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What are we going yo talk about




Brain skin
and gut microbiota

é Brain Central hub

¢ Peripheral brains
¢ Skin
¢ Gut

Thalsmis



Brain and Life Stress
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SAM - Sympathetic Adrenal Medullary axis

Orthosympathetic : Go fast
Adrenaline for fight or flight responses.

Parasympathetic : Slow down

the cholinergic pathway, a neuro-mechanism
that suppresses the inflammatory response
to stress.




Skin, our surface integrity policy

onnected to the bod

¢ A supple, water-proof envelope...

¢ What is special about the skin brain ?



¢ The skin is provided with hair
follicles

¢ Hair follicles are the skin
localization of a primitive brain




Once upon a time

¢ Inthe beginning there was the primal soup
associated to environmental stress.

¢ Sponges neural toolkit including sensory cells, conduction pathways, signaling molecules developed a
system to feed, allowing them to pump and filter the primordial soup, ensuring the essence of life.

Those might be the ancestors of the brain....



The skin - hair follicle brain displays a fully functional

oeripheral HPA system.
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Neuroimmunology of Stress: Skin Takes Center Stage
Petra C. Arck', Andrzej Slominski?, Theoharis C. Theoharides?, Eva M. J. Peters' and Ralf Paus*

Journal of Investigative Dermatology (2006) 126, 1697-1704. doi:10.1038/s).jid.5700104



Upon Stress, CRH...

Stimulates keratinocytes proliferation
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What is linking skin and gut ?

The microbiota continuum of skin and mucosae

Thurnbaugh et al,.2007

“The bacterial communities (one hundred trillions microbes) provide
us with traits that we had not had to evolve on our own”

mmm Fusobacterla
= Protecbacteria

€ Limit the proliferation of pathogens
Produce microbial antibiotics
Limit the access of antigens to epithelial cells

Participate to food degradation and assimilation

* & o o

Intra-familial & Intra-generational transmissions are
shaping biological features

Vaghnii



SKIN microbiota

B Clahelly -

B A crease

A balanced protective microbiota limits the proliferation
of pathogens and contributes to the barrier function
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1. Impact on the barrier function

@ Resident microbes
Proproionibacteria, Staphylococci,
Micrococci, Acinetobacter

€ Transient microbial species
Staphylococcus aureus,
Pseudomonas Aeruginosa
Escherichia coll,

J Am Acad Dermarol. 2013 July ; 69(1): 143-155.¢3. do1:10.1016/) jaad 201301 016.
e = viruses = free falty acids

@ = bacteria (_PSMs ) = pheno-soluble modulins
The skin microbiome: current perspectives and future @ = ningi &R - antimicrobial peptices
B Ao

challenges

Yiyin Erin Chen, PhD' and Hensin Tsao, MD, PhD" 23



2. Re-establishment of the barrier function

Joumal of Dermatological Science 54 (2009) 1-5

Contents lists available at ScienceDirect

Journal of Dermatological Science

journal homepage: www.intl.elsevierhealth.com/journals/jods

Invited review article
Pre- and probiotics for human skin

Jean Krutmann*
Institut fiir Umweltmediziniche Forschung (IUF) at the Heinrich-Helne-University, Disseldorf gGmbH, Aufm Hennekamp 50, D-4025 Diisseldorf, Genmary

Prebiotics
= Addition of actives or nutrients,
that promote beneficial & inhibit harmful bacteria

+

Unbalanced skin microflora
S. epidermidis < P. acnes

=
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Natural skin microflora
S. epidermidis > P. acnes



3. Anti-infectious role of probiotics
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4. Prevention of biofilm formation

Applied Microbiolog
Sonsrrd 0f Appid Moo ol agy 159 1364 3073

ORIGINAL ARTICLE

3 Limited ability to prevent adhesion of -l o ey
some potential skin pathogens. St s kbt i s

1 Most of the tested topic probiotics successfully
prevent biofilm formation.
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Inhibition of pathogen’s growth Co-aggregation with pathogens Displacement of pathogens



5. Transplantation of antimicrobial CoNS* reduces the

rvival of S. aureus in atopic dermatitis

probiotics
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Antimicrobials from human skin commensal bacteria protect
against Staphylococcus aureus and are deficient in atopic
dermatitis

Untreated Vehicle AMT

Teruaki Nakatsuji', Tiffany H. Chen', Saisindhu Narala', Kimberly A. Chun!, Aimee M.
Two!, Tong Yun', Faiza Shafiq', Paul F. Kotol', Amina BouslimaniZ, Alexey V. Melnik2,
Haythem Latif®, Ji-Nu Kim?, Alexandre Lockhart?*, Keli Artis*, Gloria David?, Patricia
Taylor5, Joanne Streib®, Pieter C. Dorrestein2®, Alex Grier’, Steven R. Gill”, Karsten

Zengler. Tissa R. Hata'. Donald Y. M. Leung®. and Richard L. Gallo!." *Coag u |ase-neg ative StaphyIOCOCCi




Gut, our friendly...




Functional gut — brain link : the microbiota

gut microbiome, the gut, and the brain.

Systemic
communication \ communication

HPA axis Vagal
Neurotransmitters

€ Endocrine-, neurocrine- and inflammation-related
signals generated by the gut microbiota and
specialized cells within the gut affect the brain.

4 Inturn, the brain can influence the microbial
composition and function via endocrine and neural
mechanisms

€ Dopamine, serotonin, leptin, adiponectin...



A continuously perfused peristaltic bioreactor

P INTESTINE N - COLON
-« S ! % Bacteria ’
i @
- = v ] F L) P % < [
-
- ) . l_ == L) V] = ’ =
@ VILLI-\MUCUS . 4 o =
- 201 19D o (Wl 4 - < ¢ N
< » | ot o = AaR s = > e °
e oA
4 - - L |
=] o : P y - - 0 N .
A R @ -~ 3 M cell o o © ..
- 3 . ~“ : LY ? . . s_ - drcy & - —
- ( > S - * e =
o S St ¢ & Gl @ ‘ Dy P 3 e e
>\ Pt % PEYER'S PATCH g s Sttt |
"‘ AN \
Y & [
b -4 - .- v = - b ! - [+ ]
@ - O o \‘ ® J - . O
- ( l‘l.rl' tie 0 B lymphocyte . & r A =
| 4 2
o ymj yte O Macrophage . \. o - .

Garrett WS, Gordon JI Glimcher LH. Homeostasis and Inflammation in the Intestine. Cell REVIEW 140,6:859-870;201



trategic role of the gut microbiota :

synthesis of SCFA*
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fibre degraders
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Inflasmmaricn,

Butyrate, Folates,
Propionate by:

Bifidobacteria
Clostridii
Enterocaterium
Enterococcus
Ruminococcus
Roseburia

* Short chain fatty acids



Bacterial metabolism of dietary fibers impacts epigenetics

Acetate, DUtYrate,

propionate (SCFA) and I
folates, produced following

dietary intake of

phytochemicals, _Jmé%

are epigenetic modifiers.

Produce folate,
propionate, butyrate,
biotinand other low
molecular weight
compounds

Epigenetic Modifiers —

Clinical Epigenetics 2015;7:112



Psychobiotic Action of Food Components

Prebiotics =
Non digestible fibers

Probiotics =
Live micro-organisms

1mtemmnal epith ebum
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A. Sarkar et al Trends in Neurosciences Cell Press 11 : 763-781, 2016.



BARRIER DYSFUNCTION = LEAKY GUT

SYNDROME = DYSBIOSIS

Leaky Gut Syndrome
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BARRIER DYSFUNCTION AND « SICKNESS DISEASE »
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(Y Anti-TNF effect - Inhibition of NF-kB
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Control of chronic inflammation in humans

The European project RISTOMED FP7 “Healthy aging by nutrition”
Capacity program 2222-30 : 2009-2012

Positive effects of oral administration of AISA small mono-terpens from
Orange Peel Extract (OPE) in the course of a controlled diet
in healthy volunteers 65-85 years old
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Anti-Inflammatory effect in humans

Assay of IL-6 as function of the basic inflammatory profile

. b g —
A controlled diet plus a 2 E,ﬂ
supplementation by AISA £, 1 Bl
£°1 § ool
decreases the levels of En_;; 2 1
circulating IL-6  emedts  npanmapy s amemedele i s

Clin Nutr. 2016;35:812-818.



The CES-D* score varies according

0_the inflammatory profile

Significant decrease of the CES-D 5 =
by AISA = mood modulation 1 1

* Center for Epidemiological Studies Depression Score Clin Nutr. 2016;35:812-818.



BARRIER RESTORATION

Table 1
OPE containing 95% of d-Limonene: effect on epithelial barrier function.

Control OPE .
75 UM 150 uM 750 uM 1500 M
R 107 + 3% 106 + 4% 112 + 34 132 + 3% 153 + 4%
n 9 6 6 6 6
p ns. n.s. <0.001 <0.001
~Stress
\ ‘ Measure of the electric (inQ-cm?) resistance
Cortisol as % of the initial resistance Rt.

Neuroinflammation
Aging

Depression

111 l&llljidhl
@m

Life Sciences. 2013;92:1151-1156



Conclusions ....
1. A three-headed brain-skin-gut circuitry




2. Relieve of stress induced inflammation

With inflammation at the gut level, due to stress,
the barrier function is altered.

Vagal tone activation induces repair and
impairs chronic inflammation.

Balanced microbiota bas been documented to
be linked to healthspan extension.




VAGAL ACTIVATION

Breathing — cardiac coherence

Enchanting sounds

Smell of a perfume

Manual pressure
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