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Background Type-2 diabetes (T2D) is a major risk factor for cardi-
ovascular disease, and a leading causing of mortality worldwide.
T2D is 2e4 fold more common among Indian Asians than Euro-
peans, and contributes to higher cardiovascular disease mortality in
Asians. Little is known of the genetic basis of T2D in Indian Asians.
Methods We carried out a genome-wide association (GWA) study of
T2D in 5561 Indian Asian cases and 14 458 controls from LOLIPOP,
PROMIS and SINDI cohorts. Whole genome scans were performed
using the Illumina 317 k or 610 k arrays. Further testing of sugges-
tive SNPs was carried out in independent cohorts of Indian Asian
(12 K T2D cases and 25 K controls) and European ancestry
(DIAGRAM+, 8 K T2D cases and 39 K controls).
Results There were two novel loci associated with T2D at p<10�6,
and an additional 57 loci associated with T2D at p<10�4 in the
GWA study. We used results from DIAGRAM+ to prioritise 19 loci
for further testing in Indian Asians. In combined analysis of results
from GWA and further testing, four loci now reached genome-wide
significance (p<5310�8) among Indian Asians. Coding variant and
eQTL studies at these loci identify genes closely involved in insulin
secretion and signalling.
Conclusion We identify four novel genetic loci associated with T2D
in Indian Asians. Our observations provide new insights into the
biological mechanisms underlying T2D, a major risk factor for
cardiovascular disease.
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Introduction Hypoxia drives angiogenesis in a range of pathologies.
Mutations in von hippel lindau protein (vhl) lead to excessive
angiogenesis via upregulation of hypoxic signalling, due to impaired
HIF-1a degradation. Physical forces exerted by blood flow have been
shown to contribute to vascular remodelling. We therefore used vhl
mutant zebrafish to observe the interplay between hypoxic signal-
ling, haemodynamic flow and vascular development. Since NO has
been shown to be both pro-angiogenic and released in response to
haemodynamic force, we assessed whether NO contributed to
angiogenesis in this model.
Methods Vhl mutant zebrafish were crossed with a fli1; GFP
transgenic that expresses Green Fluorescent Protein (GFP) in the
endothelium. Embryonic vascular development was observed in
mutants and wild type siblings by confocal microscopy. To deter-
mine the role of blood flow in the angiogenic response, cardiac
troponin t2 was knocked down by morpholino antisense injection.
To assess the contribution of nitric oxide, embryos were treated
with either L-NAME (nitric oxide synthase inhibitor) (1mM) or

sodium nitroprusside (NO donor) (100mM) from 24-h post fertil-
isation (hpf) until imaging at 4dpf.
Results Imaging of the developing trunk vasculature revealed that
vhl mutant embryos display excessive and aberrant angiogenesis
from 3dpf (Abstract 72 figure 1A, B). Cardiac troponin T2 knock-
down prevented any cardiac contraction, but embryos develop
normally due to passive oxygen diffusion. Loss of blood flow did not
alter normal intersegmental vessel patterning in either controls
(Abstract 72 figure 1C) or vhl mutants (Abstract 72 figure 1D).
However, loss of blood flow completely prevented excessive angio-
genesis in vhl mutants (Abstract 72 figures 1D and 2), implying that
both blood flow and hypoxic signalling are required for “patho-
logical” angiogenesis but not developmental angiogenesis (vasculo-
genesis). NO synthase inhibition with L-NAME had no effect,
suggesting that the contribution of flow to excessive angiogenesis in
response to upregulated hypoxic signalling is NO independent.

Abstract 72 Figure 1

Abstract 72 Figure 2 Effect of troponin T knockdown on total vessel
length.

Conclusion Angiogenesis in response to hypoxic signalling is crit-
ically dependent upon haemodynamic force, compared with devel-
opmental vasculogenesis that can proceed in the absence of any
blood flow. This indicates a different mechanism of development for
hypoxia driven angiogenesis and vasculogenesis which may have
important therapeutic implications.
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Introduction Coronary flow reserve (CRF) is the ratio of peak coro-
nary flow during maximal coronary artery dilatation to basal
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