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“All diseases begin in the gut”
Hippocrates (c. 460 — c. 370 BC)

“Let food be thy medicine and
medicine be thy food”

“A healthy diet is essential
for a healthy gut and a tl llbt
healthy mind” Vou lt
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The gut-brain axis:
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The Evidence: The gut microbiota is critical

for brain and behavior
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PLEASE PASS THE MICROBIOTA!!

MICROBIOTA MEDIATOR OF GUT-BRAIN FUNCTION  TRANSFORMING FAT TO THIN ~ TRANSFERRING THE BLUES
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Microbiome-Gut-Brain Axis in Obesity & Stress
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Across the Lifespan
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Enduring Behavioral Effects induced by Birth by
Caesarean Section in the Mouse
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...unique needs across the lifespan
Dinan and Cryan, J. Physiol, 2017

Priming for Life: (Early-life) Stress

PERINATAL
critical
developmental
windows (first
1000 days) of life
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Ratsika A, et al,
Early Life Nutrition and the
Microbiota-Gut-Brain Axis, 2021 ")ﬂ ! e MILK FAT GLOBULE, POLYPHENOLS, FISH OIL,
4 OMEGAs, FATTY ACIDS, PREBIOTICS, PROBIOTICS

[O'Mahony et al., Eur J Neurosci. 2020; Neufeld et al., Neuronal Signal. 2020; Donoso et al., Neurobiol Stress, 2020; Schverer et al., Neurosci Biobehav Rev, 2020; Egerton et al., Nutr
Neurosci, 2020; Provensi, et al., PNAS, 2019; Donoso et al., Int J Neuropsychopharmacol, 2019; Donoso et al.,Psychoneuroendocrinology. 2020; Butler et al., Nutrients, 2020]
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PREBIOTIC (OligofructoseE-Inulin)

Fibre-not-fast cars as answer to mid-life (microbiome) crisis!!

Microbiota from young mice counteracts selective

age-associated behavioral deficits
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Develop Microbiota-targeted approaches
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Review

Psychobiotics: A Novel Class of Psychotropic
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...a live organism that, when ingested in adequate amounts, produc

a health benefit in patients suffering from psychiatric ilinesses
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Clinical studies supporting probiotics

with anti-obesity effects

The Probiotic Steain M. aleei HASST® Lssproves Weight Loss in }
EiTect of prodsotic (VSLA L) and srsega- ) on lpid Lartobar By gt BNET) Sagpirmncaion Overweight Subjects under Moderate Hypocaloric Diel: .( |
prefibe, bnsabon sensiinily, inflamenatony marken, | | o0 o Vinorrel ot Aermmulation o st A Proodof Concept, Multicenter Randosized, Double-Blind |0

uh .
and pa cobalasion in everweight adulis 2 Crambiwn e (Gese Abds § Ranhom ood Placebo-Controlled S'“‘.‘ Nutrients, 1 June 2021
casdomnard cenciuding il ~
Dbl B, Pacvbo Comznied Trd P Diwekote 1% hunathn Borin 1! Chummntinn Tt sk |, Rk vl ' Crmebinte [t |
Citons Bt Sengut © Dot ' el Gy Lt *

e remedicine
ST, M ECHANISM? ————

profier of redication satve TIOM pas ﬂmmm\owd
LT P O Yy study
01 Bal e e (L1 ) Snaght nngatt
B LIy
o e, e et WDty

E 1WAty
: B8 oeriones 2020 gui; 12(7): 2041, = e e e ey

t 3 womdenl o sadme b wilh Sypw I Babetes
- Tagrtog the Indentinsd Micsboots v Prarvent Type 1 » wallaovver drabbe Bird tandeewsnd

ot Wl o et e Gt Moy 1t Wt Aiend v () Ehabrtes and Enduance the et of Methammin s Phocebercwntratiod irisd of & movel
o L = (g (s A Lbnd Clyvarmwiss A Randamised Cunnodiod Plet Stady Pt st hwmal mron
e A

S — °
- 23 Lo —
—————— y g Boe RN —— 3
O PRV -
2 —— e b eme csinssan
- Py T

-~ ——

100 @ 3 b s’ | dont oh vy et | WO e —

B 1 Uk Sl W b T e Wb ¥ o6 ety

Assessment ol pryMotropic: like prooerties of a arobeotic fomufanon

- B— ——t Tos | by, S o

{LactobaciVius balveticos ROO amane shn ¢ supes G thote

T TRANSLATION? e
B 2

M PRSI A

PP brss e e V4 Br i Medotes B wr A mvay o
matty Vehaamert Oy Do - Woven




Finding the right strain? A needle in a haystack....

Microbiota and body weight controt: Weight |/ / /.
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BUGS TO DRUGS:

Pharmaceutical approach to mine microbes & metabolites

Targeted approach for the IDENTIFICATION of
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- functional bacterial strains and their
i ' g «S metabolites and to gain MECHANISTIC insight
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—— modulators gut-brain axis function
' A : P 1} - —
m “Culture to Product” -~ GIPCR signaling
NT; : platform Vam e 58 (VN
o, LR / o@®FE"
ROS ’ 1:4:1“ ’ e . |
-—:.- \ - ""' " |

\ - /
Isolated Human \\ -. 3 /
bacterial strains N v g ,,/

Human GPCRs cell lines currently available: GHS-R1a, OXTR,
VP, 5-HT2A, 5-HT2B, 5-HT2C, GLP-1R, MCR3, D1, D2, CB1

X

[Long-Smith, et al., 2020]



The Gut Feeling: GPCRs Enlighten the Way

for Gut Microbiota-Metabolite Bioactivit
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Ghrelin and the GHSR-1a recepu@

Ghrelin signalling and obesity: At the interface of

stress, mood and food reward september 2012, Pi.&l';

Mparem (g 00 S 1o 4 Human plasma ghelin levels [Yildiz, etal, PNAS, 2004]



Ghrelin and the Gut Microbiota

Gut peptides and the microbiome
focus on ghrelin

Duca et al, 2012
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APC1472 has inverse agonist activity & bias
towards B-arrestin-mediated ghrelin signaling
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Short.chain fatty acids and microbiota metabolites
attenuate ghrelin receptor signaling
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Bifidobacteria Longum APC1472 attenuates weight gain a &

High-fat diet fed

Anti-obesity effects
J Weight gain

J Ghrelin receptor signalling
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Schellek et al. EBioMedicine, The Lancet, 2021




{ Ghrelin receptor signalling Anti-obesity effects
J Weight gain
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Schellek et al. EBioMedicine, The Lancet, 2021

Bifidobacteria Longum APC1472 improves glucose tolerance a 2
AND reduces stress hormone cobiome

{ Ghrelin receptor signalling Anti-obesity effects

High-fat diet fed
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Translational validation of Bifidobacteria Longum APC1472 am

anti-obesity effects in overweight/obese humans

J Ghrelin receptor signalling Anti-obesity effects High-fat diet fed
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EBioMedicine

pcterium | counters the eMects of obesity: Partial success

translation from

Bifidobacteria Longum APC1472

effects in overweight/obese humans

No diet modification! Not (pre-)diabetic!
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iNe dearead o Microbiota-put-brain axis as a regulator of reward processes
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« Kelly, et. al., The role of the gut microbiome in the development of schizophrenia,
Schizophrenia Research, 2021.

* 0O’Connor, et. al., Strain differences in behaviour and immunity in aged mice: Relevance to
Autism, Behavioural Brain Research, 2021.

PREBIOTICS fructo- and galacto- oligosaccharides (FOS/GOS)
have anxiolytic and antidepressant like effects
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Chronic social unpredictable stress (6 week social defeat/overcrowding)

Corticosterone : ’

- G
e5 = Spleen cytokine
e — production
- = =
- - I Immune
- ‘--- ‘1.. Sm—nmn

Exaggerated interleukin 6 response to concanavalin A{/ack bean legume lectin)




Pomp ot 2015

Preblotie Intuke reduces the wakiag cortisol response
and alers ematbonal bias in healthy volunteers
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5.5g fructooligosaccharides [N=15; 8 males, 7 females] or Bimuno®-
galactooligosaccharides [N=15; 7 males, 8 females]) or maltodextrin
[N=15; 7 males, 8 females] _3 weeks

Nutritional psychiatry: Towards improving ~
mental health by what you eat
WA.N A;d.v\'-“ e tlh.l van der Beek

Jan K. Bultelaar "', John F. Cryan’, Jobharaes Hebebrand”,
Suzanne Miggs', Harriet Schellokens’, Suzanne L. Dickson ™™
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Feeding the microbiota-gut-brain axis: diet
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Coloa-delverad shoet-cham fatty acals allcmsate the cortisol
responss to peychosocial strows i bealthny mew & randomerad,
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Triple-blind, randomized, placebo-controlled intervention trial, colonic SCFA-
mixture delivery in doses equivalent to fermentation of 10 g or 20 g of
arabinoxylan oligosaccharides on responses to psychosocial stress and fear
tasks in 66 healthy men_1 week (no effect on cortisol awakening response),
using Maastricht Acute Stress Test (MAST) to elicit a robust subjective and
physiological stress response.
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” Witlof-with love?

» A randomized, single-blinded, multicentric, placebo-
controlled trial (n=106 obese patients), receiving 16 g/d
of native inulin or maltodextrin combined with dietary

§ it compemas o wivved aneetis ond butagne renetan advice to consume inulin-rich or -poor vegetables for 3

4 months & CR.

» Inulin supplementation in obese subjects had moderate
beneficial effect on emotional competence and

i | - ——— cognitive flexibility.
! A. N |+ - Py >Positive responders exhibiting specific microbial signature -elevated Coprococcus levels at baseline-
: - z i were more prone to benefit from prebiotic supplementation in terms of mood.
» Positive correlation of positivity score with Bifidobacterium, Haemophilus,
- - — & s IL-8, Dipeptidylpeptidase-4 (degrades incretins like GLP1) and subcutaneous fat mass,
- - - ) S which can predict or mediate the beneficial effects of inulin on behaviour in obesity.
H ' ! v ixr -
1ot o L . . .
+ - ¥ " »Inulin intake may improve mood in obese subjects

exhibiting a specific microbial profile.
Food4gut, clinicaltrial.gov: NCT03852069, https://clinicaltrials.gov/ct2/show/NCT03852069

The Microbiome-Gut-Brain Axis

& Nutritional Neuroscience

* Overall relatively little data as yet FORWARD

* Small studies, Observational, no dose

* No consistent readouts, Behavior versus Biomarket
* Mechanisms (in)completely understood

* Microbiome & Metabolites rarely measured

* Integrated nutritional intervention

* Mechanistic studies and Human interventions

“Let Food
_for your microbes_

be thy medicine!
“For Mind _Body_Soul”
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Harriét Schellekens, et al., Nutritional Neuroscience, 2022
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