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The Gut Microbiome —
A Hidden Organ




A New View of the Tree of Life
Hug et al (2016)

Nature Microbiology
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The Human Microbiome

1,000,000+
microbial genes

23,000
human genes

Microbiota

Microbiome




Technological advances = Evolution of microbiome understanding




The Human Microbiome

« >1000 different bacterial species
« Viruses, archaea, fungi

» Bacteria weight ~200g

* Huge proportion unknown

 Each individual microbiome as unique as fingerprint




Microbes differ in different body sites
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The gut microbiota differs throughout the intestinal tract
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Small intestine
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What is a ‘'normal’ microbiota?

PC2 (6.6%) from UniFrac distance
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Yatsunenko (2012)
Nature
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Maturation of the early-
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What influences the gut microbiome?
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The first 1000 days

From conceptionto 2 years of age
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Pregnancy Breastfeeding




Day 0 - 270:
Pregnancy



Is the fetus sterile?

A STERILE WOMB PARADIGM B IN UTERO COLONIZATION HYPOTHESIS
Fetus and placenta are sterile. The placenta harbors its microbiome.
The gut microbiome is acquired after birth. Colonization of the gut begins in utero.

VAGINAL OR CESAREAN
DELIVERY

VAGINAL DELIVERY

l

Perez-Munoz (2017)
Microbiome



Microbiomes|
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1st Trimester 2nd Trimester 3" Trimester
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Vaginal microbiome and preterm birth

Preterm birth

a Term birth

Lactobacillus crispatus
Lactobacillus iners
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Il No type

Fettweiss et al (2019)
Nat Micro



Day 27/0:
Birth







Long-term associations with C-section birth

Asthma up to 12 years HH
Adulthood asthma from 15 years - I L i
Wheeze up to 5 years @
Wheeze 6-15 years - [
Allergy/atopy ——
Overweight at 3-13 years - 8
Obesity up to 5 years —
Obesity at 6-15 years - —a—
Adulthood obesity at 20-28 years HBH
Inflammatory bowel disease up to 35 years - o
0 ! 2 3 4 > Keag et al (2018)

Odds Ratio with 95% Confidence Intervals

Plos Medicine



Vaginal Seeding

Sterlle contalner
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Vaginal Seeding
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Fecal transplant — C-section

Bifidobacteriales
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Day 270 - 450
First 6 months



Gut Microbiome in the First 1000 Days
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4 days

4 month

12 month

Vaginally born/Breast feed

.

Vaginally born/Bottle feed
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Probiotics in preterm birth can reduce risk of sepsis,
NEC, death

Preterm
infant cohort
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> o
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Alcon-Giner et al (2020)
Cell Rep Med



Breastmilk seeds and feeds the infant gut microbiota

\1’ Source of bacteria by age

Breast milk, >75% breastfed
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Pannaraj et al (2017)

Infant Age, d JAMA Paediatrics



Day 450 - 1000
Up to 2 years



Gut Microbiome in the First 1000 Days

Relative abundance (%)
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Influences on gut microbiome composition throughout childhood

a Month
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Complementary foods affect gut microbiome maturation during weaning

6 months
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The weaning microbiome drives immune maturity

Immune reactivity

I 0-6 months

Breastfeeding

- e - - — - - - -

| 6 months - 2 years 1 2-18 years 1 >18 years 1 g
I 1 1 | Bl
Weaning Childhood Adulthood
m

Immune
cells

{ Microbial
‘metabolites

4 (e.g. SCFA)

Adapted from Al Nabhani et al. Immunity (2019)



Gut Microbiome in the First 1000 Days
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Our microbiomes are shaped by our environments




Industrialization changes the microbes that colonize humans

Sonnenburg et al (2019)
Science



Domestication of wild animals mirrors human industrialization
of gut microbiome

Domesticated -
Wild 4

Human (US) |
Human (US; Jha) |
Human (Tharu)
Human (Raute) .
Human (Raji) -
Human (Chepang) -
Human (Hadza) -
Chimpanzee (Zoo) -

Chimpanzee |

-0.3 0.0 0.3 0.6

NMDS1 distance to group mean

Dissimilarity from human (US)

0.975 1

0.950 1

0.925 1

0.900 1

A Al &

Domesticated

Wild

Reese et al (2021)
elLife






Antibiotics disturb maturation of the early-life gut microbiome




Antibiotics associated with asthma and allergies

-@- Antibiotic prescription rate
-@- Asthma incidence rate
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Non-antibiotic drugs have large impact on gut microbiome

o

Number of drugs with anticommensal activity

400 -+

300 +

n

o

o
1

100 +

o

All compounds

Human-targeted drugs

Antibacterial drugs

o

T T T l
10 20 30 40

Number of sampled strains

Maier et al (2018)
Nature



Low fiber diets reduce microbiome diversity across generations
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4 Gut microbiome & modern
chronic diseases



What is a ‘healthy’ microbiome?

‘Healthy’ human microbiome

* Diversity the only consistent marker
of 'healthy’ gut microbiome

* Gut microbiome ‘enterotypes’
associated with BMI|/metabolic
health in Western cohorts

« Bacteroides -> high BMI
* Ruminococcaceae -> normal BMI

« Gut microbiome function
(genes/metabolites) better indicator
of health outcomes

Firmicutes
Actinobacteria
Bacteroidetes
Proteobacteria
Fusobactera
Tenericutes
Spirochaetes
Cyanobacteria
Verrucomicrobia
T™7

Central carbohydrate metabolism

Cofactor and vitamin biosynthesis
Ofigosaccharide and polyol transport system
Purine metabolism

ATP synthesis

Phosphate and amino acid transport system
Aminoacyl tRNA

Pyrimidine metabolism

Ribosome

Aromatic amino acid metabolism



Brain
1 Satiety

Liver
T Short-chain fatty acids
T Inflammation

Adipose tissue
T Triglyceride incorporation
T Inflammation

Muscle
1 Fatty-acid oxidation

Epithelium

T Permeability of the
epithelium

4 PYY/GLP-1 from L-cells




Increased adiposity

L. Microbiota  Recipient mice
Obese twin  trapsplant :

Lean twin

Ridaura et al. (2013) Science
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Microbiomes are personalized
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%% : : | responses Meal response predictor
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Personalized probiotics, diets, treatments




Microbiome-targeted treatments

Population Outcome

ALL
BW [kg]
BMI [kg/m?]
BFM [kg]
WC [cm]

NW
BW [kg]
BMI [ka/m?]
BFM [kg]

ow
BW [kg]
BMI [kg/m?]
BFM [kg]
WC [cm)

OB
BW [kg]
BMI [kg/m?]
BFM [kg)
WC [cm)

Studies Subjects

58 3422
68 4015
27 1562
26 1583
7 280
16 712
3 103
25 1644
32 2196
1" 784
13 m
20 1084
16 857
14 696
12 772

-
-
—
——

Estimate (95% Cl)

-0.39 (-0.57, -0.21)
<0.33 (-0.53, -0.12)
062 (-0.91,-0.34)
-1.01 (-1.55, -0.48)

0.17 (-0.38,0.72)
0.08 (-0.10, 0.25)

|i7l

-1.11 (-3.41, 1.20)

-0.94 (-1.17, -0.70)
055 (-0.86, -0.23)
0.96 (-1.21,-0.71)
-1.31(-1.79, -0.83)

<0.33 (-0.85, 0.18)
0.03(-0.13,0.19)
0.38 (-0.09, 0.85)
0.77 (-2.05, 0.52)

I 1 ||

-3 -2 -1 0

In favour of problotics

T T
1 2

In favour of control
Difference in mean change from baseline

Probiotics and weight loss

* High heterogeneity

* 0.94kg over 8-12 weeks

Koutnikova (2019)
BMJ Open



Fecal microbiome transplants (FMT) successfully treat recurrent
Clostridium Difficile infection
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Fecal microbiota transplant overcomes resistance to anti—PD-1
therapy in melanoma patients

19-0009 Weeks

3 +100 A
< 19-0001
= +80- 19-0023 19-0007
i 19-0006 - 19-0026
('3 +60 /
o 18-0034
w +40 18-0033
ol 20 +20% Change

+ e bl ALY ARy L ) ié‘_b’dib llllllllllllllllllllllllllllllllllllllllllllllll
® g 19-0002
5 il ———————————18-0018
§ —20 i 76 TR . T D ARG . RN Ut I SOt U TR
g —40- 19-0024 -30% Change
(=]
: —60 v \
(V]
e -80- 18-0007
p
o -100- 18-0032

r T T T T T T T T T >
0 3 6 9 12 15 18 21 24 27
Months Post FMT
Davar (2021)

Science



T

4%
0







