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Das menschliche
Mikrobiom

Mehr, als wir erwartet haben

Tom Fox
08.10.2021
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Das System kontrolliert sich selbst

Bakterien
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& (Parasiten) %,
(Archaea)

Kontrolle
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Fragen:

* Ist mein Lebensstil gesund?

* Was muss ich tun, um ein optimales Mikrobiom zu erhalten?

* Wenn mein Mikrobiom nicht ,,ok” ist, was tun? Gibt es Protokolle?

* Kann ich mit einer Mikrobiomveranderung Krankheiten beeinflussen?
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Was erwartet uns?
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Folgen / Konsequenzen eines

gestorten Mikrobioms
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Bewegung

Konsequenzen
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Mehr Fortschritt -
weniger Diversitat

Gupta 2017

\

Microbial Diversity : High
Enriched Taxa: Prevorella, Succinovibrio,
Treponema, Ruminococcus, Bacteroides
[Clostridiaceae, Rickenellaceae, Bacteroidetes,
Firmicutes, Proteobacteria & Spirochaetes]
Depleted Taxa: Low abundance of Prevorella
compared to ancient population

ﬁ Traditional farming or fishing populaﬁoh

g

/ A Remote hunter gatherer populaﬂon

Microbial Diversity: Very High
Enriched Taxa: Prevorella, Succinovibrio,
Treponema, Cyanobacteria, Tenericutes,
Clostridium, Catenibacterium, Eubacterium,
Lachnospira, Salmonella [Enterococcaceae,
Firmicutes, Proteobacteria, Spirochaetes,

Clostridiaceae & Euryarchaeota/

erletedTaxa Lachnospiraceae, Bacteroadalcsj

Microbial Diversity

f C Western (US/European) urban \

industrialized population

Microbial Diversity : Low
Enriched Taxa: Bacreroides, Bifidobacterium,
Ruminococcus, Blautia, Dorea [Actinobacteria,

Firmicutes, Rickenellaceae]

Depleted Taxa: Prevotella, Xvianibacter &
\ Treponema
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Und warum? Beispiele ...

* sauberes Trinkwasser

* haufigere Kaiserschnittgeburten

* haufiger vorzeitiger Einsatz von Antibiotika
* Rickgang des ,Stillens”

* kleinere Familien

* Hygieneverhalten

e zu saubere Nahrung

* Toxine, Schwermetalle, Nanopartikel

* hochkalorische, faserstoffarme Nahrung

Blaser 2009
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Mikrobiom: die klassische Sichtweise

* Fermentieren von Faserstoffen
* Produktion von Vitaminen
e mechanische Barriere

* Produktion an kurzkettigen Fettsauren




Adipose tissue
Skeletal muscle

Wie gesagt -

ein wenig
mehr ...

Behavior

Fat liver _
met
hepatic steatosis & |

motor activity

Liver

ipid
composition

Burcelin 2015 ~
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.. und es beginnt
frih zu arbeiten

Durack 2018
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Environmental exposures
such as diet, mode of
delivery, antimicrobials,
ETS and animal exposure
influence gut microbiota
development in early life

Vv

Allergy/asthma malnutrition

Bacterial diversity

Low T T T I T 1

Infant age (mo)
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Folgen / Konsequenzen eines

gestorten Mikrobioms




Wichtig
far
unser

lmmun-
system

Guarner 2006

Up-regulation of inflammatory
iImmune responses:

Plasma cell

Pathogen TNF-a, IL-8, etc.

Up-regulation of
Harmless regulatory immune responses:
commensal TGF-B, IL-10, etc.

Macrophage

I‘ .""-'!0

Phenotypic changes in LPL
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Falsche Flora = Stoffwechselprobleme Nalicea.
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Mikrobiom und
NAFLD

Energy 4
® Lipogenesis and
Secretion A gluconeogenesis

L3} .
Inflammation
- and fibrosis @ Lipid oxidation ¥ ./
« ’ Triglyceride storagep @
g .J ® Ethanol

® Triglycerides 4 LPS _
‘3 Bacterial DNA

“, Peptidoglycans
1 Choline

2 FIAF
1. SCFAs

Hu 2020
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;- Host genetic factors Environmental factors
Diet Maternal exposure
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Hormones
Infection

Environmental factors Smoking
arthritis

dysbiosis

4 N\
Gut microbiota

Prevotella copri »
L. salivarius
\Collinsella Y

Production of
autoantibody
(ACPA, RF)

Periodontal bacteria
P. gingivalis

«—Healthy— <«—pre-clinical stages— { <—Rheumatoid arthritis

Maeda 2019 Genetic backgrounds
HILLA-DRB1 *PTPN?22 etc.
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Parabacteroides merdae
Clostridium scindens
Erysipelatoclostridium ramosum
Blautia hydrogenotrophica
Eisenbergiella tayi
Eisenbergiella massiliensis
Hungatella hathewayi
Intestinimonas butyriciproducens
Alistipes onderdonkii
Blautia massiliensis
Butyricicoccus desmolans
Flavonifractor plautii
Ruthenibacterium lactatiformans

Faecalibacterium prausnitzii
Blautia faecis
Haemophilus parainfluenzae
Prevotella copri
Bacteroides uniformis

Fibromyalgia

Control
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Microbiome influence on blood-brain barrier integrity
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Krobiom
luss auf

Hormo
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Botenstoffe

Sarkar 2020

Glucocorticoids

Cortisol

Sex steroids

Progesterone

Neuropeptides

OH

NH, NH;

Vasopressin

Monoamines

NH>

N

H

Serotonin

HOD/\/~H2
HO

Dopamine
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Und auf die Gehirnaktivitat Pl o,

Subregional volume Oxytocin expression Myelination Subregional volume
Serotonergic expression miRNA expression Cell morphology
Cell morphology miRNA expression
Neurogenesis

BDNF expression

Sarkar 2020



Sogar ,Belohnung”

ist abhangig
vom Mikrobiom

Garcia 2020

Pancreas Adipose
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Insulin Leptln

Systemic
Circulation
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Neuroinflammation

Mikrobiom und
Neuroinflammation

Kelly 2015




Mikrobiom, Leaky gut
und Morbus Parkinson

Kaur 2021

BRAIN AFFECTED WITH PD

TNEUROINFLAMMATION (MICROGLIA,TNF,IL-1)
TDOPAMINERGIC NEURONAL DEATH
Ta-SYNUCLEIN

NEUROTRANSMITTERS,
HORMONES,PATHOGENIC
PROTEINS, NEUROTOXINES

VAGAL NERVE
CIRCULATORY SYSTEM

- g? ENTERIC
.9

a-SYNUCLEIN

TPD SYMPTOM SEVERITY

CIRCULATING CYTOKINES
(TNF-at,IL-1B1,IL-61)

SYSTEMIC
INFLAMMATION

IMMUNE DYSREGULATION
AND INFLAMMATION

AGGREGATES
TGUT PERMEABILITY

- I

GUT MICROBIAL DY SBIOSIS




\ Anxiety /

PR

)

: | impaired Social
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Genus Change in Behavioural Study References
abundance trait/psychiatric ~ subject
condition
Akkermansia ! Autism Children [52]
(1] Autism Children [53]
! Stress Mice [54,55]
1} Sociability Adults This study
Corynebacterium [1] Autism Children [56]
! Stress Rats [83]
! Neurotic Adults This study
tendencies
Desulfovibrio ) Autism Children [60,80]
¥ Sociability Adults This study
Lactococcus ! Autism Children [53,60]
1 Sociability Adults This study
Oscillospira ! Autism Children [53]
1 Sociability Mice [94]
} Stress Mice [55,94,95]
] Sociability Adults This study
Streptococcus ! Autism Children [53,60]
(1] Depression Adults [82]
| Neurotic Adults This study
tendencies
Sutterella 1 Autism Children [52,65,96,97]
[}] Autism Children [75]
i} Stress Mice [55]
¥ Sociability Adults This study



* Impaired social interaction and Inflammation 1
communication

* restricted patterns of interest and
repetitive behaviours

T Pro-inflammatory

cytokines
(IL-6, IL-10, TNFa)

Proteobacteria :
sl 2 DYSBIOSIS
Firmicutes

Actinobacteria Altered gut microbiome

Toxic metabolite T
production

1 Phenols, p-cresol,
indole derivatives

Lee 2019
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Microbial regulation of Motabolism
‘ - Glucose metabolism
. : metabolism - Insulin sensitivity
Microbiota . - Fat storage (Adiposity)
- Short chain fatty acids - Feeding and satiety

- Secondary bile acids
- Structural components

Hormones
- GLP-1

- PYY

- GIP

- 5-HT

- CCK

Martin 2019




/High nutrient-to-calorie\
ratio

* Complex carbohydrates
* High fibre

T Fibre degradation
T Gut microbiome
diversity

e

N
CT Mucus thickness )—[

(I ntact gut barrier

ENERGETICA

Healthy Food addiction (e —
| and/or obesity ratio

T Abundance of : ‘ ¢GUt microbiome diversity
e @ﬁém@k FORTsm | e
j & N microorganisms

* Refined carbohydrates,
sugar

* High fat

* Low fibre

| Fibre degradation

™

<L E N
* &m j—(i Mucus thickness

N NN

iR

* Homeostatic control of ingestive
behaviour
* Normal satiety mechanisms

Gupta 2020

%\/ |

* Metabolic endotoxaemia

* Neuroinflammation

* Compromised satiety mechanisms

* Imbalance between homeostatic and hedonic
food intake regulation

_/
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Plant Protein

Animal Protein

Singh 2017

e vs. tierische Proteine

TGut Barrier
TTregs
lInflammation

TBifidofacterium
N TLactobacillus

lBacteroides > TSCFA's
L Clostridium perfringens

TBacteroides

tAlistipes TTMAO
TBilophila e 4
TRuminococcus JSCFA's

IBifidobacterium
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Trimethylamin: Problem tierische Einweise 7Ze=.

GUT MICROBIOTA

Peptostreptococcaceae

Clostridiaceae  (Emergencia timonenses) RCT |

L-CARNITINE @ Bile acid syntheis |,
<

ATHEROSCLEROSIS

Ballantyne 2019



WO

Mogliche Folge: ¥ commers (P g
Leaky Gut 1

Toxins

Tight Junctions

Mucosal
Membrane
Cells

Blood
Stream

Nutrient Food Blood-Brain Systematic

Autoimmunity

Malabsorption Intolerance Barrier Breech Inflammation
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systemische
EntzUndu

Metabolic endotoxemia \ ;;j\}
Weitere Folge ' ; jo - g

Immune system
overt activation

Gut barrier
impairment

f -

High-fat

- Bacterial | |

. GUt_ translocation U Oh SR
Burcelin 2015 Microbiota to blood flow Bl T
dysbiosis and tissues R e 4 ¢
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Bewegung




Sohail 2019

It/_‘)-} ‘ HPA active
4 £ X Stress
L m

=Inflamation

2%
Brain "
=Macrophages infiltration
=Ghrelin
Neuropeptide
Adipose tissue Y\ +PYY
' +GLP-1

" +Bacterialdiversity *SCFAs +Bacteriods
+ Species richness ~Firmicant§)
%Yo, ] g % 0\;:6::! epithelium

=NF-xB, TLR-4 and TLR-2
-Oxidative stress -

\._,/) =Inflammation

Pancreas

.....

+Gut motility
+Permeability

+Adipokines
+Myokines
+SCFAs

‘Hnsuline senistivity

+Lipogensis

4 N

=Inflamation
+Angiogensis
+Cell Atrophy
+Energy Cycle
+Mitochondria
+*Insuline senistivity

Liver

Muscle
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Bewegung oder Bewegungsmangel e

Przewlocka 2020
—

Moderate activity and healthy diet 4 antoxidant
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Stress




Bacteria and bacterial toxins

Leaky Gut 2: S

Stress i . b
Epithelial cells :
- < J
Lamina propria ’ Adrenalin
@

Punder 2015 Immune cells ’




Nanopartikel und
Mikrobiom

Ghebretatios 2021

Nanoparticle
interaction Microbe

Enterocyte

/V

Human consumption of
food containing
nanoparticle

Altered microbial composition

Tight junction disruption
increased proinflammatory cytokines
-’fj“ , o).
ey SP e

Reduced mucus

Shortened villi uw V‘ ‘

Industrial use of nanoparticles:

*Food colorants Mé E -

*Anticaking agents % i — T
*Antimicrobial packaging
*Pharmaceutical drugs
*MRI contrast agents

*Surface coating
*Fertilizers
*Solar panels =

Inflammatory response
Microbial dysbiosis

Destruction of epithelial layer
Increased epithelial permeability

Bacterial invasion ”

Colorectal cancer
Inflammatory bowel disease
Irritable bowel disease

o (_’ /

Colon tumorigene



Glyphosat und
Mikrobiom

Argou-Cardozo 2018

INTESTINAL TRACT

Lactobacillis

Bifidobacterium adolescentis

Bacillus badis
Enterococcuis faecalis

Enterococcuis f("lt’("IHIN

ENERGETICA
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GLYPHOSATE O
H
\/ N
OH
Harmful HO
Bacteria Glyphosate or N-(phosphonomethyvl)glvcine
Species
T e N
/ POSTULATION \
: Environmental glyphosate |
levels may deleteriously I
il I influence the gut-brain axis by |
Increased v, crrigia | boosting the growth of |
growth  Salmonella | Clostridium bacteria in autistic |
U | toddlers |
\
D e U — - /
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Konsequenzen




-aserstoffe und
fermentierte
ebensmittel

Wastyk 2021

High fiber diet

’H"HF

=

Increased microbiome function
(CAZymes, SCFAS)

High fermented food diet

A

T

o

0
g
()

> U

—_.-:”\/\‘”.
l / 3
a’ ,
5
Personalized % g
immune S
responses = © l
Baseline microbiota
diversity
Increased microbio M ’
diversity ! %
‘\-"\.fv
= §

Decreased inflammatory
signals and activity

)N




Mediterranean v Western diet
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Tuohy 2014

. GUT MICROBIOTA PYRAMID



Nagpal 2019

Minimally processed plant-based foods
(e.g. fruits, vegetables, salads, dried fruits)

1 Mono- and poly-unsaturated fatty acids
(e.g. olive oil, fish)

1 Fiber intake (complex, insoluble and
‘microbiota-accessible’ carbohydrates)

1 Phytochemical and vitamin intake

J Processed food (e.g. red meat);

J Saturated fatty-acids;

J,Calorie intake;

JAmino acid intake (e.g. choline, L-carnitine)

Mediterranean

diet >

ENERGETICA
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4
J Oxidative stress

JInflammation

M mmune function

Mnsulin sensitivity

J Metabolic syndrome

J Obesity and type-2 diabetes
J Low density lipoproteins;

J Cardiovascular diseases

J Bowel diseases

J,Colorectal cancers

J Neurodegenerative disorders

S/

}

MMicrobiome diversity

1 Bacteroidetes, Lactobacilli,

Bifidobacteria, Faecalibacterium,

Oscillospira, Roseburia, Ruminococci,
Clostridium cluster XIVa;

J Firmicutes, Proteobacteria

Gut Microbiome

L

A

F

M Microbiota-derived metabolites
(acetate, propionate, butyrate)

1 Gut Homeostasis

J, Gut dysbiosis
J,Opportunistic pathobionts
{ Gut leakiness

\




Gesunde Pf

danzen

sind gesunc

Hirt 2020

CONVENTIONAL
AGRICULTURE

¢ Herbicides

e Fertilizers

» Pesticides

FRAGILE
plant microbiome

POOR
soil microbiome

\
Conventional food \ Healthy food
* Rich in meat ) e Low meat
*Low in s * Rich in organic
- fresh fruit 4 - salads
- salads { ~ fruits
- raw vegetables " - raw vegetables
¢ Pesticide residues » Pesticide-free
¢ Microbiome-poor J ;ﬂ * Microbiome-rich

FRAGILE
gut microbiome

‘ HEALTHY
gut microbiome

I | h |
L ". AGRICULTURE
A\ I * Biofertilizers
e Biostimulants
" (y | * Biocontrol microbes

HEALTHY
plant microbiome

RICH
soil microbiome

T |




Sekundare C
Pflanzenstoffe c

OH

E

O
o P OH
0 i‘\OH OH

HO "

Singh 2019 wo ~ OH
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Some of the major " . .‘@ﬁ

dietary sources of 1-»* .. ﬁ I
polyphenols: “r e ‘Q St
d Fruits Coffee & Tea Cereals Dark chocolate Vegetables Wine  Cocoa powder
Dietary POLYPHENOLS
Interfere with Sensitize Generate H202 Modulate Impact on gut Present anti-
bacterial quorum bacteria to Alter membrane microbiota metabolism inflammatory
sensing xenobiotics permeability composition and immunity properties
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Mediterranean sofrito home-cooking technique enhances
polyphenol content in tomato sauce

José Fernando Rinaldi de Alvarenga, Paola Quifer-Rada, Victoria Westrin, Sara Hurtado-Barroso, Xavier
Torrado-Prat, Rosa M Lamuela-Raventds ¥,

Abstract

Background

Soffrito, a basic culinary technique widely used in the Mediterranean, may preserve dietary polyphenols and enhance their intake
in the Mediterranean population. The aim of this study was to investigate if the sofrito technique improves the polyphenol
extractability in a tomato-based sofrito sauce.

Results

A full factorial design was applied using mathematical models. The content of chlorogenic acid, ferulic acid hexoside and
naringenin was higher in the sofrito sauce than in raw tomato. The bioaccessibility of some tomato polyphenols was enhanced by
the presence of olive oil and they were protected from oxidation during the cooking process by the use of onion.

Conclusion

The use of olive oil and onion in Mediterranean cooking as a base for sauces and dishes, with an appropriate cooking time,
preserve the polyphenol content of food. Thus, Mediterranean cuisine may contribute to the health effects of the Mediterranean

diet. © 2019 Society of Chemical Industry e
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Probiotika: auch antiviral Vil k.
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Kombination und Prioritat

P o3 it

2 Probiotics”/ ‘ Prebiotics
;"';ﬁl -

FMT Postbiotic

Vernocchi 2020




ENERGETICA

Dalia.

Bewegen

°+4
healthy
microbiota

unhealthy

microbiota exercise

Codella 2017

muscle




Microbiota /mitochondria Mitochondria /microbiota

Energy production Redox balance

Redox balance Control pathogens

Immune response Activation of inflammasomes
Mitochondrial biogenesis Maintain gut barrier integrity
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Entspannung
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/usammentassung

* Faserstoffreiche Nahrung

* Nahrung reich an sekundaren Pflanzenstoffen
* Probiotika

* Prebiotika

* Bewegung

* Entspannung
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Mogliches Protokoll? Wlew.

Schritt 1: Entziindung senken, falls notig (Omega-3 FS, Phytotherapeutika, ggf. auch Antibiotika)

Schritt 2: Barriere reparieren, falls notig (Vit D, Glutamin, Zink, Ribose)

Schritt 3: Mikroflora reparieren (Pro- und Prebiotika)

Schritt 4: ggf. Immunsystem modulieren (Probiotika, Omega-3 FS, Glykane, Bewegung)

Schritt 5: Mikroflora stabilisieren 1 (Prebiotika, Bewegung)

Schritt 6: Mikroflora stabilisieren 2 (hohe Nahrstoffvariabilitat, Bewegung)
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Vielen Dank fur die Aufmerksamkeit
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