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Microbiome and Microbiota

* human microbiome is the collection of all the microorganisms

living in association with the human body

Mouth, Pharynx, Respiratory System Click on a label for more information
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Microbiome: Proof of Presence so far

traditional culture (cultivation)

specific serological test

species-targeted PCR




Microbiome: Molecular Tools
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Metagenome and Metagenomics

 Metagenome

genetic material recovered directly from environmental samples

(Wikipedia)

- Metagenomics

the study of metagenome



Marker Gene vs. Total (Shotgun) Analysis

OTU = Operational Taxonomic Unit,

& Mvcroblome a group of very similar 16S
sample l sequences
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16S ribosomal RNA

 Universal gene (1500 bp)
» Conserved and 9 variable regions
« Comparison of similarity for classification

« Operational Taxonomic Units (OTU) clustering and taxonomic profiling

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp

CONSERVED REGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applications




Human Microbiome Project: 2008-2013

300 healthy individuals, across several different sites on the body

: nasal, oral cavity, skin, Gl tract, and urogenital tract

-
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Current News

® January 2015
Metagenome Analysis Workshop
March 3-6

» September 2014
IHMC 2015 from Mar. 31 to Apr. 2

* May 2014
Poster and Booth at ASM 2014

More News Items

Publications

® Microbial community assembly
and metabolic function during
mammalian c...

e HIV-induced immunosuppression
is associated with colonization of
the p...

® Comparative metabolomics in
vegans and omnivores reveal
constraints on...

Partner Resources

® NIH Common Fund
* NCBI HMP Data Repository

] w Login
REFERENCE MICROBIOME HEALTH & DATA
QUERVIEW GENOMES ANALYSIS ETHICS RESOMACE OIERERLES BROWSER
» Feedback
Welcome to the Data Analysis and Coordination Center (DACC) for the National Institutes of Health (NIH) GET DATA
Common Fund supported Human Microbiome Project (HMP). This site is the central repository for all HMP
data. The aim ofthe HMP is to characterize microbial communities found at multiple human body sites and to
look for correlations between changes in the microbiome and human health. More information can be found in GET TOOLS

the menus above and on the NIH Common Fund site.

Areas of

Human Microbial Sampling
165 RNA and whole metagenome sequencing of samples collected from 300 healthy human participants, to characterize complexity of
communities at individual body sites and to provide insights into functions performed by the human microbiome...

DACC Member Organizations

Related Sites



HMP Stage 2: from 2014-

correlations between changes in the microbiome and health

* Project 1: Pregnancy & Preterm Birth
* Project 2: Inflammatory Bowel Disease

* Project 3: Prediabetes



Microbiome Composition: Habitat dependent

Viruses Bacteria

D Bacteriophages . Actinobacteria

. Eukaryotic viruses D Bacteroidetes
- Cyanobacteria

Fungi . Firmicutes :

|:| Aspergillus . Fusobacteria ] &gﬂ:{;snwn
H \ dependent

. Candida . Proteobacteria Stomach . et

[] Cladrosporium
[ ] Malassezia

. Others

] Saccharomyces

Intestine
-

Marsland BJ, Gollwitzer ES. Nat Rev Immunol 2014; 14:827-35




Microbiome: Roles

« They do Nothing? or Something good or bad?

e Gut microbiome is involved In

— absorption of nutrients
— synthesis of vitamins
— metabolism of xenobiotics

— Immune modulation

« Site specific roles



Lung Microbiome

* What is there?
« What is the physiological role?

« Association with diseases? Then how?




Lung Microbiome: versus Gut

e Lower biomass
e Less diverse

* Risk of contamination from the upper airway during

sampling



Lung Microbiome: in healthy subjects
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Lung Microbiome: Possible Origin
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Lung Microbiome: Possible Origin
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Lung Microbiome: In healthy subjects

« Phylum level by abundance

4 N\
Phylum (&) Bacteroidetes Proteobacteria

\ /
[ Genus (=) | « Prevotella « Veillonella  Pseudomonas
 Bacteroides « Streptococcus « Haemophilus

« Staphylococcus « Moraxella

 Neisseria

Acinetobacter

Escherichia




I Microbiome: possible affecting factors

» Age

* Ethnicity

* Diet

« Smoking

« Mode of birth (delivery)

 Antibiotics and probiotics



Gut Microbiome: Changes & Diversity

Micorbial Diversity

Introduction of solid foods

Facultative anaerobes
Obligate anaerobes

Birth 1 Year Adulthood
Cesaerean section Reduced complexity
Delayed colonization Increased risk to develop
with Bacteroidetes obesity, inflammatory bowel disease,
Lower abundance of asthma, or atopic diseases before adulthood
Bifidobacteriae

McCoy KD, Koller Y, Clin Immunol 2015; 159:170-6



Microbiome: Stability over Time

« Serial Analysis of the Gut and Respiratory Microbiome in Cystic Fibrosis
in Infancy
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Lung Microbiome: 3 Major Determinants

Microbial immigration
Inhalation of bacteria, microaspiration, and
direct mucosal dispersion

Regional growth conditions
Nutrient availability

Oxygen tension

Temperature

pH

Concentration of inflammatory cells
Activation of inflammatory cells
Local microbial competition

Host epithelial cell interactions

Microbial elimination
Cough, mucociliary clearance, and
innate and adaptive host defences

Immigration and elimination e Regional growth conditions

Dickson RP et al., Lancet 2014; 384:691-702




Lung Microbiome: affected by local sites

Emphysema

=

Cystic fibrosis

Bacterial
infection

Normal Fewer, larger
alveoli alveoli

Decreased gas exchange surface
area results in decreased oxygen
level, which favours the growth of
anaerobic bacteria.

” | Areas rich in mucus provide a
competitive niche for P aeruginosa
(Proteobacteria).

Cystic fibrosis

Chronic bronchitis
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Inflammation results in decreased pH, which t
favours the outgrowth of acidophilic Firmicutes
such as Lactobacilli. Numbers of pH-sensitive
Bacteroidetes are decreased.

Inflammation leads to metabolic changes that
increase the bioavailability of alanine and lactate,
leading to growth of P aeruginosa (Proteobacteria).

Marsland BJ, Gollwitzer ES. Nat Rev Immunol 2014; 14:827-35




Gut Dysbiosis and Diseases

Gut Dysbiosis

Beneficial microbes
Symbionts

Pathogenic microbes,
Pathobionts

Inflammatory Bowel disease
Obesity
Autoimmune diseases

Mazmanian SK, Lee YK, J Bacteriol Virol 2014; 44:1-9



Lung Microbiome: dysbiosis and diseases

Bacterial dysbiosis

B Actinobacteria /b Asthmatic lung )\

. The microbiota of
[ Bacteroidetes patients with asthma is
B Firmicutes

characterized by an
0 Firmicutes (Staphylococci) p— outgrowth of the phylum
Proteobacteria and an
increase in the proportion
of Streptococci (Firmicutes).

[ Firmicutes (Streptococci)
Bl Others
B Proteobacteria

i

/

-
(a Healthy lung N c COPD lung The microbiota of

patients with COPD is
characterized by an
outgrowth of the phylum
Proteobacteria and an
increase in the proportion
of Streptococci and
Staphylococci (Firmicutes).

. A

/d Cystic fibrosis lung h

The microbiota of
patients with cystic
fibrosis is characterized
by an outgrowth of the
phyla Protecbacteria
and Actinobacteria.

Marsland BJ, Gollwitzer ES. Nat Rev Immunol 2014; 14:827-35




Microbiome may explain Hygiene Hypothesis

Environment

-« o
- N 4 Y

'Developing’ countries ‘Westernized' countries

Large family size Small family size

Rural homes, livestock Affluent, urban homes

Intestinal microflora-variable, transient Intestinal microflora-stable

Low antibictic use High antibiotic use

High helminth burden Low or absent helminth burden

Poor sanitation, high orofascal burden Good sanitation, low arofaecal burden

\ y | 4

Allergic disorders
(asthma, eczema and rhinitis)

Mon-allergic

Wills-Karp M et al., Nat Rev Immunol 2001; 1:69-75




Asthma Microbiome: BAL from Children

« broncho-alveolar lavage (BAL) in children with difficult asthma and controls

 Proteobacteria, particularly Haemophilus spp., were much more frequent.

BActinobactena
BAcginobacteria’Corynebacerium
BBaceroidetzsPrevoiela
BOther Bacteroidetes
\ [mFimicutes/Staphyiococcus
BFimicutes/Streptococcus
BFimicutes/Velionela
Inner ring: Controls WOther Fimicutes
MProteobacteria’d aemophius
BProtecbacteria/N eisseria
BOther Pmtechbactsria
BFuscbacena
B Other

Outer ring: Asthma

Hilty M et al., PLoS One 2010; 5:e8578



Asthma Microbiome: Sputum from adults

* Induced sputum from 10 adults with mild asthma (8/10, no ICS use)

and 10 controls

« Confirmation of greater prevalence of Proteobacteria

Proteobacteria
Fusobacteria
Firmicutes
Bacteroidetes
Actinobacteria
Unknown

=
2=
=
=
-

Asthma No Asthma

Marri PR et al., J Allergy Clin Immunol 2013; 131:346-52 e1-3
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Asthma Microbiome; association with AHR

 16S ribosomal RNA amplicon concentrations (a proxy for bacterial

burden) higher in asthma

* bacterial diversity were significantly higher among asthmatic patients.
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Huang YJ et al., J Allergy Clin Immunol 2011; 127:372-81 e1-3




Asthma Microbiome: association with phenotypes

« Sputum from 28 adult patients with treatment-resistant asthma

« relative abundance of M. catarrhalis, Haemophilus or Streptococcus correlated
with longer asthma duration, worse lung function and higher sputum neutrophil
counts and IL-8 concentrations.
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Asthma Microbiome

. association with oral steroid response

BAL from 39 asthmatics and 12 controls

No significant response in phylum level between CR and CS, while subset of patients with

CR have an increased prevalence of Haemophilus parainfluenzae
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. Allergic Airway Inflammation influenced by Microbial Colonization

* lack of microbial colonization (Germ Free, GF) leads to increased allergic airway

inflammation

« recolonization before allergen exposure is able to rescue the phenotype
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Mice Experiments
. microbial exposure in early life has effects on INKT cell function

« Germ-free mice, which have exaggerated allergic responses, maintain a

population of INKT cells in the lungs that perpetuate the allergic responses.

« INKT cell bias was only rectified if the mice were recolonized with a normal

microbiota within the first 10 days after birth

A Lung B SPF GF C
30,_ **
oo 048 |8 0.98 &
o £ 1ot 10* | o = 201
5 <
= - =
| - |03‘~". 430 - ©
a Mo I; 104
Q 102 a ' 7 zZ
y y o e 5 ol 2 and \;4 5 0"
Q Q 0 10 10 10 10 0 10 10 10 1(1
D & & ] TCR- - - g &
0.5 15+ 25
3 =, = |CZISPF e [ SPF -
£ 04 o® 2= |WGF ~20{Mm GF
0.03 £ S04 E .
£ 0.21 e * w 107 i
Forfog B0 wm T g2 5] |
hd OSPF ¥ 51
® GF e 5 : .
N a9 N a9 N a9 N a9 N q® N 40
<} (<} <} (<} <} (<}
) \é’ N \QO N \90 N \Qo ) \QO N \O.oe

Olszak T et al., Science 2012; 336:489-93




Mice Experiments
: Lung microbiota promotes tolerance to allergens in neonate via PD-L1

« development-related changes in lung bacterial load and community composition

were associated with decreased airway responses to aeroallergen exposure
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Mice Experiments
: Lung microbiota promotes tolerance to allergens in neonate via PD-L1

« tolerance was not associated with the existing presence of high numbers of

requlatory T (Treg) cells in the lung at birth

« Tolerance induction with the development of a different Treg cell subset that

seemed to require microbial presence during a critical early window after birth.

e
0.3 -8~ SPF —~ 3 7-@ SPF ® SPF -
9 S o GF © |eGF X —4 Nﬁ e GF j i Egrl%ep SF§F—PF
Qo2 = X2 — % | |I -@ Lung - GF
e g = \
£ 01 g ! J \/ T cells (gated on CD4* T cells)
pa 2 '. req Cells (gated on cells
O 0 O ol 1 r W\ .
3 8 18 3 8 18 CD4 —» 8 15 *
f Age (d) Age (d) £
+U 10 .
o« 25 | ®SPF i
2 20 I\ @GF o -
x [ O 5- L
T 15 [ £
= 1.0 \ G,;
3 05 I's! 2 0 T T
g, \_ 3 8 18
3 8 18 PD-L{ ————————p Age (d)

Gollwitzer ES et al., Nat Med 2014; 20:642-7




Lung Microbiome: Immune Modulating Effects

a Direct microbial effects
Airways sterile before birth Colonization with microbiota after birth

a
ithelial cell

Marsland BJ, Gollwitzer ES. Nat Rev Immunol 2014; 14:827-35




Gut Microbiome offers clues to Asthma




Asthma: decreased gut microbiome diversity

« children with asthma (at 7 years of age) have a lower intestinal bacterial

diversity in the first month after birth
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Very-Early-Life Exposures
Influence Asthma and Allergy Development

* Intestinal microbial diversity during early-life colonization shapes long-

term IgE levels
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Mice Experiments
: Early life antibiotic-driven changes in microbiota affects asthma

« Vancomycin in neonates, not in adults, affected asthma susceptibility

« reduced microbial diversity, shifted the composition of the bacterial population
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Diet affects Asthma by changing Gut Microbiome

« Mice with high fiber diet were protected against allergic lung inflammation with

gut microbiota change and increased circulating levels of SCFAs
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Gut Microbiome; Link between diet and asthma?

b Indirect microbial effects
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Microbiome and Asthma: Complex Interactions

Environment

+ Smoking

« Animal exposures
- Antibiotic use

« Birth mode

- Diet

Co-morbidities

« Sinus disease

+ Obesity

- Gastroesophageal reflux
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