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Obesity — an epidemic

» The incidence of obesity is increasing
dramatically since the 1980°s.

* Obesity is set to overtake infectious diseases
as the most significant contributor to illness
worldwide.

» Obesity has been classified as an epidemic
by the World Health Organization.
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Age-standardised prevalence of obesity (BMI 230 kg/m2),
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Age-standardised prevalence of overweight and
obesity (based on IOTF cutoffs), ages 2-19 years,
by sex, 1980-2013
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Obesity — to be in bad health
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* Obesity is associated with numerous conditions
including diabetes, hypertension, cardiovascular
disease events, certain cancers etc.

» This translates into reduced life expectancy, poor
quality of life and certainly drives healthcare costs.

Human evolution dominated by ...
v the struggle for food

v the struggle aga nst mfechon

v the need for*rep
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What are the reasons for that?
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+ Body weight and energy balance are important aspects of
physiology and thus extremely finely regulated.

+ Dieting induces compensatory “starvation” signals aiming to
promote hunger and to sustain energy.

+ This was a rationale strategy during the evolution of these
homeostatic mechanisms — food shortage has been the norm.

+ But not today when palatable and high energy density food is easily
availability without having to expend energy.

So what are those signals involved in energy
balance and where do they origin from? SRIVERSITAT

INNSBRUCK
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Modified from Chaudri OB et al. Annu Rev Physiol 2008; 70: 239-55
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The Phylogenetic Tree of Life
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Obesity is associated with dysbiosis
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» Disturbance of the mutualistic
relationship with stereotypic
alterations

» Low Species Richness und Low
Gene Count (LGC)

» Reduction of certain “signature”
strains e.g. Faecalibacterium
prausnitzii

» Low grade inflammation on the
host side

Hypothesis: the microbiota affects the host's energy
storages through distinct signaling pathways MEDIZINISCHE
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Germ-free Conventional GF - conventionalized
GF CONV-D CONV-R

Bickhed et al. PNAS 2004; 101:15718-23.
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The microbiota affects energy storage
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¢ Conventionalization of 7-10 week old GF mice resulted in a
60% increase

» within 14 days despite reduced chow consumption
* No differences between males and females
 Independently of T- and B-cell biology (Rag 1)

Bickhed et al. PNAS 2004; 101:15718-23.
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* increases circulating leptin, insulin, and glucose levels
* reduced glucose tolerance

* increased insulin resistance
Bickhed et al. PNAS 2004; 101:15718-23.
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Underlying mechanisms
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Bickhed et al. PNAS 2004; 101:15718-23.

Hypothesis: the microbiota of the obese may

be more efficient at extracting energy than the MEDIZINISCHE
microbiota of the lean

TRANSFER OF

ORESITY !! 7N YN
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£ » Obesity is associated with alterations in the rel. abundances
S 40 of Bacteroides and Firmicutes.
>
8 » Obesity affects the metabolic potential of the microbiota —

g increased capacity to harvest energy from the diet.
% 204 » No significant difference in chow consumption, initial body fat,
o or initial weight in the recipients.
(8]
= » This trait is transmissible: colonization of germ-free mice with
04 | ‘obese microbiota’ results in greater increase in total body fat
Donor: +/+ oblob than colonization with a ‘lean microbiota’

Turnbaugh PJ et al. Nature 2006; 444:1028-31
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Hypothesis: the microbiota of the obese may

be more efficient at extracting energy than the MEDIZINISCHE
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Food, Immunity, and the Microbiome
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Hypothesis: metabolic “infection”
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gut
microbiota
Tilg/Kaser/Moschen AR.

Trends Endocrinol Metab. 2013;24:537-45.

Inflammasome-mediated dysbiosis
regulates progression of NAFLD and obesity

Jorge Henao-Mejia'*, Eran Elinav'*, Chen%cheng Jin"?, Liming Hao®, Wajahat Z. Mehal®, Till Strowig', Christoph A. Thaiss',
Andrew L. Kau™, Stephanie C. Eisenbarth
Hal M. Hoffman® & Richard A. Flavell"*

, Michael J. Jurczak®, Joao-Paulo Camporez*, Gerald I. Shulman™*, Jeffrey I. Gordon®,

'IL-1Ra
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NLRP3
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Tilg/Moschen. J Hepatol 2011
Henao-Mejia J et al. Nature 2012
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Increased severity of NASH in
inflammasome-deficient mice.
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Increased severity of NASH is
transmissible to co-housed WT animals.
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Increased severity of NASH is mediated by
TLR4, TLR9 and TNF-o.
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Third set of experiments: Tlr4, TIr9, TIr5, TNF knockouts
Henao-Mejia J et al. Nature 2012
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Does food brigqer
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(Pro-inflammatory mechanisms)
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,Lipotoxicity” — free fatty aC|ds
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Dietary-fat-induced taurocholic acid promotes @

pathobiont expansion and colitis in I110~’~ mice """

* Does a Western diet promote colitis in a genetically
susceptible host?

* 11107~ mice fed with diet high in saturated (milk-fat, MF),
polyunsaturated (PUFA, safflower oil) fat, low-fat (LF) diet.

P < 0.0001
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Devkota S et al. Nature 2014
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Dietary-fat-induced taurocholic acid promotes @

pathobiont expansion and colitis in 110~/

PCoA: PC1 versus PC2
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® Firmicutes @ Bacteroidetes O Deltaproteobacteria

(B. wadsworthia)

MF-containing diet promotes taurine-
conjugation of BA and

overgrowth of sulphite-reducing
Bilophila wadsworthia, which
promotes a Thl immune response

Devkota S et al. Nature 2014

Crosstalk between Gut Microbiota
and Dietary Lipids Aggravates WAT
Inflammation through TLR Signaling

Lard diet Fish oil diet

Bilophila
Bacteroides

o &
WAT accumul lation o
of macrophages .

Lard increases systemic

TLR ligands

Msermanda * Thisis partly attributed to

foacenm differences in microbiota

composition

* This results in increased
WAT inflammation and IR

* Mice deficient in Trif or
MyD88 are protected

* Conclusion: animal-

derived fat promotes

metabolic inflammation

Caesar R et al. Cell Metabolism 2015
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Dietary emulsifiers impact the mouse gut microbiotd:....
promoting colitis and metabolic syndrome
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Mayonnaise with
emulsifier

* Dietary emulsifiers (PS80, CMC), detergent-like molecules are ubiquitous
components of processed foods (and drugs)

* They can disrupt the protective mucus layer covering the intestinal surface
* Facilitating deeper encroachment of microbiota into the mucosa
Chassaing B et al. Nature 2015

Dietary emulsifiers impact the mouse gut microbiota
promoting colitis and metabolic syndrome
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Chassaing B et al. Nature 2015
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Dietary emulsifiers impact the mouse gut microbiota
promoting colitis and metabolic syndrome
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*  SW mice were
exposed to PS80 or
CMC via the drinking
water

* Dietary emulsifiers

promote weight gain

fat acquisition

e and insulin resistance

* This effect is
dependent on the
microbiota

Water CMC P80

Chassaing B et al. Nature 2015

Dietary emulsifiers impact the mouse gut microbiota
promoting colitis and metabolic syndrome

-
(=]
>

Bacteria per mg of colonic mucosa
-
o
)

104
Water CMC
100,000
3
v
2 & 10,000
= £
(o] o
S 2 1,000
| Q
T 2 100
S g
- z
= 3

1

10 ¢

PC2 (14%) Water
=
P80
P80 PC1 (33%)

Broad use of emulsifiers:

* perturbed host-microbiota

relation

altered microbial composition

* resulting in low-grade
inflammation

e promotes IBD in susceptible host

e promotes obesity/MetS
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Does food protect from
inflammation?
(Anti-inflammatory mechanisms)
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Cruciferous vegetables
(broccoli, cabbage. and
brussels sprouts)

Indolof3,2-blcarbazole
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Tilg H. N Engl J Medicine 2012
LiY etal. Cell 2011
Kiss E et al. Science 2011
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detary e Commensal microbe-derived butyrate induces the
ompiexcarbovarztes)  differentiation of colonic regulatory T cells

microbiota
c

Furusawa Y et al. Nature 2013
. Arpaia N et al. Nature 2013
Tilg H, Moschen AR. Gut 2014 Smith PM et al. Science 2013

Metabolite-sensing receptors GPR43 and GPR109A @
facilitate dietary fibre-induced gut homeostasis NVRITAT
through regulation of the inflammasome
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Crosstalk between Microbiota-Derived .‘
Short-Chain Fatty Acids and Intestinal Epithelial
HIF Augments Tissue Barrier Function o

SCFA particularly butyrate serves as the preferred metabolic
substrate for IEC
Is there an impact on epithelial oxygen consumption?
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Kelly CJ et al. Cell Host & Microbe 2015

Crosstalk between Microbiota-Derived
Short-Chain Fatty Acids and Intestinal Epithelial N
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Kelly CJ et al. Cell Host & Microbe 2015

07.04.16

20



dietary fibre
(complex carbohydrates)

glycoside
hydrolases
iz . °

acetate propionate butyrate

insulin signalling
fat accumulation

apoors\

Tilg H, Moschen AR. Gut 2014

The gut microbiota suppresses insulin-mediated
fat accumulation via the short-chain fatty acid
receptor GPR43
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Kimura I et al. Nature Commun 2013

Obesity depends on
the microbiota and
GF wice are
Pro&ected.
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* SCFA —Gpr43 interaction suppresses insulin signaling in
adipocytes, inhibiting fat accumulation in the adipose tissue.

* GPR43 acts as a sensor for excessive dietary energy,
controlling body energy utilization, and maintaining

metabolic homoeostasis.

Kimura I et al. Nature Commun 2013.

Microbiota-Generated Metabolites
Promote Metabolic Benefits via
Gut-Brain Neural Circuits

Filipe De Vadder,':%® Petia Kovatcheva-Datchary,* Daisy Goncalves,-2 Jennifer Vinera, -2 Carine Zitoun,23
Adeline Duchampt,’-23 Fredrik Backhed,*5 and Gilles Mithieux'23*

:> Metabolic benefits:
— - reduced body weight
- reduced adiposity
- improved glucose control
\ - improved insulin sensitivity
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De Vadder F et al. Cell 2014.
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. You are what you host?

You ,AWR" what you eat?

The gut microbiota represents a key
fae r inr Iatlng he ste\at05|s,

A
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* Diet is the key ,environmental
dulating body weight and

Fiaf, SCFA, AMPK, ChRE —~
cytokines, ER stress, BA —“FXR,-—...
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of targeting the m robiota in IBD?

07.04.16

23



07.04.16

24



