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Prokaryotes and Eukaryotes
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v Genetic material is not membrane bound: low
. . . A Cell wall
number of genes, high incidence of foreign gene uptake. resmamemene

v Muultispecies communities required for survival.
v Complete
UCURAEY  Gut Microbial communities in the host
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(part of cytoskeleton)
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PRIMARY FUNCTIONS OF THE GUT MICROBIOTA

e Metabolic functions: fermentation of
nondigestible dietary residue and endogenous
mucus: salvage of energy as SCFA, production of
vitamin K, absorption of ions.

e Defensive functions: protection against
pathogens (the barrier effect).

e Trophic functions: control of epithelial cell
proliferation and differentiation; development
and homeostasis of the immune system.

Guarner & Malagelada, Lancet 2003



The Gut Microbiota as a
Metabolic Organ

Proximal colon
High concentration

Distal colon

f substrat Low substrate availability
of substrates Proteolysis
Saccharolysis Neutral pH

Acid pH (5—85)

Slow bacterial growth
Rapid bacterial growth

Guarner & Malagelada, Lancet 2003



Induction of the Immune System
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Gut- Assoaated Lymph0|d T|ssue structures are strategically S|tuated
in relation to the greatest concentration of microbiota
* Peyer’s patches:
distal ileum (nos. 100-250)
* |solated lymphoid follicles (ILFs):
large bowel (nos. ~ 30 000)

Brandtzaeg, Immunological Investigations 2010



Decision making in the adaptive (acquired) immune system
is instructed by the microbial impact on APCs and T cells

Thl, Thl7

TNF-a, IFN-y IL-17

Foreign antigen  Naive T-cell
(AQ) activation

&

;Fc/:m\@s\

MHC Il TCR

IL-10
FoXp3+ | TGF-b

Th2

IL-4, IL-5, IL-13

recognition receptors
(PRRs): TLRs & NLRs
(NOD+LRR)

By Per Brandtzaeg in Guarner et al, Nature Clin Practice 2006



THE ‘OLD FRIENDS’ HYPOTHESIS

f' Old Friends Ij

CARD15 © TLR2 etc CARD15 "TLR2 etc

"i-— N N & -
& Immature DC 'R

=

& Regulatory D* -
Self,
I Old Friends I Gut contents,
: allergens
@ OO
IL-10 “1L-10
TGF-p lj [I TGF-p
Bystander Specific
suppression suppression

By Graham Rook in Guarner et al, Nature Clin Practice 2006



GUT MICROBIOTA, BRAIN DEVELOPMENT
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MICROBIOTA DYSFUNCTION AND DISEASE

e infectious diarrhea, antibiotic-associated diarrhea

e septic complications: multisystem organ failure,
diverticulitis, appendicitis

e functional disorders: constipation, bloating,
irritable bowel syndrome

e obesity, type 2 diabetes, metabolic syndrome

e atopy, inflammatory bowel diseases, certain
autoimmune disorders (?)

e colon cancer

e anxiety, autism (?)



Profiling Complex Microbial Communities
ASR.
it

.

Microbial community

¥ ¥

Which microbes What are the What is the
are there? microbes doing? genetic potential?
¥ ¥ ¥ Y Y
Nucleic acids RNA Proteins Metabolites DNA

SSU rRNA Metatrans- Meta- Meta- Meta-

approaches criptomics proteomics bonomics genomics

Zoetendal et al, Gut 2008



IHMC Members
www.human-microbiome.org




Metagenomics of the Human
Intestinal Tract
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http://www.metahit.eu/

Metagenome: collection of genes present in
an ecosystem, consisting of the genomes of

many individual organismes.
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>GL0254239 [mRNA] locus=52:2:319:- [translate_table: standard]

SKPYRDAMENKYQWCVVSVPGVKWARKVFPGLSDDEAVERLWQATLECSR

ATDKPIETUNAHDE NLLRRCNWLNSLDLRRLNYRSESTGTDFTVGLLPEC

. QFNGGA

Pl‘Oﬁllllg >GLO276157 [mRNA] locus=$54:3:650:- [translate_table: standard]
MANNELSLS$SLGI0LPYNMOAEQ SVLGAALMDE TILKRLITENDPDUFYS

EQNRAVYEEMRRLFSESEAVDVITLVDSLAQNGVFEGADDAKYY ITRIAE

TVPAISKVDSYIKIVKEKYQTRR LIEAARDILQQSSEESDSDLLLESAEQ

KLYD IRNGQDRSGVKTIOESILE VIDTHOKLSGADRDKFAGI PTGFNYLD

NILTGLGRSDLIILAA

>GLO276158 [mRNA] locus=54:705:938:- [translate_table: standard]

[ ] [ ] [ ]
GOIVSVEVEGGASGKLHGEVTAKEVAEQLYKLTGTEIDEFKIEMPASIKE
FGSYDAKVRLHVGV VAAFEVEVEEAPL
>GLO443170 [mRNA] locus=55:3:266:- [translate_table: standard]

MAENYINYYIERGT TTMEVILEQDVESIGKFDE IHEVSDGYARNFLFPRG
LAAVADADAVNTAR TESEARAHHEAE AFKAAAEE LAAKT







The Human Gut Metagenome

Average gene set per individual 590,384
Common (>50% of individuals) 294,110
Rare (<20% of individuals) 2,375,655

Qin et al, Nature 2010




Most abundant genera in the
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human gut microbiota
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Enterotypes

33 ind (sanger)

85 ind (solexa)
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Cateniba Efg rium  Alkaliphilus

Akkerm Ie;ns.l' 8

Geobacter

L S
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[} === Peptostrepto
X coccaceas

Holdemania

, Clostridiales
1" Lactobagcillus F
Desulfovibrio |\

Rhodospirilium

.. Slackia m
= “Escherichia/Shigella

Methanobrevibacter

(O main contributors
() 9genera co-occuring with main contributors

Gordonibacter

Shf@

DﬂCfEnum Akkermansia

_ Rumindcoccus
Rumino

toccacea Staphylococcus

Marvinbryantia
P 'J - [
Symbiobacterium -/

_\ positive correlation (> 0.4)
. negative correlation ( < -0.4)

% s

ITAD.S

ﬁ IBD PC2

154 in

(165, 454)

Particular constellations of bacterial species-in-individuals

Arumugam et al, Nature 2011
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Modern lifestyle linked with alterations of gut microbial colonization

Modern life style

Traditional life style

Birth in the hospital; increasing rate of
caesarean delivery

Vaginal delivery at home

Small family size

Large family size, crowding

Life on concrete

Life in contact with soil microorganisms

Sanitation of living spaces: environment
colonized by resistant micro-organisms
(including resistant bacteria, fungii, acari)

Ancestral colonization of the living
environment

Antibiotic usage early in life

No antibiotics in infant life

Daily body wash with hot water and soap

Limited access to hot water and soap

Low rate of H. pylori colonization

High rate of H. pylori colonization

Decline in endemic parasitism

Common carriage of parasitic worms

Food conserved by refrigeration

Food conserved by microbial
fermentation

Consumption of processed foods

Consumption of natural foods

Manichanh et al, Nature Reviews Gastroenterology 2012



Increasing Incidence and Prevalence of UC
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Molodecky et al, Gastroenterology 2012



Perpetuation of intestinal inflammation in IBD

Acute Inflammation

a
©e © ..
© ©
©
TNF or IL-6
b ~ r ~
TNF or IL-6 IL-10 or TGF-f

%

Apoptosis

© 71.1.T1.20r7,17 cells

© Tieocells

Manichanh et al, Nature Reviews Gastroenterology 2012

Chronic Inflammation

TNF or IL-6

~.

TNF, IL-6 or IL-17

No apoptosis

do

do

IL-10 or TGF$




& Veta UC studies in MetaHIT

HIT

Sustained Remission

analysis of faecal microbiota
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Homozygous carriage of risk SNPs for UC

*
*
:
I ™ relatives
™ expected
b - _

RNF186 CARD9 IL26IFG  rcll23 IL26IFG2 PUS10
SNPs
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14 -
12 -
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Robles et al, HUVH



Enterotypes
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Healthy relatives UC patients
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ing remission

Low Gene-count in UC dur
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Akkermansia muciniphila in UC

Akt Akk-

UC remission 39 67
Healthy relatives™** 21 6
Control** 37 8

gPCR with specific primer for 165rRNA region.

** Two sided p value <0.001 vs. UC remission (Fisher’s exact test).

Manichanh, Varela et al, HUVH

i



\_Meta
. HIT

Akkermansia muciniphila in UC
Multivariate analysis

_ [Akk+ Akk- [Pualue
N 39 67

Male/Female
Median age
Extended colitis

Relapses per year

Time on remission (mo)

16 / 23 31/36
44 [35.0-51.0] 38[31.0-46.0]
29.3 % 70.7 % 0.03
0.5[0.2-0.9] 1.0 [0.5-1.0] 0.01

34.5[3.0-94.2] 3.0[3.0-30.5] 0.01

i
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Antiinflammatory effects of Akkermansia muciniphila

Intestinal DC cells

TNFalpha
800-
Inflamed colon explants
TNFalpha 600-
500- = T
q\g) 400
400-
200-
£ 300-
2 0
2001 Control Akk LPS
100- IL-1beta
800-
0
Control Akk 600- -
E 400
D
200
0
Control Akk LPS

Antolin, Llopis et al, HUVH



Progressive loss of vertically transmitted
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Blaser & Falkow, Nature Rev Microbiol 2009



Conclusions

There is a permanent distortion of the gut microbial
ecosystem in UC patients, even during remission
periods, characterized by reduction in microbial
gene counts.

Low gene counts in the gut microbiome is
associated with a severe clinical course.

A small number of Meta-Genomic species are
diagnostic for UC.

Species with potential anti-inflammatory activity,
like A. muciniphila are missing in patients with
severe clinical course.
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