


Introduction
anatomy & physiology of the ‘brain-gut axis’




Gastrointestinal Tract

Liver

Gall bladder—{=C

Duodenum

-Esophagus

——— Stomach

B Pancreas

Jejunum



Gastrointestinal Tract
an extremely complex organ system

 surface ~ 300 m2
o absorption
°* nervous organ
o 100 million nerve cells

* “Iintrinsic”
« “extrinsic”
o Mmost complex interaction with the brain
* hormonal organ
o largest hormone production (> 30 hormones)
°* Immune organ

o 60-70% of our iImmune cells

e 104 bacteria m
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Enteric Nervous System (ENS)
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The Nervous System Brain
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Emotional Brain

o PAG, periaqueductal gray
o LC, locus coeruleus

Subcortical

o NA, nucleus accumbens
o AMG, amygdala
Cortical

o ACC, anterior cingulate
cortex

o OFC, orbitofrontal cortex




Gut-Brain AxIS

HUMORAL

gastrointestinal hormones NEURAL

inflammatory mediators Autonomic
Nervous System

Hypothalamo-Pituitary-
Adrenal Axis




Vagus nerve




Insula
Linking sensory & emotional information

External

/ Internal stimuli \
F)




Hypothalamo-Pituitary-Adrenal (HPA) axis
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1. The link between psychological &
gastrointestinal symptoms




‘'stress-related’ gastrointestinal symptoms
normality to functional gastrointestinal disorders

* normality

o gastrointestinal symptoms during stress
« stomach problems
« diarrhnea

o “butterflies in the stomach”

* “functional gastrointestinal disorders”
o Irritable bowel syndrome, functional dyspepsia,...
o Symptom-based diagnosis, no organic cause
o associated with stress, fear/anxiety, depression,...

ﬂ



Irritable bowel syndrome (IBS)
Rome |V definition

C1. Diagnostic Criteria“ for Irritable Bowel Syndrome

Recurrent abdominal pain, on average, at least 1 day per
week in the last 3 months, associated with 2 or more of

the following criteria:
1. Related to defecation

2. Associated with a change in frequency of stool

3. Associated with a change in form (appearance) of
stool

“Crlterla fulﬁlled for the last 3 months with sy
,, o . ‘KU LEUVEN



Epidemiology

World Prevalence of IBS

«Taiwan / 12-22%
Bangladesh" Hong Kong /4-7%
8%
Singapore»
8%

Nicaragua 13%

Chile 26% #

[ 4
¥ : New Zealand
b 4%

Predominately Rome Il definition

E27
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Functional Gastrointestinal Disorders:

Disorders of Gut-Brain Interaction Special Issue Editors
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functional gastrointestinal disorders
biopsychosocial model

Early Life
* Genetics

« Culture . |
« Environment Psychosocial

« Trauma actors
« Infection * Life stress

« Parental behaviors * Personality traits
* Psychologic state

+ Coping/cognitions
+ Social support

Brain Gut
CNS ENS
Physiology

- Motility

« Sensation
* Immune function/

inflammation

« Altered microflora F G I D Outcome
* Food/diet Presentation s Hoalth Care lise

. Symp.toms « Daily function
* Severity = > - Quality of life

+ Behaviors + Health Care Costs




Functional Gastrointestinal Disorders

disorders of gut-brain interactions
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Psychological impact on Gl symptoms

overview
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HPA-axis & gastrointestinal responses to CRH

N3ANT]

injection in IBS

Experiment 1 Experiment 2

CRH 2 pg/kg iv. Brain activity during rectal distension
A Blood sample correlated with the ACTH-AUC

i o o ECH ACTH-AUC
ectal motor response | C— ) (Experiment 1)

| ——

0
s 'V""JY\»
A V\KJ.JJ'A ‘/1‘\4
O, ]
o1 g ; Visual cue
&3 o B— . . .
ot | - anticipation  distention rating and rest
eR i |
9% I
, < 24s
0
e 2 o i
"1
" - o
Parameters 3 £
* HPA axis: ACTH & cortisol Eih 3
* Colonic motor responses: number of PVEs/ 5 min p 4 ( *.«;;’
*  Autonomic function: HRV/ 5 min *ﬂ

Kano, ..., Van Oudenhove, ..., Fukudo, Sci Rep 2017



Increased ACTH response to CRH injection in

IBS

4.5 - —O0— Control (34)
--&-- |BS (27) 6 -

log(ACTH)

® Control
o — r=071

Brain activity

6 3b 6l0 léO min ] O IBS
207 ® b r=035

-12

v Pg/ml

0 3000 6000 9000 12,000 15,000 18,000 21,000
ACTH-AUC

Kano, ..., Van Oudenhove, ..., Fukudo, Sci Rep 2017



Numbers of PVEs/20min

Increased colonic motility response to CRH

injection in male IBS patients

LS USEIANG XA 10HLYH

CRH administration
40 4
y [:comrol male (17)
35 4 Dcomrol female (14)
B 185 male (14)
30 - B (65 female (14)
25 - | ) |
e ] y
20 - " \
15 1 ~ ’ ~
104,
5 “ é - : :
1. . m =
042 g =3 = < .
~20:0 0-20 20-20 40-60 100

&60-80 80~ 100-120 min

Kano, ..., Van Oudenhove, ..., Fukudo, Sci Rep 2017
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Psychological impact on Gl symptoms

N3ANTT

LS LISEIAND 33
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10HLYM

Psychosocial stress increases small intestinal

TETVER

3 USHIANN 3H3

permeability in healthy subjects

small intestinal

0.06+ permeability
**
O\ _> cortisol ~ s
x p=0.22
= stressor > LMR
anxiety salivary cortisol
60- Tk 4 Basal Speech Shock 20- ek

mixed models + Bonferroni:
** P<0.01 vs. basal
*** P<0.001 vs. basal
# P<0.05 vs. speech

STAIl score

Salivary Cortisol (ng/ml)

Basal Speech Shock Vanuytsel et al, Gut 2013 Basal Speech Shock



Psychological impact on Gl symptoms
overview
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Schema for Evaluation of Enteric Sensation
and Reflexes in the Functional Gl Disorders

(2) Measure <
responses

- Conscious perception

Afferent signals in
brain, spinal cord

Autonomic responses

(3) Account for

central and /
Iocal -

modulation of .:

responses G

(1) Apply test <
stimuli

\. Reflex gut motor activity

~ Physiological

e.g., oral or intraluminal nutrients

Supraphysiological

“- e.g., gut distension

KU LEUVEN



The Phenomena of Hyperalgesia and Allodynia
|

Hyperalgesia

,l Aot
Threshold

: Normal state
Allodynia

Innocuous > Noxious
Stimulus Intensity

KU LEUVEN



Emotional modulation of visceral pain
paradigm

“Emotion induction period”

<€

>€

“Emotional pain modulation period”

“time 0”

“time 1”

L L L L.

.

o . )
Emotion induction
= Validated classical music
= \elten mood induction
statements
= |APS pictures
L Y,

Weltens, Schaub, Aziz, Tack, Van Oudenhove* & Coen*, submitted
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Emotional modulation of visceral pain
sad emotion induction

HIAIND A 10HLYH
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Pain intensity (0 - 100)

Emotional modulation of visceral pain

effect on esophageal pain ratings

**k*
A
[ |
80 - Kk Kk
[ : \( : 1
60 -
-
40
20 -
0 -

Negative Neutral Positive
Condition Intensity
Emotion p=0.29 Pain

{

p<0.0001 p=0.0018
Valence :

% A in pain intensity

Pain intensity (0 - 100)

L ENUER

) o0 S o000
-25 1 ° ..: i
[ o0
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70 -
-@- Negative
65 4 B=-0.064; p=1
- - Neutral
00 B=-0.48; p=0.0026
55
—A— Positive
50 A B=-0.72; p=0.0001
45
40 I I I I I I I I I 1

Stimulus number
Weltens, Schaub, Aziz, Tack, Van Oudenhove* & Coen*, submitted
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IHLYHA

Emotion, cognition & pain

LS USHIANND 3H43

N3IANTT

Bushnell et al, Nature Reviews Neuroscience 2013



Emotion, cognition & pain
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PAG: periaqueductal gray

PB: parabrachial nucleus
AMY: amygdala

BG: basal ganglia

S1, S2: somatosensory cortex

ACC: anterior cingulate
cortex

PFC: prefrontal cortex

Bushnell et al, Nature Reviews Neuroscience 2013
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= PAG: periaqueductal gray

= PB: parabrachial nucleus

= AMY: amygdala

= BG: basal ganglia

= 5], S2: somatosensory cortex

= ACC: anterior cingulate
cortex

= PFC: prefrontal cortex

= SPL: superior parietal lobule

EMOTION
ATTENTION

Bushnell et al, Nature Reviews Neuroscience 2013



descending pain modulatory pathways

B Descending Visceral pain pathway
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3. Impact of the gut microbiota on
psychological & brain function




Microbiota-Gut-Brain Axis
The hype of the day?

Mind-altering microorganisms:
the impact of the gut microbiota
on brain and behaviour

John F. Cryan'2? and Timothy G. Dinan'-3

Gut Microbes and the Brain: Paradigm Shift in Neuroscience

“Emeran A. Mayer,' Rob Knight,” Sarkis K. Mazmanian,' “John F. Cryan,* and Kirsten Tillisch'*

RevIEW
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L3153

Psychobiotics: A Novel Class of Psychotropic

Timothy G. Dinan, Catherine Stanton, and John F. Cryan

Review
What's bugging your teen?—The microbiota and adolescent mental
health

Karen-Anne McVey Neufeld?, Pauline Luczynski?, Clara Seira Oriach",
Timothy G. Dinan®®, John F. Cryan®©*

Mind-Gut
CONNECTION

Rl 1 g * ".,J* -,

How the ‘:‘\ e

Hidden Conversation
Within Our Bodies Impacts Our Mood,

Qur Choices, and Our Overall Healtl

Emeran Mayer, MD




Gut microbiota

N3ANIT

LS ISHIAND 393

= collection of micro-organisms in our gastrointestinal tract

= bacteria

104 in the colon (~ 10 x human cells in the entire body)
> 1000 species (but ~ 200 in each individual)

3 x 10° genes (~ 100 x human genes)

1 -2 kg weight

= variability between individuals

host genetics

birth mode (caesarian section versus vaginal delivery)
breastfed versus bottle-fed

antibiotics

diet, diet, diet!

stress

age



Gut microbiota

Firmicutes

64%

- Lactobacillus
| Streptococcus
Staphylococcus

| Enterococcus (E. faecalis)

Faecalibacteriun prausnitzii

‘ Clostridia (C. difficile)
Bacteroidetes
‘ Bacteroides

‘ Prevotella

23%

‘ .*\“.»f[}"l’.*

Proteobacteﬁa

Enterobacteriaceae

( Salmonella, E. coli, Kiebsiella, A\’h"‘\'l.'!'hl.'

Campylobacter (C. jejuni)

8%

3%

Actinobacteria
| Bifidobacteria

TOTAL
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healthy

solid food
heaithy

’ " .1.?.4_ 65 to 80 years
- obese ’
‘l ’: 3 *# r_ 4 o

malnutrition

formula-fed

breast-fed

antibiotic
treatment

>100 years

.

~ Firmicutes

¥ Bacteroidetes
B Actinobacteria
¥ Proteobacteria
-~ others

Unborn Baby Toddler Adult Elderly



Microbiota-Gut-Brain AxIs
What?
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Microbiota-gut-brain axis
Mechanisms

emotion

Tryptophan
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Microbiota-gut-brain axis
How to study?

Human brain Rat brain
Brain signatures -e— — Brain biochemistry

Subjective -e— —» Behavioral

responses responses
(emotional, ) (emotional,
cognitive, .| Cortical nociceptive,
pain perception) . Subcortical ingestive)
Stress —» / Internal
signaling
' Probiotics,
GF status —» | <+ prebiotics,
. diet

1 Antibiotics
Fecal microbial
transplantation




Microbiota-gut-brain axis
definitions

* probiotics

o "live microorganisms which, when administered in
adequate amounts, confer a health benefit on the host”

* prebiotics

o 'a substrate that is selectively utilized by host micro-
organisms conferring a health benefit”

* “psychobiotics”

o either of the above conferring a health benefit in patients
with psychiatric iliness

ﬂ
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Maze Basics: Open Field
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Ingestion of Lactobacillus strain regulates emotional
behavior and central GABA receptor expression in
a mouse via the vagus nerve

Javier A. Bravo®', Paul Forsythe®<", Marianne V. Chew®, Emily Escaravage®, Héléne M. Savignac®9,
Timothy G. Dinan®¢, John Bienenstock® "2, and John F. Cryan®%:9-2

16050-16055 | PNAS | September 20, 2011 | vol. 108 | no. 38

stress-induced elevated plus
hyperthermia maze
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Bravo, Forsythe et al, Proceedings of the National Academy of Sciences USA 2011
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L. Rhamnosus & central GABA receptors
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Obese-ty
of Obesity

pe Gut Microbiota Induce
Neurobehavioral Changes in the Absence
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Bruce-Keller et al, Biol Psychiatry 2015



How to measure emotional responses in humans?

Affect labeling/matching task

LS USHIAINND 3AF10HLYM

Congruent trial Incongruent trial
Fixation
+ (1000ms) +

Target

(500ms)

Probe
(100ms)
Response

“Did yousee " or”’. [/ ?”
(1000ms)




Prebiotic B-GOS alters cortisol awakening

response and emotional bias in health

Placebo B-GOS FOS
p<0.05
' . —e— Pre-supplement
s— Post-supplement
Cortisol :
(nmol/L) _ $
0 A . i oA . . . . , : . \ \
0 15 30 45 60 O 15 30 45 60 0 15 30 45 60
Time after waking (minutes)
p <0.05 ]
40 - ] NEGATIVE no differences on
I e 2 other emotion tasks
g 20 POSITIVE e facial expression recognition
§ - * emotional categorization &
& 0 memory
& * self-report questionnaires
-20 * anxiety
e stress
40t

Placebo B-GOS FOS

Schmidt et al, Psychopharmacology 2015
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Probiotic intake alters resting state brain
function in healthy humans

LENLER

LS USHIANND 32X

Periaqueductal gray

o

Control

(design score)

network change

'
N

[DANNON| '
OAR

\CTIVIA

Treatment-related

O

Tillisch,..., Mayer, Gastroenterology 2013



How to measure emotional brain response in humans?

FUSHIANN IHAFI10HLYH

Affect labeling/matching task

Affect Label Gender Label

ANGRY SCARED SAMUEL HELEN

Affect Match Shape Match Fixation

__
B0 ma




Probiotic intake alters brain responses to
emotional attention task in healthy humans

- N IAIN0HLYHA

LS USE3AN 3
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ACTIVIA

D

Tillisch,..., Mayer, Gastroenterology 2013
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How to measure emotional brain response in humans?

Backward masking paradigm

TETER

LS HUSHIANN 33

Jittered Fixation

83 ms mask

1800 ms response



After treatment

All brain regions

symptoms & e

D -

ROI - Amygdala

Probiotic treatment decreases depressive
motional brain responses in IBS

il

E Placebo Pooled Data BL
5= 5 5e
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Q ° @ a e e ® & a s e o
§ < ® < w
< 51 I o Is °
' i ® o < - e
Pearson r=0,14, e\ Pearson r=0.52, ® Pearson r=0.53,
p=0.02 ° p=0.004 ° p=0.04
10 T T 1 -10 T " 10 T T
2 0 i 2 2 1 2 2 A 1

A amygdala activation (% BOLD)

® Adequate relief of IBS symptoms

A amygdala activation (% BOLD)

# No adequate relief of IBS symptoms

A amygdala activation (% BOLD)

Pinto Sanchez et al, Gastroenterology 2017
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Altered microbiota composition in major

depressive disorder

3
@ MDD ~
@ CON a
*® . o @
=2 L ]
3
e ©
:.~ e :.
' @ .‘. ®
L J £ .‘ £ ..
*e @ ° o
..0. ..{: @ ®
L L J
@ e® ° o  ®
N e ..:. e ©° )
PC355%) g )
g EEY
* a - $
L J
g\’
&
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I Actinobacteria **

- Bacteroidetes **
- Deinococcus-Thermus
B Fusobacteria
Lentisphaerae
| Proteobacteria
I synergistetes
I Verrucomicrobia
B Firmicutes

CON

Zheng et al, Mol Psychiatry 2016



Microbiota from depressed patients induce

depressive & anxious behaviour in germ-free mice
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Zheng et al, Mol Psychiatry 2016

LS USEIANG A 10HLH



Microbiota from anxious IBS patients induce

LS HSHEIAIND AT 10HLYMA

anxious behaviour in germ-free mice
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De Palma et al, Sci Transl Med 2017



Take home messages

LS USEIANG A 10HLH

= There is intimate bidirectional communication between the
gastrointestinal tract and the brain

= This constitutes the biological basis of the link between
psychological and gastrointestinal symptoms

= The gut microbiota have recently been identified as a key
new player in this communication

= Therefore, the microbiota could have a strong impact on our
psychological and brain function, but translation from
animals to humans has only just started



