Geneticsof T2D

ype 2 diabetes (T2D) is a complex and
multifactorial disease. Notable risk
factors include poor diet, obesity,
low physical activity levels and older
age. However, twin studies published
in the 1980s suggested that genetic factors
can contribute to T2D risk, as monozygotic
twins showed greater concordance for T2D
than dizygotic twins.

Geneticrisk factorsfor diseasesaretypically
assessed by genome-wide association studies
(GWAS), which analyse the genomes of many
peopleforthe presence of genetic markers that
canpredict disease. Of note, many factors can
cause variable results in GWAS, including mul-
tiple hypothesis testing and publication bias,
amongothers.Forexample, priorto2000, many
geneticassociationswerereported for T2D but
none was confirmed in multiple populations,
using comprehensive controls.

In2000, aground-breaking paper was pub-
lished that evaluated 16 previously identified
genetic associations to T2D. A multi-layered,
family-based study design was used to con-
trolfor population stratification. Associations
were first tested in 333 Scandinavian parent-
offspring trios. Alleles that showed a nomi-
nal association were tested for replication in
three additional study populations of European
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ancestry. Notably, only one association was
confirmed: the common Prol12Ala polymor-
phism in peroxisome proliferator-activated
receptor-y (PPARYy).

The researchers found a small (1.25-fold)
butsignificant (P=0.002) increasein T2D risk
associated with the more common proline
allele (occurring at~-85% frequency). Although
the effect size is modest, the high frequency
of therisk allele translates into a large risk at
thepopulationlevel. Asmuchas25%of T2D in
thegeneral population mightbeinfluenced by
thisallele. However, the study did not confirm
whether PPARy-Prol12Alaoravariantinlinkage
disequilibrium was the causal variant.

Infurtherassociationstudies, chromosome
10q was reported to have linkage with T2D in
Icelandic and Mexican American populations.
Tofurtherinvestigate thisassociation,a2006
study used genotyping of microsatellite mark-
ers. The probable gene associated with T2D

risk wasidentified as TCF7L2,whichencodesa
transcriptionfactorimplicatedinblood glucose
homeostasis.

Encouragingly, in 2007, three independ-
ent GWAS of different European populations
were publishedinasingleissue of Science, with
overlapping findings. All three studies identi-
fied T2D susceptibility lociinornear CDKALI,
CDKN2A and CDKN2B, IGF2BP2, HHEX and
SLC30A8. Later work identified protein-trun-
catingmutationsin SLC30A8as the firstloss-of-
function mutations that are protective against
T2D. Thisgene encodes ZnT8, whichis highly
expressed in insulin granules, and loss of its
function increases insulin secretion. These
importantstudies provided invivo validation
of ZnT8 asadrugtargetin T2D.

Asthefield advanced, findings from GWAS
were further interrogated to elucidate the
mechanistic basis for observed associations.
Forexample, 2014 and 2015 studies on obesity
and T2D-associated variantsin FTO found that
thisgene forms long-range functional connec-
tions with the transcription factor /IRX3 and
could be involved in a pathway for adipocyte
thermogenesis regulation.

In 2019, a GWAS was published of T2D in
sub-Saharan African individuals, an under-
studied group. This paper identified a new
T2Drisklocusspecific for African populations
at ZRANB3. Also of note, 22020 meta-analysis
of GWAS T2D risk in East Asian populations
analysed datafrom 77,418 individuals with T2D
and 356,122 control individuals. The analysis
identified 61 loci that are newly implicated in
T2Drisk. It is important that further investi-
gations are carried out in understudied pop-
ulationsin order torealize the true breadth of
genetic risk of T2D.

Todate, GWAS have identified >550 signals
associated with the risk of T2D. The knowl-
edge gleaned from these genetic factors has
been used to inform our understanding of
mechanisms of disease. In the future, pre-
cision medicine approaches might also use
genetic information to predict which people
will respond best to different therapies.
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Please visit the online article for a full list of
further reading.
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