"Genetics, diabetes and obesity — where are we?"
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Features of obesity

Triggers: Overeating
Physical inactivity

Hypertension

High TG \
LowHDL " —___

Type 2 diabetes
In.sulln and
resistance vascular

disease

Inflammation /

Pro-coagulation




What about genetics of obesityZe
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Studies of the genetics of complex disorders: the development
of technology drives the progress

single variant
(10°SNPs; 103 genotypes)

detailed study of individual genes
(102SNPs; 10°* genotypes)

regional studies .
(10%SNPs; 108 genotypes ) ’

genome-wide association
(10% SNPs; 101°genotypes) e

I

Genome-wide association in 2007
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Studies of the genetics of complex disorders: the development
of technology drives the progress

single variant
(10°SNPs; 103 genotypes)

detailed study of individual genes
(102SNPs; 10°* genotypes)

regional studies

(10%SNPs; 108 genotypes ) ’

genome-wide association 22
(10% SNPs; 101°genotypes) e

N

Whole exome and whole
genome sequencing 2010
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Genome-wide association (GWA) in short

: 1

Type for ~/>500,000 SNPs

1

Obtain information about strength of association

genome wide
(within limits of sample size, allele frequency, LD etc)

. 1

Validation in independent samples of what looks
interesting
followed by combined analyses
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genotyped

Example of a GWA with 389,000 SNPs successtully

Type 2 Diabetes Results: 389,869 markers
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Eighteen risk loci associate with obesity/increased BMI

with genome-wide significance
Each of them are common but only increase risk of obesity with 8-33%

Odds ratio
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Most of obesity risk loci are related to genes in the hypothalamus ->
disturbed appetite regulation

Explain collectively about 1 % of the
genetic component of obesity




Combined association analyses of 249,796 individuals
show additional eighteen new loci
associated with body mass index

s Previous BMI Loci
= Previous Waist or Weight Loci
* Novel Loci
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Meta-analysis of GWAS identifies 13 new loci associated with waist-hip ratio
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The clinician’s view!




Cumulative effect and predictive value of 32 loci

« ARIC study, 8,120 individuals, population-based, whites
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Genetics of obesity
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37 risk loci associate with T2D

with genome-wide significance

Each of them are common but only increase risk of type 2 diabetes with 5-35%

Risk of diabetes
(Odds ratio)
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Estimated functions of variants at type 2 diabetes risk loci
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Two established T2D loci
Nine novel loci

Fasting glucose meta- {F‘“ o

analysis discovers
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The combined impact of 16 risk variants on fasting
glucose in a non-diabetic population

Increase per allele: 0.04 mmol/I
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Common variants explain a minor fraction of the variance in

metabolic phenotypes in the general population
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Genetics of non-autoimmune diabetes

Effect .
size Rare, penetrant mutations
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Explosion in the number of validated common
variants for all diabetes-related metabolic traits
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The ‘missing heritability’ of
type 2 diabetes and obesity

More than 90% of the heritability of
these disorders is not explained
Additional common risk alleles?
Gene-environment interactions?

Gene-gene interactions?
Copy number variations?

Epigenetics?
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We’ve found obesit
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The association of FTO with obesity-related
qguantitative traits in Inter99

e FTO associates with increased BMI, body weight and waist

circumference

e No association with serum lipids

T TA AA Prag

R men) 1,977 2,783 962

(969/1,008) | (1,423/1,360) (461/501)
Age (years) 462 + 8. 459+8 465+8
BMI (kg/m?) 25979 262 * 46 210+ 49 1-10°
Height (m) 172 £ 09 1,73 £ 09 172 £ 09 0.6
Body weight (kg) 769 £ 152 | 782 + 160 | 803 + 172 | 2-10°
Waist circumference (cm) | 856 £ 128 | 866 £ 13.3 | 879 £ 13.7 1-107
Waist-to-hip ratio 085 +009 | 086 =009 | 0.86 = 0.09 0.03

Andreasen CH, Diabetes 2008;57:95-101
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The impact of the FTO rs9939609 genotype on BMI-
levels is highly influenced by habitual physicial activity:
Physical inactivity was associated with an increase of

1.95 BMI units in AA-allele carriers
A population-based study of 5,722 middle-aged Danes

20
|

15

10

05
|

Difference in BMI levels (kgim2)

ATvs. TT

=

AAvs. TT

Physical activity was self-reported by questionnaire

Number of subjects (TT/TA/AA)

U Fhysically passive (633/943/338)
O Light or medium physically active (11,1311 5721521
B Hard orvery hard physically active (1221189/75)

P. .= 0.007

Andreasen CH, Diabetes 2008;57:95-101



APOLIPOPROTEIN A-V;
APOAS5S
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|

-1131T>C

Carrier frequency ~ 11 % among Caucasians



Association with fasting
serum triglycerides in the general population
of 5,873 middle-aged Danes

T/T T/C C/C p

n(men/women) 5,152(2,563/2,589)  698(356/342) 23(10/13)
Age (years) 46 = 8 46 = 8 44 = 7
BMI (kg/m?) 26.2 £45 26.4 = 4.8 24.3 £ 4.6 0.7
Waist-to-hip ratio 0.86 = 0.09 0.86 = 0.09 0.84 = 0.08 0.9
Fasting serum lipids

(mmol/l)
Triglyceride 1.3£1.1 1.7 = 2.7 1.8 £ 0.9 1-10°15

Mean + SD. Adjustment for age, sex, and BMI (where appropriate). Calculated by
GLM assuming additivity.




The effect of APOAS -1131T>=C on fasting serum
triglycerides is modulated by the level of hyperglycaemia
INn studies of 5,873 middle-aged Danes

ONGT
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Fasting serum il FG

triglyceride m GT

(mmol/l) mmm Screen-detected T2DM
3
2
. p =5.107°

5880 438 N 221 578738 28

o)

Wild type TC + CC




The impact of APOAS5 -1131T>=C on fasting serum triglycerides is
modulated by the degree of insulin resistance (Homa-IR)
In studies of 5,873 middle-aged Danes

HOMA
IR:

equally
Si
subgroups

4-5

5-6

6-7

/-8

8-9.5
9.5-11.5
11.5-14.5
14.5-20

> 20

Fasting serum
triglyceride

(mmol/l) :
1y

p =5107° |
o)

Wild type TC +CC




The impact of APOAS5 -1131T>=C on fasting
serum triglyceride is modulated by smoking

@ Daily and occasional smokers
Fasting @l Non-smokers and previous smokers
serum 2.9
triglyceride
(mmol/l)

1.9

1

p = 0.0003
0.5
0

Wild type TC + CC




The impact of APOAS5 -1131T>=C on fasting serum
triglyceride i1s modulated by alcohol intake

= None or moderate alcohol intake
Fasting M High alcohol intake
serum
triglyceride
(mmol/l)

p = 0.005

Wild type



Public health implications:
Gene-Lifestyle and Gene-Metabolism
Interactions

Specific health behaviour
recommendations seem appropriate
based upon knowledge of the
FTO, LIPC and APOA5 genotypes




The ‘missing heritability’ of
type 2 diabetes and obesity

More than 90% of the heritability of
these disorders is not explained
Additional common risk alleles?
Gene-environment interactions?

Gene-gene interactions?
Copy number variations?

Epigenetics?

Rare risk alles?

Rare risk alleles —
next frontier

The ‘rare variant hypothesis’

A significant proportion of the
Inheritance of complex disorders is
due to the cumulative load of rare
variants



Where is the missing heretability?

Effect
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The Lundbeck Foundation Initiative in genomics of
type 2 diabetes and obesity

« Sequencing of the
coding part of the human
genome in 2,000 Danes

Tha Danish-Sino initiatives to opan
the genome and to improve cardiovascular

« Gene-wise health of the at-risk popuiation
comparisons of ~ 20,000
likely deleterious gene

variants in 17,000 Danes

www.lucamp.org
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Exome capturing L

Disaasa Pradiction. Preve

Genome
The “exome” is # Of elements | Total Iength

defined to be the Promoter 1,917 490,995
designed target 5-UTR 17,046 672,142
region which would be  cps-exons 209,095 32,584,741
hybridized with the 3-UTR 6,524 401,002
NimbleGen 2.1M- Intron 55,372 4,349,839
probe sequence-

capturing array.

« 18,654 genes,
~34Mbp length in
total




Production of huge amounts of data through
high-throughput DNA sequencing in China

Sl RARBRD

The Sino-L
of Genomi
and Cardiova
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ndividual sequencing of the coding region o initial Danis
human genomes covering ~20,000 genes discovered ~53,000
novel variants (= not in available databases)

3 H Novel
E B Known
Known Novel o 2
68,188 53,707 z
(56%) (44%) 5
i 0 0.25 0.5 0.75 1

Alternative allele frequency

Lundbeck Foundation Centre

. . Applied Medical Genomics in P
Li et al., Nat Genet, online 3 October 2010 o T e e s



The bacteria in
our distal intestines function as
a metabolic organ




Human colon bacteria
= 1.5 kg microbes

Bacteriodetes and Firmicutes account
for > 90%

Functions:

Trophic
Control of epithelial cell proliferation
and differentiation Colon (195)

Protective
Protection against pathogens

Metabolic

Fermentation of non-digestible
polysaccharides and storage of Firmicutes
the extracted energy in host fat Bacteriodetes
depots. Contributes with about
10% of total daily energy infusion




Obese mice have more Firmicutes

Obese mice have 50 % higher representation of gut Firmicutes
division and proportionally less of the Bacteroidetes division than

lean mice

This trait was transmissible:

When germ-free mice were given an 'obese gut microflora' it
resulted in an increase in total body fat compared with colonization
with a 'lean gut microflora’

The Firmicutes have a higher
capacity for fermentation of
non-digestible
polysaccharides than
Bacteriodetes

Ley RE et al. PNAS 102:11070-5,2005
Turnbaugh PJ et al., Nature 444:1027-31,2006




Features of obesity

Triggers: Genetic risk factors
Overeating
Physical inactivity
The gut microbiome?

Hypertension

High TG \
LowHDL " —___

Type 2 diabetes,
Insulin
| v.ascular
resistance disease,

cancer
Inflammation /

Pro-coagulation




Binning
Gene prediction

P B

COG classification
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Gene function classes in 006

Functional gene set

characterization
(s_nl,sl_nd sl n3, wwwrs 5] tum, sl pm, enerrs)

Sample classification

Massively parallel
shotgun sequencing
of genes from distal

gut bacteria of

86 Danes and
38 from Spain

a culture-independent approach
to identify the gut bacterial genes




|dentification of 3.3 million genes from distal gut of
86 Danes and 38 from Spain

Human gut gene set is at least 150 times larger than the
gene set of the human genome

> 99% of gut genes are bacterial

Each individual harbors ~ 160 gut bacterial species with ~
530,000 bacterial genes

64 out of 160 gut bacterial species are shared by >90% of
individuals

Bacteriodetes and Firmicutes are the most abundant

Nature 464:59-65, 2010
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Which molecular mediators
are involved in the
metabolic dysfunctions?

bacterial lipopolysaccharides?
bacterial short chain fatty acids?
.......bacterial amino acids?
other mediators

What are the primary
drivers?

....host genomics?

unhealthy dietary habits with
preference of fat food?



Gut microbiome based interventions:
perspectives

Coloscopic replacement with a mixture of cultured or fresh ’healthy
bacteria species?

Oral prebiotics?

Oral probiotics?

Irradications?

Individualizing the gut treatment
dependent on host genotype profiles?




Next steps

Gut microbiome
(genetic diversity)

Human genome
(genetic variations)

Interaction

Bacterial components
and metabolites

\

N

Is the presence of
the Firmicutes
imbalance
determined by the
individual make-up
of the host nuclear
genome?
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