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Abstract

Backround: A meta-analysis combining results from three genome-wide association studies and followed by large-scale
replication identified six novel type 2 diabetes loci. Subsequent studies of the effect of these variants on estimates of the
beta-cell function and insulin sensitivity have been inconclusive. We examined these variants located in or near the JAZF1
(rs864745), THADA (rs7578597), TSPAN8 (rs7961581), ADAMTS9 (rs4607103), NOTCH2 (rs10923931) and the CDC123/CAMK1D
(rs12779790) genes for associations with measures of pancreatic beta-cell function and insulin sensitivity.

Methodology/Results: Oral and intravenous glucose stimulated insulin release (n = 849) and insulin sensitivity (n = 596)
estimated from a hyperinsulinemic euglycemic clamp were measured in non-diabetic offspring of type 2 diabetic patients
from five European populations. Assuming an additive genetic model the diabetes-associated major C-allele of rs4607103
near ADAMTS9 associated with reduced insulin-stimulated glucose uptake (p = 0.002) during a hyperinsulinemic euglycemic
clamp. However, following intravenous and oral administration of glucose serum insulin release was increased in individuals
with the C-allele (p = 0.003 and p = 0.01, respectively). A meta-analyse combining clamp and IVGTT data from a total of 905
non-diabetic individuals showed that the C-risk allele associated with decreased insulin sensitivity (p = 0.003) and increased
insulin release (p = 0.002). The major T-allele of the intronic JAZF1 rs864745 conferring increased diabetes risk was associated
with increased 2nd phase serum insulin release during an IVGTT (p = 0.03), and an increased fasting serum insulin level
(p = 0.001). The remaining variants did not show any associations with insulin response, insulin sensitivity or any other
measured quantitative traits.

Conclusion: The present studies suggest that the diabetogenic impact of the C-allele of rs4607103 near ADAMTS9 may in
part be mediated through decreased insulin sensitivity of peripheral tissues.

Citation: Boesgaard TW, Gjesing AP, Grarup N, Rutanen J, Jansson P-A, et al. (2009) Variant near ADAMTS9 Known to Associate with Type 2 Diabetes Is Related to
Insulin Resistance in Offspring of Type 2 Diabetes Patients—EUGENE2 Study. PLoS ONE 4(9): e7236. doi:10.1371/journal.pone.0007236

Editor: Kathrin Maedler, University of Bremen, Germany

Received February 18, 2009; Accepted July 13, 2009; Published September 30, 2009

Copyright: � 2009 Boesgaard et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This study was supported by the EUGENE2 project funded by the European Community (LSHM-CT-2004-512013) and the FOOD Study Group/the
Danish Ministry of Food, Agriculture and Fisheries & Ministry of Family and Consumer Affairs (grant no. 2101-05-0044). Danish Agency for Science Technology and
Innovation (grant no. 271-06-0539). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: tweb@steno.dk

Introduction

Type 2 diabetes is a multifactorial disease caused by complex

interactions between multiple environmental factors and common as

well as rare expressions of genetic susceptibility variants. Candidate

gene studies and genome wide association (GWA) studies had until

early 2008 identified 11 type 2 diabetes loci [1–5]. A meta-analysis

combining three GWA studies including a total of 10,128 individuals,

followed by an extensive replication in 56,975 participants was

reported [6]. This study identified six previously unknown loci

reaching genome-wide significance levels of association with type 2

diabetes. The most significant variants in the regions were the

rs864745 in intron 1 of JAZF1, rs12779790 between CDC123 and

CAMK1D, rs7961581 between TSPAN8 and LGR5, rs7578597 in

exon 24 of THADA, rs4607103 near ADAMTS9 and rs10923931 in

intron 5 of NOTCH2 [6]. Little is known about the function of the

encoded gene products in relation to the pathophysiology and

molecular pathogenesis of type 2 diabetes. However, three of these

variants, JAZF1 rs864745, CDC123/CAMK1D rs12779790, and

TSPAN8 rs7961581, have in a population-based study of 4,516

glucose-tolerant middle aged Danes, shown association with a wide

range of measures of insulin release derived from an oral glucose
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