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–Hippocrates

“All diseases begin in the gut.” 



Gut-brain Axis
1833 -  Beaumont 1907 -  Metchnikoff



Fermented Foods to probiotics… 

• Metchnikoff inspired Minoru Shirota to investigate 
the connection between bacteria and good GI health


• Shirota is the inventor of Yakult - the yogurt-like 
probiotic drink containing Lactobacillus casei strain 
Shirota - 1930
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Probiotics are “live micro-organisms that when administered in adequate amounts, 
confer a health benefit on the host” 

World Health Organization (WHO), Food and Agricultural Organization (FAO) 2015
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Microbiome in  
health and disease



Key Questions for Today :


• What do we know about the microbiome?


• How do microbes communicate with the brain?


• What is the evidence that microbes influence mood?


• What are the opportunities for therapeutic development 
and precision medicine approaches?



Microbes - microbiome - microbiota

• All of the surfaces of your body are covered 
with microbes


• Microbes include bacteria, viruses, fungi, 
protozoa, and parasites


• “Microbiome" refers to all of the microbes 
and their related genetic material


• “Microbiota” refers to the microbes 
themselves


• Much of the research focused on gut 
microbiota - also referred to as commensal 
bacteria



• The gastrointestinal tract of an adult human contains 100 
trillion viable bacteria


• Exposure to microbes and colonization occurs primarily at 
birth and continues through development


• Microbiota are essential to pathogen defence, nutrient 
uptake, and metabolism


• Microbiota are essential to the development and function of 
the immune system


• Recent evidence shows that microbiota-brain 
communication is important to healthy brain development  

What do we know about gut microbiota?
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• In healthy infants, dynamic changes in microbiota 
composition and diversity over the first year of life - influenced 
by diet (breast vs bottle-fed) and mode of delivery (vaginal vs 
c-section)

Borre et al 201410



DNA - 99%

Bacteria - 10%
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in healthy adults…



Arumugam et al 2011 Nature 473, 174-180  

Key points to consider 

• Inter-individual differences in healthy 
human gut microbiota can be 
reduced by clustering individuals into 
subgroups, referred to as 
enterotypes, based on enrichment of 
specific taxa at the genus level


• Several tools available to examine 
the microbiome (composition, 
function, and active gene expression)  



• Human microbiome project - Phase I HMP, Phase 
II iHMP 


• Phase I HMP examined diversity and composition 
of the human microbiome in healthy individuals


• Phase 2 iHMP examines the role of the 
microbiome in human health and disease - 
longitudinal (3 y) studies on pregnancy, gut 
disease onset (IBD), and respiratory viral infection 
and onset of type 2 diabetes


• information and publications to data at https://
www.hmpdacc.org/hmp/

Human Microbiome Project
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Many factors are important to gut health 
and the composition of gut bacteria?
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Diet StressExercise Drugs	

SexAge

Genetics

Ottman et al 2012 Front. Cell. Infect. Microbiol. 2, 1-11

Goodrich et al 2015 Cell 159, 789-799



How do microbiota communicate with the 
brain?
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1. Neural  
2. Humoral 
3. Cellular 
4. Metabolites 
5. Neuroactive molecules

Cryan and Dinan 2012 Nat Rev Neurosci 701-712



What is the benefit of looking at 
microbes and mental health? 

• Identification of biomarkers that will help understand 
individual biological differences and help subgroup 
clinical populations to predict best treatment


• Identify individuals at risk for early intervention 


• Provide novel targets for drug development


• Expansion and development of diet, prebiotic, 
probiotic, or other intervention strategies for 
psychiatric illness
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The starting point…

Germ-free mice showed 
exaggerated stress response
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Sudo et al 2004 J Physiol 558: 263-275



The starting point…

Colonization with Bifidobacterium normalized stress response
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GF mice spent more time in the 
open arms of the EPM

GF mice showed increased 
open arm entries 20



Adolescence is a key window for microbiota-brain 
interactions that influence anxiety

POSTNATAL	 ADOLESCENCE	 ADULT	

GF	Conv	at	10	weeks	

GF	Conv	at	3	weeks	

Reduced	Anxiety-like	

Behavior	(EPM	&	L/D)	

Normal	Anxiety-like	Behavior	

(L/D	transiMons)	

GF	Conv	at	birth	
Normal	Anxiety-like	Behavior	

(EPM,	not	L/D*	)	

4 wk 10 wk

Foster & McVey Nefeld, 2013  TINS



↑Stress Reactivity

Sudo et al, 2004, J Phsyiol 558:263.

Swiss Webster Mice

Male Balb/C Mice



Luczynski et al 2016; Int J Neuropsychopharm

Lessons learned from germ free mice

• microbiota influence behaviour, stress circuitry, 
stress responsively, and brain structure

IMPORTANCE OF ENTERIC NERVOUS SYSTEM 
West et al, 2016; McVey Neufeld et al, 2013
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The host microbiota contributes to anxiety-
like phenotype

Bercik et al 2011



 Host Genetics influences Behaviour
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16s rRNA analysis of bacterial composition

Bray Curtis
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Are specific taxa associated with different strains of 
mice?

−0.4 −0.2 0.0 0.2 0.4

−0
.4

−0
.2

0.
0

0.
2

0.
4

PCoA Comparing B6, BALBC, and FVB
 Bray Curtis Dissimilarity

PCo1 (40.30 %)

PC
o2

 (1
0.

94
 %

)

●

●

●

●

●

●
●

●

●

●
●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●
●

●

●
●

●

●
●

●

●

● ●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●
●

●

●
●

●

●

●

●

●

● ●
●

● ●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●

Strain
B6
BALBC
FVB

Top 20 Bacteria
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Lactobacillus
o_Clostridiales
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Eubacterium
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Clostridium
Parabacteroides
Subdoligranulum
o_RF39
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f_F16
c_Clostridia
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PCo Analysis 
with  

count-weighted ave 
for top 20 taxa 
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Can peripheral measures such as microbiota 
explain heterogeneity in health and disease?

modulators diet stress infection

mechanisms gut
neuro- 

endocrine
immune 
system

GENES ENVIRONMENTheterogeneity



Can peripheral measures such as microbiota 
explain heterogeneity in health and disease?

Cryan and Dinan 2012 Nat Rev Neurosci 701-712



Do microbes influence brain 
function and behaviour in people?

• In healthy women, identified two enterotypes/clusters, a 
Bacteroides cluster and a Prevotella cluster 


• Using functional MRI, structural MRI and diffusion tensor 
imaging, the investigators identified association between 
these 2 groups and emotional response, white matter 
connectivity, and brain volume 

Tillisch et al 2017 Psychosomatic Med 79, 905-913



What is the evidence that microbes 
influence mood in people?

• Several studies have shown that the gut-brain axis may play an 
important role in brain development, behaviour, and mood 

• In particular, studies have examined the impact of probiotics on stress 
systems in healthy individuals 

• Several studies have show benefit of probiotic consumption in healthy 
individuals 

- improved mood (Benton et al 2007)  
- influenced brain activity in emotional centers in healthy individuals 

(Tillisch et al 2013) 
- showed a beneficial effect on anxiety and depressive measures and 

reduced stress hormone levels (Messaoudi et al 2011) 
- showed reduction in cognitive reactivity to sad mood, specifically 

ruminative thoughts (Steenbergen et al 2015)



Significant contribution of host genetics to 
composition of the microbiome
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Gut bacteria and depression
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Gut bacteria and depression
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• Probiotic supplementation for 8 week compared to placebo - 
Lactobacillus case, L. acidophilus, Bifidobacterium bifidum


• Probiotic supplement was associated with


- reduced depression scores (Beck Depression Score)


- reduced serum insulin


- reduce inflammatory marker - C-reactive protein

Gut bacteria and depression
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Benefits of probiotics - animal studies linked 
to mental health

Beneficial	probio?cs	-	single	species
Bacteria Benefits	observed Animal	Model Ref

Bifidobacteria	infan/s Reduced	inflamma;on Sprague-Dawley	
rats Desbonnet	et	al	2009

B.longum Reduced	anxiety-like	behaviour Balb/C	mice Savignac	et	al	2014
Reduced	depressive-like	behaviour

B.	breve Reduced	anxiety-like	behaviour Balb/C	mice Savignac	et	al	2014
B.longum Improved	recogni;on	memory Balb/C	mice Savignac	et	al	2015

Improved	spa;al	learning

Reduced	fear	behaviour
B.	breve Improved	recogni;on	memory Balb/C	mice Savignac	et	al	2015
B.	longum Reduced	infec;on-related	anxiety-like	behaviour AKR	mice Bercik	et	al	2010
Lactobacillus	rhamnosus Reduced	anxiety-like	behaviour Balb/C	mice Bravo	et	al	2011

Reduced	depressive-like	behaviour

Reduced	stress	hormones

L.	helve/cus Reduced	anxiety-like	behaviour Sprague-Dawley	
rats Liang	et	al	2015

Reduced	stress	hormones
L.	reuteri Reduced	stress-related	infec;ous	coloniza;on CD1	mice Mackos	et	al	2013
L.	reuteri Reduced	stress/infec;on-related	inflammatory	mediators CD1	mice Mackos	et	al	2016
L.	pentosus Improved	age-related	deficits	in	spa;al	memory Fischer	rats Jeong	et	al	2015

Reduced	inflamma;on

L.	pentosus Protected	against	stress-induced	deficits	in	memory C57Bl/6	mice Woo	et	al	2014

Reduced	inflamma;on
Mycobacterium	vaccae Improved	spa;al	learning Balb/C	mice Ma]hews	et	al	2013
M.	vaccae Reduced	stress-related	infec;ous	coloniza;on C57Bl/6	mice Reber	et	al	2016

Reduced	stress-related	anxiety-like	behaviour



Benefits of probiotics - animal studies linked 
to mental health

Beneficial	probio?cs	-	combina?on

Bacteria Benefits	observed Animal	
Model Ref

Combna;on:	L.	helve/cus,	B.	
longum Reduced	stress	hormones C57Bl/6	

mice Ait-Beignaoui	et	al	2012

Prevented	stress-related	decrease	in	
neurogenesis
Protected	gut	barrier	integrity

Combna;on:	L.	helve/cus,	L.	
rhamnosus

Protected	against	stress-induced	deficits	in	
recogni;on	memory

C57Bl/6	
mice Gareua	et	al	2011

Combina;on:	L,	acidophilus,	B.	
lac/s,	L.	fermentum Improved	spa;al	learning Wistar	rats Davari	et	al	2013

Combina;on:	L.	acidophilus,	B.	
lac/s,	L.	fermentum Synap;c	transmission Wistar	rats Davari	et	al	2013

Combina;on:	Streptococcus	
salivarius,	B.	breve,	B.	infan/,	B.	
longum,	L.	acidophilis,	L.	planarum,	
L.	casei,	L.	delbrueeki

Reduced	inflamma;on C57Bl/6	
mice D'Mello	et	al	2015



Benefits of probiotics - animal studies linked 
to mental health
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lac/s,	L.	fermentum Synap;c	transmission Wistar	rats Davari	et	al	2013
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mice D'Mello	et	al	2015



Benefits of probiotics on mood



Benefits of probiotics on mood



Many factors are important to gut health 
and the composition of gut bacteria?
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Diet StressExercise Drugs	

SexAge

Genetics

Ottman et al 2012 Front. Cell. Infect. Microbiol. 2, 1-11

Goodrich et al 2015 Cell 159, 789-799



Research Funding Sources
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Collaborators 
Jason Lerch 

Jacob Ellegood 
Mike Surette 

Aadil Bharwani 
OBI POND research group 
CAN-BIND research group 

Current Lab 
Members 

Shawna Thompson 
Rachael Horne 

Cassandra Francesca 
Bryce  Kwiecien-Delaney 

Owen Luo 
Alexandra  Moyssakos 

Emily Long-Huckle

Former Lab Members 
Jonathon Lai  
Kelly Rilett 

Karen-Anne McVey-Neufeld 
Linda Zhou 

Robyn MacKenzie 
James St. Pierre 

Daiana Pogacean 
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Using clear bottles as a metaphor for 
the physical inner workings of the 
human body, BrainGut Axis depicts 
the re-conception of the brain as part of 
an interconnected system, rather than 
the more traditional view of the brain 
as superior to, or in control of all other 
processes.  There is 
movement throughout this system of 
various shapes and colors meant to 
insinuate components at work within the 
body such as microbiota and hormones, 
as well as to symbolize moods, 
impulses and the more abstract 
processes happening within us.  In 
addition, these “inner-workings” leak 
outside of the system, reminding us that 
things are not fully contained, but 
are continuously moving beyond us, 
and wandering into us, as we maneuver 
our way through the world.

Thanks to:
Dr. Renee Jackson (PhD Art Education) 

Dr. Suzanne McCallaugh (PhD Philosophy) 
Dr. Dominic Letarte (PhD Computer Science)


