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Overview of Talk f’/

* The gut microbiome
* Friends with social benefits

* Development of the microbiome-gut brain axis
* Influential factors

* Social development

* Role of microbiome
* Pre-clinical studies
* Human studies

* Key messages
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The Gut Microbiome-Friends with Social Benefits
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The Gut Microbiome-Friends with Social Benefits
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Programming the Microbiome-Gut-Brain Axis
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Programming Bugs: Microbiota and the Developmental
Origins of Brain Health and Disease
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Programming the Microbiome-Gut-Brain Axis
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Brain Development

+«* Brain size at birth — 1/3 of an adult;
doubles in 15t y; and increases 35% by 3™y

+» Synaptic density quadruples in 15t and will
be 150-200% greater than an adult by 379 y-
to be pruned/selectively strengthened

Microbiome Development

¢ Virtually sterile at birth

** 6-12 mo —increase in a-diversity and
reduced B-diversity; microbiomes capable
capacity to metabolise nutrients necessary
for brain growth

% 2" and 3y —increase in certain phyla

** 3 yold —almost reached structural
composition and functional capacity of
adulthood and is less amenable to change

Neither develop in a vacuum!
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Stages of brain development

Neuronal migration
Axonal and dendritic growth
Programmed cell death
Synaptogenesis

B [ [ e o ——
Age of onset of mental disorders

Anxiety disorders

i Mood disorders
B Impulse-control disorders Ll
Myelination
Process modeling/synaptic refinement
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Social-Emotional Developmental Milestones
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DEVELOPMENTAL MILESTONES

I

NEWEBORN 1 MONTH 2 MONTHS

- 3 T

3 MONTHS 4 MONTHS & MONTHS

<6 mo — Spontaneously orient and respond to social stimuli, beginning of
attachment to caregiver

** 6 mo — Emergence of babbling, pointing, eye contact; attachment has been
established

** 6-12 mo — Joint attention, imitation, orientation to own name, first words,

d * use of gestures

9 MONTHS 12 MONTHS 18 MONTHS . .
** 12 mo — 2.5 y — Phrase speech, expansion of vocabulary, instrumental

helping, expression of concern, comforting others, self-awareness, self-
:{. " " regulation, impulse control and empathetic understanding

2YEARS 3YEARS

¢ 3-5 y — Emergence of theory of mind skills, attributing mental states, social
k understanding

5YEARS
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b Microbiota is essential for social development in the mouse
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Microbiome is Essential for Social Development a@
Ireland

i n M ice Microbiome
Molecular N T

Psychiatry

° [} [ ] [ ] Molecular Psychiatry {2013), 1-2
Social Preference Social Recognition RN
LETTER TO THE EDITOR
a b e Microbiota is essential for social development in the mouse
Nouss  Emoty =y
2 40 re i 00 ~ B F ok
0 ' 300 «
z =
Conventional E aad o ,§
N ? “r o
¥ ud
0
R gl | cC GF
C § 30
1 Oxce 250 -
200 + mae
EGFC a 200 -
o 3
s % 150 4
0
E 100 + L
00 4
50 -
200
i [
00 CC GF GFC




Perinatal Antibiotic Affects Microbiome, Social Behaviour,

Brain Tight Junctions and Cytokines Microblome
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Perinatal Antibiotic Affects Microbiome, Social Behaviour,

Brain Tight Junctions and Cytokines
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Low-dose penicillin in early life mduces long-term
changes in murine gut microbiota, brain cytokines
and behavior
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Habituation Sociability Social Novelty
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Maternal High-Fat Diet

Maternal high fat diet induces social deficits in offspring
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Celll Author manuscript; available in PMC 2017 June 16.

Published in final edited form as:
Cell 2016 June 16; 165(7): 1762-1775. doi:10.1016/j.cell.2016.06.001.

Microbial reconstitution reverses maternal diet-induced social
and synaptic deficits in offspring

Shelly A. Buffington'2, Gonzalo Viana Di Prisco’2, Thomas A. Auchtung®#, Nadim ..
Ajami®#, Joseph F. Petrosino®#, and Mauro Costa-Mattioli'-2"

Maternal high-fat diet alters offspring
gut microbiome, social behavior, PVN
oxytocin levels, and VTA plasticity
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Maternal high fat diet induces social deficits in offspring
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Microbial reconstitution reverses maternal diet-induced

social deficits in offspring Microbiome
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Microbial reconstitution reverses maternal diet-induced

oxytocin deficits in offspring
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oxytocin deficits in offspring
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Human Social Disorders and the Microbiome-Evidence from a
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*** Autism spectrum disorders (ASD)-

. A : B -
neurodevelopmental disorders neoalmalnodets. | s
. . . . . . . . Phase | ~ Microbial diversity
*»Deficits in social interaction, communication, e ctiec: ‘ Barierfunction (Lasky gut)
presence of limited, repetitive stereotyped & = )‘
interests and behaviors '\/@ °/®° (__/" o R
R, '
Phase ll -~
. 1- . . _Ean_mill:' Test mouse novel ’
**link between ASDs and the microbiota- /;@ | @ é( Frcascrn
. . [ | | v
gut-brain axis & =ae (& S

N . . c Animal Models
**Expanding on the evolutionary theory- oA Wl AT POBNXH o e i
when microbiota are associated with s ——) s

Microbial diversity

adverse health-inhibition of social
development-reduce transmission

*»*Specific genetic variants might be linked to .
microbiota-related social deficits o

Social recognition memery

Barrier Function (Leaky gut”)

Repetitive/Stereotyped
behaviour
Immune response

Autism Spectrum Disorders
(ASD)



Gut Microbiome and Autism
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Desulfovibrio species are potentially important in
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Los Angeles, CA, United States Gastrointestinal microbiota in children with autism in Slovakia esearch Review: birth Dy caesarean section an
Received: January 13, 2011; Accepted: April 23, 2011; Published Online: May 18, 2011 development of autism spectrum disorder and

Aleksandra Tomova® s - &, Veronika Husarova®, Silvia Lakatosova®, Jan Bakos?, Barbora Vikova®,
Katarina Babinska® Daniela Ostatnikova®

attention-deficit/hyperactivity disorder: a systematic
review and meta-analysis

’ ' Molecular
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etranes st 2015 o 4. 66t 10.4156.2040 2397-4.42 resmiczt Facal Microbiota and Metabolome of Children with Autism
| . : and Pervasive Developmental Disorder Not Otherwise
ncreased abundance of Sutterella spp. and Ruminococcus torques in feces of

children with autism spectrum disorder Specified

Lv Wang," Claus T Christophersen,2 Michael J Sorich, Jacobus P Ger‘r:n—)r:1 Manya T Angley,’ and Michael A Conlon?

Maria De Angelis", Maria Piccolo’, Lucia Vannini??, Sonya Siragusa', Andrea De Giacome®, Diana
Isabella Serrazzanetti?, Fernanda Cristofori®, Maria Elisabetta Guerzoni®, Marco Gobbetti', Ruggiero
Francavilla®
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. GUT IN FOCUS: EXTENDED ABSTRACT
Reduced Incidence of Prevotella and Other Fermenters Enteric short-chain fatty acids: microbial messengers

in Intestinal Microflora of Autistic Children of metabolism, mitochondria, and mind: implications

Dae-Wook Kang'”, Jin Gyoon Park®®, Znhra Esra llhan', Garrick Wallstrom™?, Joshua LaBaer?, In autism SpeCtrum disorders

mes dams®, Rosa
pmes s ~ CIostrldla Desulfovibrio, Sutterella, and Bacteroidetes -elevated in the stool of ASD children
Firmicutes, Prevotella, and Bifidobacter -reduced in these patients
Alterations in fecal concentrations of SCFAs (PPA) and urinary concentrations of amino acids and ammonia

Conflicting reports exist-antibiotics and probiotics being useful




Early Probiotic Intervention Reduces Development of a 7
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Neuropsychiatric Disorders

**75 infants

«*Randomized to Lactobacillus rhamnosus GG or
placebo during the first 6 mo of life were

followed-up for 13y
e i o Clintical Investigation | Articles

** At the age of 13 y, ADHD or AS was diagnosed in

17.1% children in the placebo and none in the A possible link between early probiotic intervention and

probiotic group the risk of neuropsychiatric disorders later in childhood: a
randomized trial

Anna Partty’, Marko Kalliomakl', Pirjo Wacklin?, Seppo Salminen? and Erika Isolauri’

*»*Bifidobacterium species bacteria in feces during
the first 6 mo of life was lower in affected
children

*»*Bifidobacteria species are highly prevalent in
early life particularly in breast-fed infants

+* Brain development
+* Stress system development



Prebiotic Intervention Improves Social s irobiome
Scores in Autistic Children

A prebiotic intervention study in children @
with autism spectrum disorders (ASDs)

Roberta Gimaldi™, Glenn R Gibson', Jelena Vulevic”, Matasa Giallourou?®, Josué | Castro-Mejiz”, Lars H. Hansen®,
E Leigh Gibson®, Dennis 5. Nietsen® and Adele Costabile®
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¢ Exclusion diets had a significant impact on gastrointestinal problems and a general trend of
reduction in Gl problems was reported after B-GOS®

% 23% of participants (two ASD following unrestricted diet and one under exclusion diet)
benefited from B-GOS®



Microbiota Transfers Improves Gut and

Autistic Symptoms in Children Microbiome
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Key Messages
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**Symbiotic microorganisms, specifically the
microbiota that reside within the gut, may cvolutionary complexit,
influence neurodevelopment and programming
of social behaviors across diverse animal species é‘\“b Communication  Soci
.

Interaction

**This relationship between host and microbes Social immunity
hints that host-microbiota interactions may
have influenced the evolution of social
behaviors

Social stress

MNeurodevelopment f")

disorders . \Il
| #
Microbiota-based therapies \ |'
I
|

for social disorders

Diet and nutrient
provision

**Further understanding of how microbiota
influence the brain may be helpful for :ﬁi orizontal ricrobiots
elucidating the causal mechanisms underlying ’ transfer
sociability and for generating new therapeutic
strategies for social disorders in humans, such
as autism spectrum disorders (ASDs)
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