discussion

In the present study, we confirm that individuals from a
general population of European origin carrying CDKALI or
SLC30A48 T2D risk alleles had lower fasting plasma insulin
level and lower basal insulin secretion, respectively,
compared to non-carriers [5, 11, 12]. However, higher
glycemia and T2D incidence were only detected in carriers
of the SLC30A48 risk SNP. These data are in agreement with
the known function of the zinc transporter ZnT8 (SLC30A48
protein) which is specifically expressed in pancreatic
endocrine cells and may participate in insulin secretion
[13, 14]. CDKALI is also highly expressed in human islets
[2] and shares homology with a known inhibitor of CDK5
activation which is implicated in beta-cell function [15].
Our results further support a physiological impact of these
genes on the beta-cell function.

Interestingly, the T2D risk alleles of NGN3 or MMP26
were found to be associated with a higher glycemia and
T2D incidence in the D.E.S.I.LR. cohort, confirming what
was previously found in the French case/control GWA
study [1]. Despite the fact that no obvious signal was found
in these loci by other GWA scans [2-5, 16—19], further
meta-analyses and systematic GWA phase 2 studies will be
necessary to fully evaluate their contribution, if any, to
T2D. These two genes are indeed good biological candi-
dates: the transcription factor NGN3 is essential for the
differentiation of pancreatic progenitor cells into endocrine
cells [20] and MMP26 is also a target of the Wnt signaling
pathway [21].

More modestly, HHEX and CDKN2A4/2B SNPs showed a
tendency to be associated with HG as well as with lower
insulin secretion and lower insulin levels, respectively, as
found previously [22, 23]. HHEX, known to be a target of
the Wnt signaling pathway, is essential for pancreatic
development [24]. The nominal effect of CDKN2A/2B
rs564398 on lower insulin resistance estimated by HOMA-
IR may be an artifact due to its association with both lower
insulin level and greater glucose level. It was suggested
that CDKN2A4 could be a possible biological candidate for
T2D [25], as its over-expression in rodents causes a decrease
in islet proliferation [26]. More recently, a new large
antisense non-coding RNA named ANRIL was characterized
[27] and constitutes another good positional candidate.

Surprisingly, we were unable to find any effect of
IGFBP2, EXT2, LOC646279, KCTD12, LDLR, CAMTAI,

LOC38776 or CXCR4 SNPs. This may be due to their
modest effects on T2D incidence (or absence of true
contribution) in this French non-selected general population
and/or may be explained by limitations in the statistical
power of the D.E.S.LR study. Further investigations in
larger prospective cohorts are therefore necessary to address
this issue.

It was suggested that decreased insulin secretion, but not
insulin resistance determines future glucose intolerance in
non-obese subjects [28]. Similarly our data suggest that the
best hits identified by the GWA studies modulate beta-cell
function but not insulin resistance, at least in the D.E.S.I.R.
cohort, mostly composed of non-obese participants. Addi-
tional analyses of these genetic variants in obese cohorts
may therefore put new functional defect forward.

Acknowledgements This work was partly supported by the French
Government “Agence Nationale de la Recherche”, and the charities:
“dssociation Frangaise des Diabétiques” and “Programme national
de recherche sur le diabéte”. We thank Marianne Deweider and
Frederic Allegaert for the DNA bank management. We are indebted to
all subjects who participated to this study.

The D.E.S.LR. study has been supported by CNAMTS, Lilly,
Novartis Pharma and Sanofi-Aventis, by INSERM (Réseaux en Santé
Publique, Interactions entre les determinants de la santé), by the
Association Diabéte Risque Vasculaire, the Fédération Francaise de
Cardiologie, La Fondation de France, ALFEDIAM, ONIVINS, Ardix
Medical, Bayer Diagnostics, Becton Dickinson, Cardionics, Merck
Santé, Novo Nordisk, Pierre Fabre, Roche, Topcon.

The D.E.S.LR. Study Group: INSERM U780: B. Balkau, P.
Ducimeti¢re, E. Eschwege; INSERM U367: F. Alhenc-Gelas; CHU
D'Angers: Y. Gallois, A. Girault; Bichat Hospital: F. Fumeron, M.
Marre; Medical Examination Services: Alengon, Angers, Caen,
Chateauroux, Cholet, Le Mans, and Tours; Research Institute for
General Medicine: J. Cogneau; General practitioners of the region;
Cross-Regional Institute for Health: C. Born, E. Caces, M. Cailleau, J.
G. Moreau, F. Rakotozafy, J. Tichet, S. Vol.

Duality of interest The authors declare that there is no duality of
interest.

References

1. Sladek R, Rocheleau G, Rung J et al (2007) A genome-wide
association study identifies novel risk loci for type 2 diabetes.
Nature 445:881-885

2. Zeggini E, Weedon MN, Lindgren CM et al (2007) Replication of
genome-wide association signals in UK samples reveals risk loci
for type 2 diabetes. Science 316:1336-1341

3. Scott LJ, Mohlke KL, Bonnycastle LL et al (2007) A genome-
wide association study of type 2 diabetes in Finns detects multiple
susceptibility variants. Science 316:1341-1345

4. Saxena R, Voight BF, Lyssenko V et al (2007) Genome-wide
association analysis identifies loci for type 2 diabetes and
triglyceride levels. Science 316:1331-1336

5. Steinthorsdottir V, Thorleifsson G, Reynisdottir I et al (2007) A
variant in CDKALLI influences insulin response and risk of type 2
diabetes. Nat Genet 39:770-775

@ Springer



348 J Mol Med (2008) 86:341-348
6. Hattersley AT, McCarthy MI (2005) What makes a good genetic 19. Florez JC, Manning AK, Dupuis J et al (2007) A 100 k genome-
association study. Lancet 366:1315-1323 wide association scan for diabetes and related traits in the
7. Balkau B (1996) An epidemiologic survey from a network of Framingham heart study: replication and integration with other
French Health Examination Centres, (D.E.S.I.R.): epidemiologic genome-wide datasets. Diabetes 56(12):3063—74
data on the insulin resistance syndrome. Rev Epidemiol Sante 20. Mellitzer G, Bonne S, Luco RF et al (2006) IA1 is NGN3-
Publique 44:373-375 dependent and essential for differentiation of the endocrine
8. Balkau B, Eschwege E, Tichet J et al (1997) Proposed criteria for pancreas. Embo J 25:1344-1352
the diagnosis of diabetes: evidence from a French epidemiological 21. Marchenko ND, Marchenko GN, Weinreb RN et al (2004) Beta-
study (D.E.S.L.R.). Diabetes Metab 23:428-434 catenin regulates the gene of MMP-26, a novel metalloproteinase
9. Cauchi S, Meyre D, Choquet H et al (2006) TCF7L2 variation expressed both in carcinomas and normal epithelial cells. Int J
predicts hyperglycemia incidence in a French general population: Biochem Cell Biol 36:942-956
the data from an epidemiological study on the Insulin Resistance 22. Grarup N, Rose CS, Andersson EA et al (2007) Studies of
Syndrome (DESIR) study. Diabetes 55:3189-3192 association of variants near the HHEX, CDKN2A/B and
10. Meyre D, Bouatia-Naji N, Vatin V et al (2007) ENPP1 K121Q IGF2BP2 genes with type 2 diabetes and impaired insulin release
polymorphism and obesity, hyperglycaemia and type 2 diabetes in in 10,705 Danish subjects validation and extension of genome-
the prospective DESIR Study. Diabetologia 50:2090-2096 wide association studies. Diabetes 56(12):3105-11
11. Pascoe L, Tura A, Patel SK et al (2007) Common variants of the 23. Schulze MB, Al-Hasani H, Boeing H et al (2007) Variation in the
novel type 2 diabetes genes, CDKAL1 and HHEX/IDE, are HHEX-IDE gene region predisposes to type 2 diabetes in the
associated with decreased pancreatic {beta}-cell function. Diabe- prospective, population-based EPIC-Potsdam cohort. Diabetologia
tes 56(12):3101-4 50:2405-2407
12. Staiger H, Machicao F, Stefan N et al (2007) Polymorphisms 24. Bort R, Martinez-Barbera JP, Beddington RS et al (2004) Hex
within novel risk loci for type 2 diabetes determine beta-cell homeobox gene-dependent tissue positioning is required for
function. PLoS ONE 2:e832 organogenesis of the ventral pancreas. Development 131:797—
13. Chimienti F, Favier A, Seve M (2005) ZnT-8, a pancreatic beta- 806
cell-specific zinc transporter. Biometals 18:313-317 25. Frayling TM (2007) Genome-wide association studies provide new
14. Chimienti F, Devergnas S, Pattou F et al (2006) In vivo expression insights into type 2 diabetes actiology. Nat Rev Genet 8:657-662
and functional characterization of the zinc transporter ZnT8 in 26. Krishnamurthy J, Ramsey MR, Ligon KL et al (2006) pl6INK4a
glucose-induced insulin secretion. J Cell Sci 119:4199-4206 induces an age-dependent decline in islet regenerative potential.
15. Wei FY, Nagashima K, Ohshima T et al (2005) Cdk5-dependent Nature 443:453-457
regulation of glucose-stimulated insulin secretion. Nat Med 27. Pasmant E, Laurendeau I, Heron D et al (2007) Characterization
11:1104-1108 of a germ-line deletion, including the entire INK4/ARF locus, in a
16. Hayes MG, Pluzhnikov A, Miyake K et al (2007) Identification of melanoma-neural system tumor family: identification of ANRIL,
type 2 diabetes genes in Mexican Americans through genome- an antisense noncoding RNA whose expression coclusters with
wide association studies. Diabetes 56(12):3033—44 ARF. Cancer Res 67:3963-3969
17. Hanson RL, Bogardus C, Duggan D et al (2007) A search for 28. Alvarsson M, Wajngot A, Cerasi E et al (2005) K-value and low
variants associated with young-onset type 2 diabetes in American insulin secretion in a non-obese white population: predicted
Indians in a 100 k genotyping array. Diabetes 56(12):3045-52 glucose tolerance after 25 years. Diabetologia 48:2262-2268
18. Rampersaud E, Damcott CM, Fu M et al (2007) Identification of 29. Hinds DA, Stuve LL, Nilsen GB et al (2005) Whole-genome
novel candidate genes for type 2 diabetes from a genome-wide patterns of common DNA variation in three human populations.
association scan in the Old Order Amish: evidence for replication Science 307:1072—-1079
from diabetes-related quantitative traits and from independent 30. American Diabetes Association (1997) Clinical practice recom-

populations. Diabetes 56(12):3053—-62

@ Springer

mendations 1997. Diabetes Care 20(Suppl 1):S1-70



	Analysis of novel risk loci for type 2 diabetes in a general French population: the D.E.S.I.R. study
	Abstract
	Introduction
	Materials and methods
	Study population
	Measurements
	SNP genotyping
	Statistical analysis

	Results
	Metabolic effects on glucose homeostasis
	Association with type 2 diabetes and hyperglycemia incidence

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


