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MIKROBIOM

MIKROBIOTA

* komunita vSech mikroorganismuU pritomnych v
hostitelskem mnohobunécnem organismu

> télo: 10 % lidske a 9o % jine bunky

MIKROBIOM

* zahrnuje problematiku mikroorganismU komplexng,
jejich genovou strukturu, slozeni polysacharidu a
lipoproteiny, jejich aktivitu i metabolity

[1]



MIKROBIOM

e kontroverzni tema?

* vyzkum v pocatcich
* studie zejmena na
animalnich modelech




MIKROBIOM

slozity ekosystem, cca 1,5 kg
oo druhU bakterii, tisice vird, hub, fagu

Bacteroides, Clostridium, Fusobacterium, Eubacterium, Streptoc

occus,Ruminococcus, Peptococcus, Peptostreptococcus a Bifido
bacterium, Sacharomyces, Candida spp.

neustala interakce mikrobiom x hostitel
ovlivhuje stav imunity (nos, Usta, GIT)
ovlivnuje funkci GIT

vyrabi' vitaminy B a K

produkuje neurotransmitery (serotonin)
variabilni, dynamicky system



https://cs.wikipedia.org/wiki/Bacteroides
https://cs.wikipedia.org/wiki/Clostridium
https://cs.wikipedia.org/w/index.php?title=Fusobacterium&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Eubacterium&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Ruminococcus&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Peptococcus&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Peptostreptococcus&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Bifidobacterium&action=edit&redlink=1
https://cs.wikipedia.org/w/index.php?title=Bifidobacterium&action=edit&redlink=1

MIKROBIOM

Mikrobiom je ovlivhovan:

chronickymi chorobami

medikaci — analgetika, kortikoidy aj.
genetickou predispozici

pohlavim - hormony

kulturni predispozici
socio-ekonomickou predispozici
fyzickou aktivitou

stresem




MIKROBIOM

Asociace mezi stavem mikrobiomu a
rUznymi chorobami:

GIT

metabolicke, sepse (APACHE II, SOFA)
respiracni, kardiovaskularni
dermatologicke, revmatologicke
onkologicke

neurologicke - neuromodulatory, mikroglie,
parkinsonismus, neurodegenerace

psychicke - anxieta, deprese




MIKROBIOM a ANESTEZIE

Mikrobiom je ovlivhovan leky

 isofluran, sevofluran

* propofol

* barbituraty a diazepiny

* morfin, naltrexon, oxykodon
(zména mikrobiomu uz za 1 den [1])

Naopak mikrobiom ovlivhuje
senzitivitu na anestetika
post-anesthetic recovery
rozvoj tolerance na opioidy
metabolizuje glucuronidy (M-3-G)
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Figure 1.

Mozny mechanismus ovlivnéni
nocicepce, modulace bolesti a
pooperacnich vysledku stfevnim
mikrobiomem

* hlavni faktory ovlivnuijici

mikrobiom (1) skrz cirkulujici
metabolity, hormony (2) a
bunky jako makrofagy a T bunky
(3) ovliviiuje CNS (4) a pusobi
neuroinflamaci

[1]



STREVNI

MIKROBIOM

ASOCIACES

ROZVOJEM
POOPERACNI
BOLESTI,
OVLIVNUJE REAKCI
NA ANESTETIKA A
ANALGETIKA

MOZNA ASOCIACE
S ROZVOIJEM
CHRONICKE

BOLESTI

g

OVLIVNUJE VNIMANI
VISCERALNI,
NOCIPLASTICKE
NEUROPATICKE
BOLESTI, CEFALEY,

CRPS (IMUNOMODULACNI
MECHANISMY)

[1]



MIKROBIOM A POOPERACNI BOLEST

celosvetove pres 300 milionU operaci za rok
51-71 % pacientd ma stredni az silnou bolest po vykonu

U 20-56 % se objevi chronicka pooperacni bolest
(Persistent Post-Surgical Pain - PPSP)

strevni mikrobiom ovliviuje zanétlivou a neuropatickou
bolest - neuroinflamace

mikrobiom produkuje serotonin, noradrenalin, GABA aj.
- ovlivnuje reakci CNS na operacni trauma

metabolity mikrobioty mohou regulovat periferni a
centralni senzitizaci




MIKROBIOM A POOPERACNI BOLEST

Interakce anestezie vs. mikrobiom ovlivhuje

intenzitu akutni pooperacni bolesti

vnimani a zpracovani akutni pooperacni bolesti
rozvoj chronické pooperacni bolesti

imunitni reakci na operacni trauma

rozvoj deliria

rozvoj pooperacni neurokognitivni poruchy

stres nebo deprese maji vztah ke zmeénam ve strevnim
mikrobiomu —a tim i k pooperacni bolesti




MIKROBIOM A POOPERACNI BOLEST

* animalniilidske studie poukazuji na vztah
strevniho mikrobiomu a pooperacnich
vysledk( - asociace s vyskytem
pooperacniho deliria a chronicke bolesti

(snizené hladiny kmen0 Lactobacillus,
Ruminiclostridium, Desulfovibrio)

mikrobiom je ovlivhovan ATB (cefazolin)

manipulace mikrobiomu pomoci ATB,
prebiotik, probiotik, fekalni transplantace
by mohly snizit incidenci vyskytu
pooperacniho deliria a bolesti

> Anesth Analg. 2022 Apr 1;134(4):699-709. doi: 10.1213/ANE.0000000000005713.

Predictive and Preventive Potential of Preoperative
Gut Microbiota in Chronic Postoperative Pain in
Breast Cancer Survivors

Zhi-Wen Yao 1, Xiao Yang, Bing-Cheng Zhao, Fan Deng, Yu-Mei Jiang, Wan-Ying Pan,
Xiao-Dong Chen, Bo-Wei Zhou, Wen-Juan Zhang, Jing-Juan Hu, Lin Zhu, Ke-Xuan Liu

Affiliations 4 expand
PMID: 34403381 DOI: 10.1213/ANE.0000000000005713

[1]



POOPERACNI BOLEST

> Neurobiol Pain. 2021 Aug 18;10:100072. doi: 10.1016/j.ynpai.2021.100072.
eCollection 2021 Aug-Dec.

* slozeni strevniho

Pain after upper limb surgery under peripheral mikrobiomu a je ho

nerve block is associated with gut microbiome diverzita jsou asociov 3 ny s
composition and diversity

intenzitou pooperacni
David Brenner ', Paul Cherry 2 3, Tim Switzer ', Ihsan Butt ', Catherine Stanton 2 3, bOIeStl U paC|ent0

Kiera Murphy 2, Brian McNamara 4, Gabriella lohom ', Siobhain M O'Mahony 2 %,
George Shorten '

Affiliations 4 expand

PMID: 34485761 PMCID: PMC8404729 DOI: 10.1016/j.ynpai.2021.100072
Free PMC article



MIKROBIOM A CHRONICKA BOLEST

* slozeni strevniho mikrobiomu je
zkoumano v souvislosti s chronickymi
algickymi stavy jako: visceralni a
nociplasticka bolest, migrena,
neuropaticka bolest, fibromyalgie,
CRPS

Cisté kauzalni vztah?, potreba
zvazovat vliv 3. faktoru (dieta,
genetika, fyzicka aktivita aj.)

* studie probihaji...

[1]



CHRONICKA POOPERACNI BOLEST

> Anesth Analg. 2022 Apr 1;134(4):699-709. doi: 10.1213/ANE.0000000000005713.

Predictive and Preventive Potential of Preoperative
Gut Microbiota in Chronic Postoperative Pain in
Breast Cancer Survivors

Zhi-Wen Yao !, Xiao Yang, Bing-Cheng Zhao, Fan Deng, Yu-Mei Jiang, Wan-Ying Pan,
Xiao-Dong Chen, Bo-Wei Zhou, Wen-Juan Zhang, Jing-Juan Hu, Lin Zhu, Ke-Xuan Liu

Results: Sixty-six CPP patients and 66 matched controls were analyzed. Preoperative gut microbiota
composition was significantly different in the 2 groups at phylus, family, and genera levels. The
discrimination of the clinical prediction model (determined by area under the receiver operating
characteristic curve) improved by 0.039 and 0.099 after the involvement of differential gut microbiota
at the family and genus levels, respectively. After fecal microbiota transplantation (FMT), "CPP
microbiota” recipient mice exhibited significantly increased mechanical hyperalgesia and decreased
expression of Ppar-y and arginase-1 (Arg-1) in the spinal cord.

Conclusions: Preoperative gut microbiota has the potential to predict and prevent the development

of CPP and plays a causal role in its development via the PPAR-y-microglia pathway in the spinal cord.

Thus, it could be targeted to develop a prevention strategy for CPP in breast cancer survivors.

* rozdilne predoperacni
slozeni strevni
mikrobioty u pacientek

ve vztahu k rozvoji
chronicke pooperacni
bolesti za 3 mésice po
operaci nadoru prsu




VISCERALNI BOLEST

Syndrom drazdiveho tracniku

- asociace s diagnozou, s fenotypem a vaznosti
prubéhu

- fekalni transplantace u mysi

Syndrom chronicke panevni bolesti,
intersticialni cystitis, prostatitis

- nektere studie naznacuji alteraci ve strevnim a
mocovém mikrobiomu

- patofyziologie neznama

[2]



MIKROBIOM A FIBROMYALGIE

* povazovana za somatickou nociplastickou bolest

* asociace mezi slozenim stfevniho mikrobiomu a fibromyalgii

> Pain. 2019 Nov;160(11):2589-2602. doi: 10.1097/j.pain.0000000000001640.

Altered microbiome composition in individuals with
fibromyalgia

Minerbi et al. (Pain, 2019) |GG
- kohortova studie iralgil' a 79 zdravych
byl ve slozeni strevniho mikrobiomu nalezen nadbytek P. merdae
a mensi pocet P. copri a A. muciniphila
- rozdilné koncentrace metabolitl a neurotransmiteru

- zmeny ve slozeni mikrobiomu asociovany s tizi onemocneéeni




MIKROBIOM A OSTEOARTRIDA

osteoartritida — 34 % chronicke
bolesti v Evropé

malo dat pro jednoznacny zaver

pres tyto limitace diskutovana
asociace s dysbiotickym
prozanétlivym mikrobiomem, ktery
muze hrat roli v tizi priznaku (6]




NEUROPATICKA BOLEST

animalni studie na mysich, humanni studie

chronicka komprese sedaciho nervu
neuropaticka bolest po chemoterapii
hernie disku, CRPS

croos-proof po fekalni transplantaci, ATB

microbiota-gut-brain axis (cbousmeérna osa)
kauzalni vztah pomoci imunomodulacnich mechanismu [1]

bakterie mohou aktivovat nociceptory primo pomoci
svych produktd [4]

[5]



NEUROPATICKA

BOLEST

From: Gut microbiota regulates neuropathic pain: potential mechanisms and therapeutic strategy

Microbial mediators or
species

Function

Potential mechanisms related to
neuropathic pain

References

LPS

Activate TLR4

TLR4 contributes to neuropathic
pain

Kawai et al. (2010) [31]

Activate TRPA1 in a TLR4-independent

and membrane-delimited manner

The activation of TRPA1 can evoke
nociceptive neurons depolarization
and firing

Meseguer et al. (2014) [32]

Activate TRPV1-mediated capsaicin

responses via TLR4

Capsaicin responses lead to the
excitation of nociception neurons

Diogenes et al. (2011) [33]

Bacterial flagellin

Activate TLR5

TLRS5 facilitates the release of pro-
inflammatory mediators

Kawai et al. (2010) [31]

Activate TLR5

TLR5-mediated A-fiber blockade
inhibits mechanical allodynia

Kawai et al. (2010) [31]

peripheral hypersensitivity

Indole, LPS Regulate the secretion of GLP-1 GLP-1 is associated with pain Chimerel et al. (2014) [34],
hypersensitivity Nguyen et al. (2014) [35]
SCFAs Activate microglia The activation of microglia leads to  Borre et al. (2014) [36]
pain hypersensitivity
Stimulates the production of PYY and GLP-1, PYY are associated with pain Tolhurst et al. (2012) [37],
GLP-1in a FFAR2 and FFAR3 receptors hypersensitivity Psichas et al. (2015) [38], Lin et
dependent way al. (2012) [39]
PUFAs An endogenous agonist of TRPV4 The activation of TRPV4 leads to Cenac et al.(2015) [40]

Bacteria-derived
secondary bile acids

Facilitates the release of GLP-1 and

PYY via TRGS

GLP-1, PYY are associated with pain

hypersensitivity

Ullmer et al. (2013) [41], Thomas
et al. (2009) [42], Katsuma et al.
(2005) [43]

Lactobacillus fermentum
KBL374 and KBL375

Increase IL-10 secretion while decrease
pro-inflammatory mediators secretion

IL-10 is associated with anti-
inflammatory effects

Jang et al. (2019) (28]

Bacteroides fragilis

Facilitate the polarization of

macrophages to M1 type and enhance

their phagocytosis

M1 macrophages can release pro-

inflammatory cytokines and express

TLRs

Deng et al. (2016) [44]

Escherichia coli,
Lactobacillus

Synthesize GABA

GABA can reverse allodynia in the
neuropathic pain model

Zhao et al. (2017) [45], Wu et al.
(2017) [46]

Escherichia coli,
Streptococcus spp., and
Enterococcus spp.

Produce 5-HT

5-HT serve as a special regulator in

NP

Guo et al. (2019) [11]

Corynebacterium
glutamicum

Produce glutamate

Glutamate can affect hyperalgesia
in neuropathic pain models

Nakayama et al. (2018) [47],
Yang et al. (2017) [48], Persicke
et al. (2015) [49]

Lactobacillus,
Peptostreptococcus,
Clostridium sporogenes

Generate AHR ligands derived from

tryptophan

Act directly on astrocytes through
AHR and limit inflammation and
neurodegeneration

Zelante et al. (2013) [50],
Wilodarska et al.(2017) [51],
Dodd et al. (2017) [52]

DSF formulation

Attenuate inflammatory signals

Neutralize the influence of
upregulation of TRPV1 and TRPV4
induced by paclitaxel

Castelli et al. (2018) [53]

Abbreviations: LPS lipopolysaccharide, TLR Toll-like receptor, TRPA1 transient receptor potential cation channel, subfamily A, member 1, TRPV1

transient receptor potential cation channel, subfamily V, member 1, TRPV4 transient receptor potential cation channel, subfamily V, member 4, SCFAs
short-chain fatty acids, PUFAs polyunsaturated fatty acids, GABA y-aminobutyric acid, GLP-1 glucagon-like peptide 1, PYY peptide YY, FFAR free fatty
acid receptor, TRG5 G protein-coupled bile acid receptor, AHR aryl hydrocarbon receptor, IL-10 interleukin-10



MIKROBIOM A PERIOPERACNI
NEUROKOGNITIVNI PORUCHA

* mozny souvislost s rozvojem PND

 gut-brain axis
e zmena slozeni mikrobiomu:
e |lacneni

* ATB profylaxe (cefazolin)

neuroinflamace, vyssi hladina steroidu

* hypotermie

* anestezie, chirurgicky zakrok
- vedou k dysbioze




MIKROBIOM A PERIOPERACNI
NEUROKOGNITIVNI PORUCHA

* dysbioza muze potencialné zvysovat riziko
vzniku PND

* porucha strevni bariery a bariéry krev-mozek -> spusti
v mozku neuroinflamaci a oxidativni stres -> alterace
kognitivnich funkci?

» starsi pacienti: predispozice ke vzniku PND,
mensi diverzita mikrobiomu

* malo dat ze studii, zejména animalni modely




JAK OVLIVNIT MIKROBIOM?
LB (Critical Care Medicine

7ivé organina e
(LI W Probiotics in Critical Illness: A Systematic Review and Meta-Analysis of
-/ Randomized Controlled Trials

Sharif, Sameer MD'?; Greer, Alisha MD'?; Skorupski, Clarissa MD?; Hao, Qiukui MD*%; Johnstone, Jennie MD, PhD®"; Dionne, Joanna C. MD, PhD?%;
S Lau, Vincent MD, MSc®; Manzanares, William MD, PhD'®; Eltorki, Mohamed MBChB''; Duan, Erick MD%; Lauzier, Francois MD, MSc'*%; Marshall,
Preb|0t| John C. MD'*"®; Heels-Ansdell, Diane M5c®; Thabane, Lehana PhD®; Cook, Deborah ). MD, MSc®%; Rochwerg, Bram MD, MSc%®

Author Information®

nestravite
| Critical Care Medicine 50(8):p 1175-1186, August 2022. | DOI: 10.1097/CCM.0000000000005580

rust/aktivi DATA SYNTHESIS:

Sixty-five RCTs enrolled 8,483 patients. Probiotics may reduce ventilator-associated pneumonia (VAP) (relative risk [RR], 0.72;
Sym b|0t 95% Cl, 0.59 to 0.89 and risk difference [RD], 6.9% reduction; 95% Cl, 2.7-10.2% fewer; low certainty), healthcare-associated

pneumonia (HAP) (RR, 0.70; 95% Cl, 0.55-0.89; RD, 5.5% reduction; 95% Cl, 8.2-2.0% fewer; low certainty), ICU length of stay
"0 aa 8113z 1e (LOS) (mean difference [MD], 1.38 days fewer; 95% Cl, 0.57-2.19 d fewer; low certainty), hospital LOS (MD, 2.21 d fewer; 95% Cl,
1.18-3.24 d fewer; low certainty), and duration of invasive mechanical ventilation (MD, 2.53 d fewer; 95% Cl, 1.31-3.74 d fewer;
low certainty). Probiotics probably have no effect on mortality (RR, 0.95; 95% Cl, 0.87-1.04 and RD, 1.1% reduction; 95% CI,
2.8% reduction to 0.8% increase; moderate certainty). Post hoc sensitivity analyses without high risk of bias studies negated
proti _Za’ n the effect of probiotics on VAP, HAP, and hospital LOS.

synergick

CONCLUSIONS:

Low certainty RCT evidence suggests that probiotics or synbiotics during critical illness may reduce VAP, HAP, ICU and [7]
hospital LOS but probably have no effect on mortality.

koreni?



JAK OVLIVNIT MIKROBIOM?

Probiotika

ziveé organismy osidlujici strevni floru
(napfr. vyzraly syr)

vliv na VAP, HAP, LOS, ne mortalita [g]

Prebiotika

nestravitelne oligosacharidy, stimulujici
rOst/aktivitu urcitych bakterii (napr. banan)

Symbiotika

kombinace prebiotik a probiotik,
synergicky ucinek

proti-zanétlive potraviny?

koreni?



Take home

* narUsta pocet dikazU o
interakci mikrobiomu s
centralnim a perifernim === .
nervovym systémem isiagig

‘f

- potencial pro budouci (
vyzkum v algeziologii a I =
AlM TPeme =, T A —

- mikrobiom podléha
neustalym zménam

* vliv na zanetlivou slozku
bolesti?, rozvoj PND?
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