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GODD HEALTH
AND WELL-BEING

e Living in a Microbial World....
Microbiome ap

Microbiome
| N NUMBERS Ireland
100 Trillion oo han

Interfacing Food & Medicine
symbiotic microbes live in and on every there are stars in the

person and make up the human microbiota m||ky way *
5 / "
of our microbiota is located in the Gl tract

150:1,.

The genes in your microbiome outnumber the
genes in our genome by about 150 to one

Bacteriome

The microbiome is more
medically accessible

and manipulable than the
human genome
Itis

thought that

of disease can be linked in some

way back to the gut and health of
the microbiome

The surface area
of the Gl tract is
the same size a

2 tennis courts
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>10 000 .

Number of different mlcroblal species that researchers
have identified living in and on the human body

9:1

Viruses:Bacteria
in the gut microbiota

The number
of times
[ your body’s

microbes would circle the earth
if positioned end to end

You have X

more m|crobes than human cells

The gut microbiota can
weigh up to 2Kg
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e Gut Feelings

> Brain-Gut-Microbiome Axis

> Health and Disease Healthy status Stress/disease
Hefa'thy CNS behﬁ?gzarﬁg:;-:?ﬁon
° ° ° . unction emotion, r;ociception,
» Psychiatry and Disorders of gut-brain axis | |
Normal gut Abnormal gut
physiology function

» Preclinical Research/Signalling Pathways

» Translation, causality and moving towards mechanisms? s s T el

inflammatory cells/mediators ! inflammatory cells/mediators
Normal gut microbiota ' Intestinal dysbiosis

Grenham, Clarke et al., Frontiersin Physiology 2011

» Psychotropic drugs and the gut microbiome
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» Opportunities for intervention? B
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The brain-gut —(microbiota) axis

Microbiome
Ireland
Interfacing Food &

Complex Functions
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Stress

HPA axis
CRH
A
Allered typtaphan ACTH
metabolism A
Cortisol
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Cytokines /‘
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Altered gut
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Clarke et al,, Pharmacologlcal Rewews 2019
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++ Microbiota,

Faecal transplantation studies

Probiotic studies

Conventional ree  Germ-free colonised

/% ;gu a

Anxiety Depression Pain Cognition

Clarke et al., Encyclopedia Metagenomics 2013
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« Microbiota Regulates Anxiety apz

Interfacing Food & Medicine

Light-Dark box
— = Germ-free animals
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Clarke et al., Mol Psychiatry 2013 —
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anxiety-like behaviours
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OBESITY AND CANCER

We may finally know what

the connection is

THE WELL- BEHAVED HIGGS

why thatisa

problem for physics
FIRE AND ICE

Is this the Arctic’s worst
year ever?

WEEKLY August 15-21,2020

CORONAVIRUS

WHY CONTACT
MATTERS

The surprising impact of social interactions
on our health, wealth and happiness

WHO GETS THE VACCINE?

The difficult decisions that are already being made

PLASTIC PANDEMIC

When protection equals pollution

PLUS ANCIENT POISON ARROWS / SNOWBALLS ON JUPITER /
ZOMBIE MICROBES /A VACCINE FOR THE COMMON COLD/
LONG-NECKED MONSTER / BIRTH AFTER THE MENOPAUSE




Microbiota Controls Stress Response

Corficosterone

. Cotrzl
Germ-free animals
have an
exaggerated stress
response
Baseiine Shess
Clarke et al., Mol Psychiatry 2013
o Probiotic Reduces
|| Control/L.rhamnosus (JB-1) .
Stress/L.rhamnosus (JB-1) Stress-induced
300- .
2 Corticosterone Levels
8 200
» E ###
$2 100 X
SE
S . — & Bravo et al., PNAS Sept 2011 ] |

eeeeee



GODD HEALTH

e The Germ-free Phenotype
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«~> Tryptophan — A (
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HPA axis

CRH
A
Alered Lryptophan ACTH
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Cortisol
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Altered metabolizing
| enzymes CYPs

O
Ntered host stress O O

hormones
(neracdkenaline)

Clarke et al., Pharmacological Reviews 2019
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x> Microbiota Regulates Tryptophan Metabolism a

Behavioural Brain Research 277 (2015) 32-48

@ Molecular Psychiatry (2013) 18, 666 —673
@ 2013 Macmillan Publishers Limited All rights reserved 1359-4184/13

Contents lists available at ScienceDirect

Behavioural Brain Research www.nature.com/mp

journal homepage: www.elsevier.com/locate/bbr

— ORIGINAL ARTICLE
Serotonin, tryptophan metabolism and the brain-gut-microbiome axis () come The microbiome-gut-brain axis during early life regulates the
S.M. O'Mahony*" !, G. Clarke®“*', Y.E. Borre?, T.G. Dinan®<, ].F. Cryan®" . . .

hippocampal serotonergic system in a sex-dependent manner

G Clarke™?, S Grenham’, P Scully’, P Fitzgerald®, RD Moloney', F Shanahan'=, TG Dinan™? and JF Cryan'*
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Conventional Germ free : Colonized éF
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ORIGINAL ARTICLE TR WILEY

Gut-brain axis serotonergic responses to acute stress exposure
are microbiome-dependent

Joshua M. Lyte! | Cassandra E. Gheorghe® | Michael S. Goodson? |
Nancy Kelleyr-Loughn::me2 | Timothy G. Dinan’® | JohnF. Cr\fani’4 | Gerard Clarke®®
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Trypt a m i n e Cell Host & Microbe

A Microbial Drugstore for Motility

John F. Cryan,'-?* Gerard Clarke,?* Timothy G. Dinan,?® and Harriet Schellekens'-?
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Host and Microbial Factors affecting Metabolism and Availability of Tryptophan am

Interfacing Food & Medicine
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Diet

Fecal microbiota transplant

Host ‘
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Serotonin ]
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Microbial Regulation of Tryptophan

Skeletal muscle
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v ranslational Research

Physiol Rev 99: 1877-2013, 2019
Published August 28, 2019; doi:10.1152/physrev.00018.2018

> THE MICROBIOTA-GUT-BERAIN AXIS

Gut John F. Cryan, Kenneth J. O’'Riordan, Caitlin S. M. Cowan, Kiran V. Sandhu,
[ ] Thomaz F. S. Bastiaanssen, Marcus Boehme, Martin G. Codagnone, Sofia Cussotto,
- Christine Fulling, Anna V. Golubeva, Katherine E. Guzzetta, Minal Jaggar,
Stool A Caitriona M. Long-Smith, Joshua M Lvlfe, Jason.A. Martin, Alicia Molinero-Perez, .
depre ssed sample Gerard Moloney, Emanuela Morelli, Enrique Morillas, Rory O’Connor, Joana S. Cruz-Pereira,
Mucosal biopsy Veronica L. Peterson, Kieran Rea, Nathaniel L. Ritz, Eoin Sherwin, Simon Spichak,

T T Emily M. Teichman, Marcel van de Wouw, Ana Paula Ventura-Silva,
Shauna E. Wallace-Fitzsimo Miall Hyland, Gerard Clarke, and Timothy G. Dinan
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Cryan et al., Trends in Pharmacol. Sci. 2002 Addiction L ]
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Guidelines for reporting on animal fecal transplantation (GRAFT) studies:
recommendations from a systematic review of murine transplantation protocols
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.~  Transfer of Depressive Phenotype

Sucrose preference
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o

Elevated Plus Maze

~ Anxiety-like

| L l behaviours

‘ transferred via
| gut microbiota
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Kynurenine/Tryptophan

oce- x% Tryptophan

e metabolism
e Profile
| ' ! transferred via

A AP @®» | gut microbiota
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0.00=
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— =%
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Interfacing Food & Medicine

Iy Irritable Bowel Syndrome

» Disorder of gut-brain axis interactions

Anxiety E
& Depression
Abdominal
Pain Constipation
Diarrhoea
Companion

/ Biomarkers ; IR
Immunity Personalised | "\

Treatment &:\ | ";
.. ::‘i‘.\.-: ;

Microbiome .

» Visceral Hypersensitivity

Insular

cortex

(I€) Thalamus
(THAL)
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Interfacing Food

Saccharomyces boulardii CNCM 1-745 modulates the microbiota-

gut-brain axis in a humanized mouse model of Irritable Bowel
Syndrome

Marco Constante | Giada De Palma | Junlu | Jennifer Jury | Liam Rondeau |
Alberto Caminero | Stephen M. Collins | Elena F.Verdu® | Premysl Bercik
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«+ Are Gut Feelings the Real Deal?
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w~>  Perspectives

Ireland
Interfacing Food & Medicine
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B Probiotics
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e B. longum reduces stress response in

Microbiome

/e healthy human volunteers

Interfacing Food
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Brain, Behavior, and Immunity 61 (2017 ) 50-59

e Contents lists available at ScienceDirect X BI:HEET‘I%E. Interfac
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o Brain, Behavior, and Immunity (il
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Full-length Article

Lost in translation? The potential psychobiotic Lactobacillus rhamnosus @Cmsmm

(JB-1) fails to modulate stress or cognitive performance in healthy male
subjects

John R. Kelly *°, Andrew P. Allen *°, Andriy Temko , William Hutch ¢, Paul J. Kennedy ?, Niloufar Farid °,

Eileen Murphy ¢, Geraldine Boylan®, John Bienenstock’, John F. Cryan *¢, Gerard Clarke *”,
Timothy G. Dinan®®*
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/> Towards Psychobiotics: Focus on Mechanisms

Immune response measure
(pro- and anti-inflammatory)

Potential psychobiotic therapies

9
f
4

‘ Probiotics Synbiotics

!

y

_——
,’ Fermented foods Paraprobiotics
Short-chain fatty acid
analysis
; Clinical trials
Prebiotics Postbiotics
Long-Smith et al 2019, Annual Review Pharmacology and Toxicology ‘* <h ]
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e Summary & Conclusions (1)

» Promising preclinical and clinical research

» Regulates behaviours and physiology relevant to
psychiatry and neurogastroenterology

» Microbiome as a driver of psychiatric comorbidity? ..., % _/

» Mechanistic insights and focus on causation B 51,
aaaaaa i (rodent)
» Signalling pathways — common neurobiological |
ground? ==l

» Microbial-based strategies for the treatment of
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Clinical pathway < > Individual variables

Prescribed dose
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Administered dose
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Drug concentration in blood

Drug via oral
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patient

Parenteral drug

Drug reach the Gl administration

tract and are absorbed
via the hepatic portal
circulation

(individual pharmacokinetic profile)

e

Pharmaco- _ l I

Drug reach the liver
via the splanchnic

Drug metabolism in the liver circulation
kinetic Microbial regulation of hepatic
parameters gene expression can impact

drug detoxification

Age
Morbidity
Comedication

Gut microbiota
Reactivation of liver
detoxified xenobiotics

Gut microbiota
Biotransformation of xenobiotics
affecting absorption and bioavailabillty

Drug concentration at site(s) of action

(individual pharmacodynamic profile)
Reactivation of liver-detoxified

Drug effects (wanted and unwanted) gaiotics
Response, Nonresponse, Remission, Relapse, Prevention,
Tolerability, Intoxication ‘
Hefner et al., Int Rev Psych 2013 Clarke et al., 2019, Pharmacological Reviews .~
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Host Genetics

» Characteristics of gut microbiome s e Exercise

» Stable and chaotic periods

» Diversity narrows in disease states

> What about xenobiotics?

*
,L g

Gastric secretion -~

Antimicrobial peptides & Gastric motility
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Interfacing Food
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ORIGINAL ARTICLE
Antipsychotics and the gut microbiome: olanzapine-induced

metabolic dysfunction 1s attenuated by antibiotic administration
in the rat

KJ Davey'?, PD Cotter' =, O O'Sullivan'?, F Crispie®, TG Dinan'#, JF Cryan'~ and 5M O'Mahony'~

Psychopharmacology (2012) 221:155-169
DOI 10.1007/s00213-011-2555-2

ORIGINAL INVESTIGATION

Gender-dependent consequences of chronic olanzapine
in the rat: effects on body weight, inflammatory, metabolic
and microbiota parameters

Kieran J. Davey « Siobhain M. OO°Mahony « Harriet Schellekens « Orla (OO"Sullivan -
John Bienenstock « Paul D. Cotter « Timothy . Dinan « John F. Cryan
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Kao et al. Translational Psychiatry (201 8)8:66
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ARTICLE Open Access

Prebiotic attenuation of olanzapine-
induced weight gain in rats: analysis of
central and peripheral biomarkers and gut
microbiota

Amy Chia-Ching Kao', Sonia Spitzer', Daniel C. Anthory”, Belinda Lennox@®' and Philip W. J. Burnet'

® Water/Saline
12y ¥ Water/ Olanzapine

+ B-GOS™/Salne x % » %
10 «» 58-608%Olanzapine *

weight change (%)

2
0
-2
001 2 3 4 5 6 7 8 9 10 11 12 13 14

Day of olanzapine Injection

B AUC
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*
*k

80- -
g 60-
< 40

20-
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Fig. 1 Effect of B-GOS" (0.5 g/kg/day) ingestion and olanzapine
(10 mg/kg/day) administration on weight gain in adult female
rats. Animals ingested B<GOS'7 days prior to, and throughout the 2-
week administration of olanzapine. a Percentage weight gain was
calculated from the day before olanzapine administration. b Area
under the curve analysis. Results are expressed as mean +SEM for
each group (n = 6); *p <0.05, compared to the saline/olanzapine
group
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EBioMedicine 66 (2021) 103307 Microbiome

-------

Contents lists available at ScienceDirect

EBioMedicine

journal homepage: www.elsevier.com/locate/ebiom

The gut microbiome influences the bioavailability of olanzapine in rats n
Check for
updates |
Sofia Cussotto*”", Jacinta Walsh™“', Anna V. Golubeva*", Alexander V. Zhdanov®,
Conall R. Strain®¢, Fiona Fouhy**<, Catherine Stanton®*, Timothy G. Dinan®', Niall P. Hyland*%,
Gerard Clarke®’, John F. Cryan®*"*, Brendan T. Griffin®“"*
a) Experimental timeline a) Olanzapine - Pharmacokinetics
~ 2000+ : *
- Blood collection E -+~ vehicle 10000+
timepoints = -=- probiotic Bk
Adult 5D rat 3{:111,,-“ Tissue collection 8015004 -+ antibiotic - 800D+ & = o
r — o
@ 1.5 hr * Plasma (HPLC) g g G000
; » Liver & Intestine = = T
SE *  Caecum [1685) w® = 400D-
n=6-7/group ./ Antibiotic/Probiotic Break 4 hr - ’ B =
e administration & hr E ,,:Jl: 2000-
- (drinking water] 8 hr fé
! S o

Single oral dose vehicle probiotic antibiotic

time (hrs)
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Discovery and inhibition of an
interspecies gut bacterial pathway
for Levodopa metabolism

Vayu Maini Rekdal, Elizabeth N. Bess, Jordan E. Bisanz,
Peter J. Turnbangh*, Emily FP. Balskus*®

PLP-dependent Mo-dependent
0 decarboxylase dehydroxylase (Dadh)
HO (TyrDC) HOD/V NH, R506 variant ~ HO NH,
OH % “ \O/V
P M 2o W Y
Levodopa (L-dopa) o Dopamine m-Tyramine
Enterococcus faecalis Eggerthella lenta
0 Oo 0
HO @ 0
X ~OH +| o) e |7 X OH
- Mé "NH Q i NH,
NH, O o HO 2
Carbidopa L-dopa metabolizing (S)-a-Fluoromethyltyrosine

(FDA-approved drug) human gut microbiota (AFMT)
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Psychopharmacology (2019) 236:1671-1685
https://doi.org/10.1007/s00213-018-5006-5

ORIGINAL INVESTIGATION

@ CrossMark

Differential effects of psychotropic drugs on microbiome composition
and gastrointestinal function

Sofia Cussotto ' « Conall R. Strain ' « Fiona Fouhy™* « Ronan G. Strain' - Veronica L. Peterson " « Gerard Clarke'* -
Catherine Stanton . Timothy G. Dinan'* . John F. Cryan '

" Alpha Diversity

6001 " 71 _ ey KEE
T ot [ Vehicle
[ - ] == Escitalopram
250 | . m Hgn = Lo
£ o = e = Lithium
~ 400- «‘ - I @ |- l W Valproate
L : 1 | B Aripiprazole
1 5-
300 :
» Dose dependent effects in vitro
» Lower microbial exposure escitalopram, fluoxetine

better?

» Compositional alterations in vivo after 28 days
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Dose Dependent Effects - psychotropics
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Article Mature | Vol 587 | 23 September 2021 |

Bloaccumulatlon9ftherapeut|cdrugsby » Stable communities of five gut bacterial
humangutbacterla species (Bacteroides thetaiotaomicron,

Eubacterium rectale, Lactobacillus gasseri,

https://doi.org/10.1038/s41586-021-03891-8  Martina Kliinemann'®*™, Serge] Andrejev"™™, Sonja Blasche™™™, Andre Mateus'™, RU MINOCOCCUS tO rq ues an d St re PtOCOCCU S
Prasad Phapale’, Saravanan Devendran', Johanna Vapplani®, Bernd Simon’, o o o -
Received: 25 February 2019 Timothy A. Scott*, Elenl Kafkia®, Dimitrios Konstantinidis', Katharina Zirngibl'2, Sa I ivariu S) In th e p resence an d In th ead bse nce
Accepted: 10 August 2021 Eleonora Mastrorilll', Manuel Banzhaf'", Marie-Therese MackmullZ, Felix Hovelmann', f d I .
] Leo Nesme®, Ana Rita Brochado™, Lisa Maler'™, Thomas Bock™, Vinita Periwal'?, (o) u Oxetl he.
Published online: 8 September 2021 Manjeet Kumar', Yongkyu Kim', Melanie Tramontano™?, Carsten Schultz'”, Martin Beck™,
| ® Check for updates Janosch Hennig™™®, Michael Zimmermann', Danlel €. Sévin®, Filipe Cabreiro®529,

Mikhall M. Savitskl', Peer Bork™™*=, Athanaslos Typas'= & Kiran R. Patil*=

» E. rectale is the most sensitive to duloxetine
among the five species in vitro

e e o ] > In vivo, presence of duloxetine markedly
< —serriaiaali shifted the community composition, allowing
ry M L. gasseri £ 0.75+ E t I t . .t b d b
i 5 . rectale to increase its abundance by over
% S. salivarius g 0.50-] 100-fold
‘g % 0.251
K 2 | ___ » Metabolite  secretion by  duloxetine

& 5 10 50 160 s 160 bjoaccumulator, S. salivarius, in response to
K Transfer Duloxetine concentration (uM)

duloxetine could boost E. rectale
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» Each dot represents a patient taking a specific drug dose, and is classified into one of the four enterotypes

» Change in the prevalence of the Bacteroides 1 and Bacteroides 2 enterotypes in patients with increasing metformin
dosage (Bacteroides 2 enterotype is also associated with disease)

» For statins, dosage analysis strengthens the reported observation of microbiome shifts towards a heathier state away
from the Bacteroides 2 enterotype

© APC Microbiome Ireland SFI Research Centre 2021

Arﬂcle Mature | wwwnature.com |
f Enterotypes: [JBact. 1 [JBact. 2 [JHRum. [Prev
- L] - -
combl nato rlalr add]tlve and dose - . Metformin dose, T2D group 1 o4 Statin dose, chronic CAD group 1 o Beta-blocker dose, morbid obesity group
d dentd icrobi iati S IEEW T e
— . . T ) . L &
epen ent rug-microoiome associations : wF e F LITOY . . .
E 0.8, ‘ 0.8, _'- .". '. - 0.8
E_ ,;r"- . ) i . e ) - s ': = 5
= . 1..' :‘,E\.'_'."'lf"" , = 3 . F '. *
https:/idol.org0.038/s41586-021-04177-9  Sofia K. Forslund*>34344 , Rima Chakaroun™*, Marla Zimmermann-Kogadeeva ™, = E 0.6+ LS N 0.6 0.6 k.
- Lajos Marka™****_Judith Aren-Wisnewsky"***, Trine Nielsen'™"", Lucas Moitinho-Silva', 2 0 b
Recelved:7 September 2019 Thomas 5. B. Schmidt!, Gwen Falony”, Sara Vieira Silva", Solia Adriouch”, Renato J. Alves! 2 5 oo i R
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| Check for updates Micolas Pons®, EdI Prift®**, Benolt Quinguis™, Hugo Roume', Joe-Elle Salem™, g 4 .. — nm oo i .t ]
Natally Sokolovska', Valentina Tremaroll™, Mireta Valles-Colomer”, Christian Lewinter™, © 027 & % o o L % wdsl” | 0.2 . 023 .
Madja B. Sendertoft'”, Halle Krogh Pedersen®, Tue H. Hansen®, The MetaCardis Consortiur 2 i T i e Lo -~ 2
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Stick or Twist?

Brain, Behavior, and Immsanity 95 (2021) 25-26
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Metformin, the gut microbiome and neurogenesis: Lessons learned in
rebirth of an old drug

Gerard Clarke ="

Clinical implications of preclinical insights?
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Gut Microbiota-Immune-Brain Interactions in
Chemotherapy-Associated Behavioral Comorbidities

Kelley R. Jordan, BS (' Brett R. Loman, PhD*: Michael T. Bailey, PhD"™*; and Leah M. Pyter, PhD>®

Brain, Behavior, and lmmunity 95 (2021) 401412

Contents lists available at ScienceDirect
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Brain Behavior and Immunity

ELSEVIE [J; journal homepage: www .elsevier.com/locatelybrbi
Healthy Chemotherapy

m
; } Increased neuroinflammation Manipulations of the gut microbiome alter chemotherapy-induced G|
Homeostee GINS fixdon Increased anxiety, depression, inflammation and behavioral side effects in female mice
fatigue, & sleep disturbances C.V. Grant®, B.R. Loman °, M.T. Bailey >, L.M. Pyter =%’
B Impaired cognition
L
® g® LG
o' i SCIENTIFIC
e Monocyte activation RE PORTS
Homeostatic . . ' Increased nawreresearch
immune function p;to-;?ﬂammatory
CytoKines &
. OPEN Chemotherapy-induced
Monocyte

neuroinflammation is associated
with disrupted colonic and bacterial
homeostasis in female mice

Decreased a—dwersnty B.R.Loman (2 K.R. Jerdan®, B. Haynes’, M.T. Bailey*** & L. M. Pyter**

Increased intestinal

inflammation
Homeostatic Increased intestinal
gut function permeability
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» Evidence in vivo from animal studies of compositional alterations
» Associations reported in human studies that are likely dose dependent

» Unclear in many cases if these compositional alterations in vivo are ‘good’ or ‘bad’

» Antipsychotic-induced remodelling of the gut microbiome associated with weight gain

H
g
i
g

Leprun and Clarke,
Current Opinion Pharmacology 2019

> For statins and metformin, remodelling might change to healthier state

» Possibility of bioaccumulation and the impact on host gastrointestinal physiology and immune system
complicates predictions

» Future of drug discovery will have to take account of the gut microbiome

eeeeee
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