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Learning Objectives

1. Understand how perturbations to the host such as the
introduction of antibiotics, birth mode and diet can
shape maturation of the microbiome during early life

2. Evaluate whether absence of one microbe can result
in the development Autism Spectrum Disorder (ASD)

3. Analyze the role that microbes play in first 100 days of
human life to the future development of a chronic
inflammatory immune disorder recognized as Asthma



Summary

* The first birthday gift we each
received was identical in name and
given freely from our mothers

* |t was literally delivered precisely at
the time of our birth, providing us
with an inter-generational hand-off
that serves as the foundation for our
13th organ system, our microbiome., if
you will, that one more thing

* Today, we will explore
how perturbations made to this, our
13th organ system, or microbiome,
can profoundly influence our lives.




Human Microbiome
e What do we know?

—You are 1 part

Revised Estimates for the Number of Human
and Bacteria Cells in the Body

h u I I Ia n & 1 p a rt Ron Sender', Shai Fuchs®*, Ron Milo'*
rtment of Plant and Envirenmental Scienct Neizmann Institul
izmann Institute of Science, Reh
microbe —
formerly it was

Reported values in the literature on the number of cells in the body differ by orders of magni-

tude and are very seldom supported by any measurements or calculations. Here, we inte-

] grate the most up-to-date information on the number of human and bacterial cells in the
t h O u h t I t W a S 1 O body. We estimate the total number of bacteria in the 70 kg “reference man" to be 3.8-10'3,
g . For human cells, we identify the dominant role of the hematopoietic lineage to the total
e N q ) and revise past estimates to 3.0-10" human cells. Our analysis also updates
the widely-cited 10:1 ratio, showing that the number of bacteria in the body is actually of the

° -
t b ° 1 . same order as the number of human cells, and their total mass is about 0.2 kg.
Parts micrope.

part human


https://pubmed.ncbi.nlm.nih.gov/27541692/

Human Microbiome
e What do we know?

—You are 1 part
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https://pubmed.ncbi.nlm.nih.gov/27541692/

Today

Our journey will take us into the world of the
human microbiome and explore why | believe
this needs to be our next moon shot.

We'll do this in three parts, with some fun facts
along the way to help you retain what we're
going to experience.

With the end goal being that you achieve an
awareness of how the microbiome is paramount
to human health.



Consider the following as background

- -




Did you know?

e At this moment2to6
pounds of microbes are
living in and on you?

— Who are they?

— Where are they?

— What do they do?

— Are they good or bad?

— Can they be dragooned
for good?
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Where do our bacteria come from?




Human Microbiome

— Fun Facts for future figuring or trival pursuit

championships...
Your belly button can harbor over 2,300 species of bacteria




Where do our bacteria come from?
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https://phys.org/news/2015-03-friend-medicine.html

What we know

e The human microbiome before birth
— Blaser, MJ and Dominguez-Bello, MG
— Bottom line...

— The conservation of the microbiota within humans and
other hominids suggests an ancient assembly that has
been selected to optimize host fitness.

— Pregnancy induces changes in the maternal microbiome
just before the inter-generational hand-off of the
microbiota.

— Interventions, including peri-partum antibiotics and
Cesarean sections, may have unintended effects on babies.



https://doi.org/10.1016/j.chom.2016.10.014
https://doi.org/10.1016/j.chom.2016.10.014

Your first microbial encounter...

, , BRIEF COMMUNICATIONS
Partial restoration of the e R

microbiota of cesarean-
born infants via vaginal

] . Partial restoration of the microbiota
MICIro b Ia I tran Sfe r of cesarean-born infants via vaginal

microbial transfer

N atu re IVI ed ici n e 22' 250— Maria G Dominguez-Bello'~, Kassandra M De Jesus-Labaoy?, 3 . i san f nfants and their m

Nan Shen’, Laura M Cox*, Amnon Amir®, Antonlo Gonzalez®, born vag Iy ivered by scheduled Cosec

Nicholas A Bokulich', Se Jin Soag*”, Marina Hoashl'#, were exy

2 5 3 2 O 1 6 Juana 1 Rivera- Vinas’, Kelmari Mendez”, Rob Knight** & Table
Jose C Clemente’?

d Te 1 O 10 3 8 40 3 9 Exposure of newboms to the maternal vaginal microbiota
O I ° ° n m ° is Interrupted with cesarean birthing. Babies delivered by
cesarean section (C-section) acquire a microbiota that differs
from that of vaginally delivered infants, and C-section delivery
has been associated with increased risk for immune and
metabolic disorders. Here we conducted a pilot study in which
infants defivered by C-section were exposed to matemal vaginal
fluids at birth. Similarly to vaginally delivered babies, the gut,
oral and skin bacterial communities of these newborns during
the first 30 d of life was enriched in vaginal bacteria—which
were underrepresented in unexpased C-section-delivered
infants—and the microbiome similarity to those of vaginally
delivered infants was greater in oral and skin samples than in
anal samples. Although the long-term heaith consequences of
restoring the microbiota of C-section-delivered infants remain icul > during the first week
unclears, our results demonstrate that vaginal microbes can be nuaity distance between m




However for the most part, its Mom @ Mom mouth

@ Mom vagina
’. .Bd:y(vq.dclv.)
©® Mom skin
. @ Baby (ces. deliv.)

11 C-section
babies with 4
of babies
receiving a

® o vaginal wipe

7 Vaginal-birth ° o
. . L]
deliveries and "
vaginal e o © .
microbiota P
e ¢ 3 PC1: 12%

PC2:9.8%


https://pubmed.ncbi.nlm.nih.gov/26828196/

Your first microbial encounter...




Or, your first microbial encounter...

Be violent, bold, and firm. Laugh at the power of other men, because nobody born from a woman will
ever harm Macbeth. Unfortunately for Macbeth, the Scottish nobleman Macduff was "from his mother's
womb/ Untimely ripped,"” and thus not naturally "born of woman" (V.vii). Macduff was the only agent
capable of destroying Macbeth. He killed Macbeth in battle. William Shakespeare, Macbeth Act 5,

Scene 7



Will this prevent
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Asthma, Allergies, Type 1 diabetes, Celiac Disease, Obesity?




How long till we get an answer as to body comp, rate of ik incuih

e ‘O @ Mom vagina
asthma or allergies: - 2 @ Baby (vag. deliv.)
@ Mom skin
& | ®Baby (ces. deiiv.)

N=1200 with 3-5 years microbial follow-up

C-section
babyand
mother’s skin

© . 9"00.

s P ® o
o ¢ © © g.‘_.-...

It will be much more difficult to determine
whether the transfers have any
Vagl nal-birth © consequences on health. Dominguez-Bello

& estimates that her team will need to enroll
baby and ® around 1200 children and follow them for at

H least 3—5 years to explore whether the

Va_gl na I e ® - - procedure leads to any differences in body
microbiota - composition or rates of asthma or allergies.

e ¢ 3 PC1: 12%




* Antibiotics, birth mode, and diet

shape microbiome maturation during
early life

The effects of
drugs on bugs

A longitudinal analysis of the
nfant gut microbiome reveals
lecreased microbial diversity
ifter antibiotic treatment

F 2 pabe Coatte
ot

Two studies of more than 80 infants followed for the first 2 to 3 years of life now reveal the
effects of birth mode, diet and antibiotic treatment on gut microbiome development
(Yassour et al., Bokulich et al.) The investigators show that antibiotics, cesarean delivery and
formula feeding can alter development of the infant microbiome, reduce bacterial diversity
and transiently increase the presence of antibiotic resistance genes


https://pubmed.ncbi.nlm.nih.gov/27306664/

One more thing...
nature

International journal of science

Letter | Published: 18 September 2019

Stunted microbiota and opportunistic
pathogen colonization in caesarean-
section birth

Home / News & Opinion

C-Sections Tied to “Stunted” Microbiota in Newborns: Findings highlight

Study 1. Critical role of the local environment in
establishing the gut microbiota in very early

Research on hundreds of babies finds the delivery method is linked with a greater Ilfe’

abundance of taxa more frequently seen in hospitals. 2. |dent|fy colonization with antimicrobial-
resistance-containing opportunistic
pathogens as a previously under appreciated
risk factor in hospital births



https://www.nature.com/articles/s41586-019-1560-1.pdf

Take home ... 1

* Antibiotics, birth mode, and
diet can shape microbiome
maturation during early life

 But to what extent will this
have on life?

— Stay tuned... by the time
your ready to have children
of your own, we will
hopefully have answers
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Facts about Autism

Autism now affects 1 in 68 children and 1 in 42 boys &
Autism prevalence figures are growing

Autism is one of the fastest-growing developmental
disorders in the U.S.

Autism costs a family $60,000 a year on average

Boys are nearly five times more likely than girls to have
autism

There is no medical detection or cure for autism

S169M goes directly to investigate this condition from the
NIH (0.54% of 2018 NIH budget)



Ce“ http://dx.doi.org/10.1016/j.cell.2016.06.001

Microbial Reconstitution Reverses Maternal Diet-
Induced Social and Synaptic Deficits in Offspring

Graphical Abstract

Maternal high-fat diet alters offspring

@(D gut microblome, social behavior, PVN

oxytocin levels, and VTA plasticity

T VIA
impared
Precision microbial reconstitution in
MHFD offspring restores social behavior.
oxytocin levels, and VTA plasticity

Highlights
Maternal high-fat diet (MHFD) induces behavioral alterations
in offspring

MHFD causes alterations in gut microbial ecology in
offspring

MHFD offspring show deficient synaptic plasticity in the VTA
and oxytocin production

e L. reuteri treatment restores oxytocin levels, VTA plasticity
and social behaviors

Authors

Shelly A. Buffington,

Gonzalo Viana Di Prisco,

Thomas A. Auchtung, Nadim J. Ajami,
Joseph F. Petrosino,

Mauro Costa-Mattioli

Correspondence
costamat@bcm.edu

In Brief

A maternal high-fat diet leads to changes
in the gut microbiome of offspring and
induces behavioral alterations that can be
restored via selective reintroduction of a
commensal bacterial strain,

The inspiration —
* human epidemiological studies
* maternal obesity during pregnancy
could increase children's risk of
developing neurodevelopmental
disorders, including Autism
Spectrum Disorders (ASDs)

What might be the mechanism?


http://dx.doi.org/10.1016/j.cell.2016.06.001
http://dx.doi.org/10.1016/j.cell.2016.06.001

Single species of gut bacteria can reverse autism-related social behavior in mice!

y X%
AN

https://www.youtube.com/watch?v=bmR_aQhHJLU



5ing/e SpeCies Of gut bacteria can |Maternal high-fat diet alters offspring

reverse  autism-related  social QBSLY)  |gut microbiome, social behavior, PVN

[oxytocin levels, and VTA plasticity

behaviorin mice!

. . . GA)  (=2) ‘2® A\ EY %
* Maternal high-fat diet (MHFD) induces t,‘;' /\/v>
. . . . o™ o
behavioral alterations in offspring Matemsi Regtiiar Diet *_A i
— Equivalent of fastfood, several times per (MRD) Offspring Normal Social
day, N=60.

* *MHFD causes alterations in gut < B
microbial ecology in offspring : N
— . . N . ! L 4 "’ J\ S :
Could predict from simply fr.om p.attern Maternal High-Fat Diet .= o e
that the offspring would be impaired! (MHFD) Offspring Dysbiosis Impaired Impaired

WOW! T ST Sy S L ey a—
Precision microbial reconstitution in

 ¢MHFD offspring show deficient synaptic @@ MHFD offspring restores social behavior, |
plasticity in the ventral tegmental area |oxytocin levels, and VTA plasticity |

(VTA)and oxytocin production
— Attended to Mechanism

* e[, reuteri treatment restores oxytocin MHFD Offspring S
levels, VTA plasticity and social behaviors + Lactobacillus reuteri r Social Restored

— One microbe, restores activity WOW!



Lactobacillus reuteri

e What do we know about L. reuteri in humans?

1. Foundin GI, UT, Skin and breast milk

Abundance varies among humans

. Can produce antimicrobial molecules
— Organicacids, EtOH and reuterin

» Reuterin induces oxidative stress in cells, most likely by modifying thiol
groups in proteins and small molecules

. Can benefit host immune system

— Reduce the production of pro-inflammatory cytokines while promoting
regulatory T cell development/function

. Has an ability to strengthen the intestinal barrier
— Decreases microbial translocation from gut lumen to tissues
2. Decrease in abundance in humans over the past decades is
correlated with an increase in the incidence of inflammatory
INEENERS



 Niche
— Bacterial surface

mOIGCUIGS that " X \. . Enhance adherence
facilitate binding to _ ™
the mucus layer ...so EPS
called mucus binding

Histamine - " _ Biofilm

prOtE|nS X OO
. ighly STam-Gepencemt Enhance colonization
(MUB)/adhESIHS Dependent on H2R ,

Resistance

. 7 Anti-inflammatory __.-~
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o . . P ,’ 2 -
2° to gastric acids and R i o S
bile salts of upper S BI2 Autissicrobial L
intesti ne :. - : Others: lactic Jc;d. c!ELxT:‘nl .—}\
» % and reutenicyclin ef al N

— Vitamins (13 needed)

* B12 (cobalamin) and
B9 (folate)



https://pubmed.ncbi.nlm.nih.gov/29725324/

Take home ... 2

» Single species of gut bacteria
can reverse autism-related
social behavior in mice!

e [actobacillus reuteri

e But to does this observation
extend to humans?

— For Autism unknown but
administration via oral capsule
could restore vaginal flora in
postmenopausal women




Probiotics and oxytocin nasal spray as
neuro-social-behavioral interventions for
patients with autism spectrum disorders: a
pilot randomized controlled trial protocol

Take home ... 2

Single species of gut bacteria
can reverse autism-related
social behavior in mice!

Lactobacillus reuteri

But to does this observation
extend to humans?

— For Autism unknown but
administration via oral capsule
could restore vaginal flora in
postmenopausal women



Asthma and the Microbiome

v’ Globally, affects over 300
Million

v’ Symptoms — Narrowing and
inflammation of airways

v’ Origin from a synergy
between environmental and
genetic factors

v' Viral infections with an
abundance of Proteobacteria,

f)'ac;ors =) specifically Haemophilus and

Moraxella

v’ Dysbiosis leads to activation of
inflammatory pathways and
contributes to

bronchoconstriction and
bronchial hyperresponsiveness
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Asthma and the Microbiome

e Chronic Inflammatory immune disorder of the
airways affecting 1:10 children in westernized
countries (300 Million people worldwide), 25M in
the US (1 in 13 Americans) with Adult Women
more likely than Adult Men but more common in
boys than girls. Tragically, about 10 deaths per
day in US!

 Does it runin families?
— Yes, variations in two genes, ORMDI3 and GSDML



Environmental Factor
VourCninaSurca for NS e

The New England Journal of Medicine

KEY POINTS FROM
Innate Immunity and Asthma Risk in Amish
and Hutterite Farm Children
by M.M. Stein et al.

August 4, 2016

Microbe-rich environments may trigger the immune system, prevent asthma


https://www.niehs.nih.gov/news/newsletter/2016/9/papers/asthma/index.htm
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Brief report

Helicobacter pylori infection prevents allergic
asthma in mouse models through
the induction of regulatory T cells

Isabelle C. Arnold,' Nina Dehzad,? Sebastian Reuter,? Helen Martin,? Burkhard Becher,?
Christian Taube,? and Anne Miuller?

'Institute of Molecular Cancer Research, University of Zirich, Zurich, Switzerland. ?I1l. Medical Clinic, Johannes Gutenberg University, Mainz, Germany.
JInstitute of Experimental Immunology, University of Zirich, Zirich, Switzerland,

Atopic asthma is a chronic disease of the airways that has taken on epidemic proportions in the industrial-
ized world. The increase in asthma rates has been linked epidemiologically to the rapid disappearance of
Helicobacter pylori, a bacterial pathogen that persistently colonizes the human stomach, from Western societ-
ies. In this study, we have utilized mouse models of allergic airway disease induced by ovalbumin or house
dust mite allergen to experimentally examine a possible inverse correlation between H. pylori and asthma.
H. pylori infection efficiently protected mice from airway hyperresponsiveness, tissue inflammation, and
goblet cell metaplasia, which are hallmarks of asthma, and prevented allergen-induced pulmonary and
bronchoalveolar infiltration with eosinophils, Th2 cells, and Th17 cells. Protection against asthma was most
robust in mice infected neonatally and was abrogated by antibiotic eradication of H. pylori. Asthma protection
was further associated with impaired maturation of lung-infiltrating dendritic cells and the accumulation of
highly suppressive Tregs in the lungs. Systemic Treg depletion abolished asthma protection; conversely, the
adoptive transfer of purified Treg populations was sufficient to transfer protection from infected donor mice
to unmfectcd recxplents Our rcsults thus provxde expenmental evidence for a beneficial effect of H. pylori




Asthma and the Microbiome

e Gut microbial dysbiosis in human atopic
diseases is characterized NOT by GLOBAL
changes to the composition of the intestinal
microbial population but by taxa-specific shifts

* Impacts- human immune system... which is
most plastic during this window



Asthma and the Microbiome

* Hygiene hypothesis (Strachan)
— Are we too clean during our first 100 days?
— Now includes... mode of birth, abx exp, pets, farm life, etc)

* Microflora hypothesis
“it is clear that there is a microbial-immune cell interface, in which cross-talk between microbes
and immune cells aids in the development of immune tolerance
* Gut-Lung Axis
— How does the gut talk to the lung?

* PAMPs (pathogen associated molecular patterns)
— LPS, Peptidoglycan, CpG

* Microbial-derived metabolites... Short chained fatty acids (SCFAs)

— Three major ones — Acetate, Propionate and butyrate (60:20:20) molar ratio

* Modify geneexpressionin humansthrough inhibition of histone deacetylases (HDACs) and cytokine and
chemokine production, and cell differentiation, proliferation and apoptosis!



e Allergy, Asthma & Clinical Immunology

Allergy Asthma Clin Immunol (2017) 13:3
DOI 10.1186/513223-016-0173-6

Asthma and the microbiome: defining
the critical window in early life

Leah T, Stiemsma'< and Stuart E. Turvey’

Abstract
Asthma is a chronic ﬂfar“mat"'\' immune disorder of the airways affecting one in ten children in westernized
countries. The geographical disparity combined with a generational rise in prevalence, emphasizes .r at :h:"g ng
nvironmental exposures play a significant role in the eticlogy of this disease. The microflora hypothesis sugc
that early life exposures are disru ot ng the composition of the microbiota and consequently, promoting immune
ysregulation in the form of %,“'50”5 tivity disorders. Animal model research supports a role of the microbiota in
hma and atopic disease development. Further, these model systems have identified an early life critical window,
uring which gut microbial dysbiosis is most influential in promoting hypersensitivity disorders. Until recently this
critical window had not been charact e'“d in humans, but now studies suggest that the ideal time to use microbes
as preventative treatments or d ﬂg ostics for asthma in humans is within the first 100 days of life. This review outlines
the major mouse-model and human studies ‘ea:'r‘o o characterization of the early life critical window, emphasiz

rg studies ana yzing the intestina and a rway miCrodiotas in asthmaand a ¢ disease. This research has promisin

Q
future implications "‘""C ng childho od immune health, as ult mately it "Ez‘,’ be possible to therapeutica Y administer

fic microbes in ear o to prevent the development of asthma in children

Keywords: Microbiota, u<tf“”" Early life, Critical window, Hygiene hypothesis, Microflora hypothesis



For Asthma, Age is critical

Thorburn ef al. show that
maternal intake of acetate
reduces allergic airways
disease in adult offsprings

Cahenzli et al. associate
increased microbial diversity
with decreased IgE production
decreased responsiveness anl‘wd decreased disease s\?uerity
to aeroallergens™ in a mouse model of antigen-

1 induced oral anaphylaxis®?

\
l

3-weeks 5-weeks 9-weeks

J

Gollwitzer et al. identify
shifts in airway micobiota
that are associated with

A N AN R RN RN RN R RN

| |

1{ Qlszak et al. show that

Arnold et al. determine that

Lyons et al. show that perinatal
exposure to B. longum induces

neonatal (6 days post birth) Cag  T_regs and protects against

A-positive Helicobacter pylori
infection protects against OVA
and HDM-induced airway
hyperresponsivenessés

allergic airway inflammation in
adult mice?

Russell et al. show that

perinatal exposure to antibiotics

differentially exacerbates lung
disease in adult mice? 3

exposure of GF neonatal mice
at birth (and continuing until 9-
weeks post-birth) protects adult
mice from allergic asthma
symptoms#




Age is critical

b 1-month

2-months

1-week 2-weeks

Birth

3-weeks 4-weeks |5-weeks 6-weeks 7-weeks 8-weeks

|

Abrahamsson et al. associate
decreased gut microbiota
diversity at 1-week and 1-month
of age with asthma development
at 7-years of aget®

[ J

9-weeks 10-weeks 11-weeks 12-weeks

3-months

|
Teo et al. associate increased {
asymptomatic colonization with
Streptococcus in the NP
microbiome with chronic wheezing
at ages 5 and 10 years™

Arrieta®, Stiemsma* et al.
associate decreased
abundance of FLVR taxa and
decreased acetate production
at 3-months with atopy and
wheezing at 1-year of age*

Fujimura ef al. identify shifts in
neonatal bacterial and fungal
taxa that are associated with
varying degrees of asthma risk
by 4-years of age®

‘l

Stiemsma et al. identify the L/C
ratio as a potential biomarker
for identifying children at high

risk of being diagnosed
with preschool-age asthma.




Take Home 3

Asthma and the Microbiome

* Chronic Inflammatory immune disorder of the
airways affecting 1:10 children in westernized
countries (235 Million people worldwide) with a
tragic 9 deaths per day in US!

e Studies suggest that the ideal time to use
microbes as preventative treatments or
diagnostics for asthma in humans is within the
first 100 days of life!l Allergy Asthma Clin Immunol. 2017; 13: 3.



What’s Next?
Integration and Big Data

sedentary lifestyle

obesity

b

skeletal muscle

e
adipose tissue




Type 2 Diabetes Primary Panel YO ur Genes




Closing thoughts... Microbially Unique

All people have a unigue microbiome, because
each of us live!



Finally

* Some will prove
wrong but for the
most part, our
microbes are likely
our oldest organ
system

9 Surprising Facts About Your Body's Ba

New microbiome discoveries happen every day!
Have you heard these tasty tidbits?

Your belly button can A ten-second kiss i i
have over 2,300 transfers 80 million Boﬁﬁ"ﬂ?ﬁ%?gyl Ve
species of bacteria. bacteria. '

You have 10 times more  Gut bacteria enables  Your poop may contain
bacteria in you than some people to eat 400 different species
human cells. and digest paper of bacteria

There are more bacteria Some bacteria are The total weight of
on a scalp than there are as fast as cheetahs, bacteria in your body
people in N. America for their size. is 2-6 pounds.




One more thing...
Without our bacteria we would be so
much colder, 93.2°F/33°C rather than
the 98.6°F/37°C









OT@

—57 year?’ago . identJohn F. Ke edy at Rice er5|ty, Texas

this new sea because there is new knowl dgeto be galned and new. tsto be
n, and they'must be won and used for the progress 0f all people. For s ac sue , like nuclear
and aIItechnoIogy,W/as no conscience of its own. Whether it will orce for good or
pends on man, and onlyif the United Statesx [ 05|t|ono |ne e can we help

decide whether this new ocean will be a sea of peace or a new terrlfy eater o'war | do say
that we should or will go unprotected aga¥ e hostile misuse ofspace any more than we go . l

unprotected againstthe hostile use of landior sea, but | do say that space can be explored and
mastered without feeding the fires of war, ithout repeatingthe mistakes that man has ein
extendlng his writ around is globe of ours.

azardsare hostile to
eaceful cooperation
r goal? And they may
?Why does‘Rice play . |

hereisn ife, no pr Lkilce no national confl nouterspac&et
all nquest (ﬁs the best of all mankind, and its opportuni
may never come agdin But why, some say, the Mo hy choose this

well a: why |ghestm ntain? Why, 35 yeafs.ago, fly the Atl
Texas?[S] ’

.

'(
A > L}
We choo ? tQ'g Moaﬁb .[6] We choose to go to the Moo this decade and do the ol'e
thlngs [7] not be€ause eyq easy, but because they are hard; bécause that goal will serve to

organize and measure the bestof our energies and skills, because that challenge is one that we are
willing to accept, one we are unwilling to postpone, and one we intend to win .



OUR MooON SHOT 4 SA OF US FED BUDGET?

2021 US Budget S6 8 Trillion

Microbiome 5873 Million (.13

2021 Total NIH Budget S43B
021 NASA — $23.3B (0::5)




Thank you!

—

Questions?


https://www.microbe.tv/twim/
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