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ANOTACE

Diplomova prace se zaméfuje na studium vztahu mezi Toll-like receptory (TLR) a
gramnegativnimi infekcemi reprezentovanymi stievnim patogenem Salmonella Typhimurium
za vyuziti modelu gnotobiotického selete. TLR jsou klicové receptory imunitniho systému,
kterymi rozpoznava organismus hostitele cizi i vlastni nebezpecné molekularni struktury, coz
vede k aktivaci nespecifické imunitni odpovédi. Na zaklad¢é pouzitych metod real-time PCR,
ELISA a xXMAP technologie popisujeme expresi mMRNA Toll-like receptori (TLR) 2,4 a9 a
s nimi spjatych molekul — koreceptord MD-2 a CD14, adaptorovych proteini MyD88 a TRIF
a lipopolysacharid-binding proteinu (LBP) v ileu a kolonu. Aktivace TLR signalnich drah je
hodnocena hladinami zanétlivych cytokini interleukind (IL)-6, 1L-12/23p40 a jaderného
proteinu high mobility group box 1 (HMGB1). Vysledky téchto experimentt byly publikovany
ve dvou impaktovanych védeckych casopisech. Soucasti prace bylo také snaha o zavedeni
detekce proteind tésnych spoju claudin-1 a okludin metodou ELISA.

KLICOVA SLOVA

Toll-like receptor; stievni infekce; Bifidobacterium; Lactobacillus; Salmonella Typhimurium;
cytokiny; gnotobiotické sele.

TITLE

Toll-like receptor 4 and its role in enteric infections with gram-negative bacteria

ANNOTATION

The diploma thesis focuses on studying the relationship between Toll-like receptors (TLR) and
gram-negative infections represented by the intestinal pathogen Salmonella Typhimurium using
the gnotobiotic piglet model. TLRs are key receptors of the immune system, by which the host
organism recognizes both foreign and its own dangerous molecular structures, which leads to
the activation of a non-specific immune response. Based on the methods of real-time PCR,
ELISA, and XMAP technology, we described the mRNA expression of Toll-like receptors
(TLR) 2, 4, and 9 and their associated molecules - co-receptors MD-2 and CD14, adapter
proteins MyD88 and TRIF and lipopolysaccharide-binding protein (LBP) in the ileum and
colon. Activation of TLR signaling pathways is assessed by the levels of inflammatory
cytokines interleukin (IL)-6, 1L-12/23p40, and nuclear protein high mobility group box 1
(HMGBL1). The results of these experiments were published in two high-impact scientific
journals. Part of the work was also an effort to introduce the detection of tight junction proteins
claudin-1 and occludin by the ELISA method.

KEYWORDS

Toll-like receptor; enteric infection; Bifidobacterium; Lactobacillus; Salmonella Typhimurium;
cytokines; gnotobiotic piglet.
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UVOD

V piirozeném prostfedi neni mozné se mikrobialni kontaminaci vyhnout, ihned po narozeni se
organismy savcu setkavaji s bakteriemi. Do té doby je plod v bezmikrobnim prostiedi, po
narozeni se organismus musi rychle pfizpisobit, vytvofit mechanické bariéry a vytvorit
imunitni systém, ktery bude regulovat mikrobiom (Walker et al., 2017). Stfevni mikrobiom je
proménlivym systémem bakterii zijicich ve vzajemné symbiodze s hostitelem (Di Vincenzo et
al., 2024). Pti dysregulaci dochazi ke stievnim infekcim za vzniku zanétlivé imunitni odpovédi
mifené nejen proti primarné patogennim bakteriim, ale i patobiontim. DileZitou roli v rozvoji
imunitni odpovédi hraje Toll-like receptor. Jedna se o vyvojové velmi staré bilkovinové
receptory, které rozpoznavaji PAMPs a DAMPs. Aktivaci se spousti kaskada reakci vedouci

k zanétlivé imunitni odpovédi. (Medzhitov, 2021)

Tato diplomova prace se zabyva Toll-like receptory na prasecim modelu. Sele bylo zvoleno
jako vhodny organismus blizky lidskému, kdy je podobnost i v intrauterinnim vyvoji. Na
zaklad¢é znamého osazeni mikroorganizmy, bylo mozné sledovat rozdily imunitni modulace a
tvorby zénctu ve stanovenych skupinach. Pro zhodnoceni exprese byli pouzity metody
kvantifikace pomoci real-time PCR. Déle byla testovana vhodnost pouziti metody ELISA pro

zjistovani koncentrace claudinu-1 a okludinu.

17



1 TEORETICKA CAST

1.1 HOSTITEL A JEHO MIKROBIALNI KOLONIZATORI

V roce 1900 vyslovil francouzsky pediatr Henri Tissier hypotézu, ze vyvoj plodu probiha ve
sterilnim prostiedi (Tissier, 1900). Tento piedpoklad byl, aZz na malé vyjimKy, vSeobecné
pfijiman po celé stoleti. Zac¢atkem 21. stoleti vSak Spanélsti vyzkumnici izolovali komenzalni
bakterie z pupecnikové krve (Jiménez et al., 2005) a stanovili bakterie pfitomné v mekoniu
(stievni smolka) a vyslovili domnénku, Ze existuje ,,prenatalni mikrobiom* (Jiménez et al.,
2008). Nasledujici desetileti bylo obdobi bouflivého rozvoje molekularné genetickych metod a
dalsi védci s nadSenim popisovali prenatalni pfitomnost bakterii v déloze a plodu. Zaroven se
ale objevovaly i kritické hlasy, které tyto nalezy posuzovaly velice opatrné (Walker et al.,
2017), jiné byly ptimo odmitavé (Davis et al., 2020).

V roce 2023 byla publikovana stézejni prace, potvrzujici spravnost Tissierovy hypotézy a ve
které se zdaraznuje: ptitomnost 16S rRNA genovych sekvenci neznamena ptitomnost zivych
bakterii, nalezy prenatdlniho mikrobiomu jsou pravdépodobné¢ zplisobené nedostatky
v technikach analyzy a kontaminacemi a ziskani bezmikrobnich zvifat je moZzné pouze za

ptedpokladu prenatalniho vyvoje ve sterilnich podminkach (Kennedy et al., 2023).

1.2 PRVOTNI MIKROBIOM

Novorozenec narozeny pfirozenym vaginalnim porodem je jiz v priabéhu porodu osidlovan
vaginalni a fekalni mikrobiotou matky. Novorozenec ziskany cisafskym fezem je ale osidlovan
piedevsim mikrobiotou z prostfedi nemocni¢niho zafizeni a kozni mikrobiotou nemocni¢niho
personalu (Healy et al., 2022). Vyvoj mikrobioty traviciho systému je dale ovliviiovan vyzivou
(matetské mléko x uméla vyziva), terminem porodu (plny % pfed¢asny) a moznym pouZitim
antibiotik (Akagawa et al., 2019). Pii osidlovani traviciho systému spotiebovavaji
aerotolerantni mikroorganizmy kyslik a snizuji pH prostiedi, a tim vytvaieji podminky vhodné

naslednou kolonizaci striktnimi anaeroby jako jsou napf. bifidobakterie (Xiao et al., 2021).

Obdobi prvotniho osidlovani hostitele je tedy mozné povazovat za ,terapeutické okno*, kdy je
mozné osidleni ovliviiovat a tim 1 budouci symbiotické vztahy hostitele a jeho mikrobioty

(Davis et al., 2020).
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1.3 UVOD DO GNOTOBIOLOGIE

V pribéhu fylogenetick¢ého vyvoje se vyssi organismy vyskytovaly vzdy jen v pfitomnosti
jednobunéénych organismu, které je osidlovaly. Souzitim mezi mikroorganizmy a jejich
hostiteli se vytvarely rizné symbiotické vztahy a rostla zavislost hostitele na své mikrobiot¢
(Krautkramer et al., 2021). Mikroorganizmy poskytovaly svému hostiteli metabolity, které sam
nedokazal syntetizovat, napf. vitaminy skupiny B a vitamin K, umoziovaly, diky svému
enzymovému vybaveni, travit pro hostitele nestravitelné slozky potravy, stimulovaly rozvoj
imunitniho systému (Basic and Bleich, 2019) a obsazenim gastrointestinalniho traktu branily

pted snadnou kolonizaci/infekci stfevnimi patogeny a projevy patobiontt (Herzog et al., 2023).

V rozvijejici se mikrobiologii konce 19. stoleti se proto objevila otazka, jestli je Zivot bez
mikrobti vibec mozny. Luis Pasteur definoval podminky tohoto pokusu, ale sam byl
presvédceny o tom, ze zivot bez mikrobli mozny neni. Kratce po jeho smrti prokazali jeho
pokracovatelé, Ze je mozné ziskat bezmikrobni morce a udrzet ho néjakou dobu pfi zZivoté
(Basic and Bleich, 2019). Tim potvrdili moznost ,,zivota bez mikrobu®, avSak za specifickych

podminek jako je napt. podavani vitamind normalné produkovanych mikroorganizmy.

Chovem a studiem mikrobiologicky definovanych zvitat (organismil) se zabyva gnotobiologie
(gnétos = znamy, definovany a bios = zivot) (Basic and Bleich, 2019). Gnotobioticka zvitata
jsou tedy mikrobiologicky definovana zvifata, v€etné bezmikrobnich. Bezmikrobni zvifata je
mozné ziskat nékolika zplsoby — otevienou hystereotomii (Cisafsky fez), uzavienou
hysterotomii (pfilepenich dna chirurgického izolatoru na bfisni sténu matky a fez je vedeny skrz
sténu izolatoru) a hysterektomii (odnéti celé délohy s plody) (Miniats and Jol, 1978). V piipadé
laboratornich hlodavct je to také mozné pfirozenym porodem, pokud jsou hlodavci chovani

Vv gnotobiotickych podminkéch po generace.

1.4 PRASE JAKO ZVIRECI MODEL V BIOMEDICINE

Prase sdili anatomické, fyziologické a genetické podobnosti s ¢lovékem, a proto je hojné
vyuzivanym translacnim modelem v riznych oblastech biomedicinského vyzkumu (Lunney et
al., 2021). Podobnost mikrobiomi ¢loveka (Qin et al., 2010) a prasete (Xiao et al., 2016) a
imunitniho systému ho piedurCuje pro studium interakci mikrobiota-hostitel v pripadé
infekénich nemoci (Meurens et al., 2012), imunitniho (Pabst, 2020) a gastrointestinalniho

systému (Burrin et al., 2020).
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Odlisnosti hemochorialni placenty ¢lovéka a epiteliochorialni placenty prasete (Roberts et al.,
2016) pfinaseji zajimavé moznosti v oblasti interakci mikrobioty a hostitele u praseciho modelu
s ohledem na imunokompetentnost novorozence. Lidsky novorozenec je pfi narozeni vybaveny
ochrannymi  matefskymi  protilatkami, protoze hemochoridlni placenta umoziuje
transplacentarni pfenos matetfskych protilatek (Butler et al., 2017). U prasete vSak nedoslo
k redukci tkani u matky, a proto je Sestivrstevna epiteliochorialni placenta neprostupna pro
velké molekuly imunoglobulind. Pro pieziti v konvenénim prostredi vSak sele potiebuje piijem
imunoglobulint tfidy IgG, které ziskd pitim matefského kolostra (Salmon et al., 2009).
V ptipadé chirurgicky ziskanych selat v§ak nejsou protilatky potieba a sele pieziva v prostiedi

sterilniho izolatoru bez potizi.

1.5 STREVNI BARIERA

Ve stfeve se nachdzi nejrozsahlejsi rozhrani mezi vnéjSim prostiedim a télem hostitele. Stfevni
bariéra oddéluje sttevni lumen obsahujici velké mnozstvi mikroorganizmui od sterilnich tkani
téla hostitele. Tato bariéra chrani pied prinikem bakterii, jejich toxinl a nestravenych zbytku
potravy do téla hostitele. Rozhrani je tvofeno jednou vrstvou epitelidlnich bunék vétSinou
nazyvanych enterocyty (v kolonu né€kdy kolonocyty), ktera se sklada ze specializovanych bunék
- absorp¢ni enterocyty, poharkové buinky produkujici muciny, endokrinni burniky produkujici
hormony a Panethovy bunky sekretujici antimikrobialni peptidy (Yao et al., 2024).

Tésnost a funkCnost stfevni bariéry zajiStuji proteiny tésnych a adherentnich spoji a
desmozomy spojujici piilehlé enterocyty a které zaroven umoziuji spojeni s lamina propria,
pfi¢emz v apikalni ¢asti, tj. nejbliZze ke stfevnimu lumen, jsou pfilehlé buniky spojeny proteiny
tésnych spoju jako jsou napf. claudiny a okludin (Rogers et al., 2023). Narus$eni stievni bariéry
se oznacuje jako ,,leaky gut® (prosakujici stievo) (Di Vincenzo et al., 2024). Nad enterocyty
smerem do stievniho lumen je epitelidlni vrstva pokryta muciny, cozZ jsou vysokomolekularni
glykoproteiny (obrazek 1). Mucinova vrstva je prvni bariéra branici pruniku bakterii a jejich
toxind do téla. Muciny jsou sloZeny z k enterocytiim pfilehlé vrstvy a nad ni leZici pohyblivé
vrstvy (Yao et al., 2024). Pohybliva vrstva umoziiuje zachyceni a odstranéni bakterii stfevni

peristaltikou. Majoritni mucin ve stfevé je mucin 2 (MUC2) (Rogers et al., 2023).
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Obrazek 1 Stievni bariéra a interakce stievnich bunék a bunék imunitniho systému (Yao et al., 2024).

1.6 RECEPTORY ROZLISUJIiCI NEBEZPECNE MOLEKULARNI
STRUKTURY

Pro rozliSeni télu vlastnich a cizich molekuldrnich struktur pouzivd hostitel specifické
receptory (Pattern Recognition Receptors; PRR), které se podle homologie jejich proteinovych
domén rozdé€luji do 5 tfid: Toll-like receptory (TLR), nucleotide oligomerization domain
(Nod)-like receptory (NLR), retinoic acid-inducible gene-1 (R1G-1)-like receptory (RLRS), C-
type lectin receptory (CLRs), a absent in melanoma-2 (AIM2)-like receptory (ALRS) (Li and
Wu, 2021).

V minulosti se v ramci teorie struktury rozlisovaly jen jako vlastni a cizi. Polly Matzingerova
vsak svou ,,danger teorii* (Matzinger, 1994) vnesla do tohoto chapani dalsi rozmér a ,,vlastni*
a ,,cizi“ se zobecnilo na ,,nebezpecné®. Receptory rozlisujici cizi struktury se obecné oznacuji
jako PAMP (Pathogen-Associated Molecular Patterns) (Zindel and Kubes, 2020). Piikladem
hostitelove télu cizich struktur je lipopolysacharid (LPS), ktery je soucasti bunécné stény

gramnegativnich bakterii (Gauthier et al., 2022).

Receptory rozliSujici vlastni struktury, které jsou vSak za béznych okolnosti imunitnimu

systému skryté a jejich objeveniindikuje tkanové poskozeni jsou nazyvany DAMP (Damage-
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Associated Molecular Patterns) (Zindel and Kubes, 2020). Ptikladem téchto cizich struktur
mize byt jaderny protein high mobility group box 1 (HMGB1) (Andersson and Yang, 2022).

Jen pro uplnost — V literatufe jsou zminény také struktury souvisejici s zivotnim stylem, ve
zkratce LAMP (Life-Style Associated Molecular Patterns) (Zindel and Kubes, 2020), jejichz

rozliSovani vS§ak neni obecné€ rozsifeno.

1.7 TOLL-LIKE RECEPTORY

Jako zakladni senzory pro rozliSovani PAMP kooperujici s mechanismy pfirozené imunity jsou
uvadény skupiny PRR - Toll-like receptory (TLR), Nod-like receptory (NLR), RIG-I-like
receptory (RLR), AIM-like receptory, C-type lektinové receptory, and nitrobunééné DNA and
RNA senzory (Cao, 2016) (Duan et al., 2022).

TLR rozlisuji PAMP jako dimery. Mohou to byt homodimery obsahujici stejné molekuly, napf-.
TLR4/TLR4 nebo heterodimery vzniklé kombinaci riznych TLR, napi. TLR1/TLR2 (Duan et
al., 2022).
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Obrazek 2 TLR signalni drahy (Duan et al., 2022).

Vysledkem signalizace TLR4 signalni kaskady je, v zavislosti na lokalizaci TLR4 (bunécna
membrana versus endosom) produkce efektorovych molekul (zénétlivé cytokiny versus

interferony 1 téidy) (obrazek 2) (Duan et al., 2022; Kawai and Akira, 2011).
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S ohledem na nas$ zajem o bakterie jsou obecné TLR piitazovany tyto zakladni bakterialni
ligandy: TLR2 — peptidoglykan grampozitivnich bakterii (peptidoglykan je vSak v malé miie
pfitomy i u grampozitivnich bakteriii a mykobakterii), TLR4 — lipopolysacharid gram-
negativnich bakterii, TLRS5 — bilkovina bi¢iku flagelin a TLR9 — CpG motiv (Akira et al., 2006).
V kombinaci podjednotek heterodimert TLR2/TLR1 jsou to triacyl lipopeptidy a TLR2/TLR6
diacyl lipopeptidy (Duan et al., 2022). Jednoznaéna a nekriticka interpretace podsouva nazor,
ze TLR2 je typicky pro grampozitivni, zatimco TLR4 pro gram-negativni bakterie. Situace se
jedné o multiligandové receptory, které nejsou svym rozliSovanim zamétfeny jen na jeden ligand
(Gong et al., 2020). Z tohoto diivodu je tedy na misté potiebna urcita zdrzenlivost, protoze napft.
curli gramnegativni bakterie Salmonella Typhimurium jsou rozliSovany pravé TLR2 (Tiikel et
TLR rozlisuji krom¢ struktur PAMP, také struktury DAMP (Gong et al., 2020). Nazornym
prikladem je HMGBI, u kterého je popsano okolo 15 receptort mezi které patii i TLR2, TLR4
a TLROY, tedy ,,bakterialni TLR (Paudel et al., 2019).

1.8 TOLL-LIKE RECEPTOR 4

TLR4 je obecné vniman jako receptor rozliSujici LPS, ktery je sou€asti vnéjSiho listu bunécné
stény gramnegativnich bakterii a ktery se uvoliiuje pii buné€ném déleni, uvolnéni vezikul vnéjsi
membrany ¢i bunééné smrti (Gorman and Golovanov, 2022). Situace je vSak mnohem
nitrobunéény alarmin HMGB1 (Gong et al., 2020; Paudel et al., 2019). Pfehnana reakce na
zané&tlivou reakci vyvolavajici podnét, kdy dochézi k vyplaveni extrémnich hladin zanétlivych
cytokind, tzn. ,,cytokinova bouie (cytokine storm) (Karki and Kanneganti, 2021) maze vést k
poskozeni organt a smrti hostitele/pacienta (Cron et al., 2023). Mozna modulace signalizace
TLR, napt. s polyfenoly, terpenoidy, steroidy, antibiotiky, anorganickymi slouc¢eninami ¢i
jinymi zpusoby, je proto vyznamna pro moznost predchazeni ¢i snizeni poskozeni organti a

nasledné smrti (Zheng et al., 2024).

TLR4 rozlisuje své ligandy jako homodimer, ktery je v komplexu s proteinem MD-2 (Gauthier
etal., 2022). V ptipad¢ vyskytu v krvi se na LPS vaze protein LBP (LPS-binding protein), ktery

LPS akumuluje. Tento komplex se dale navaze na TLR4 koreceptor - molekulu CD14, ktera
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LPS-LBP piiblizi k TLR4/MD-2 receptorovému komplexu, umozni jejich vzajemnou vazbu, a

signalizaci TLR4 signalni drahou (Kawai and Akira, 2011).

TLR4 se muze vyskytovat jak v membranové vazané, tak v ,,rozpustné* (solubilni) formé¢ po
jeho proteolytickém odstépeni z bunééné membrany. V tomto ptipade se uvadi jeho plisobeni
jako ,,decoy* receptoru (v prekladu ndvnada nebo véjicka). Odstépeny TLR4 se sice navaze na
ligand, ale neni soucasti TLR4 signalni drahy, ¢imZ nedojde k nésledné signalizaci koncici
produkci zanétlivych cytokint (Jung et al., 2009). Jedna se o mechanismus zpétné vazby, ktera
umoznuje regulaci produkce cytokinl v jejich fyziologickém rozmezi (Karki and Kanneganti,
2021; Medzhitov, 2021).

1.9 TLR4 SIGNALNI DRAHA

Po rozeznani LPS dochazi k signalizaci, ktera ve svém vysledku vede k tvorbé a uvolnéni
efektorovych molekul — zanétlivych cytokint (Karki and Kanneganti, 2021). V zavislosti, jestli
se jedna o signalizaci receptorem na povrchu bunééné membrany probiha signalizace ptes
adaptorovou molekulu MyD88 (myeloid partition factor 88) a vysledkem je produkce
zanétlivych cytokint. V ptipadé receptoru v endosomu se jedna o TRIF (Tir-domain interferon-
B) kde vysledkem je produkce interferonti 3. TLR4 je jedinym TLR receptorem, ktery vyuziva
dva adaptorové proteiny (obrazek 3) (Kawai and Akira, 2011; Zheng et al., 2024).
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Obrazek 3 TLR4 signalizace pti sepsi (Zheng et al., 2024).
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1.10 HIGH MOBILITY GROUP BOX 1

Driive jiz zminény HMGBI patii, na rozdil od LPS, mezi DAMP. Je to jaderny protein, ktery
se objevi mimo bunku pii vyrazné stimulaci imunitnich bun¢k a jeho sekreci nebo pii bunécné
nekroze (Bianchi et al., 2017). Protoze signalizuje nebezpeéi pro organismus, byva fazen do
skupiny molekul nazyvanych alarminy (Yang et al., 2020). P#i nizkych koncentracich je
popisovany jeho ptiznivy Gc€inek na hojeni, pfi vysokych koncentracim amplifikuje zanétlivy
proces a je soucasti procesu samoposkozovani organismu netizenou piehnanou zanétlivou
reakci (cytokinova boufe) (Karki and Kanneganti, 2021), ktera muze vznikat jak pii sepsi
zpusobené gramnegativnimi bakteriemi (Andersson and Yang, 2022), tak pii tkanovém
poskozeni (Gong et al., 2020). HMGBI1 je typickym zastupcem molekul ,,sterilniho zanétu®,
ktery mtze vzniknout na zakladé mechanického poskozeni tkani a jehoz nasledky jsou podobné

sepsi (Gong et al., 2020).

Zajimava je skute¢nost, Ze HMGB1 miiZe zaujmout také roli LBP a vychytavat LPS v télnich
tekutinach, tedy tvofit s nimi komplex, ktery je prezentovan k rozliSeni TLR4. Jak jiz bylo
uvedeno, je znamo okolo 15 receptori pro HMGB mezi které patii také TLR2, TLR4 a TLR9
(Paudel et al., 2019).

1.11 SALMONELLA TYPHIMURIUM LT?2

Salmonely patfi do skupiny gramnegativnich bakterii tvofené pouze dvéma druhy — Salmonella
bongori a Salmonela enterica. S. bongori je stievni patogen studenokrevnich zivo¢icht a neni
pro ¢lovéka a hospodarska zvirata ptilis vyznamna. S. enterica je tvofene 6 poddruhy. Pro
Clovéka a teplokrevné Zivocichy je nejvyznamnéjsi S. enterica subsp. enterica, ktera je tvofena
zhruba 2 600 sérovary (Han et al., 2024). N¢které sérovary jsou druhoveé specializované, napft.
S. Typhi a S. Paratyphi a zplsobujici tyfoidni onemocnéni u clovéka. Podobné onemocnéni u
prasete vyvolava S. Choleraesuis. Salmonella enterica sérovar Typhimurium (S. Typhimurium)
je ,.kosmopolitni* sérovar, ktery postihuje distalni Cast tenkého stieva (ileum) a tlusté stievo a

pusobi ,,salmonelozu®, tedy enterokolitidu (Gal-Mor et al., 2014; Kim and Isaacson, 2017).

Je zajimavé, ze diky vyrazné odliSnému mikrobiomu mysi (Xiao et al., 2015) a ¢lovéka (Qin et
al., 2010) zpasobuje S. Typhimurium u myS$i onemocnéni podobné lidskému tyfu. Pfi
predchazejici selektivni dekontaminaci streptomycinem se vSak onemocnéni vyvolané S.

Typhimurium méni na enterokolitidu. Stejné tak enterokolitidu vyvola u bezmikrobnich mysi

25



(Walker et al., 2023). U prasete shodné jako u ¢lovéka, pravdépodobné v disledku podobného
mikrobiomu (Xiao et al., 2016) S. Typhimurium pfirozen¢ vyvolava enterokolitidu (Kim and

Isaacson, 2017).

U konven¢nich jednotydennich selat S. Typhimurium LT2 nevyvola zietelné klinické piiznaky
enterokolitidy, pfipadné zpusobi pouze mirny prijem (Clarke and Gyles, 1987). Infekce timto

kmenem je vSak letalni pro jednotydenni bezmikrobni selata (Splichal et al., 2020).

1.12 PRINCIPY POUZITYCH METOD

1.12.11zolace celkové RNA

Pro ziskdni RNA je tfeba lyzovat buiiky. To se provadi pomoci mechanické homogenizace a
diky ni se ziskd homogenat obsahujici smés DNA, RNA, proteiny, sacharidy, lipidy a
nizkomolekuldrni latky. Pro nasledné vySetieni je potifeba oddélit RNA od slozek, které by
Vv dal$ich krocich mohli interferovat. Dfive hojn€ pouZzivana byla metoda fenol-chloroformové
extrakce, ktera v§ak pfinasela zdravotni rizika. Dnes se hojné vyuziva komer¢nich kytt ,,solid
phase extraction na principu adsorbéni chromatografie. Zakladem je zachyceni RNA
Vv kolonce, kdy jsou ostatni latky z homogenatu odmyty. Poté je pouZit elucni roztok, ktery

dokédze vymyt RNA z kolonky do sbérné zkumavky.
1.12.2Syntéza cDNA

Reverzni transkripce je metoda slouzici k pfevedeni RNA zpét na DNA, ktera vSak neni shodna
S genomovou, jelikoZ je ochuzena o introny, které se do templatové RNA nedostanou. Vysledny
produkt tedy nazyvame komplementarni DNA (complementary = cDNA). Tento krok je nutny
pro kvantifikaci jednotlivych RNA, jelikoZ metoda real-time PCR nedokaze RNA replikovat.
K syntéze je pouzita reverzni transkriptdza, ktera nejen nesyntetizuje cDNA, ale pfi pfitomnosti
vzniklého dvoufetézce RNA-DNA, dokaZze hybrid odstranit diky své hybrid dependentni RNasa

dependentni aktivité.
1.12.3Real-time polymerazova fetézova reakce

Real-time kvantitativni polymerazova fetézova reakce je technika molekularni biologie
pouzivana k méfeni mnozstvi cilové DNA v realném c¢ase béhem pribéhu PCR. Tato metoda

umoziuje presné kvantifikovat pocet kopii specifické DNA v pocateénim vzorku. Princip real-
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time PCR spociva v monitorovani amplifikace DNA pomoci fluorescencniho signalu, ktery je

generovan béhem kazdého cyklu.

Vyhody real-time PCR zahrnuji vysokou citlivost, rychlost a moZnost kvantifikace
amplifikované DNA v redlném case, coz umoznuje piesn€jsi a efektivnéjsi analyzu genové

exprese, genovych kopii a detekci patogenti.

LNA sondy jsou hybridiza¢ni sondy zaloZen¢ na stejném principu jako TagMan, s tim rozdilem,
ze LNA sondy vyuzivaji pro navazéni 8-9 nukleotidl, na rozdil od 25-35 nukleotidovych
TagMan sond. Zaclenénim modifikovanych nukleotiddi do sekvence, kdy se diky jedné bazi
s methylenovym mistkem mezi 2°0 a 4'C zvysi Tm az o 8 °C, zvySujeme stabilitu a specifitu

a tim se zvySuje pomér mezi signalem a Sumem (Splichalova et al., 2014).
1.12.4Enzymova imunoanalyza na pevné fazi

Test ELISA (Enzyme-Linked ImmunoSorbent Assay) je imunochemicka metoda, ktera
umoznuje detekovat a kvantifikovat antigeny nebo protilatky v biologickém vzorku. Princip
metody spociva v sérii biospecifickych interakci a nasledné enzymatické reakci, ktera vede
k poskytnuti signalu, nejcastéji barevné zméné. Na povrch mikrotitracni desticky se navazi
specifické protilatky proti testované latce. Tyto protilatky zachyti odpovidajici proteiny z
testované¢ho vzorku (bunécny lyzat). Na komplex antigen-protilatka se navaze dalsi specificka
protilatka, tzv. detek¢ni protilatka, ktera je znacend enzymem. Tato detekcni protilatka
rozpozna specificky analyt a navaze se na né&j. V poslednim kroku enzym §tépi substrat za
vzniku barevného produktu. MnoZstvi vzniklého produktu je pfimo uUmérné mnoZstvi
zachyceného analytu v testovaném vzorku. Intenzita zabarveni se zméfi pomoci
spektrofotometru a na zakladé ziskanych hodnot se vyhodnoti koncentrace analytu v

testovaném vzorku.
1.12.5Extended Multi-Analyte Profiling technologie

Extended Multi-Analyte Profiling (XMAP) je technologie vyvinuta spole¢nosti Luminex
Corporation. Jedna se o platformu pro multiplexni testovani, coZ znamend, Zze umoziuje
soucasn¢ testovat vzorek na pritomnost vice analyti (jako jsou proteiny, nukleové kyseliny
nebo jiné molekuly) v jedné reakci. Technologie xMAP vyuZivd paramagnetické

mikroskopické fluorochromy znacené (kodované) kulicky. Kazdd magnetickd kulicka je
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pokryta dvéma typy fluorescentnich barviv, které vytvareji jedinecny identifika¢ni kod. Diky
tomu lze na zakladé¢ fluorescence rozlisit stovky riznych typi magnetickych kulicek v jediném

vzorku.

1.13 PRACE SE ZVIRATY A VYHODNOCENI VYSLEDKU
1.13.1Princip 3R

Pokusy se zvifaty mohou provadét jen osoby, které k tomu maji osvédCeni, které ud€luje
Ministerstvo zemé&délstvi Ceské republiky na 7 let po absolvovani kurzu a slozeni zavéreéné
zkousky. Pro schvaleni konkrétnich pokust se zvifaty je tieba vypracovat projekt pokust, ktery
schvaluje odborna komise pfislusné instituce a postupuje ke spravnimu fizeni rezortni komisi.

Praci se zviraty je mozné zapocit az po schvaleni projektt pokust a jeho nabyti pravni moci.

Pii pokusech se zvifatech je tieba vychazet z principu 3R (reduction, refinement, replacement)
(Padrell et al., 2021).

Reducement — pocet zvifat pouzitych v pokusu by mél byt co nejmensi. Zde je tieba brat ohled
také na statistické vyhodnoceni — napt. Kolmogorov-Smirnoviiv test normality rozd€leni, které
umozni zvolit odpovidajici test.

Refinement — se zvifaty by mélo byt manipulovano co nejohleduplnéji, aby nedochazelo
k jejich zbytecné zatézi a utrpeni.

Replacement — pokusy se zvitaty by mély, pokud je to mozné nahrazovany jinymi metodami,

napf. praci s bunéénymi kulturami.

Pokusy se zvifaty mohou byt provadény pouze ve schvalenych uzivatelskych zatfizeni, které

maji platné p¥islusné opravnéni vydané Ministerstvem zemédélstvi Ceské republiky.
1.13.2Vyhodnoceni pokusii

V zévislosti na charakteru pokusii a poctu skupin je tteba volit odpovidajici statistické metody.
Zékladnim kritériem pro ur¢eni vhodnosti metody je vyhodnoceni normality rozlozeni hodnost.
Snaha o pouziti co nejmensiho poctu zvitat je vSak v rozporu se statistickym vyhodnocenim,
kdy pii veétsim poctu ptipadi bychom se, jednoduSe feceno, dostali snaze ke statistické
prikkaznosti rozdili mezi skupinami. Limitujici tedy miize byt napt. vyhodnoceni normality
rozlozeni hodnot, kdy pro Kolmogorov-Smirnoviv test je minimalné pozadovany pocet piipadi

(zvitat) 5.
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2 CILE PRACE

e Seznamit se a osvojit si postupy ziskani a odchovu gnotobiotickych selat.

e Ziskani, skladovani, ptiprava a zpracovani vzorkd.

e Osvojit si pfi zpracovani vzorkt izolaci celkové RNA, prepis do cDNA, ELISA, xMAP
technologii (Luminex)

e Posoudit moznosti stanoveni claudinu-1 a okludinu metodou ELISA

e Prezentovat v diplomové praci vysledky na kterych se diplomantka podilela a je
spoluautorkou na publikacich (viz ptilohy)

e Mozny piispévek do metodického zdzemi pracovniho kolektivu
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3 EXPERIMENTALNI CAST

3.1 PRISTROJOVE VYBAVENI A POMUCKY

Jednokanalové pipety Finepipette Digital (Thermo Labsystems, Helsinki, Finsko)

e Poloautomatické pipety Bio Control (Thermo Scientific, Helsinki, Finsko)

e Pipetus Aku (Hirschmann, Eberstadt, Némecko)

e Vortex (Labnet, Edison, NJ, USA)

e Stolni minicentrifuga (Benchmark Scientific, Sayreville, NJ, USA)

e Centrifuga Hettich 32R 1614 (Hettich, Tuttlingen, Némecko)

e Homogenizator Tissue lyzer LT (Qiagen, Hilden, Némecko)

e Nanodrop (Thermo Fischer, Waltham, MA, USA).

e Termocykler T100 (BioRad, Hercules, CA, USA)

e Termocykler iQ5 (BioRad, Hercules, CA, USA)

e Termostat MIR — 162 (Sanyo, Osaka, Japonsko)

e Spektrofotometr pro méfeni mikrotitracnich desticek Infinite 200 (Tecan, Méannedorf,
Svycarsko)

e 2 mm zirkoniové kuli¢ky (BioSpec, Bartlesville, OK, USA)

e 2 mm kiemicité stiepy (Biospec, Bartlesville, OK, USA)

e 4 mm kiemicité stiepy (Biospec, Bartlesville, OK, USA)

e Ocelové¢ kulicky o priméru 3,5 mm (Qiagen, Hilden, Némecko)

e Polypropylenové desticky (Brand, Wertheim, Némecko)

e Automatizovana promyvacka Hydro flex (Tecan, Ménnedorf, Svycarsko)

e Triepacka Orbit 300 (Labnet, Edison, NJ, USA)

e Bio-Plex (Bio-Rad, Hercules, CA, USA)

e PCR zkumavka 0.2 ml, Biosphere (Sarstedt, Niimbrecht, Némecko)

e PCR zkumavka 0.5 ml, Biosphere (Sarstedt, Niimbrecht, Némecko)

o Spicky s filtrem Neptune (Biotix, San Diego, CA, USA)

e Cerné desticky (NUNC, Roskilde, Dansko)

Pro praci s RNA a DNA byl pouzit material (Spicky, eppendorfky) s deklarovanou sterilitou,
DNA free, bez enzymt DNase, RNase a ATP, neobsahujici PCR inhibitory.
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3.2 REAGENCIE AKITY

e RNAlater (Sigma, St. Luis, MO, USA)

e RNeasy Plus Mini Kit (Qiagen, Hilden, Némecko)

e QuantiTect Reverse Transcription kit (Qiagen, Hilden, Némecko)

e Voda pro PCR (Life Technologies, Carlsbad, CA, USA)

e FastStart TagMan Universal Probe Master (Roche Applied Science, Penzberg,
Némecko)

e Primery (Generi-Biotech, Hradec Kralové, Cesko)

e LNA sondy (Roche Diagnostics, Basilej, Svycarsko)

e Pierce BCA Protein Assay Kit (Thermo Scientific, Rockford, IL, USA)

e NP-40 (Thermo Scientific, Helsinki, Finsko)

e Cytobuster (Merck, Burlington, MA, USA)

e Pig Claudin - 1 (CLDN-1) ELISA kit (Abbexa, Cambrige, Anglie)

e Pig Okludin (OCLN) ELISA kit (Abbexa, Cambrige, Anglie)

e Pig HMGBL1 ELISA kit (Abbexa, Cambrige, Anglie)

e Dulbeco (Gibco, Thermo Fisher Scientific, Waltham, MA, USA)

e ProcartaPlex Multiplex Immunoassay (Affymetrix, Santa Clara, CA, USA)

3.2.1 DalSi pomiicky, pristroje a software

Pro vyhodnoceni vysledkii z PCR byl pouzit program iQ5 Optical System Software, verze 1.0
(Bio Rad). Literarni reference byli tvofeny pomoci Paperpile (Google, Menlo Park, CA, USA),
obrazky mnou vytvoiené byli generovany za pomoci programu Biorender (Toronto, Kanada),
normalizace genového piepisu a vypocet relativni exprese mRNA byly zpracovany software
Genex v. 6 (MultiD Analyses AB, Gothengurg, Svédsko), statistické vyhodnoceni a ¢ast grafii
byly provedeny GraphPad Prism softwarem verzi 6 (GraphPad Software, San Diego, CA,
USA).
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3.3 PRIPRAVA BAKTERIALNICH SUSPENZI

Bakterialni kultury byly ze sbirky Mikrobiologického ustavu v Novém Hradku.

Bifidobacterium animalis subsp. lactis BB-12 (BB12) a Bifidobacterium boum, kmeny RP36 a
RP37 jsme resuspendovali v 0,05 M fosfatovém pufru, pH 6,5 obsahujici 500 mg/1 cysteinu
(PBC), naoc¢kovali na Wilkins-Chalgren agar (Oxoid, Basingstoke, UK) doplnény o sojovy
pepton (5 g/l; Oxoid), mupirocin (100 mg/1) a kyselina octova (1 ml/l) v anaerobnich nadobach
se sacky AnaeroGen (Oxoid) a inkubovali pti 37 °C po dobu 48 hodin. jednotlivé kolonie jsme
premistili do lahvicek obsahujicich 10 ml Wilkins-Chalgren bujénu (Oxoid) doplnéného se
sojovym peptonem (5 g/l, Oxoid) a anaerobné kultivovali pfi 37 °C pies noc. Bakterie jsme
centrifugovali pii 4000 g po dobu 10 minut pii teploté mistnosti a bunééna peleta byla dvakrat

promyty 0,05 M fosfatovym pufrem, pH 6,5 obsahujicim 500 mg/1 cysteinu (PBC).

Lactobacillus amylovorus jsme kultivovali v 10 ml MRS bujonu (Oxoid). Buriky jsme ziskali
centrifugaci pii 4000 g po dobu 10 minut. Peleta byla dvakrat promyta 0,05 M fosfatovym

pufrem.

Salmonella Typhimurium LT2 jsme kultivovali na na masopeptonovém zivném agaru (Oxoid,
Basingtone, Anglie). Po vyo€kovani kolonii se z nich pfipravi suspenze v PBS. Vysledné

koncentrace bakterii jsme zjist'ovali spektrofotometricky pti 600 nm pomoci kalibra¢ni kiivky.

3.4 OSAZOVANI SELAT BAKTERIEMI

Podstatnou ¢ast prace tvofi publikované vysledky, a proto jsou u schémat a grafli uvadény
odkazy na prace ve kterych byly vysledky publikovany. Oba ¢lanky jsou jako ptilohy 2 a 3

soucasti diplomové prace.

3.4.1 DonoSena selata — schéma experimentu

Splichalova, A., Kindlova, Z., Killer, J., Neuzil Bunesova, V., Vlkova, E., Valaskova, B.,
Pechar, R., Polakova, K., Splichal, 1., 2023. Commensal Bacteria Impact on Intestinal Toll-like
Receptor Signaling in Salmonella-Challenged Gnotobiotic Piglets. Pathogens 12, 1293.
https://doi.org/10.3390/pathogens12111293z
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Obrazek 4 Schéma osazovani donosenych selat (Splichalova et al., 2023).
3.4.2 NedonoSena selata — schéma experimentu

Splichal, I., Donovan, S.M., Kindlova, Z., Stranak, Z., Neuzil Bunesova, V., Sinkora, M.,
Polakova, K., Valaskova, B., Splichalova, A., 2023. Release of HMGB1 and Toll-like
Receptors 2, 4, and 9 Signaling Are Modulated by Bifidobacterium animalis subsp. lactis BB-
12 and Salmonella Typhimurium in a Gnotobiotic Piglet Model of Preterm Infants. Int. J. Mol.
Sci. 24, 2329. https://doi.org/10.3390/ijms24032329
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Obrazek 5 Schéma osazovani nedonosenych selat (Splichal et al., 2023).
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3.5 ODBERY VZORKU

Strevni vyplachy jsme provedli Dulbecco PBS, centrifugovali je pti 2500 x g po dobu 30 minut
pti 8 °C a supernatanty filtrovali pies 0,2 m nitrocelulézovy filtr (Sartorius, Gottingen,
Némecko). Citratovou krev jsme centrifugovali pii 1200 x g po dobu 10 minut pii 8 °C. pted
zamrazenim a uchovanim pii -45 °C jsme ke stfevnim vyplachim pfidali smés inhibitort

protedz (Roche Diagnostics, Manheim, Némecko).

3.6 IZOLACE RNA

Pti pitvach je odebrana tkan ilea (tenké stfevo — kycelnik) a kolonu (tlusté stievo — pfi¢ny
traénik) do zkumavek s roztokem RNAlater pro pozdé&jsi izolaci. Vzorky jsou uchovavany pii
-20 °C. Vlastni izolace se provadi kitem RNeasy Plus Mini Kit (Qiagen, Hilden, Némecko)
homogenizaci 10 mg tkéné, ziskaného piicnym fezem stfevem. Vzorek tkdné€ je umistén do
zkumavky s roztokem 600 puL. RLT pufru s piidavkem 48 uL DTT (dithiotreitolu) a 3 pL
reagencie DX (Qiagen). K homogenizaci slouzi 2 mm zirkoniové kulicky (BioSpec,
Bartlesville, OK, USA), které na homogenizatoru Tissue lyzer LT (Qiagen) tkan rozbiji pii

tiepani o 50 Hz po dobu 5 min. Lyzat je centrifugovan 3 minuty pii 17 000 x g (obrazek 6).

Supernatant je pfeveden na spin gDNA kolonku, kterd vyrazné eliminuje mozny obsah
kontaminujici genomové DNA. Po centrifugaci po 30 s pii 11 000 x g je do sbérné zkumavky
ptidan 600 pL 70 % etanolu a obsah se mirné promicha. 700 uL tohoto roztoku je pteneseno
na RNAeasy kolonku. Centrifugaci 15 s pti 11 000 x g jsou odstranény zbylé slozky lyzované
tkané kromé ethanolem denaturovanych, které se zachyti na koloné (obrazek 7). V dalsim kroku
je provedeno promyti nejprve 700 uL RW1 roztoku, zcentrifugovano pii 11 000 x g po dobu
15 s, a poté 2x promyto pomoci 500 uL RPE roztoku. Pti druhé centrifugaci se roztok odsrani
pfi delsi centrifugaci po dobu 2 min. Pro zvySeni Cistoty vysledné RNA je vyménéna elucni
zkumavka pod kolonkou. Nasleduje dalsi centrifugace, tentokrat pti 14 000 x g po dobu 1 min
(obrazek 8). Kolonka nyni jiz se celkovou RNA zachycenou na SPE membrané je umisténa do
nové RNA-free zkumavky a na kolonku je aplikovano 30 uL. RNase-free vody. Eluce RNA
probiha pomoci centrifugace pti 11 000 x g po dobu 1 min (obrazek 9).

Vysledny izolat je pfeveden do mensi zkumavky a jsou odebrany 4 ul pro méfeni a zbytek

uloZen na -80 °C do syntézy cDNA.
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Obrazek 9 Eluce RNA z SPE kolonky

3.6.1 Meéreni koncentrace celkové RNA

Koncentrace je méfena ptistrojem Nanodrop (Thermo Fischer, Waltham, MA, USA). Na

mikrokyvetu jsou naneseny 2uL izolované celkové RNA.

Méfeni probiha pii vinové délce 260 nm pro RNA, 280 nm pro proteiny a 230 nm pro Korekci
na pfitomnost soli. Pomérem mezi RNA a proteiny ziskdme bezrozmérné ¢islo, které nad 1,8
znaci izolat bez vyrazné proteinové kontaminace. Pomérem mezi RNA a soli ziskdme informaci

o rozdélovaci G¢innosti kolony.

Koncentrace vyizolované RNA je urCena vypoctem z absorbance dle vzorce. Kdy konstanta

0,04 je faktor pro jednovlaknovou RNA (40 ng-cm/ml pro méteni RNA ve vode¢).
CrRNA — A260 . 0,04‘

3.7 SYNTEZA cDNA

Objem izolované celkové RNA ve vod¢ je vypoéten dle naméfené koncentrace v Nanodropu
(Thermo Fisher Scientific), kdy vzorek bude obsahovat 500 ng celkové RNA. Pro syntézu
cDNA se pouziva QuantiTect Reverse Transcription kit (Qiagen). Objem vyizolované RNA
obsahujici 500 ng se doplni do standardniho objemu 10 ul vodou pro PCR (Life Technologies,
Carlsbad, CA, USA) a syntéza cDNA se provede ve dvou krocich.
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1. Pro dalsi odstranéni mozné kontaminace izolované RNA genomovou DNA se piida k
10 pl obsahujici 500 ng celkové RNA 4 ul gDNA Wipeout pufru. Roztok ve zkumavce
se protiepe na vortexu a poté zcentrifuguje. Inkubace probiha pti 42 °C po dobu 3 min.

2. Po pfidani 6 pL roztoku obsahujiciho reverzni transkriptdzu se vzorky protfepou a
zcentrifuguji. Dale jsou vloZeny do termocykléru T100 (BioRad) a inkubuji se pii 42
°C po dobu 20 min. Poté je reverzni transkriptaza inaktivovana 3 minuty pii 95 °C.

3. Pro ptipravu templatu pro naslednou PCR se do kazdého vzorku pfidd 180 pL vody pro
PCR templaty jsou uskladnény pii -30°C.

gDNA W||ieout 2 (1) PCRvoda dle ¢ RNA vzorku
PCRvoda 2 gL 2 | Rozwok gDNA Wipeout 4 plL

- a T
x pocet vzorkl +1 (3 RNA vzorek dle jeho ©

Obrazek 10 Priprava roztoki pro odmyti zbytkové gDNA
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Obrazek 11 Vlastni reverzni transkripce izolované RNA

37



3.8 REAL-TIME PCR

Reagencie pro PCR analyzu byli pouzity v tzv. master mixu, ktery se sklada z FastStart
TagMan Universal Probe Master (Roche Applied Science, Penzberg, Némecko), primera
(Generi-Biotech, Hradec Kralové, Cesko), LNA sond (Roche Diagnostics, Basilej, Svycarsko)
a vody pro PCR (Life Technologies). Celkovy objem reakéni smési v jedné jamce je 18 ul.

Tabulka 1 Reak¢ni smés pro PCR

Reagencie Objem (ul)
FastStart Universal Probe Master (2x) | 10
PCR voda 7,6
LNA sonda 0,2
Forward primer 0,1
Reverse primer 0,1

Dva pl PCR templatu byly pfidany k 18 ul FastStart Universal Probe Master (Roche
Diagnostics) obsahujici 500 nM forward a reverse primeru od kazdého (Generi-Biotech, Hradec
Kralové, Ceska republika) a 100 nM LNA sondy (Universal ProbeLibrary; Roche Diagnostics)
(tabulka 1). Amplifikace byla provedena v duplikatech.

Ptipravenou reak¢ni smés protifepeme na vortexu a nésledné zcentrifugujeme. Tuto smes
preneseme do 96-jamkové desticky pro PCR. K tomuto roztoku je nasledné ptidana cDNA
v objemu 2 pl do kazdé jamky. Desticka je pielepena folii a je zcentrifugovana, protiepana a
znovu zcentrifugovana. Nasledné je desticka umisténa do termocykléru iQ5 (BioRad, Berkeley,

CA, USA) a je nastaven teplotni program.

Tabulka 2 Nastaveni cyklu PCR reakce

Teplota Cas Pocet cykli
Krok 1 95 °C 10 min 1x

95 °C 15s
Krok 2 60 °C 60s 45x
Krok 3 4 °C ) 1x

K vyhodnoceni byl pouzit program iQ5 Optical System Software, verze 1.0 (Bio Rad). Primery
pro 3 actin a Cyclophilin A byli pouzity jako referen¢ni markery replikace RNA v burkach.
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Tabulka 3 Primery a jejich sekvence a odpovidajici LNA sondy

Gen Kéd v databazich | Forward primer Délka LNA
Reverse primer sondy

13 actin U07786 TCCCTGGAGAAGAGCTACGA 9
AAGAGCGCCTCTGGACAC

Cyclophilin A NM214353 CCTGAAGCATACGGGTCCT 48
AAAGACCACATGTTTGCCATC

TLR2 NM213761 CTGCTCCTGTGACTTCCTGTC 40
AGGTAGTTCTCCGGCCAGTC

TLR4 AB188301 CCATGGCCTTTCTCTCCTG 33
AGGTAGTTCTCCGGCCAGTC

TLR9 NM213958 CAATGACATCCATAGCCGAGT 3
CGTTGCCGCTAAAGTCCA

MyD 88 AB292176 GCAGCTGGAACAGACCAACT 41
GTGCCAGGCAGGACATCT

TRIF KC969185 ATCTCCCTGGAGGCACTGA 49
GCTGTCTACACCAGCCCACT

MD-2 ABO086377 GCTCTGAAGGGAGAGACTGTG 12
TTGTCCCGGAGAAAATCGTA

CD14 AB267810 TCTCACCACCCTGGACCTAT 23
AACTTGCGCGGACAGAGA
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3.9 ENZYMOVA IMUNOANALYZA NA PEVNE FAZI

3.9.1 Stanoveni koncentrace celkového proteinu

Vzorky jsou uchovavany pfi teploté -20°C. Vzorek je pomalu pfiveden na pokojovou teplotu
Homogenizace vzorki se provadi za pomoci ocelovych kuli¢ek, kiemicitych stiepti a

zirkoniovych kulic¢ek. Centrifuguje se ptiblizné 1000 x g po dobu 15 minut.

Stanoveni koncentrace je provadéno za pouziti Pierce BCA (Bicinchoninic Acid Protein Assay)
Protein Assay Kitu. (Thermo Scientific, Rockford, IL, USA). Pfed samotnym vySetienim je
max. 24 hodin ptfedem pfipraven pracovni roztok. Ten se skldda z 50 dili BCA reagentu 1 a
jednoho dilu reagentu 2. Roztok je stabilni pii pokojové teploté. Do jamek polypropylenové
desticky (Brand, Wertheim, Némecko) si pfipravime koncentra¢ni fadu ze standardu BCA
v objemu 25 pl. Vzorky jsou do jamek naneseny ve stejném objemu jako standard a je
napipetovan i kontrolni roztok (blank), K fedéni a ke kontrolnimu roztoku je pouzit roztok
Dulbeco (Gibco, Thermo Fisher Scientific, Waltham, MA, USA). Do kazdé jamky je pak ptidan
pracovni roztok v objemu 200 pl. Roztoky jsou poklepanim ze strany desti¢ky promichany.
Jamky jsou piekryty folii a desticka je umisténa do termostatu MIR — 162 (Sanyo, Osaka,
Japonsko) na 37 °C po dobu 30 min. Kdyz se v jamkach se standardy objevi zfetelny barevny
gradient, reakce se muze ukoncit. lhned poté se zméti absorbance na spektrofotometru pro
méfeni mikrotitra¢nich desti¢ek Infinite 200 (Tecan, Mannedorf, Svycarsko) pfi vinové délce

570 nm.
3.9.2 ELISA claudin -1 a okludin

Vysetteni je provadéno pomoci kit Pig Claudin - 1 (CLDN-1) ELISA kit (Abbexa, Cambrige,
Anglie) a Pig Okludin (OCLN) ELISA kit (Abbexa, Cambrige, Anglie). Vzorky jsou nafedény
tak, aby ocekdvana koncentrace spadala do rozsahu kitu. Vzorek je nafedén poskytnutym
fedicim roztokem pro vzorky a dukladné¢ promichan. Koncentrovany promyvaci roztok je
ziedén 25krat (1:25) destilovanou vodou. Piipravu standardniho roztoku claudinu-1 a okludinu
musime zacit centrifugaci pii 10 000xg po dobu 1 minuty, protoze by se prasek mohl vysypat
z vicka pfti otevirani. Jakmile je standard rekonstituovan, mé¢l by byt ihned pouzit. Standardni
roztok o koncentraci 20 ng/ml je ziskan ptfidanim 1 ml fediciho roztoku vzorku/standardu do
jedné standardni zkumavky. Rekonstituovany standard je ponechan po dobu 15 minut s jemnym

michanim pted provedenim sériovych fedéni. Standardni roztoky v koncentra¢ni fad¢ 10 ng/ml
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— 0,3125 ng/ml jsou roziedény dvojkovym fedénim, tedy 0,5 ml fediciho roztoku
vzorku/standardu do kazdé zkumavky. Je ptidano 0,5 ml vySe uvedeného standardniho roztoku
20 ng/ml do prvni zkumavky a dikladn€ promichano. Je prevedeno 0,5 ml z prvni zkumavky
do druhé zkumavky a dikladn€ promichéno. Je ptevedeno 0,5 ml z druhé zkumavky do treti
zkumavky a dikladn€¢ promichano, a tak dale. Standardni roztok by mél byt pfipraven

nejpozdéji 15 minut pied experimentem.
Piiprava pracovniho roztoku biotinylované protilatky:

Roztok biotinylované protilatky je pfipraven nejdéle 1 hodinu pted experimentem. Celkovy
objem pracovniho roztoku je vypoéten: 0,1 ml na kazdou jamku x pocet jamek. (Je ponechano
0 0,1-0,2 ml vice nez celkovy objem). Biotinem konjugovana protilatka je zfedéna s roztokem
fedici protilatky v pomé&ru 1:100 a dikladné se promicha. Po pouziti je zbytek roztoku biotinem

konjugovana protilatky zlikvidovan.
Piiprava pracovniho roztoku streptavidin — kienové peroxidazy (STR-HRP):

Roztok STR-HRP konjugovaného reagentu je ptipraven nejdéle 30 minut pted experimentem.
Celkovy objem pracovniho roztoku je vypocten: 0,1 ml na kazdou zkumavku x pocet
zkumavek. (Je ponechano 0,1-0,2 ml vice nez celkovy objem). STR-HRP konjugovany reagent

je zfedén s roztokem fedictho STR-HRP v poméru 1:100 a diikladné se promicha.
Postup vySetieni:

1. Standardni roztoky, vzorky a jamky s kontrolou (blank) jsou pipetovany na pomocnou
destic¢ku, kde se fedi dle jejich celkové koncentrace proteint. Vzorky se méfi v dubletu.

2. Do jamek potazenych protilatkami proti claudinu a okludinu je pfidano 100 pl
pfipravenych standardnich roztokd.

3. Do kontrolni (blank) jamky je pfidano 100 pl roztoku fediciho protilatky
vzorku/standardu.

4. Do testovacich jamek je pfidano 100 pl vhodné nafedéného vzorku.

5. Desti¢ka je zakryta a inkubovana v termostatu MIR — 162 (Sanyo, Osaka, Japonsko) pii
37 °C po dobu 90 minut.

6. Folie je odstranéna a tekutina je likvidovana. Neni provadéno oplachovani.
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10.

11.

12.

13.

14.

Do kazdé jamky je piidano 100 pl pfipraveného pracovniho roztoku biotinylované
protilatky. Desticka je znovu zakryta a inkubovana pti 37 °C po dobu 60 minut.

Folie je odstranéna a desticka je 3krat oplachnuta na automatizované promyvacce Hydro
flex (Tecan, Mannedorf, Svycarsko)

Kazda jamka je naplnéna promyvacim roztokem a namacena po dobu nejméné 1-2
minut Po odstranéni promyvaciho roztoku je desticka osusena na savém materialu

Do kazdé jamky je ptidano 100 pl pracovniho roztoku STR-HRP, znovu se pielepi folii
a inkubuje se pii 37 °C po dobu 30 minut.

Folie je odstran¢na a desticka je Skrat promyta promyvacim roztokem. Po kazdém
oplachnuti se necha oplach v jamkach 1-2 minuty. Desticka je osuSena na savém
filtracnim papiru nebo buni¢ing.

Do kazdé jamky se piidava 90 pl substratu TMB. Desticka je zakryta a inkubuje se pfi
37 °C v tmavych podminkach po dobu 15-20 minut (Cas inkubace slouZi pouze k
referenci, neptekracuje se 30 minut). KdyZ se v jamkach se standardy objevi zietelny
barevny gradient v jamkach se standarty, reakce se mtize ukoncit.

Do kazdé jamky se ptidava 50 pl zastavovaciho (stop) roztoku. Méla by nastat zména
barvy na zlutou. Desticka se lehce ze strany poklepa, aby se zajistilo dikladné
promichani.

Absorbance se méfi pii 450 nm ihned na spektrofotometru pro méteni mikrotitra¢nich

desti¢ek Infinite 200 (Tecan, Méannedorf, Svycarsko).

3.10 EXTENDED MULTI-ANALYTE PROFILING TECHNOLOGIE

Vzorky plazmy a séra se pied samotnym vySetienim musi zpracovat. Nesrazliva krev s obsahem

3,8 % citratu se centrifuguje pti 1 000 g po dobu 10 min pii 2-8 °C. Odebranim supernatantu

ziskame plazmu. Sérum se ziskava vysrazenim krve 20-30 min pii 20-25 °C. Pokud se ve

vzorcich plazmy nebo séra nachazi vysoky obsah lipidd, 1ze dany vzorek zcentrifugovat pfi

10 000 g po 10 min pti 2-8 °C. Alikvoty jsou umistény do -40 °C.

Pro analyzu byl zvolen kit ProcartaPlex Multiplex Immunoassay (Affymetrix, Santa Clara, CA,

USA).

Piiprava standardu za¢ina sto¢enim lyofilizatu pii 2 000 g po 10 sec. Standart je

resuspendovan v 250 pl Universal Assay Buffer ve vialce. Velmi jemné je standart protiepan

na vortexu 30 s. Poté je inkubovan na ledu 5-10 min.

Kalibra¢ni fada je ptfipravena v poméru 1:4 dle obrazku ¢ 12.
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Obrazek 12 Kalibra¢ni fada standardu pro xMAP

Magnetické kulicky se protfepou na vortexu 30 s. Déle se nafedi promyvacim roztokem DPBS
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA) a vlozi se na vortex 10 s. Do kazdé
jamky 96-jamkové Cerné desticky (NUNC, Roskilde, Dansko) se piida 25 pl roztoku
s magnetickymi kulickami. Dale se ptida roztok DPBS s Tween-20 v objemu 100 pl. Desticka
je vlozena do magnetického separatoru promyvacky. Je provedeno promyvani, kdy se kulicky
separuji magnetem, je odebran supernatant a znovu piidan roztok DPBS v objemu 150 pl

opakovang.

Vzorky se nanaseji do polypropylenové desticky (Brand, Wertheim, Némecko) v objemu 80 nl
po promichani a centrifugaci 10 000 g 5 min pii 4 °C. Do kazdé jamky ¢erné desticky se nanese
25 ul Universal Assay Buffer. Do kazdé jamky se pak z polypropylenové desti¢ky pfenese 25
ul standardu, vzorku nebo Universal Assay Buffer pro kontrolni (blank) vzorek. Desticka je
ptelepena neprihlednou folii a tfepana na tfepacce Orbit 300 (Labnet, Edison, NJ, USA) 500
rpm 45 min pii pokojové teploté. Poté je umisténa do 4 °C pies noc. Druhy den je desticka

znovu tfepana 500 rpm 45 min pii pokojové teploté, a nasledné je promyta.

Do kazdé jamky se pfidd 25 pl biotinylované detekéni protilatky. Desticka je ptelepena
nepruhlednou folii a je tiepana pti 500 rpm 1 h pii pokojové teploté, poté je promyta. Na biotin
je v dalsim kroku navazan konjugat phycoerytrinu se streptavidinem (SAPE), kdy je pfidano
50 ul streptavidinu do kazdé jamky, a inkubuje se ve tmé na tifepacce pii 500 rpm 45 min pfi
pokojové teploté. Nasledné se desticka promyje a ptida se do ni 120 pl ¢teciho pufru. Ten se
s neprithlednou folii tfepe pti 500 rpm 5-15 min pii pokojové teploté. Naslednd analyza probiha
na Bio-Plexu (Bio-Rad, Hercules, CA, USA).
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3.11 PRACE SE ZVIRATY A VYHODNOCENI VYSLEDKU

3.11.1Projekty pokust

Projekt pokusi byl projednan odbornou komisi Mikrobiologického ustavu AV CR, v.v.i. a
postoupen Rezortni komisi AV CR. Pokusy byly provedeny v ramci schvalenych projektt

pokusti
3.11.2Vyhodnoceni pokusi

V zavislosti na charakterti pokust a poctu skupin je tfeba volit odpovidajici statistické metody.
Zakladnim kritériem pro uré¢eni vhodnosti metody je vyhodnoceni normality rozlozeni hodnost.
Snaha o pouziti co nejmensiho poctu zvitat je vSak v rozporu se statistickym vyhodnocenim,
kdy pii vétSim poctu ptipadi bychom se, jednoduSe feceno, dostali snaze ke statistické
priukaznosti rozdili mezi skupinami. Limitujici tedy mlze byt napt. vyhodnoceni normality
rozlozeni hodnot, kdy pro Kolmogorov-Smirnoviiv test je minimalné pozadovany pocet ptipadi

(zvirat) S.
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4 VYSLEDKY
41 1ZOLACE RNA

Vzorky vyizolované RNA byly piipraveny dle postupu uvedeného v kapitole 3.2 1zolace RNA

V experimentalni ¢asti.

Tabulky 4-7 obsahuji absorbance a poméry z absorbanci méfené na Nanodropu (Thermo
Fischer). Vypocty koncentrace izolované RNA a jeji objem potiebny k pipetovani pro reverzni
transkripci dle kapitoly 3.3 Reverzni transkripce, jsou pocitany pro 500 ng celkové RNA ve
vzorku.

Tabulka 4 Data izolace RNA z ilea nedonoSenych selat

. . . Syntéza cDNA Data z NanoDropu
Popis a oznaceni vzorku
H20 | 05ugRNA Konc. Poméry Absorbance
Sele Popis Org. [uL] [uL] [ng/ 18 L] Aol Azso Aol Azzo Ao | Ao
944/20 | GF L |1,3 8,7 57,4 2,15 0,31 1,43 0,67
944/90 | GF IL |54 4,6 109,7 2,10 2,01 2,74 1,3
945/2 | GF L |11 8,9 56,3 2,05 1,21 1,41 0,69
943/5 | GF IL |63 3,7 136,9 2,05 2,08 342 |1,67
949/1 |GF IL |65 3,5 142,0 2,05 2,02 355 1,73
949/7 | GF IL |82 1,8 276,2 2,07 2,24 6,9 3,33
950/50 |GF L |79 2,1 238,1 2,09 1,52 5,95 2,85
949/2 |BB12 IL |46 54 91,8 2,09 1,20 2,29 1,1
949/4 |BB12 L |7,0 3,0 164,5 2,07 1,69 4,04 1,95
949/6 |BB12 L |77 2,3 2175 2,08 1,71 5,44 2,61
950/0 | BB12 L 69 |31 160,5 2,07 1,83 4,01 |1,93
950/40 |BB12 IL |80 2,0 2440 2,07 2,08 6,1 2,94
950/60 |BB12 IL 49 51 97,1 2,07 1,44 2,43 1,18
951/11 | BB12 IL 80 |20 2456 2,09 0,92 6,14 |2,93
951/16 |BB12 IL |81 1,9 263,9 2,09 1,00 6,6 3,15
949/5 |BB12+LT2|IL |7,8 2,2 230,5 2,08 1,97 57 2,77
949/8 |BB12+LT2|IL |8,8 1,2 429,2 2,10 1,94 10,73 |5,1
949/9 |BB12+LT2|IL |84 1,6 320,7 2,09 0,63 8,02 3,83
950/10 [BB12+LT2|IL |64 3,6 140,0 2,07 2,16 3,5 1,69
950/30 |BB12+LT2|IL |8,8 1,2 428,8 2,10 1,64 10,72 |5,12
951/12 |BB12+LT2|IL |8,8 1,2 408,2 2,10 1,48 10,2 4,85
951/13 |BB12+LT2|IL |9,1 0,9 541,6 2,05 1,48 13,54 6,6
888/0 LT?2 IL 19,0 1,0 499,0 2,04 2,06 1247 16,1
888/1 LT2 IL |92 0,8 652,4 2,05 2,23 16,31 |7,97
892/1 LT?2 IL |75 2,5 198,9 2,09 0,88 4,97 2,38
898/3 LT?2 IL |93 0,7 670,2 2,06 1,27 16,76 |8,14
946/1 LT2 IL |92 0,8 639,0 2,06 2,15 15,97 |7,75
947/20 |LT2 IL |88 1,2 426,5 2,10 1,83 10,66 |5,08
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Pti izolaci vzorkt z ilea u nedonosenych selat nebyl zaznamenan signifikantni rozdil mezi
jednotlivymi skupinami selat. Coz znaci, Ze pfitomnost bakterii ve vzorku neinterferuje
s Cistotou ziskané RNA.

Tabulka 5 Data izolace RNA z kolonu nedonosenych selat

. . . . Syntéza cDNA Data z NanoDropu

Popis a oznaceni vzorku

H20 | o5mgrNnA | Konc. Poméry Absorbance
Sele Popis Org. [m L] [m L] [ng/ m L] A0/ Azso Aol Azzo A0 Aogo
943/5 |GF coL| 7,3 2,7 185,2 2,09 0,63 463 2,22
944/20 |GF coL| 89 11 450,3 2,10 1,84 11,26 |5,36
944/90 |GF coL| 38 6,2 80,9 2,50 0,81 2,02 10,99
945/2 |GF COoL| 8,2 18 2815 2,08 1,72 7,04 3,38
949/1 |GF coL| 8,8 1,2 4153 2,10 1,73 10,38 4,95
949/7 | GF cCoL| 75 2,5 203,4 2,06 1,85 508 2,47
950/50 |GF COoL| 85 1,5 330,2 2,09 1,95 8,26 [3,95
949/2 BB12 CcoL| 8,7 1,3 395,5 2,09 2,10 9,89 (4,73
949/4 | BB12 CcoL| 8,7 1,3 392,1 2,11 0,88 9,8 4,66
949/6 BB12 CoL| 85 15 337,3 2,09 2,02 8,43 [4,04
950/0 BB12 CoL| 85 1,5 336,6 2,08 2,19 8,41 [4,04
950/40 |BB12 coL| 84 1,6 314,7 2,09 1,40 7,87 |3,76
950/60 |BB12 coL| 7.8 2,2 230,0 2,09 0,94 575 12,75
951/11 |BB12 coL| 74 2,6 195,5 2,09 0,79 489 12,33
951/16 |BB12 CoL| 84 1,6 311,7 2,09 2,08 7,79 [3,74
949/5 BB12+LT2|coL| 91 0,9 5734 2,06 2,00 14,33 |6,97
949/8 BB12+LT2|coL| 9,3 0,7 732,6 2,07 1,33 18,32 |8,84
949/9 BB12+LT2|CcOL| 94 0,6 842,6 2,06 2,17 21,07 10,23
950/10 |BB12+LT2|coL| 94 0,6 826,5 2,08 1,44 20,66 9,94
950/30 |BB12+LT2|coL| 8,9 1,1 4711 2,10 1,83 11,78 |5,6
951/12 |BB12+LT2|coL| 9,7 0,3 1449,6 2,09 2,27 36,24 | 17,33
951/13 |BB12+LT2|CcOL| 9,6 0,4 14154 2,09 2,27 35,39 |16,93
888/0 LT2 CoL| 8,2 1,8 282,3 2,08 1,61 7,06 |34
888/1 LT2 coL| 8,0 2,0 254,1 2,08 1,61 6,35 |3,05
892/1 LT2 CoL| 64 3,6 139,7 2,06 1,78 349 |17
898/3 LT2 coL| 8,8 1,2 4159 2,09 2,04 104 |4,97
946/1 LT2 CcoL| 9,2 0,8 635,3 2,05 2,08 15,88 | 7,75
947/20 |LT2 coL| 9,3 0,7 679,5 2,06 1,30 16,99 |8,25

Pti izolaci vzorkil z kolonu u nedonoSenych selat nebyl zaznamendan signifikantni rozdil mezi
jednotlivymi skupinami selat. Coz znaci, ze pfitomnost bakterii ve vzorku neinterferuje

S ¢istotou ziskané RNA.
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Tabulka 6 Data izolace RNA z ilea donosenych selat

. . . Syntéza cDNA Data z NanoDropu

Popis a oznaceni vzorku

H20 |05 pgRNA Konc. Poméry Absorbance
Sele Popis Org. | [uL] | [uL] [ng/ul] | A260/A280 | A260/A230 | A260 | A280
943/2 RP 36 IL 9,3 0,7 689,4 2,07 2,22 17,23 [8,31
943/3 RP 36 IL 8,1 19 261,0 2,10 1,16 6,52 |31
944/6 RP 36 IL 7,2 2,8 178,1 2,10 1,30 445 2,12
944/10 |RP 36 IL 8,6 14 360,4 2,10 1,72 9,01 [4,28
945/4 RP 36 IL 8,3 17 301,7 2,11 1,57 7,54 [3,58
950/20 |RP 36 IL 8,3 17 286,6 2,09 1,67 7,16 [3/42
950/70 |RP 36 IL 8,3 17 301,3 2,09 1,92 7,53 [3,61
950/90 |RP 36 IL 8,1 1,9 262,4 2,10 1,59 6,56 [3,12
943/6 RP 37 IL 7,5 2,5 196,8 2,07 1,77 489 (2,36
943/7 RP 37 IL 8,0 2,0 247,1 2,08 1,76 6,18 [2,96
944/30 |RP 37 IL 8,4 1,6 309,6 2,09 2,13 7,74 [371
944/50 |RP 37 IL 6,3 3,7 135,0 2,07 2,12 3,38 1,63
944/80 |RP 37 IL 6,2 3,8 132,8 2,07 1,95 332 |16
945/0 RP 37 IL 91 0,9 564,1 2,11 1,80 14,1 |6,7
946/4 RP 36+LT2 |IL 8,5 15 334,1 2,11 1,29 8,35 [3,96
946/8 RP 36+LT2 |IL 6,2 3,8 132,2 2,06 2,26 3,3 16
946/9 RP 36+LT2 |IL 91 0,9 566,9 2,1 1,94 14,17 16,73
947/10 |RP36+LT2 |IL 8,3 1,7 298,0 2,08 2,28 745 3,58
948/30 |RP 36+LT2 |IL 9,2 0,8 636,9 2,11 1,64 15,77 | 7,47
948/40 |RP 36+LT2 |IL 9,3 0,7 674,0 2,14 1,24 16,85 |7,87
948/50 |RP 36+LT2 |IL 8,7 1,3 391,4 2,11 1,52 9,78 |4,64
946/0 RP37+LT2 |IL 6,6 3,4 148 2,07 1,05 3,7 1,78
946/2 RP37+LT2 |IL 8,5 15 338,3 2,1 2,04 8,46 4,03
946/5 RP37+LT2 |IL 9,2 0,8 648,1 2,06 1,57 16,2 |7,85
948/20 |RP37+LT2 |IL 8,7 1,3 386,9 2,11 1,31 9,67 [4,58
948/60 |RP 37+LT2 |IL 9,2 0,8 609,3 2,06 1,76 15,23 [7,39
960/70 |LA+LT2 IL 4,8 5,2 95,9 2,12 1,16 2,4 1,13
961/5 LA+LT?2 IL 6,0 4,0 125,3 2,13 0,85 3,13 [1,47
960/60 |LA+LT?2 IL 5,0 5,0 100,1 2,15 0,33 2,5 1,17
960/30 |LA IL 3,9 6,1 82,3 2,11 0,94 2,06 [0,98
960/80 |LA IL 7,2 2,8 176,1 2,13 0,64 4.4 2,07
960/50 |LA IL 0,8 9,2 54,1 2,13 0,3 1,35 0,62
962/12 |LA IL 8,2 1,8 282,4 2,12 1,45 7,06 [3,33
962/16 |LA IL 8,5 15 323,2 2,13 0,63 8,08 (38
962/14 |LA IL 9,0 1,0 489 1,92 1,68 1,22 10,64
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Tabulka 7 Data izolace RNA z kolonu dono$enych selat

Syntéza cDNA Data z NanoDropu
Popis a oznaceni vzorku 0,5 mg

H20 |RNA Konc. Poméry Absorbance
Sele Popis Org.| [mL] | [mL] [ng/mL] | A260/A280 | A260/A230 | A260 | A280
943/2 RP 36 COL| 6,6 3,4 147,2 2,08 0,33 3,68 1,77
943/3 RP 36 COoL| 43 57 87,7 2,03 1,90 2,19 11,08
944/6 RP 36 coL| 79 2,1 238,0 2,07 1,68 595 (2,87
944/10 |RP 36 CoL| 8,0 2,0 251,9 2,07 1,89 6,3 3,04
945/4 RP 36 COoL| 35 6,5 76,4 2,05 0,32 191 10,93
950/20 |RP 36 CoL| 40 6,0 83,7 2,10 0,28 2,09 (0,99
950/70 |RP 36 coL| 7.8 2,2 227,5 2,09 1,64 567 (2,72
950/90 | RP 36 COL| 4,0 6,0 83,5 2,07 1,45 2,09 [1,01
943/6 RP 37 COL| 64 3,6 137,2 2,07 1,67 343 [1,65
943/7 RP 37 COL| 3,2 6,8 73,6 2,10 0,23 1,84 10,88
944/30 |RP 37 COL| 5,2 4,8 104,6 2,09 0,32 2,61 1,25
944/50 |RP 37 CoL| 75 2,5 200,2 2,08 1,78 501 [2/41
944/80 |RP 37 CoL| 51 4,9 101,3 2,09 0,61 253 (121
945/0 RP 37 COL| 6,6 3,4 148,6 2,07 0,96 3,71 11,79
946/4 RP 36+LT2 |COL| 8,8 1,2 4227 2,10 2,07 10,57 |5,03
946/8 RP36+LT2 |COL| 7,2 2,8 181,6 2,09 1,05 454 (21
946/9 RP36+LT2 |COL| 8,8 1,2 407,3 2,10 2,25 10,18 |4,86
947/10 |RP36+LT2 |COL| 2,6 7,4 67,8 2,08 0,79 169 (0,81
948/30 |RP36+LT2 |COL| 7,8 2,2 232,5 2,09 1,71 581 (2,78
948/40 |RP36+LT2 |[COL| 8,3 17 290,8 2,10 1,22 7,27 3,46
948/50 |RP36+LT2 |COL| 8,6 1,4 358,4 2,09 2,24 8,96 14,29
946/0 RP37+LT2 |COL| 84 1,6 315,7 2,10 1,81 7,89 [3,76
946/2 RP37+LT2 |COL| 89 1,1 465,2 2,12 1,52 11,63 |5,48
946/5 RP37+LT2 |COL| 7.8 2,2 225,3 2,08 1,93 563 |27
948/20 |RP37+LT2 |COL| 8,3 17 299,6 2,10 0,80 7,49 [3)57
948/60 |RP37+LT2 |COL| 8,2 1,8 276,9 2,06 2,30 6,92 [3,36
960/70 |LA+LT2 COL| 6,8 3,2 158,3 2,07 1,93 396 (191
961/5 LA+LT?2 COL| 54 4,6 108,4 2,11 0,96 2,71 1,28
960/60 |LA+LT2 coL| 71 2,9 174 2,1 0,84 435 2,07
960/30 | LA CoL| 40 6,0 83,9 2,06 1,68 2,1 1,02
960/80 |LA COL| 6,5 3,5 143 2,11 1,05 3,57 ]1,69
960/50 |LA COL| 6,9 3,1 163 2,1 0,55 4,07 [1,94
952/12 |LA COL| 8,0 2,0 250,4 2,1 2,21 6,26 [2,98
962/14 |LA coL| 7.2 2,8 176,9 2,12 0,52 442 12,09
962/16 |LA coL| 7,1 2,9 172,6 2,12 1,12 4,32 2,04
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4.2 ELISA CLAUDIN -1 A OKLUDIN

4.2.1 Celkova koncentrace proteint

Pro analyzu claudinu-1 a okludinu je potieba nejdiive zjistit celkovou koncentraci proteinii
vyizolovanych ze vzorku, aby bylo mozné porovnavat expresi claudinu-1 a okludinu mezi
skupinami selat s riznym bakteridlnim osazenim. Vzorky tkan¢ jsou proto homogenizovany
pro ob¢ analyzy zaroven, protoze je potieba uvadét vysledky v poméru k celkovému objemu.
Diky zjisténi celkové koncentrace proteini metodou BCA 1ze navic snizit koncentraci analytu
pro metodu ELISA pro claudin-1 a okludinu, tak, aby se vzorky vesli do kalibraéniho rozmezi
kitu.

4.2.1.1 Vliv homogenizacnich materialii

Vzorky uskladnéné pii -80 °C se nechali pti laboratorni teploté rozmrznout a nasledné z nich

byl odebran 20 mg kus tkan¢€ k homogenizaci a izolaci proteind.

Pti zavadéni ELISA metody bylo potieba zjistit, ktery material bude k homogenizaci nejlepsi.
K testovani byly pouzity zirkoniové kulicky o priméru 2 mm (Biospec, Bartlesville, OK, USA),
kfemicité stfepy dvou velikosti, mensi s primérnou velikosti 2 mm a vétsi o primérné velikosti
4 mm (Biospec, Bartlesville, OK, USA), a ocelové kulicky o priméru 3,5 mm (Qiagen, Hilden,

Némecko).

Tabulka 8 Hodnoty absorbanci standardu BCA pro riizné homogeniza¢ni materialy

Konc. ng/ml |A1l A2 A avg. A korig
2000 2,5226 2,4952 2,5089 2,4094
1000 1,3585 1,3503 1,3544 1,2549
500 0,7833 0,7808 0,78205 0,68255
250 0,4697 0,4661 0,4679 0,3684
125 0,3046 0,3003 0,30245 0,20295
62,5 0,2427 0,1943 0,2185 0,119
31,25 0,1527 0,1542 0,15345 0,05395
15,625 0,1381 0,1234 0,13075 0,03125
Blank 0,0981 0,1009 0,0995 0
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y =0,0012x + 0,0468
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Graf 1 Vliv absorbance na koncentraci celkového proteinu pro homogeniza¢ni materialy

Vysledky

Tabulka 9 Vypocet koncentrace standardu BCA

Al A2 A avg A korig | Koncentrace
Zi2mm 2,2426 12,5024 |2,3725 2,273 1855,167
Si0 2 mm 15458 1,58 1,5629 1,4634 1180,5
SiO 4 mm OVER |OVER | ##HHHEHHE | #HHEHE HHHHH
Fe 3,5 mm 2,5991 |2,8562 |2,72765 |2,6282 2151,125

koncentraci celkového proteinu nebyly dle typu homogenizaéniho materialu

statisticky rozdilné. Byly proto zvoleny ocelové kulicky k izolaci na zakladé potizovaci ceny

materidlu a nevyznamnych rozdili koncentraci ziskanych pfi izolaci

4.2.1.2 Vliv centrifugacni sily

Vysledky vlivu centrifugacni sily dokazuji, Ze 1 pii vysSich otackach proteiny nesedimentuji.

Diky vyssi centrifugacni sile je lepé odebiran supernatant a nejsou v ném latky, které by mohli

zpiisobovat chyby pfi ¢teni celkového poctu proteintl.

Tabulka 10 Hodnoty absorbanci standardu BCA pro rtizné centrifugacni sily

Konc. ng/ml |A A Aavg A Kkorig
2000 2,6934 1,9606 2,327 2,2373
1000 1,4042 1,1007 1,25245 1,16275
500 0,8065 0,6409 0,7237 0,634
250 0,4724 0,4093 0,44085 0,35115
125 0,3159 0,2875 0,3017 0,212
62,5 0,2113 0,1809 0,1961 0,1064
31,25 0,1535 0,1337 0,1436 0,0539
Blank 0,0896 0,0898 0,0897 0
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Graf 2 Vliv absorbance na koncentraci celkového proteinu pro centrifugaéni sily

Tabulka 11 Hodnoty koncentrace celkového proteinu po rozdilné centrifugaéni sile

Vzorky A A Aavg A korig | Konc. Centrifugace
GF 1,8949 (19184 |1,90665 |1,81695 |1581,045

BB12 2,1156 [2,1276 |2,1216 |2,0319 |1776,455 4000 g
BB12+LT2|2,9569 |2,3153 |[2,6361 |2,5464 |2244,182

LT2 2,2488 | 2,359 2,3039 |2,2142 [1942,182

GF 1,8784 (19102 ]1,8943 |1,8046 |1569,818

BB12 1,8736  [2,0028 ]1,9382 |1,8485 |1609,727 10 000 g
BB12+L.T2|2,62 2,7217 2,67085 |2,58115 |2275,773

LT2 2,296 2,3194 |2,3077 [2,218 1945,636

Rozdily v koncentracich nejsou statisticky vyznamné, a proto lze prohlasit, Ze vyssi

centrifugacni sila neodstranuje protein do sedimentu a je stale pfitomen v supernatantu.

4.2.1.3 Vliv lyzacnich roztoki

Roztoky pouzivané k homogenizaci vzorku nelze z izolatu jednoduSe odstranit, reakce proto
probiha i za jejich piitomnosti, a proto bylo vhodné proméfit, zda neinteraguji s reagenciemi
pti analyze. Pro lyzu bun¢k byli uvazovany dva roztoky: NP-40 (Thermo Scientific) a
cytobuster(Merck). Oba lyzacni roztoky maji pfi homogenizaci zajistit naruseni vsech

bunécnych membran a tim usnadnit uvolnéni proteintt do roztoku.
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Tabulka 12 Hodnoty absorbanci standardu BCA pro ruzné lyza¢ni roztoky

Konc. ug/ml |A A A avg. A Korig.
2000 2,3251 2,2519 2,2885 2,1957
1000 1,2716 1,3848 1,3282 1,2354
500 0,8166 0,7685 0,7925 0,6997
250 0,5363 0,4574 0,4968 0,4040
125 0,3532 0,2892 0,3212 0,2284
62,5 0,2703 0,1943 0,2323 0,1395
31 0,1857 0,1407 0,1632 0,0704
Blank 0,0974 0,0882 0,0928 0

2 y=0,0011x+0,1041
R?=0,9954

Absorbance

0 500 1000 1500 2000 2500

Koncentrace ng/ml

Graf 3 Vliv absorbance na koncentraci celkového proteinu pro rizné lyza¢ni roztoky

Tabulka 13 Koncentrace celkového proteinu pfi pouziti rozdilnych lyza¢nich roztokt

Vzorky Absorbance A Prumér |A korig Konc. png/ml
GF 2,5406 (2,764 2,6523 2,6523 2316,64

g. BB12 2,6053 [2,7641 |[2,6847 2,6847 2346,09

% BB12+LT2 2,581 2,4122 12,4966 2,4966 2175,09
LT2 2,954 2,6004 |2,7772 2,7772 2430,18

s |GF 1,2471 10,9913 |1,1192 1,0264 838,55

% BB12 1,3726 | 1,1405 |1,2566 1,2566 1047,77

g BB12+LT2 |0,8139 |[0,7424 (0,7782 0,7782 612,86

O |LT2 2,3564 [1,2566 |[1,8065 1,8065 1547,73
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Graf 4 Rozdil koncentraci celkového proteinu stejnych vzorkii za pouziti riznych lyza¢nich roztokt

Na grafu ¢islo 4 je vidét vyrazny rozdil mezi NP-40 a cytobusterem, kdy NP-40 vyrazné

reagoval s reagenciemi pfi vySetieni a tim falesné zvySoval koncentraci celkovych proteind.

4.2.2 ELISA claudinu-1 a okludinu

4.2.2.1 Vliv lyzacnich roztoki na koncentraci claudinu-1

Po zjiSténi interference NP-40 pii celkovém stanoveni bylo pfistoupeno k porovnani

interference lyza¢nich roztoku pfi vlastnim stanoveni koncentrace claudinu-1 metodou ELISA.

Tabulka 14 Hodnoty absorbanci standardu claudinu-1 pro rizné lyza¢ni roztoky

ng/ml Absorbance Primér A korig.
20 1,9445 1,8954 1,91995 1,8354
10 1,2127 0,9984 1,10555 1,0210
5 0,7072 0,6277 0,66745 0,5829
2,5 0,4075 0,3638 0,38565 0,3011
1,25 0,3612 0,2612 0,3112 0,2266
0,625 0,2346 0,1431 0,18885 0,1043
0,3125 0,17 0,1378 0,1539 0,0693
Blank 0,0826 0,0865 0,08455 0
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Graf 5 Vliv absorbance na koncentraci claudinu-1 pro rtizné lyza¢ni roztoky

Tabulka 15 Koncentrace claudinu-1 pii pouZiti riznych lyzaénich pufri

Vzorek A Konc. ng/ml
GF 0,5919 5,63

S |BB12 1,2067 12,38

S |BB12+LT2 1,106 11,28
LT2 0,915 9,18

= |GF 0,3768 3,26

% BB12 0,3421 2,88

£ |BBI12+LT2 0,4934 4,54

O L1 0,2943 2,36

B NP 40 W Cytobuster
14,00
12,00
10,00

8,00

6,00

2,00
0,00
Graf 6 Koncentrace claudinu-1 pii pouziti riznych lyza¢nich pufr
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Vzorky homogenizované lyzacnim roztokem NP-40 méli vyrazné vyssi hodnoty koncentrace
claudinu-1. Jedna se o falesné zvySeni diky interakci lyza¢niho roztoku s reagenciemi
pouzivanych pii analyze (graf 6).

4.2.2.2 Vliv lyzac¢nich roztokit na koncentraci okludinu

Tabulka 16 Hodnoty absorbanci standardu okludinu pro rtizné lyzaéni roztoky

ng/ml Absorbance Pramér | A Korig.
20 1,9445 1,8954 1,91995 1,8354
10 1,2127 0,9984 1,10555 1,021

5 0,7072 0,6277 0,66745 0,5829
2,5 0,4075 0,3638 0,38565 0,3011
1,25 0,3612 0,2612 0,3112 0,22665
0,625 0,2346 0,1431 0,18885 0,1043
0,3125 0,17 0,1378 0,1539 0,06935
Blank 0,0826 0,0865 0,08455 0

18
y=0,0891x+0,0862

16 R®= 0,096

14
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Absorbance
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Graf 7 Vliv absorbance na koncentraci okludinu pro rizné lyza¢ni roztoky

Tabulka 17 Koncentrace okludinu pfi pouziti riznych lyza¢nich pufra

Vzorek A Konc. ng/ml
GF 0,7664 7,54

S [BB12 0,4986 4,60

S [BB12+LT2 0,8725 8,71
LT2 0,6592 6,37

s |GF 0,328 2,73

é BB12 0,2612 1,99

S |BBI12+LT2 0,393 3,44

o |LT2 0,2613 1,99
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Graf 8 Koncentrace okludinu pfi pouZiti riznych lyzaénich pufri
Vzorky homogenizované lyza¢nim roztokem NP-40 méli vyrazné vyssi hodnoty koncentrace

okludinu. Jednd se o falesné zvySeni diky interakci lyzac¢niho roztoku s reagenciemi

pouzivanych pii analyze (graf 8).

A Akorig. |%
NP-40 0,1 0,0548 |221,2389
Cytobuster 0,0853 |0,0401 |188,7168
DPBS 0,0454 |0,0002 |100,4425
Abbexa roztok 0,0452 |0 100

Tabulka 18 Slepé vzorky fedicich a lyzaénich roztokd.

Roztok Cytobuster vykazoval interakci s kitem kdyz se promeétily pouze Cisté roztoky bez
proteinovych interakci. Za srovnavaci roztok byl zvolen fedici roztok dodavany vyrobcem kitu.
Pufr Dulbeco PBS dosahl podobnych vysledkt jako fedici roztok od firmy Abbexa, a na tomto
zaklade€ ho lze pouzivat k fedéni vzorku. Interakce obou lyzacnich roztoki vSak znamena, Ze
bez zatazeni predCiStovacich krokt, které by zamezily reakci mezi lyza¢nimi roztoky a
navazanymi protildtkami na st€énach jamek. Z tohoto divodu je stanoveni koncentrace metodou
ELISA pro tento typ vzorkl nevhodny. Jako verifika¢ni metoda se ned4 pouZit, a bude muset
byt nahrazena Wester blotovaci technikou, kde se vzorek zbavi elektroforézou lyzacnich

roztokl a protilatky nebudou interagovat za poskytovani faleSné€ pozitivnich vysledka.
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43 TLR4 SIGNALNI DRAHA V 1ILEU A KOLONU U
GNOTOBOTICKYCH SELAT

4.3.1 Exprese TLR4 mRNA

Infekce se Salmonella Typhimurium LT2 (dale jen LT2) statisticky vyznamné (dale jen
vyznamné¢, vyrazng, apod.) zvysila expresi TLR4 mRNA v ileu gnotobiotickych selat. Osidleni
bezmikrobnich (dale jen GF) selat Bifidobacterium boum kmeny RP36 nebo RP37 nebo
Lactobacillus amylovorus (dale jen RP36, RP37 a LA) neovlivnilo expresi TLR4 mRNA v ileu
srovnani s GF selaty (graf 9). Pfedchozi osidleni zddnou z komenzalnich bakterii nezabranilo
vyraznému zvySeni exprese TLR4 mRNA po infekci s LT2 a bylo tak srovnatelné se selaty
infikovanymi LT2 bez pfedchoziho osidleni. Pfedchozi osidleni bifidobakteriemi vS§ak mirné
snizilo expresi TLR4 mRNA tak, ze rozdil mezi kontrolni GF skupinou a RP36+LT2 a
RP37+LT2 nebyl (statisticky) vyznamny pii P <0,05. Riznd pismena znaci statisticky

vyznamné rozdily mezi skupinami selat.
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Graf 9 Relativni exprese TLR4 mRNA v ileu donosenych gnotobiotickych selat (Splichalova et al.,
2023).

U neinfikovanych selat osidlenych komenzalnimi bakteriemi RP36, RP37 nebo LA nedoslo ke
zméné v expresi TLR4 mRNA v kolonu ve srovnani se skupinou kontrolnich GF selat (graf 10).
V infekce doslo k vyznamné stimulaci exprese TLR4 mRNA u vSech skupin selat infikovanych

LT2 (LT2, LT2+RP36, LT2+RP37 aLT2 a LA).
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Graf 10 Relativni exprese TLR4 mRNA v kolonu donosenych gnotobiotickych selat (Splichalova et
al., 2023).

4.3.2 Exprese MD-2 mRNA

Infekce LT2 vyznamné zvysila expresi MD-2 mRNA vileu (GF versus LT2) (graf 11).
V ptipadech ptedchoziho osidleni selat RP36 a LT2 doslo k neprikaznému zvyseni, na rozdil

od pfedchoziho osidleni RP37.

MD-2
ILEUM

Relative mRNA expression

Graf 11 Relativni exprese MD-2 mRNA v ileu donosenych gnotobiotickych selat (Splichalova et al.,
2023).

V kolonu ani komenzalni bakterie, ani infekce LT2 vyrazné nezvysily expresi MD-2 (graf 12).
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Graf 12 Relativni exprese MD-2 mRNA v kolonu donosenych gnotobiotickych selat (Splichalova et

al., 2023).

4.3.3 Exprese CD14 mRNA

V ileu nedoslo ke zvyseni exprese CD14 mRNA v piipad¢ Zadného osidleni nebo infekce LT2

ve srovnani s GF skupinou (graf 13).

Relative mRNA expression

CD14
ILEUM
3- a
a a
@ a a o
2- o a 4 .
e®0®
1]le
e oo
0 1 1 T 1 T T 1 ]
e ey R "\
Y ‘/'\Qg‘b b"é ‘?g'b'\"é \yv"\,'\
) H
& & 3

Graf 13 Relativni exprese CD14 mRNA v ileu donosenych gnotobiotickych selat (Splichalova et al.,

2023).
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Na rozdil o ilea doslo v kolonu k vyrazné stimulaci exprese CD14 mRNA ve vSech piipadech

infekce s LT2 (graf 14).

Relative mRNA expression

Graf 14 Relativni exprese CD14 mRNA v ileu donosenych gnotobiotickych selat (Splichalova et al.,
2023).

4.3.4 Exprese MyD88 mRNA

V piipadé€ adaptorového proteinu MyD88 doslo k vyrazné stimulaci exprese MyD88 mRNA v
ileu pii infekci LT2 (graf 15). V piipadech ptredchoziho osidleni RP36 nebo RP37 vsak byla

tato stimulace niZsi nez u skupin LT2 a LT2+LA.
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Graf 15 Relativni exprese MyD88 mRNA v ileu donoSenych gnotobiotickych selat (Splichalova et al.,
2023).
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U kolonu bylo zvyseni exprese MyD88 mRNA vyrazné zvyseno u skupin LT2, RP37+LT2 a
LA+LT2 (graf 16). Ve srovnani se selaty pfedem osidlenymi komenzalnimi bakteriemi doslo

k vyraznému zvyseni u vSech skupin infikovanych LT2.
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Graf 16 Relativni exprese MyD88 mRNA v kolonu donosenych gnotobiotickych selat (Splichalova et
al., 2023).

4.3.5 Exprese TRIF mRNA

V ptipadé TRIF mRNA v ileu nebyly pozorovany V ileu zadné rozdily mezi GF, komenzalnimi

bakteriemi osidlenymi nebo LT2 infikovanymi selaty (graf 17).
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Graf 17 Relativni exprese TRIF mRNA v ileu donoSenych gnotobiotickych selat (Splichalova et al.,
2023).

V kolonu doslo ve srovnani s GF selaty k vyznamnému snizeni exprese u vSech LT2
infikovanych skupin selat (graf 18). Pfedchozi osidleni komenzalnimi bakteriemi pted infekci
tento pokles snizilo, takze rozdil mezi témito skupinami a kontrolni GF skupinou selat nebyl na

rozdil od LT2 infikovanych selat vyznamny.
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Graf 18 Relativni exprese TRIF mRNA v kolonu donosenych gnotobiotickych selat (Splichalova et
al., 2023).
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4.3.6 Exprese LBP mRNA

Exprese LBP mRNA v ileu zistala po osidleni komenzalnimi bakteriemi na trovni GF skupiny,
tedy nebyla stimulovana (graf 19). Na rozdil od toho infekce vyrazné zvysila expresi u vSech

skupin selat infikovanych LT2.
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Graf 19 Relativni exprese LBP mRNA v ileu dono$enych gnotobiotickych selat (Splichalova et al.,
2023).

Stejné jako v ileu, exprese LBP mRNA v kolonu byla srovnatelna pro vSechny skupiny

neinfikovanych selat a infekce LT2 tuto expresi vyrazné zvysila (graf 20).
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Graf 20 Relativni exprese LBP mRNA v kolonu donosenych gnotobiotickych selat (Splichalova et al.,
2023).

4.3.7 Exprese TLR2-2 mRNA
Exprese TLR2 mRNA v ileu byla srovnatelna u vSech neinfikovanych skupin selat (graf 21).

Infekce LT2 zvysila tuto expresi, kterd byla, az na vyjimku selat pfedem osidlenych RP36
(RP36+LT2), statisticky vyznamna.

TLR2
b ILEUM
£ 5-
o
§4- ® b b
& ab ) @
¢ 3
3 )
a @
o a.ao
Y @ ®
$ ° M| &
éol L L] L L] IM
< O o O AN O
L NE ST
< A v
< < v
& &

Graf 21 Relativni exprese TLR2 mRNA v ileu dono$enych gnotobiotickych selat (Splichalova et al.,
2023).
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Infekce LT2 bez predchoziho osidleni komenzalni bakterii vyrazné zvysila expresi TLR2
MRNA (GF versus LT2) v kolonu (graf 22). Exprese ale nebyla tak vyrazna jako v ileu mezi
osidlenim bifidobakteriemi samotnymi ve vztahu k GF a zaroven LT2 nebyly vyrazné rozdily.
Stejné tak nebyly vyrazné rozdily mezi skupinami osidlenymi komenzalnimi bakteriemi

samotnymi a nasledné infikovanymi LT2.
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Graf 22 Relativni exprese TLR2 mRNA v kolonu donoSenych gnotobiotickych selat (Splichalova et
al., 2023).

4.3.8 Exprese TLR9 mRNA

Zmény exprese TLR9 mRNA v ileu byly u vSech skupin srovnatelné (graf 23).
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Graf 23 Relativni exprese TLR9 mRNA v ileu donosenych gnotobiotickych selat (Splichalova et al.,
2023).

Stejné jako v ileu byly i v kolonu vsechny exprese TLR9 mRNA srovnatelné (graf 24).
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Graf 24 Relativni exprese TLR9 mRNA v kolonu donoSenych gnotobiotickych selat (Splichalova et
al., 2023).
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4.3.9 Zanétlivé cytokiny IL.-12/23p40 a IL-6 v krevni plazmé

4.3.9.1 Hladiny IL-12/23p40 v krevni plazmé

Hladiny 1L-12/23p40 v krevni plazmé GF a ostatnich skupin neinfikovanych selat byly nizké a
vzajemné srovnatelna (graf 25). Ve vSech piipadech infekce LT2 bez ohledu na piedchozi
osidleni komenzalnimi bakteriemi doslo k vyraznému zvySeni hladin 1L-12/23p40, které byly

mezi sebou vzajemn¢ srovnatelné.
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Graf 25 Hladiny IL-12/23p40 v krevni plazmé& donoSenych gnotobiotickych selat (Splichalova et al.,
2023).

Hladiny IL-6 v krevni plazmé byly nizké a srovnatelné pro vsechny skupiny neinfikovanych
selat (graf 26). V piipadé infekce samotnou LT2 doslo k vyraznému zvyseni IL-6. Pifedchozi

osidleni PR37 a LA vsak zabranilo vyznamnému zvySeni IL-6 po infekci LT2.
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Graf 26 Hladiny IL-6 v krevni plazmé donosenych gnotobiotickych selat. (Splichalova et al., 2023).
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4.4 TLR4 SIGNALNI DRAHA V ILEU A KOLONU UNEDONOSENYCH
GNOTOBOTICKYCH SELAT

44,1 Exprese TLR4 mRNA

BB12 nezvysilo expresi TLR4 mRNA v ileu ve srovnani s GF kontrola selat (graf 27). Ke
statisticky vyznamnému zvyseni v§ak doslo u obou skupin infikovanych S. Typhimurium (LT2
a BB12 + LT2). Pritomnost BB12 (BB12 + LT2) neovlivnila expresi TLR4 ve srovnani se
samotnou infekci S. Typhimurium (LT2).
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Graf 27 Relativni exprese TLR4 mRNA v ileu nedonosenych gnotobiotickych selat (Splichal et al.,
2023).

Salmonela vyznamné zvysila expresi TLR4 mMRNA v kolonu u obou infikovanych skupinach
(LT2 a BB12 + LT2). Piedchozi osidleni selat BB12 u skupiny BB12+LT2 toto zvySeni
neovlivnilo (graf 28).
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Graf 28 Relativni exprese TLR4 mRNA v kolonu nedonosenych gnotobiotickych selat (Splichal et al.,
2023).
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Salmonela vyznamné zvysila expresi TLR4 mRNA v mezenteridlnich lymfatickych uzlinach

9(MLN) ve skupinach infikovanych LT2 (LT2 a LT2+BB12) GF (graf 29).
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Graf 29 Relativni exprese TLR4 mRNA v mezenterialnich lymfatickych uzlinach nedonosenych
gnotobiotickych selat (Splichal et al., 2023).

4.4.2 Exprese MyD88

Osidleni s BB12 nezvysilo exprest mRNA MyD88 v ileu ve srovnédni s bezmikrobnimi selaty.
Pfedchozi osidleni s BB12 pied infekci s LT2 vSak vyznamné zvysilo expresi mMRNA MyD88

ve srovnani se v§emi ostatnimi skupinami (graf 30).
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Graf 30 Relativni exprese MyD88 mRNA v ileu nedonosenych gnotobiotickych selat (Splichal et al.,
2023).
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MyD88 mRNA byla vyznamné zvySena v kolonu pouze ve skupin¢ BB12 + LT2 (graf 31).
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Graf 31 Relativni exprese MyD88 mRNA v kolonu nedonosenych gnotobiotickych selat (Splichal et
al., 2023).

Exprese MyD88 v MLN byla, stejné jako v ileu, vyrazné stimulovéana ptitomnosti LT2 u obou
skupin infikovanych selat (graf 32).
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Graf 32 Relativni exprese MyD88 mRNA v mezenterialnich lymfatickych uzlinach nedonosenych
gnotobiotickych selat (Splichal et al., 2023).

4.4.3 Exprese TRIF

Pfitomnost salmonely snizila expresi TRIF mRNA vV ileu ve srovnani s ostatnimi skupinami,

ale toto snizeni nebylo statisticky vyznamné (graf 33).
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Graf 33 Relativni exprese TRIF mRNA v ileu nedonosenych gnotobiotickych selat (Splichal et al.,
2023).

TRIF mRNA byla vyznamné snizena v kolonu obou skupin infikovanych salmonelou ve

srovnani s obéma neinfikovanymi skupinami (graf 34).
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Graf 34 Relativni exprese TRIF mRNA v kolonu nedono$enych gnotobiotickych selat (Splichal et al.,
2023).

U skupiny selat LT2 byla vyrazné zvysena exprese TRIF mRNA v MLN ve srovnani s ostatnimi
skupinami (graf 35).
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Graf 35 Relativni exprese TRIF mRNA v mezenterialnich lymfatickych uzlinach nedonosenych
gnotobiotickych selat (Splichal et al., 2023).

4.4.4 Exprese TLR2 mRNA

BB12 nezvysilo expresi TLR2 mRNA v ileu ve srovnani s GF kontrola selat (graf 36). Naproti
tomu ob¢ skupiny infikované S. Typhimurium (LT2 a BB12 + LT2) mély vyznamné vyssi
expresi. Pfitomnost BB12 (BB12 + LT2) jen nevyznamné ovlivnilo expresi TLR2 mRNA ve

srovnani se samotnou infekci S. Typhimurium (LT2).
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Graf 36 Relativni exprese TLR2 mRNA v ileu nedonoSenych gnotobiotickych selat (Splichal et al.,
2023).

BB12 snizilo expresi TLR2 mRNA v kolonu, ale tato snizeni bylo ve srovnani se skupinami
GF a LT2 statisticky nevyznamné (graf 37). Pii pfedchozim osidleni s BB12 (BB12 + LT2) ve
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srovnani zpiisobilo vyznamné zvyseni, ale pouze ve srovnani se skupinou BB12. Tato zvySeni

ale nebylo statisticky vyznamné ve srovnani se skupinami GF a LT2.
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Graf 37 Relativni exprese TLR2 mRNA v kolonu nedonosenych gnotobiotickych selat (Splichal et al.,
2023).

Exprese TLR2 mMRNA v MLN se vyrazné zvysila po infekci LT2 a piechazejici osidleni s BB12

toto zvySeni neovlivnilo (graf 38).
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Graf 38 Relativni exprese TLR2 mRNA v mezenterialnich lymfatickych uzlinach nedonosenych
gnotobiotickych selat (Splichal et al., 2023).
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4.4.5 Exprese TLR9 mRNA

U exprese TLR9 mRNA v ileu byl opa¢ny trend nez u TLR4 a TLR2 (graf 39). Exprese mRNA
TLR9 byla srovnatelna ve skupinich GF a BB12, ale byla sniZzena infekci salmonelou.
Ptredchozi kolonizace s BB12 (BB12 + LT2) nezménila trend vyvolany infekei LT2.
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Graf 39 Relativni exprese TLR9 mRNA v ileu nedonosenych gnotobiotickych selat (Splichal et al.,
2023).

Exprese TLR9 mRNA v kolonu nevykazovala statisticky vyznamné rozdily mezi skupinami
(graf 40).
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Graf 40 Relativni exprese TLR9 mRNA v kolonu nedonos$enych gnotobiotickych selat (Splichal et al.,
2023).
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Exprese TLR9 mRNA v MLN byla snizena u obou infikovanych skupin, ale toto snizeni
nebylo statisticky vyznamné (graf 41).
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Graf 41 Relativni exprese TLR9 mRNA v mezenterialnich lymfatickych uzlinach nedonosenych
gnotobiotickych selat (Splichal et al., 2023).

4.4.6 HMGBL, IL-6 a 1L-12/23p40 v ileu, kolonu a krevni plazmé

Hodnoty HMGBL v ileu byly pfi infekci LT2 vyznamné zvyseny (graf 42A). Pii pfedchozim
osidleni selat BB12 doSlo ke zvyseni, ale to nebylo statisticky vyznamné ve srovnani
s neinfikovanymi skupinami (GF a BB12). Infekce LT2 vyrazné zvysila hodnoty 1L-6 v ileu
(graf 42B). Ptedchozi osidleni BB12 toto zvySeni zmirnilo, takze bylo ve srovnani jak
S kontrolni, tak s LT2 skupinou neprikazné. U neinfikovanych selata (GF, BB12) byly hladiny
IL-12/23p40 nedetekovatelné, nebo velmi nizké (graf 42C). Po infekci LT2 doslo k vyraznému
zvySeni hodnot. V ptipadé predchoziho osidleni BB12 doslo také ke zvySeni hodnot, ale ani ve
vztahu k neinfikovanym selatim nebo selatim infikovanym pouze LT2 nebyly tyto rozdily

statisticky vyznamné.
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Graf 42 Hodnoty HMGB1, IL-6 a IL-12/23p40 v ileu nedonosenych gnotobiotickych selat (Splichal et

al., 2023).

Infekce S. Typhimurium vyznamné zvysila hodnoty HMGBI v kolonu ve srovnani

s neinfikovanymi skupinami selat (graf 43A). V ptipadé piedchoziho osidleni BB12 pted

infekci LT2 nedoslo, stejné jako v ptipadé ilea, k vyraznému zvyseni. V kolonu infekce vyrazné

zvysila hladiny IL-6 u obou skupin infikovanych LT2 a piedchozi osidleni BB12 vyznamnost

zvyseni neovlivnilo (graf 43B). Infekci LT2 doslo v kolonu ke zvySeni 1L-12/23p40 hladin,

které byl vyrazné pouze v piipadé¢ LT2 infekce samotné (graf 43C). Pii ptedchozim osidleni

BB12 doslo jen k nepriikaznému zvyseni ve srovnani s kontrolnimi GF selaty.
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Graf 43 Hodnoty HMGB1, IL-6 a 1L-12/23p40 v kolonu nedonosenych gnotobiotickych selat
(Splichal et al., 2023).

Hladiny HMGBL1 v krevni plazmé byly dobte detekovatelné u vsech skupin selata (graf 44A).

Pti infekci LT2 doslo k jejich vyraznému zvySeni a ani predchozi kolonizace selat s BB12
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tomuto prikaznému zvySeni nezabranila. V krevni plazmé infikovanych selat u skupiny LT2
doslo k vyraznému zvyseni hladin IL-6. Pfedchozi osidleni BB12 tyto hodnoty snizilo, ale
rozdily jak ve vztahu k neinfikovanym selatim (GF, BB12), tak ke skupin¢ LT2 byly
nevyznamné (graf 44B). Obdobné jako v ileu a kolonu, infekce LT2 vyrazné zvysila hladiny
IL12/23 v krevni plazmé (graf 44C). V piipadé ptredchoziho osidleni bylo toto zvySeni

neprikazné.
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Graf 44 Hodnoty HMGBL1, IL-6 a IL-12/23p40 v krevni plazmé nedonoSenych gnotobiotickych selat
(Splichal et al., 2023).
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5 DISKUZE

5.1 MIKROORGANIZMY, INFEKCE A ANTIBIOTIKA

Zijeme ve svété obklopeni mikroorganizmy, se kterymi jsme v uréitém vztahu — symbioze. Tim
neni mysleno jen vzajemné vyhodné souziti, ale symbiodza, ktera nabyva rtiznych podob od
vzajemné¢ vyhodného mutualismu az po parazitizmus (Swain Ewald and Ewald, 2018).
Prikladem parazitizmu (mysleno vztahu) jsou stfevni infekce. NepromySlenym nadmérnym
pouzivanim antibiotik jsme dospéli do stavu, kdy si mikroorganizmy vytvofili multirezistenci
na antibiotika, ktera tak Casto ztratila svou ptivodni G¢innost (Bearson, 2022). Aby doslo
k omezeni pouzivani antibiotik, plati od r. 2006 v zemich EU zakaz ptidavani antibiotik do
krmnych smési pro hospodarskd zvirata a optimisticky bylo nahlizeno na pouzivani oxidu
zine¢natého v krmnych smésich pro hospodarska zvirata, ktery mél antibiotika pfinejmensim
casteCné nahradit. V lednu 2022 doslo k dalSimu zptisnéni zdkazu pouzivani antibiotik u
hospodaiskych zvitat a v cervnu 2022 Evropska komise pouzivani oxidu zine¢natého zakézala
a nafidila stahnout z trhu vyrobky, které ho obsahuji (Nunan, 2022). Celou dobu od zjisténi
negativniho vlivu nadmérného pouzivani antibiotik se hledaji zplsoby, které by namisto
antibiotik podpofily dobry zdravotni stav lidi a zvifat. Hledaji se tedy jejich nahrazky
s antimikrobialnimi G¢inky, napf. antimikrobialni peptidy (Zhang et al., 2022), nanomaterialy
(Munir et al., 2020), metaboloity (Bhowmick et al., 2020), a rostlinné extrakty (Amoussa et al.,
2023). Jednou z moznych cest je modulace mikrobioty, napt. pouzitim probiotik (Davis et al.,
2020), definovanych mikrobialnich konsorcii (Darnaud et al.,, 2021) nebo transplantaci
mikrobioty (Porcari et al., 2023).

5.2 TRANSLACNI ZVIRECI MODELY

V experimentalni praci je snaha ¢im dale vice nahrazovat zvifeci modely in vitro systémy, at’
uz jsou to 2D nebo 3D (organoidy) tkanové kultury, explantaty a dalsi systémy (Puschhof et
al., 2021). Nekteré experimenty vSak vyzaduji komplexni reakci organismu, které nam, i pies
jejich stalé zdokonalovani, systémy in vitro neposkytuji. Protoze jsou v§ak moznosti provadéni
experimentt na lidech velmi omezené (Davis, 2023), ma prace s pokusnymi zvifaty ma stale
sve opodstatnéni. VE&tSinou se jedna o translacni zvifeci modely, tj. modely, které simuluji urcité
stavy u Cloveéka a poznatky jsou na ¢lovéka prenositelné (Peplow, 2024). Nejbliz$im zvifecim
modelem ¢loveka by byly nehumanni primati. V tomto piipadé se ale vyrazné piidruzuji etické

problémy, a proto se od vyuZiti napt. Simpanze jako translaéniho modelu upousti (Gruen, 2016).
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Krome¢ toho, 1 ,,ekonomicka slozka* by takovéto pokusy vyrazné¢ omezovala. Mohou vsak nastat
situace, napf. pandemie SARS-cov-2, kdy se stdva Simpanz dualezitym zvifecim

experimentalnim modelem (De Meyer and Meuleman, 2024).

Nejrozsifenéj$imi zvifecimi modely jsou laboratorni hlodavci (Dominguez-Oliva et al., 2023),
jejichz vyuziti ma mnoho piednosti, napi. malé rozméry a tedy i naroky na chov, dostupnost
mnoha linii mys$i (a jejich cenova piijatelnost), véetné genetickymi manipulacemi pifipravenych
KO linii. Dalsi vyhodou je i Siroké spektrum komeréné dostupnych reagencii jako jsou napf.
specifické protilatky, ELISA kity, arraye vyuzivajici nukleové kyseliny, a dalsi. Protipolem
hlodavct je pouziti velkych hospodaiska zvitata (Spencer et al., 2022). V téchto pripadech se
nemusi jednat jen o translacni modely ale i o experimenty srovnavajici rtizné¢ podminky
ovliviwyjici uzitkovost hospodarskych zvirat a jejich zdravotni stav. Je ziejmé, ze v porovnani
s laboratornimi hlodavei jsou podstatné vyssi naklady pii praci s velkymi hospodatskymi
zvitaty, pocinaje ustijenim a konce vyzivou a manipulaci se zvifaty. Nezanedbatelnou je
multiparita (napf. my$) versus uniparita (napf. skot), tj. zatimco u mysi ziskame nékolik mlad’at

Z jednoho vrhu, vytvofit statisticky hodnotitelné skupiny u skotu, kdy je ve vrhu vétSinou jen

vvvvvv

S rozvojem molekularné genetickych metod a ,,multiomics“ piistupti (Chetty and Blekhman,
2024) se v poslednim desetileti obratila pozornost na vyznam mikrobiomu pro zdravi ¢loveéka
(Krautkramer et al., 2021). Ackoli je vétSina experimentti provadéna na mysich, je tieba
nezapominat na skutecnost, ze stitevni mikrobiomy ¢lovéka (Qin et al., 2010) a mysi (Xiao et
al., 2015) jsou velice odlisné. To je pravdépodobné divod, pro¢ néktera infekéni agens
vyvolavaji u ¢lovéka a mysi riznd onemocnéni, napt. S. Typhimurium vyvold u ¢lovéka
enterokolitidu, ale u myS$i onemocnéni podobné lidskému bfisnimu tyfu (Walker et al., 2023).
A naopak, rizna infek¢ni agens vyvolavaji srovnatelné onemocnéni. Napft. stfevni A/E 1éze
vyvolavaji enteropatogenni a enterohemoragické Escherichia coli u ¢loveka, ale Citrobacter

rhodentium u mysi (Smallets and Kendall, 2021).

Prase je Clovéku vyvojoveé podstatné blizsi, a jak jiz bylo uvedeno jeho vyrazné podobnosti
(anatomie, fyziologie, genetika, mikrobiom) (Lunney et al., 2021; Xiao et al., 2016), ale i
odlisnosti (placenta a z toho plynouci sloZeni kolostra a potieby novorozence) (Roberts et al.,
2016; Salmon et al., 2009) je mozné ucelné¢ vyuzit pro studium gastroenterologickych a

infekénich onemocnéni ¢loveka (Burrin et al., 2020; Rutai et al., 2022). Pozornost upienou
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K praseti jako Zadanému biomedicinskému modelu podporuje také dlouholeta snaha vyuzit
prase jako donora organii pro ¢lovéka a z divodu usnadnéni tohoto procesu vznikéd ve svété

mnoho transgennich linii prasat (Sykes and Sachs, 2022).

5.3 TLR VE ZDRAVI A NEMOCI

TLR jsou zapojeny do regulacnich procest organismu a podili se na mnoha fyziologickych a
patologickych procesech. Jejich participace je velice Castd ptfi onkologickych onemocnéni
(Duan et al., 2022), ale i dalsich.

Dengue virus

mallel Legionella preurmophila

Burkholderia pseudor e
TLR-6

Mycobacternia

TLR1 ‘ TLR-2

/550,
TLR-5 (\ Q J

‘:C‘ytoso'l o

m

tial virus Endosome

Obrazek 13 TLR a onemocnéni (Duan et al., 2022)

Pro pracovni skupinu Imunitnich regulaci (Laboratoi gnotobiologice MBU AV CR, v.v.i.) je
TLR4 zajimavy jako vyznamny receptor pro LPS gramnegativnich bakterii, kde prokéazali vztah
mezi komplexnosti LPS fetézce Arfa mutantd S. Typhimurium LT2, indukci zanétlivych
cytokind a virulenci mutantd pro gnotobioticka selata (Splichal et al., 2020; Splichalova et al.,
2019Db).

TLR4 hraje také vyznamnou ulohu pii vzniku nekrotizujici enterokolitidy (NEC). NEC je
popisovana jako ,,devastujici® onemocnéni, které postihuje pfedevsim predcasné narozené déti
(Scheese et al., 2023). Jedna se o multifaktorialni onemocnéni, jehoz pfi¢iny vzniku vSak nejsou

pln¢€ objasnény. Piedpoklada se, ze vyznamnou roli vyznam pii vzniku NEC hraji nezralost
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stteva a neadekvatni mikrobiota kolonizujici travici trakt nedonoSen¢ho ditéte. Vlivem
dysbiotického mikrobiomu dochazi k vyrazné aktivaci TLR4 a neregulované produkci
zanétlivych cytokinu (Karki and Kanneganti, 2021; Scheese et al., 2023). Je pro nas zajimavé,
ze jak pii infekci S. Typhimurium, tak pfi NEC jsou shodné¢ misty hlavniho poskozeni

terminalni ileum a kolon (Feldens et al., 2018; Gal-Mor et al., 2014).

54 RELATIVNI EXPRESE mMRNA PRO TLR4 A MOLEKULY MAJICi
K TLR4 BEZPROSTREDNI VZTAH

V piedlozené praci jsme sledovali genové piepisy TLR4, MD-2, CD14, LBP a adaptorové
molekuly MyD88 a TRIF. Pro dopliyjici informace také z hlediska bakteridlnich ligandi
zajimavé TLR2 a TLRO. Jsme si dobfe védomi, Ze zmény exprese na urovhi mRNA jesté
neznamenaji zmeény exprese odpovidajiciho proteinu. Exprimovany TLR protein mize slouzit
bud’ jako funkéni receptor pro amplifikaci reakce nebo naopak jako solubilni, tedy odstépeny
receptor, mize zpétnovazebné reakci tlumit (Jung et al., 2009). Na regulaci efektu imunitni
odpovédi se mohou také ucastnit dalsi slozky podilejici se na kaskad¢ signalizace TLR4
receptoru, napi. solubilni koreceptor CD14, ktery je povazovany za vyznamny biomarker
novorozenecké sepse (Boscarino et al., 2023). Podstatné pro nas vSak bylo zjisténi, jestli mohou
vybrané bakterie ovlivnit pfedpokladanou expresi receptoru na irovni mRNA, bez ohledu na

to, co se dale s receptorem déje.

Pro pfipomenuti, TLR4 signalizace miiZze, podle adaptorovych protein MyD88 a TRIF a
lokalizace TLR4, probihat MyD88- a TRIF-dependentnimi drahami s vyslednymi
efektorovymi molekulami zanétlivymi cytokiny (MyD88) nebo interferony 1 tfidy (TRIF)
(Firmal et al., 2020). To byl také diivod, pro¢ jsme se zaméfili na aktivaci genového piepisu

téchto adaptorovych proteini.
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Prace je rozd€lena na 2 ¢asti podle toho, jestli jsme provadéli pokusy s donoSenymi nebo
nedonoSenymi selaty. V obou pfipadech byly vysledky publikované ve védeckych
impaktovanych Casopisech a byly pouZity jen ty vysledky na jichZ ziskani, zpracovéani a

vyhodnoceni jsem se bezprostiedné podilela.

5.4.1 Donosena gnotobioticka selata

Vysledky jsme publikovali v ¢lanku:

Splichalova, A., Kindlova, Z., Killer, J., Neuzil Bunesova, V., Vlkova, E., Valaskova, B.,
Pechar, R., Polakova, K., Splichal, 1., 2023. Commensal Bacteria Impact on Intestinal Toll-like
Receptor Signaling in Salmonella-Challenged Gnotobiotic Piglets. Pathogens 12, 1293.
https://doi.org/10.3390/pathogens12111293

5.4.2 NedonoSena gnotobioticka selata

Vysledky jsme publikovali v ¢lanku:

Splichal, I., Donovan, S.M., Kindlova, Z., Stranak, Z., Neuzil Bunesova, V., Sinkora, M.,
Polakova, K., Valaskova, B., Splichalova, A., 2023. Release of HMGB1 and Toll-like
Receptors 2, 4, and 9 Signaling Are Modulated by Bifidobacterium animalis subsp. lactis BB-
12 and Salmonella Typhimurium in a Gnotobiotic Piglet Model of Preterm Infants. Int. J. Mol.
Sci. 24, 2329. https://doi.org/10.3390/ijms24032329

Dale byly prezentovany vysledky, jejichz ziskani jsem vénovala hodné ¢asu, byt se nakonec

metodicky pfistup ukazal jako problematicky (ELISA pro claudin-1 a okludin ve stfevnich
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homogenatech). Kvantitativnimu stanoveni obou proteinli se v budoucnu budeme vénovat a
prvni metodické pokusy pro zavedeni Western blotu byly udélany. Z divodu pocétecnich

vysledku vsak nejsou v praci uvedeny.

Pro srovnani statistické vyznamnosti mezi skupinami jsme zvolili pismenny systém (a, b, ¢, ab,
apod.), protoze se domnivame, ze je vice ilustrativni, tj. dokaze detailnéji popisovat vztahy mezi
jednotlivymi skupinami, nez systém vyuzivajici asterisky (*, ** a ***), Dlivodem bylo také to,
ze pii nizkém poctu piipadu (zvifat) ve skupiné rozlisSovani na P<0,05, P<0,01 a P<0,001 je

mén¢ uplatnitelné.

55 DONOSENA SELATA

Selata byla bezprosttedné po hysterektomii osazena prase¢imi komenzalnimi bakteriemi —
mucinolytickym Bifidobakterium boum, kmen RP36 (RP36). nemucinolytickym B. boum,
kmen RP37 (RP37) nebo Lactobacillus amylovorus (LA). Skupiny selat RP36 a RP37 byly 24
hodin po hysterektomii znovu osidleny stejnymi kmeny B. boum (Splichalova et al., 2020).
Dvoji osidleni se provadélo z diivodu, Ze jsou bifidobakterie striktn€ anaerobni bakterie a
Vv béznych podminkach pro jejich kolonizaci ptipravuji vhodné podminky, jako jsou napf.
aerotolerantni laktobacily (Xiao et al., 2021). Z tohoto divodu bylo u L. amylovorus provedeno
pouze jednou a to 4 hod po hysterektomii. Cilem osidleni selat bylo zjistit, zda bakterie nebudou
translokovat a snaha o zvySeni koloniza¢ni rezistence (Leshem et al., 2020). To by ztizilo
kolonizaci traviciho traktu Salmonella Typhimurium jako to bylo popsano u probiotické
Escherichia coli Nisssle 1917 (EcN) (Splichal et al., 2019a). Jako kontrolni skupinu jsme
pouzili bezmikrobni selata (GF), které vykazuji nizkou lokélni a systémovou produkci
zanétlivych cytokinu (Splichalova et al., 2018). Selata infikovana pouze S. Typhimurium LT2
(LT2) tvorily skupinu s pfedpokladanymi projevy enterokolitidy jako jsou zvySena teplota,
nechutenstvi, malatnost a priijem. Jako efektorové molekuly TLR4 signalizace jsme vybrali dva
zanétlivé cytokinové biomarkery sepse 1L12/23p40 a IL-6 (Barichello et al., 2022). IL-
12/23p40 je sdilena subjednotka interleukind 12 a 23 a je vyznamnym reguladtorem imunitni
odpovédi pfi salmonelovych infekcich (Huang, 2021). Zaroven IL-12 v séru novorozenych déti
je marker pozitivné korelujici se zavaznosti NEC (Yin et al., 2020). IL-6 je uzce spojen s
produkeci proteint akutni faze a inhibice jeho hladin se ukazala byt terapeutickou moznosti pfi

snizovani nasledki NEC (Yarci et al., 2021).
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Z4dné s neinfikovanych selat (GF, RP36, RP37 a LA) nevykazovalo znamky enterokolitidy.
Infikovana selata mé¢la zvysenou teplotu, avSak piedchozi osidleni komenzalnimi bakteriemi
(RP36+LT2, RP37+LT2 a LA+LT2) tyto projevy mirn¢ snizilo. Domnivali jsme se proto, Ze
by se predchozi osidleni komenzaly mohlo projevit i na snizeni TLR4 mRNA exprese ve stievé.
To se ale neprojevilo ani v ileu, ani v kolonu. Pfedchozi osidleni selat RP37 a LA pied infekci
LT2 bylo ucinné a doslo k vyznamnému snizeni systémovych hodnot IL6. V piipad¢ IL-
12/23p40 vsak ptedosidleni neovlivnilo vyrazné zvySeni systémovych hladin u infikovanych
selat. Nepozorovali jsme tedy, obecné uvedeno, vyrazny inhibi¢ni vliv na aktivaci TLR4
signdlni drahy a produkci cytokinl jako tomu bylo pfi pfedosidleni gnotobiotickych selat E.
coli Nissle 1917 (Splichal et al., 2019a). Je vSak tieba vzit v potaz, Ze E. coli je stejné jako S.
Typhimurium gramnegativni bakterie, jejiz LPS je vyznamnym ligandem pro TLR4, jehoz
signalizaci je mozné inhibovat riznymi agonisty (Tam et al., 2023). Navic ma E. coli Nissle
1917 ,hruby* (rough) chemotyp LPS (Grozdanov et al., 2002), ¢imZ je pozménéna jeho
signalizace (Splichal et al., 2020). Tento typ LPS déla bakterii citlivou vic¢i komplementu a
omezuje tak jeji translokaci (Potruch et al., 2022). Obecné je uvolnény LPS pro organismus
hostitele toxicky a zptusobuje endotoxinovy Sok (Cavaillon et al., 2020). Zde se nabizi otazka
pouziti pisobeni hrubého LPS jako mozného agonisty pti TLR4 signalizaci (Zubova et al.,
2021).

5.6 NEDONOSENA SELATA

U déti narozenych cisatskym fezem nedochazi k pfirozenému osidleni jako u vaginalniho
porodu, ale jsou osidlovany piedevS§im bakteriemi z nemocniéniho prostiedi (Healy et al.,
2022). Podani probiotickych preparatii nebo jiné ovlivnéni vyvijejici se mikrobioty proto mize
snizit relativni mnozstvi potencidlné¢ patogennich (patobiotickych) bakterii a zvySit podil
prospésné mikrobioty (Yang et al., 2024). U pied¢asné narozenych déti jsou vsak nedostateéné
vyvinuté organové systémy, napf. plice, stfevo a imunitni systém. Nedostatecné vyvinuty
imunitni systém miZe na rizné podnéty reagovat dysregulovanou imunitni odpovédi -
cytokinové boufi, které mize poskodit organy novorozence (Karki and Kanneganti, 2021;
Sampah and Hackam, 2020). Jsou znamy piipady, kdy pfi pouziti probiotickych preparati u
nedonosenych déti, zpusobila probiotika sepsi (Kulkarni et al., 2022). Pfi vypracovavani
postupli modulace mikrobioty u nedonoSenych déti by proto bylo vhodné ovétrovat bezpecnost

téchto postupti na vhodnych zvifecich modelech.
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Novorozena selata ziskaji, na rozdil od ¢lovéka, ochranné protilatky az po narozeni po piijmu
kolostra, které je zpocatku bohaté piedevsim na IgG (Bigler et al., 2022) a jehoz pusobeni je
,»Systémové®. Piijem neporusenych (nenatravenych) protilatek je zaroven zajistén propustnosti
stievni bariéry v obdobi bezprostiedné po narozeni (Salmon et al., 2009). Model nedonoseného
konvencniho selete pro studium NEC je v soucasnosti pouzivan na né¢kolika pracovistich, napf.
skupiny prof. Sangilda (Univerzita v Kodani) (Burrin et al., 2020) a prof. Hackama (Univerzita
Johna Hopkinse v Baltimore) (Kovler et al., 2021). Pracovnici MBU AV CR jako prvni (a zatim
jedini) na svété odchovali nedonoSend bezmikrobni selata (Splichalova et al., 2018) a pouzili
v experimentech s probiotickymi bakteriemi Lactocaseibacillus rhamnosus GG (Splichalova et
al., 2019a) a Bifidobacterium animalis subsp. lactis Bb-12 (Splichal et al., 2023). Ani v piipadé
bezmikrobnich nebo monoosidlenych selat se jim vSak nepodafilo vyvolat NEC. Nepiimo tak
potvrdili, Ze se v pfipadé absence mikrobidlniho faktoru nevyvine NEC. Da se tedy
predpokladat, ze ani pii pouziti probiotickych, tedy zdravi prospé$nych bakterii nedojde
k vyvolani NEC.

Abychom prohloubili imunokompromitaci hysterektomii ziskanych bezmikrobnich selat,
provedli jsme hysterektomii téméf o tyden diive, neZz je termin ofekavaného spontanniho
porodu. V tomto obdobi, ve srovnani s bezmikrobnimi selaty ziskanymi v terminu ocekavaného
porodu, vykazuji selata nezralost ve struktufe stieva, zmény v lokalizaci proteinti tésnych spojt
claudinu-1 a okludinu, a vyssi spontanni produkci nékterych zanétlivych cytokint (Splichalova
etal., 2018). Model nedonoseného gnotobiotického selete je citlivejsi k moznym patobiotickym
projeviim bakterii, véetné probiotickych. Jako modelové probiotikum jsme si vzali dlouhodobé
pouzivané probiotikum Bifidobacterium animalis subsp. lactis BB-12 (Jensen et al., 2021).
Selata jsme rozd¢lili do 4 skupin — bezmikrobni (GF), selata infikovana S. Typhimurium LT2
(LT2), selata osidlena B. animalis subsp. lactis BB-12 (BB12) a seclata osidlena BB12 a
infikovana LT2 (BB12+LT2). Kromé efektorovych molekul IL-6 a 1L-12/23p40 jsme pouzili
také stanoveni HMGB1. HMGBI je povazovan V ptipadné jeho vyrazného uvolnéni za
amplifika¢ni faktor zanétu, ktery je kriticky pfi sepsich zpusobenych gramnegativnimi
bakteriemi a patii do skupiny biomarkera sepse (Andersson and Yang, 2022; Barichello et al.,
2022). Stanovovali jsme jak lokalni hladiny bezprostfedniho kontaktu hostitel-mikrobiota v ileu

a kolonu, tak systémové v krevni plazmé (Splichal et al., 2023).

BB12 netranslokovalo do organi a potvrdilo tak svou bezpecnost 1 u modelu

imunokompromitovaného selete (Splichalova et al., 2021). Infekce GF selat LT2 vyvolalo
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vyrazné¢ zvysSeni exprese mRNA pro TLR4 a TLR2 vileu, kolonu a mezenteridlnich
lymfatickych uzlindch. Je zajimavé, ze v pfipadé TLR9 dochézelo naopak ke snizeni
Vv ptitomnosti bakterii, kdy bychom s ohledem na CpG motiv oc¢ekavali opak. Této skute¢nosti
a jejimu moznému vysvétleni by bylo dobré v budoucnu vénovat pozornost. Stejné tak tomu
bylo pro sledované ileum a kolon u donoSenych selat (Splichalova et al., 2023). Vileu a

lymfatickych je v souladu se zménami i pribéh exprese MyD88, avsak v kolonu TRIF.

Vzhledem k pribéhu exprese TLR4 mRNA, ale také TLR2 mRNA, pfi infekcich gram

negativni bakterii S. Typhimurium LT2 se domnivame, Ze MyD88 signdlni draha sehrava

vewr

5.7 TLR4 SIGNALIZACE A DALSI

Ve vysledcich, které byly prezentovany, ne vzdy dokazaly komenzalni a probiotické bakterie
dostate¢nym zptisobem potlacit nekontrolovanou produkei zanétlivych cytokini ¢i HMGBI.
v.v.i. v Novém Hradku s probiotickou Eschericha coli Nissle 1917, ktera dokazala ve vétSing
piipadt eliminovat zvySenou tvorbu cytokint (Splichal et al., 2019a). Pfi¢inou mize byt
obsazeni TLR4 LPS této probiotické bakterie a jeho chemotyp, ktery nevyvolava zanétlivou
reakci. Gramnegativnich probiotickych bakterii je velice mélo a praveé z divodu jejich interakce
s TLR4 by byly velice zajimavé, jedna se predev§im o velice zajimavé E. coli (Biyashev et al.,
2022).

Pti hodnoceni rozhrani mezi bakteriemi bohatym stfevnim lumen a sterilnim prostfedim téla
hostitele nas zajima funkcnost stfevni bariéry. Méfeni i-FABP (intestinal fatty acid binding
protein) nepfineslo o¢ekavané informace (vysledky neprezentovany). Dlouhodobé sledovani
aktivace genového piepisu proteinti t€snych spoju claudinu-1 a okludinu opakované potvrzuje,
ze S. Typhimurium LT2 u gnotobiotickych selat aktivuje genovy piepis u claudinu-1 a naopak
u okludinu jej potlacuje (Splichal et al., 2019b; Splichalova et al., 2021). Kvantifikace obou
proteind v tkanovych homogenatech ilea a kolonu metodou ELISA se zdala byt snadnou a
efektivni metodou kvantifikace. Bohuzel, nepodatilo se nam odstranit vysoké pozadi zpiisobené
lyza¢nim pufrem, aby bylo moZné proteiny v lyzatech kvantifikovat. Zacali jsme se tedy
zabyvat Western blotem pro stanoveni obou proteint, ale vypracovani metod je V pocatecni

fazi, a proto nebylo do diplomové prace zahrnuto.
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6 ZAVER

Zacatkem 21. stoleti doslo vlivem rozvoje molekularné genetickych metod a ,,omics* ptistupti
k ziskani novych poznatkti vtahti hostitele a jeho mikrobioty a K renezanci zajmu o
gnotobiotické zvifeci modely. Zda se, Ze v poslednim desetileti se zdjem piesouva z probiotik,
casto danych jednotlivymi bakteriemi (nebo kvasinkami) k vice slozitym probiotickym
preparatim zalozenym stale jesté hlavné na bifidobakteriich a laktobacilech, ale i k posunu
k vice slozitym definovanym mikrobialnim konsorciim. Tato konsorcia by méla vice

zabezpecovat/pokryvat potfeby hostitele, a proto se domnivame, ze jim patii budoucnost.

V soucasnosti se zabyvame transplantaci mikrobioty ziskané od déti ve stafi 2-5 mésicu, které
nebyly oSetfeny antibiotiky. Pfi naSem studiu budeme i nadale pracovat s modelem
gnotobiotického selete. TLR4, jeho genovy piepis, exprese proteinu a pfitomnost v télnich
tekutinach bude i1 nadéle sttedem naSeho z4jmu se snahou pfipravit stabilni mikrobiotu, ktera
by byla schopnéd zabranit neimérné produkci cytokinili pfi riznych zénétlivych procesech

véetné infekci a nasledné sepsi s jejim devastujicim G¢inku na organismus hostitele.
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Abstract: Gnotobiotic (GN) animals with simple and defined microbiota can help to elucidate host-
pathogen interferences. Hysterectomy-derived germ-free (GF) minipigs were associated at 4 and
24 h post-hysterectomy with porcine commensal mucinolytic Bifidobacterium boum RP36 (RP36) strain
or non-mucinolytic strain RP37 (RP37) or at 4 h post-hysterectomy with Lactobacillus amylovorus
(LA). One-week-old GN minipigs were infected with Salmonella Typhimurium LT2 strain (LT2). We
monitored histological changes in the ileum, mRNA expression of Toll-like receptors (TLRs) 2, 4, and
9 and their related molecules lipopolysaccharide-binding protein (LBP), coreceptors MD-2 and CD14,
adaptor proteins MyD88 and TRIF, and receptor for advanced glycation end products (RAGE) in the
ileum and colon. LT2 significantly induced expression of TLR2, TLR4, MyD88, LBP, MD-2, and CD14
in the ileum and TLR4, MyD88, TRIF, LBP, and CD14 in the colon. The LT2 infection also significantly
increased plasmatic levels of inflammatory markers interleukin (IL)-6 and IL-12/23p40. The previous
colonization with RP37 alleviated damage of the ileum caused by the Salmonella infection, and RP37
and LA downregulated plasmatic levels of IL-6. A defined oligo-microbiota composed of bacterial
species with selected properties should probably be more effective in downregulating inflammatory
response than single bacteria.

Keywords: Bifidobacterium; cytokines; gnotobiotic minipig; Lactobacillus; lipopolysaccharide; Salmonella
Typhimurium; Toll-like receptor

1. Introduction
1.1. Pathogen- and Damage-Associated Molecular Patterns

Inflammation is a protective reaction to keep homeostasis and organ integrity [1]. The
inflammatory process is triggered by recognizing molecular patterns via pattern recognition
receptors (PRRs) [2]. These molecular patterns are divided into pathogen-associated molec-
ular patterns (PAMPs) and damage-associated molecular patterns (DAMPs) [3,4]. PAMPs
are foreign (extrinsic) molecular structures typical for microorganisms [3], but DAMPs
are host (intrinsic) body structures [5,6]. DAMPs are generally hidden from immune
recognition but become available after their release by tissue damage or by secretion [4,6].

Toll-like receptors (TLRs) are one group of PRRs that sense PAMPs and DAMPs. They
recognize PAMPs as hetero- or homodimers, e.g., bacterial PAMPs—TLR2/TLR1 (triacyl
lipopeptide), TLR2/6 (diacyl lipopeptide), TLR4/TLR4 (lipopolysaccharide), TLR5/TLR5
(flagellin), and TLR9/TLR9 (CpG motif) [7,8]. However, the repertoire of each TLR is
not limited to one PAMP but usually covers a broader panel of PAMPs [8,9]. Moreover,

Pathogens 2023, 12, 1293. https:/ /doi.org/10.3390/pathogens12111293

https://www.mdpi.com/journal /pathogens


https://doi.org/10.3390/pathogens12111293
https://doi.org/10.3390/pathogens12111293
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0002-7428-7687
https://orcid.org/0000-0002-7596-4360
https://orcid.org/0000-0003-3219-2003
https://orcid.org/0000-0002-5791-6349
https://orcid.org/0000-0003-3665-1377
https://doi.org/10.3390/pathogens12111293
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com/article/10.3390/pathogens12111293?type=check_update&version=1

Pathogens 2023, 12, 1293

20f17

TLRs also recognize DAMDPs, e.g., uric acid, the myosin heavy chain, SAP130 and 5100
proteins, ATP, nucleic acids including mitochondrial DNA, and intracellular nuclear DNA-
binding protein high mobility group box 1 (HMGB1) [10]. HMGB1 extracellular presence is
sensed with a receptor for advanced glycation end (RAGE), TLR2, TLR4, TLR9, and other
receptors [11]. This TLR overlapping [12] explains the similarity in consequences of sepsis
and sterile inflammation [13] that are triggered by the recognition of PAMPs or DAMPs,
respectively [4,9,14].

Lipopolysaccharide (LPS) is a Gram-negative bacteria cell wall component released
from bacterial cells after their death and destruction [15,16]. It is a central molecule of Gram-
negative bacteria-caused sepsis [17], triggering the unregulated release of inflammatory
mediators called the “cytokine storm” that provokes multiorgan failure, often resulting
in the host’s death [18]. TLR4 is an essential TLR for LPS [7]. The released LPS is initially
trapped and cumulated by lipopolysaccharide-binding protein (LBP) and presented to the
CD14 molecule [15,16]. CD14 transports LPS to the TLR4/MD-2 complex, which recognizes
it and triggers the downstream cascade and production of inflammatory cytokines [1].
Cytokines participate at their physiological levels in homeostasis [19], but their exaggerated
levels harm the organism [1].

1.2. Colonization of the Newborn Intestinal Tract and Salmonella Typhimurium

Newborn infants are settled with primary microbiota dependent on their delivery [20].
Lactobacillus spp. predominate in the vaginal microbiome. Thus, lactobacilli belong among
the first colonizers of the newborn intestine in vaginally-born infants [21]. They co-form
conditions, e.g., consume oxygen and reduce pH, that are suitable for settlement of their
followers, e.g., obligatory anaerobic Bifidobacterium spp. that are the principal inhabitants of
an infant’s intestine [20,22]. The stable colonization, the creation of a balanced microbiota,
and its persistence in the intestine are prerequisites for the beneficial effects of commensal
bacteria on host health [23]. Both bifidobacteria and lactobacilli are the main components
of multi-strain probiotic preparations [23-25]. On the contrary, dysbiosis contributes to
decreased host colonization resistance and facilitates diarrheagenic diseases [26,27].

Around 40% of all diarrheal disease-associated deaths are attributed to Salmonella [28].
The genus Salmonellae consists of around 2500 serovars that are human and animal orally
acquired pathogens [29,30]. Salmonella enterica (S. enterica) serovars can cause, in depen-
dence on a host and Salmonella serovar, four major syndromes: enteric fever (typhoid),
enterocolitis/diarrhea, bacteremia, and chronic asymptomatic carriage [31]. The serovar
Typhimurium (S. Typhimurium) causes self-limiting enterocolitis in formerly healthy im-
munocompetent individuals [32]. However, in risk subjects, e.g., children < 1 year of age
and HIV-infected persons, the infection can cause life-threatening disease with more severe
progress [33,34].

1.3. Pig Translational Model

The pig shows close similarities to humans in genetics, physiology, anatomy, and
microbiome [35-37]. This predetermines pigs as animal models in many areas of biomedi-
cal research, including gastroenterology [38,39], immunology [40,41], and infectious dis-
eases [42]. Moreover, the pig has epitheliochorial placentation [43] that prevents the
prenatal transfer of protective immunoglobulins from the mother to the fetus, unlike in
humans [44]. A newborn piglet obtains protective immunoglobulins and immunocytes
through colostrum intake after birth [45]. The fact that mammalian fetuses develop in sterile
conditions of the uterus [46-48] allows deriving sterile (germ-free; GF) animals [49,50] for
the study of microbiota-host interactions in microbiologically-controlled (gnotobiotic; GN)
conditions [47,51]. Surgically derived GF piglets show less colonization resistance than
conventional (CV) ones [52,53]. This results in the higher sensitivity of the GF animals
to enteric infections [54]. Therefore, GF piglets are used for in vivo studies of host and
microbiota relationships, including the importance of bacterial virulence factors [52,53].



Pathogens 2023, 12, 1293

30f17

This work aimed to describe how pig commensal bacteria—mucinolytic Bifidobac-
terium boum RP36, non-mucinolytic Bifidobacterium boum RP37, and Lactobacillus amylovorus
DSM 166987 interfere with Salmonella Typhimurium LT2 in GN piglets. The modulatory
properties of the bacteria were evaluated using TLR2, TLR4, TLR9, and RAGE mRNA
expression, leading to the release of inflammatory cytokines IL-6 and IL-12/23p40.

2. Materials and Methods
2.1. Gnotobiotic Minipigs

Germ-free (GF) minipigs (Animal Research Institute, Kostelec nad Orlici, Czechia)
were derived through hysterectomy on the 112th day of gestation, a full term for these
pigs. The piglets were reared in fiberglass isolators with a heated floor and fed through a
nipple with cow’s milk-based formula 6-7 times per day, and their microbiological state
was tested as described elsewhere [55].

2.2. Bacterial Cultures

Pig commensal mucinolytic B. boum strain RP36 (B. boum RP36 or RP36), non-mucinolytic
B. boum strain RP37 (B. boum RP37 or RP37) [56,57], Lactobacillus amylovorus DSM 16698T
(LA) [58], and Salmonella Typhimurium LT2 (S. Typhimurium or LT2) [59,60] were used
in the present experiments. B. boum strains, L. amylovorus, and S. Typhimurium were
cultivated as previously described [57,61].

2.3. Experimental Design

Forty-eight GN minipigs from three independent hysterectomies were divided into
eight groups containing six minipigs per group (Figure 1): (i) GF during the whole experi-
ment (GF); (ii) challenged with 6 log S. Typhimurium LT2 CFU (LT2); (iii) repeatedly associated
with 8 log B. boum RP36 CFU (RP36); (iv) RP36 challenged with 6 log LT2 CFU (RP36+L12);
(v) repeatedly associated with 8 log B. bourn RP37 CFU (RP37); (vi) RP37 challenged with 6
log LT2 CFU (RP37+LT2); (vii) associated with 8 log L. amylovorus CFU (LA); and (viii) LA
challenged with 6 log LT2 CFU (LA+LT2). Bacterial suspensions were applied per os in 5 mL
of milk diet; GF piglets obtained the milk only. The groups LT2, RP36+LT2, RP37+LT2, and
LA+LT2 were challenged with LT2 for 24 h. The isoflurane-anesthetized GN minipigs were
exsanguinated via cardiac puncture, and required tissue samples were collected.

2.4. Clinical Signs

The minipigs were examined for signs of enterocolitis (fever, anorexia, sleepiness, and
diarrhea) at each feeding by staff.

2.5. Histological Evaluation

The terminal ileum was fixed in Carnoy’s fluid for 30 min, dehydrated, and embed-
ded in paraffin. Hematoxylin-eosin stained 5 um cross-sections were examined under an
Olympus BX 40 microscope with an Olympus Camedia C-2000 digital camera (Olympus,
Tokyo, Japan). Ten measurements for each parameter were taken per minipig to appraise
ileal villus length and crypt depth. Histological scoring was evaluated as previously
described [61]: (i) submucosal edema (0-2); (ii) infiltration of polymorphonuclear neu-
trophils into the lamina propria (0-2); (iii) villus atrophy (0-3); (iv) exudate in lumen (0-2);
(v) vessel dilatation (0-2); (vi) inflammatory cellularity in lymphatic vessel lumen (0-2);
(vii) hyperemia (0-2); (viii) peritonitis (0-1), and (ix) erosion of the epithelial layer (0-3).
The total score could reach 0-19 points [62].
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Figure 1. Schema of the experiment. The GN minipigs (n = 48) were divided into eight groups with
six piglets per group: (i) GF; (ii) infected with LT2 (LT2); (iii) associated with RP36 (RP36); (iv) RP36
challenged with LT2 (RP36+LT2); (v) associated with RP37 (RP37); (vi) RP37 challenged with LT2
(RP37+LT2); (vii) associated with LA (LA); (viii) LA challenged with LT2 (LA+LT?2).

2.6. Blood Plasma

Blood plasma was obtained via centrifugation from cooled citrated blood [57]. Protease
inhibitors (Roche Diagnostics, Manheim, Germany) were added to plasma samples and
then stored at —45 °C until following the processing.

2.7. Total RNA Extraction and cDNA Synthesis

Cross-sections of the terminal ileum and transverse colon were cut and stored in
RNAlater (Sigma-Aldrich, St. Louis, MO, USA) at —20 °C until further homogenization
with 2 mm zirconia beads (BioSpec Products, Bartlesville, OK, USA) in TissueLyser LT
beadbeater (Qiagen, Hilden, Germany) and extraction with an RNeasy Mini Kit Plus
(Qiagen). cDNA synthesis was performed from 500 ng of total RNA with a QuantiTect
Reverse Transcription kit (Qiagen), [55]. Eighty pL of PCR quality water (Life Technologies,
Carlsbad, CA, USA) was added to the synthesized cDNA. These cDNA templates were
stored at —25 °C until Real-Time PCR.

2.8. Real-Time PCR

Two pL of the cDNA template was used to perform lock nucleic acid (LNA) probe
(Universal ProbeLibrary; Roche Diagnostics)-based Real-Time PCR with -actin and cy-
clophilin A as reference genes. The PCR amplification was performed on an iQ cycler
(Bio-Rad, Hercules, CA, USA), and relative TLR4, MD-2, CD14, LBP, MyD88, TRIF, TLR?2,
TLR9, and RAGE mRNA expressions (fold changes) were counted using GenEx 6 software
(MultiD Analyses AB, Gothenburg, Sweden) [55].

2.9. IL-6 and IL-12/23p40 in Blood Plasma

A Porcine ProcartaPlex kit (Affymetrix, Santa Clara, CA, USA) based on paramagnetic
beads Luminex xXMAP technology (Luminex Corporation, Austin, TX, USA) was used
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to measure IL-12/23p40 and IL-6 in plasma on a Bio-Plex Multi Array System with Bio-
Plex Manager 4.01 software (Bio-Rad, Hercules, TX, USA) and evaluated as previously
described [61].

2.10. Statistical Analysis

Values of all groups were checked for normality of their distribution and outliers. A
one-way analysis of variance (ANOVA) with Tukey’s multiple comparisons post-hoc test
was used for the statistical comparisons at p < 0.05 and evaluated with GraphPad Prism 6
software (GraphPad Software, San Diego, CA, USA). A letter system was used to depict
the significance of group differences in graphs.

3. Results
3.1. Clinical Signs of Infection

All non-infected minipigs thrived for the whole experiment or until the challenge
with S. Typhimurium. In contrast, clinical signs of enteric infection, such as fever, anorexia,
sleepiness, and diarrhea, were observed in all infected minipigs (LT2, RP36+LT2, RP37+LT2,
and LA+LT2) beginning 2—4 h after infection. Previous association with RP37 mildly
delayed the manifestation of the infection. This was not observed in the previous association
with RP36 and LA.

3.2. Histological Assessment of the Terminal Ileum

The evaluation of hematoxylin-eosin stained ileum of non-infected GF, RP36, RP37, and
LA minipigs was performed only because villi of the infected LT2, RP36+LT2, RP37+LT2,
and LA+LT2 minipigs were damaged and did not allow evaluation (Figure 2). No statistical
differences (p < 0.05) in the villus height, crypt depth, and ratio of villus height/crypt depth
were found among groups of non-infected GN minipigs (Table 1).

Table 1. Villus height, crypt depth, and ratio of villus height/crypt depth in the terminal ileum
of the GN minipigs. These characteristics in the terminal ileum in the non-infected minipigs (GF,
RP36, RP37, and LA) were evaluated using ANOVA with Tukey’s post-hoc test and presented as
mean + SD. The values from six minipigs per group were compared (p < 0.05).

GF RP36 RL37 LA
Villus height (um) 704.9 + 76.2 614.2 +71.4 614.8 + 40.1 635.9 + 56.5
Crypt depth (um) 74.7 + 3.8 772478 78.7+4.3 772 +6.1
Height/Depth (ratio) 91+21 82+ 1.6 6.9 +0.8 8.0+13

The ileum of the non-infected minipigs (GF, RP36, RP37, and LA) contained villi with
vacuolated enterocytes that were located along the whole length of the villus from the top of
crypts to the villus tips (Figure 2A-D). Because no obvious inflammatory signs or damage
were observed in these minipigs, they are not included in the histological assessment
depicted as the histological score graph (Figure 2I). In contrast, the ileum in the Salmonella-
infected minipigs (LT2, RP36+LT2, RP37+LT2, and LA+LT2; Figure 2E-H) showed signs of
acute inflammation and are summarized on the histological score graph (Figure 2I). The
total histological score of the Salmonella-infected minipigs ranged between six and nine,
with the lowest value in the RP37+LT2 and the highest in the LA+LT2 minipigs.
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Figure 2. Representative hematoxylin-eosin stained terminal ileum cross sections in the GN minip-
igs and a histological score. The GN minipigs were divided into eight groups with six minip-
igs per group: (i) GF ((A), GF); (ii) associated with RP36 ((B), RP36); (iii) associated with RP37
((C), RP37); (iv) associated with LA ((D), LA); (v) infected with LT2 ((E), LT2); RP36 challenged
with LT2 ((F), RP36+LT2); RP37 challenged with LT2 ((G), RP37+LT2); and LA challenged with LT2
((H), LA+LT2). The depicted bar on the cross-section (A) represents 1 mm. Histological score of six
minipigs of four Salmonella-challenged minipig groups (LT2, RP36+LT2, RP37+LT2, and LA+LT2) are
shown (I).

3.3. Toll-like Receptors, Their Related Molecules, and RAGE mRNA Expression in the Ileum

TLR4 mRNA expression was induced in the LT2-infected minipig groups (LT2, RP36+LT2,
RP37+LT2, and LA+LT2) compared to Salmonella-free (GF, RP36, RP37, and LA) groups
(Figure 3A), but this increase was significant in the LT2 and LA+LT2 groups only. The prelimi-
nary one-week association with B. boum strains RP36 or RP37 prevented significant induction
of TLR4 mRNA in the ileum of the RP36+LT2 and RP37+LT2 minipig groups. In contrast
to both B. boum strains, L. amylovorus (LA+LT2) did not show this effect. The infection
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with LT2 significantly upregulated MD-2 mRNA expression (Figure 2B). The previous
associations with RP36 (RP36+LT2) and LA (LA+LT2) downregulated MD-2 expression,
but this downregulation was insignificant. The infection with Salmonella downregulated
the mRNA expression of TLR4 coreceptor CD14 (Figure 3C). However, this downregulation
was not statistically significant. LBP mRNA expression was induced in all cases of the
Salmonella-infected minipigs (Figure 3D). Neither B. boum nor L. amylovorus ameliorated this
induction. TLR2 mRNA expression was induced in the Salmonella infection, but previous
association with mucinolytic B. boum RP36 prevented statistically significant induction
of TLR2 mRNA (Figure 3E). In contrast, no influence of commensal bacteria on mRNA
expression was shown in TLR9 (Figure 3F). The infection with Salmonella statistically sig-
nificantly induced adaptor protein MyD88 mRNA, but this induction was significantly
lower for previous association with either RP36 or RP37 B. boum strains (Figure 3G). Non-
infected minipigs versus their infected counterparts (GF vs. LT2, RP36 vs. RP36+LT2,
RP37 vs. RP37+LT2, and LA vs. LA+LT2) showed increased expression of TRIF mRNA
(Figure 3H) and RAGE mRNA (Figure 3I) after infection with Salmonella. However, neither
in the case of TRIF nor RAGE was this lowering statistically significant.
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Figure 3. Expression of TLR4 (A), MD-2 (B), CD14 (C), LBP (D), TLR2 (E), TLR9 (F), MyDS88 (G),
TRIF (H), and RAGE (I) in the ileum of the GN minipigs: (i) GF, (ii) infected with LT2 (LT2),
(iii) associated with RP36 (RP36), (iv) associated with RP36 and challenged with LT2 (RP36+LT2),
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(v) associated with RP37 (RP37), (vi) associated with RP37 and challenged with LT2 (RP37+LT2),
(vii) associated with LA (LA), and (viii) associated with LA and challenged with LT2 (LA+LT2). The
values are presented as individual dots indicating mean + SEM. Statistical differences were evaluated
using one-way ANOVA with Tukey’s post-hoc test, and p < 0.05 is denoted with different letters
above the columns. Six samples in each group were analyzed.

3.4. Toll-like Receptors, Their Related Molecules, and RAGE mRNA Expression in the Colon

The infection with Salmonella upregulated statistically significantly TLR4 mRNA ex-
pression in all Salmonella-challenged minipigs (LT2, RP36+LT2, RP37+LT2, and LA+LT2)
compared to non-challenged ones (GF, RP36, RP37, and LA) (Figure 4A). No statisti-
cally significant differences among infected and non-infected minipig groups were found.
In contrast, no differences in MD-2 expression were found among all minipig groups
(Figure 4B). TLR4 coreceptor CD14 mRNA expression faithfully copied TLR4 mRNA ex-
pression and showed upregulated expression after infection with Salmonella without any
influence of previous association with commensal bacteria (Figure 4C). A concordant
infection-stimulated upregulation without the influence of previous association was shown
also in LBP mRNA expression (Figure 4D). TLR2 mRNA was statistically significantly
upregulated in Salmonella-infected LT2 minipigs compared to the GF group (Figure 4E).
Previous association with RP36, RP37, or LA ameliorated this upregulation, and these
infected groups did not statistically differ from either the GF or LT2 groups. The association
with both B. boum strains resulted in nonsignificant differences among them, the GF, and
the LT2 groups. Association with only LA did not influence the TLR2 mRNA expression
comparable to the GF one. Neither association nor infection significantly influenced the
expression of TLR9 mRNA, which was comparable in all groups (Figure 4F). The infection
with Salmonella upregulated MyD88 mRINA expression. However, significant differences
were found among the infected LT2, RP37+LT2, and LA+LT2 groups and non-infected
RP36, RP37, and LA only groups (Figure 4G). TRIF mRNA showed a downregulated trend
after infection with Salmonella, and significant downregulation was shown in all Salmonella-
infected minipig groups compared to the GF group (Figure 4H). RAGE mRNA expression
did not show significant regulation influenced by association with commensal bacteria or
infection with Salmonella (Figure 4I).

3.5. IL-6 and IL-12/23p40 Levels in Plasma

The GF minipigs colonized with pig commensal bacteria (RP36, RP37, and LA) showed
comparable levels of IL-6 (Figure 5A). The infection with S. Typhimurium significantly
increased plasmatic IL-6 levels. The previous association with RP37 (RP37+LT2) and LA
(LA+LT2) significantly downregulated IL-6 levels compared to the LT2 group. In the case
of IL12/23p40 (Figure 5B), the infection with S. Typhimurium also, as in the case of IL-6,
significantly increased plasmatic IL-12/23p40 levels. The previous association with pig
commensal bacteria (RP36, RP37, and LA) did not influence this increase.
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Figure 4. Expression of TLR4 (A), MD-2 (B), CD14 (C), LBP (D), TLR2 (E), TLR9 (F), MyD88 (G),
TRIF (H), and RAGE (I) in the colon of the GN minipigs: (i) GE (ii) infected with LT2 (LT2),
(iii) associated with RP36 (RP36), (iv) associated with RP36 and challenged with LT2 (RP36+LT2),
(v) associated with RP37 (RP37), (vi) associated with RP37 and challenged with LT2 (RP37+LT2),
(vii) associated with LA (LA), and (viii) associated with LA and challenged with LT2 (LA+LT2). The
values are presented as individual dots indicating mean + SEM. Statistical differences were evaluated
using one-way ANOVA with Tukey’s post-hoc test, and p < 0.05 is denoted with different letters
above the columns. Six samples in each group were analyzed.
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Figure 5. Plasmatic levels of IL-6 (A) and IL-12/23p40 (B) in the GN minipigs: (i) GF, (ii) infected
with LT2 (LT2), (iii) associated with RP36 (RP36), (iv) associated with RP36 and challenged with LT2
(RP36+LT2), (v) associated with RP37 (RP37), (vi) associated with RP37 and challenged with LT2
(RP37+LT2), (vii) associated with LA (LA), and (viii) associated with LA and challenged with LT2
(LA+LT2). The values are presented as individual dots indicating mean 4+ SEM. Statistical differences
were evaluated using one-way ANOVA with Tukey’s post-hoc test, and p < 0.05 is denoted with
different letters above the columns. Six samples in each group were analyzed.

4. Discussion

Both lactobacilli and bifidobacteria are the most common components of single- or
multi-strain probiotic preparations [23-25]. TLR2 is recognized as a pivotal TLR for peptido-
glycan, lipopeptides, and lipoproteins of Gram-positive bacteria, mycoplasma lipopeptides,
or fungal zymosan and (3-glucan. The primary TLR4 ligand of Gram-negative bacteria is
lipopolysaccharide (LPS) [7]. However, the possible strict recognition of Gram-positive
and Gram-negative bacteria by TLR2 and TLR4, respectively, is more complicated, as we
discuss later.

S. Typhimurium-caused enterocolitis is most severe in the terminal ileum and proximal
colon, and neutrophil recruitment to the intestinal epithelium is the hallmark of this enteric
disease [31,63]. Hematoxylin-eosin staining of terminal ileum cross sections showed that
the absence of bacteria in the GF minipigs or association with pig commensal bacteria in
the RP36, RP37, and LA groups did not influence intestinal histology, and villi contained
vacuolated enterocytes that were typical for newborn piglets [64,65]. The association
with microbiota stimulated the disappearance of vacuoles [66]. The terminal ileum is the
main site of Salmonella detrimental attack and translocation [67,68]. Thus, we targeted our
attention to the histological structure of the ileum.

The infection with Salmonella roughly disrupted intestinal architecture; the villi con-
taining vacuolated enterocytes were shortened, and most vacuoles disappeared. A degree
of damage was assessed with the histological scoring established for preterm [62] and term
GN minipigs [61]. The previous association with these pig commensal bacteria did not
prevent the damage of the mucosa and is comparable with the association of GN minipigs
with our formerly isolated pig commensal Lactobacillus mucosae P5 and L. amylovorus P1 [61].
Any intestinal barrier damage facilitates translocation [67]. The mono-association with
all these pig-derived bifidobacteria and lactobacilli showed no or lower protective effect
against intestinal damage than association with probiotic bacteria Escherichia coli Nissle
1917 (EcN) [69], which showed a substantial protective effect [61].

We attempted to regulate TLR4/MD-2 signaling and the consequent production of
inflammatory cytokines (here represented by IL-6 and IL-12/23p40) in GN minipigs using
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pig commensal bacteria B. boum strains RP36 and RP37 [57] and LA [70]. Our attention was
focused on indigenous Bifidobacterium and Lactobacillus spp. as essential species of primary
microbiota [20,21].

The expressions of TLR4, MD-2, and LBP mRNA in the ileum of the GN minipigs
were significantly induced in the presence of S. Typhimurium, but in these cases, the pig
commensal bacteria were not changed compared to the GF control. In contrast, CD14
mRNA expression in the ileum was not related to the Salmonella presence. A possible
explanation is that CD14 is not specific for the discrimination of LPS, but also recognizes
other structures in relation to TLR2 [71,72]. These findings agree with our previous re-
sults in preterm minipigs colonized with probiotic Lactobacillus rhamnosus GG [62,73] and
B. animalis subsp. lactis BB-12 [74,75]. A similar situation was found in the ileum of GN
minipigs colonized with pig commensal lactobacilli L. amylovorus P1 and L. mucosae P5 but
not with probiotic E. coli Nissle 1917 [76]. This probiotic EcN was effective in preventing in-
fant and toddler acute diarrhea [77,78] and acute diarrhea in S. Typhimurium-infected GN
minipigs [79]. One reason for the high effectivity of EcN could be its rough chemotype LPS
(R-LPS) [80]. GN minipigs colonized with R-LPS S. Typhimurium F98 or S. Typhimurium
SF1591 were resistant to subsequent infection with virulent S. Infantis 1326/28 [81,82] or S.
Typhimurium LT2 [83], respectively. S. Typhimurium LT2 is avirulent for one-week-old
CV piglets [53], which are protected by complex microbiota mediating their colonization
resistance [26,27]. In contrast, S. Typhimurium LT2 is lethal for their GF counterparts with
low colonization resistance [52]. Prepared Arfa LT2 mutants with R-LPS were less compe-
tent in triggering the TLR4-signaling and inducing inflammatory cytokines so that they
did not exceed their beneficial regulatory range in the protective inflammatory reaction.
In contrast, wild-type LT2 induced excessive levels of inflammatory cytokines that were
detrimental to GN minipigs [52,84].

TLRs are multiligand receptors [5,7]. Thus, various ligands can influence their up-
regulation such as, e.g., HMGB1, which is the ligand of all observed TLRs (2, 4, and 9) in
our experiments. HMGB1 can be released in tissue damage and can reflect the severity
of sepsis [85], e.g., the destruction of ileal villi in Salmonella-infected minipigs [61,74], and
released HMGB1 can emphasize an inflammatory reaction through its cytokine activity [86].
Moreover, an HMGB1-LPS complex can present LPS for TLR4/MD-2 recognition [87] and
amplify an inflammatory reaction.

TLR2 recognizes Gram-positive bacterial structures in the heterodimers TLR2/TLR1
and TLR2/TLR6 [7]. TLR2 was not induced with pig commensal RP36, RP37, and LA
compared to the GF minipigs, but its mRNA expression in the ileum was upregulated
by Salmonella concordantly with TLR4. TLR2 can also participate in the recognition of
Gram-negative structures. The TLR2/TLR1 heterodimer recognizes curli amyloid fibrils
of Gram-negative S. Typhimurium biofilm [71]. This should explain the similar expres-
sion of TLR2 and TLR4 in the presence of Salmonella. In contrast to TLR2 and TLR4,
TLR9 mRNA expression was not modulated in the presence of pig commensal bacteria or
S. Typhimurium compared to the GF counterparts. Similarly to our results, TL2 and TLR4
mRNA expression in the ileum was upregulated in CV pigs 24 h after infection with
S. Typhimurium, but TLR9 mRNA expression was not influenced [88].

Various TLRs use MyD88 or TRIF adaptor proteins. TLR2 and TLR9 use MyD88
adaptor protein for downstream signaling, but TLR4 can use both adaptor proteins in
MyD88-dependent and TRIF-dependent pathways according to the type of ligand and
localization of the TLR4 on the cellular membrane or in the endosome [88]. MyD88 mRNA
expression showed a similar trend to TLR2 and TLR4 mRNA expression with upregulation
in the presence of Salmonella, but TRIF mRNA did not show any apparent trend. Thus, we
suppose the primary TLR4 signaling was through the MyD88-dependent pathway. The
presence of bacteria did not influence RAGE mRNA expression. However, RAGE is a
multiligand receptor capable of binding to a broad range of structurally diverse ligands
expressed on various cell types and participating in various physiological functions and
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pathological processes. Moreover, cleaved RAGE can occur in two forms of soluble RAGE
and can act as a decoy receptor and regulate downstream signaling [89].

The colon is the site of the densest bacterial population of the GIT [90,91], and
Salmonella occurrence is abundant [57,68]. The Salmonella CFU density was found one
order higher in the colon compared to the ileum in CV piglets at 2 days post-infection [92].
A similar colon/ileum CFU ratio was found in Salmonella-infected GN minipigs [61]. The
Salmonella infection upregulated LBP, CD14, TLR4, and LBP in the colon. Both MyD88
and TRIF adaptor protein mRNA expression showed an apparent trend related to the
infection. MyD88 was upregulated as it was in the ileum, but the TRIF mRNA expression
was downregulated by the infection with Salmonella. This was also observed in the colon
of the GN minipigs challenged /colonized with Arfa S. Typhimurium strain LT2 mutants,
where TRIF mRNA expression increased with truncation of LPS [52]. We believe that the
MyD88-dependent signaling pathway is the crucial pathway in the case of the ileum and in
the case of the colon, but the downregulation of the TRIF-dependent pathway by Salmonella
infection and its relation to the LPS chain needs future studies.

Experiments in vitro do not fully cover the complexity of microbiota-host interactions,
but they bring valuable findings that can help elucidate microbiota-host and microbiota-
microbiota interferences, including the role of TLRs in inflammatory signaling. Porcine
epithelial cell line IPEC-]J2 infected with S. Typhimurium showed upregulated TLR2 mRNA
expression 1.5 and 6 h post-infection. However, no TLR4 and TLR9 mRNA expression
changes were found within the observed 6 h period [88]. L. amylovorus DSM 166987, which
we used in our in vivo experiment, suppressed TLR4 signaling in human Caco-2/TC7
cells and pig jejunal explants, as well as the overproduction of inflammatory cytokines
IL-8 and IL-1f3, by inhibiting ETEC-induced TLR4 and MyD88 mRINA expression. This
anti-inflammatory effect was achieved by modulating the negative regulators Tollip and
IRAK-M. Anti-TLR2 antibodies proved the role of TLR2 in suppressing TLR4 signaling [93].

More than 200 biomarkers of sepsis are described, such as C-reactive protein (CRP),
procalcitonin, calprotectin, and some inflammatory cytokines, e.g., tumor necrosis factor
(TNF)-o and interleukin (IL)-6, IL-8, IL-10, and IL-12 [94,95]. Plasmatic cytokine levels
help to discriminate between physiological (homeostasis) and pathological (inflammation)
processes [19]. We selected two inflammatory markers—IL-6 and IL-12/23p40 to assess
the activation of innate immune response and possible cytokine storm [95]. IL-6, IL-12,
and IL-23 belong to the ‘level 1’ cytokines that stimulate the production of other cytokines
through various cells [96].

IL-6 is a pleiotropic cytokine that participates in hematopoiesis and governs acute
phase response [97]. Its detection is a helpful marker of neonatal sepsis [98]. In the intes-
tine, enterocytes produce IL-6 with anti-inflammatory and cell-protective properties that
strengthen the intestinal barrier and can alleviate its disruption by Salmonella infection [99].
GN minipigs challenged with necrotoxigenic E. coli O55 (EcO55) without significant signs
of enteric infection showed low or undetectable levels of systemic IL-6, but minipigs with
significantly expressed clinical signs of enteric infection showed high levels of IL-6 24 h
post-infection [100]. In our experiments, none of the used pig commensal bacteria increased
levels of IL-6 in plasma. The infection with LT?2 significantly increased plasmatic IL-6 levels.
The previous association with mucinolytic B. boum RP36 did not influence this increase. In
contrast, the previous association with non-mucinolytic B. bourn RP37 and L. amylovorus
prevented IL-6 increase. Differences in the diminishing of plasmatic IL-6 induced by
B. boum strains agree with previous findings in TNF-« and IL-10 decreasing, but in these
cases, only non-significantly [57].

The inner lumen of the ileum (intestine in general) is covered with a mucin layer
that prevents the tight contact of enterocytes with bacteria and their translocation. More-
over, the upper movable mucin layer helps to clear away bacteria from the intestine via
peristalsis [101]. The disruption of the protective mucin layer by mucinolytic RP36 [57]
could support Salmonella translocation, which could result in the upregulation of IL-6. The
highest downregulating effect was shown for L. amylovorus DSM16698". This Lactobacillus
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showed a suppressive effect on inflammatory cytokines in Caco-2/TC7 cell line and piglet
explants infected with ETEC K88, as mentioned about TLR4 regulation [93].

IL-12 and IL-23 are critical cytokines for human immunity against Salmonella [102].
They are primarily produced by antigen-presenting cells (APCs) and regulate coloniza-
tion resistance and intestinal inflammation [103]. IL-12 and IL-23 are heterodimeric pro-
inflammatory cytokines composed of p40 and p35 or p40 and p19 units, respectively [104].
GN minipigs infected with EcO55 that suffered from infection had significantly increased
intestinal IL-12/23p40 levels, which correlated with plasmatic levels of IL-12/23p40. The
IL-12/23p40 levels were directly related to clinical signs of enteric infection and sepsis [100].
In the present work, we used IL-12/23p40 as a biomarker of enteric infection and sepsis
and a marker of the possible effectivity of commensal pig bacteria (RP36, RP37, and LA)
to modulate the TLR4/MD-2 signaling pathway. None of them prevented an increase in
IL-12/23p40 levels after infection with S. Typhimurium.

5. Conclusions

Gnotobiotic animals allow the study of interferences between hosts and simple and
defined microbiota. Obtained results can reflect the particular activity of individual bacteria
but also can mirror artificial conditions that naturally do not occur. Concordantly, both vari-
ants can bring interesting information. More complex microbiota, e.g., multi-strain probiotic
preparations, can reflect more complex actions compared to single-strain species [104,105].
Within the last decade, synthetic, defined multi-strain microbiota have been developed
with more complex synergy and additive effects, as shown in experiments with gnotobiotic
mice [105,106]. In relation to this trend, we plan to use defined multi-species microbiota
composed of pig commensal bacteria with selected properties [107] to study more complex
host-microbiota interferences under defined conditions.
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Abstract: Gnotobiotic (GN) animals with defined microbiota allow us to study host-microbiota and
microbiota—microbiota interferences. Preterm germ-free (GF) piglets were mono-associated with
probiotic Bifidobacterium animalis subsp. lactis BB-12 (BB12) to ameliorate/prevent the consequences
of infection with the Salmonella Typhimurium strain LT2 (LT2). Goblet cell density; expression of
Toll-like receptors (TLRs) 2, 4, and 9; high mobility group box 1 (HMGB1); interleukin (IL)-6; and
IL-12/23p40 were analyzed to evaluate the possible modulatory effect of BB12. BB12 prevented an
LT2-induced decrease of goblet cell density in the colon. TLRs signaling modified by LT2 was not
influenced by the previous association with BB12. The expression of HMGBI, IL-6, and IL12/23p40
in the jejunum, ileum, and colon and their levels in plasma were all decreased by BB12, but these
changes were not statistically significant. In the colon, differences in HMGBI distribution between
the GF and LT?2 piglet groups were observed. In conclusion, the mono-association of GF piglets with
BB12 prior to LT2 infection partially ameliorated the inflammatory response to LT2 infection.

Keywords: Bifidobacterium animalis subsp. lactis BB-12; Salmonella Typhimurium; high mobility group
box 1; Toll-like receptors; tight junction proteins; mucin; intestinal barrier; inflammatory cytokines;
immunodeficient host

1. Introduction

Preterm birth (PTB) is a birth that occurs before 37 weeks of gestation, and its in-
cidence affects about 11% of pregnancies [1]. Various reasons can trigger PTB, and the
inflammatory process is one of them [2]. In addition, preterm infants have a low birth
weight and underdeveloped organ systems, making them more susceptible to many life-
threatening comorbidities [2]. These factors and their possible concurrence result in special
requirements for preterm infants that need supportive care in the neonatal intensive care
unit (NICU) [3]. However, despite this particular regimen, the preterm infant suffers from
increased morbidity that is inversely proportional to the length of gestation [4].

The initial colonization of vaginally born infants occurs immediately during childbirth
by the mother’s vaginal and fecal microbiota. This settlement starts with pioneer settlers
that create suitable conditions for their followers [5]. However, colonization occurs more
rapidly than was believed [6], because strictly anaerobic bifidobacteria are present in
the feces of some infants on the first day after birth [7]. The establishment of balanced
microbiota (eubiosis) in newborns is negatively influenced by antibiotic treatment of the
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mother or newborn and formula feeding [8]. Cesarean-delivered infants are not exposed to
the mother’s vaginal and fecal microbiota and are, instead, colonized with microbes from
the surgery room and NICU surroundings, which can have competitive advantages for their
antibiotic resistance [9] and can cause nosocomial infections. Furthermore, this microbiota
with low diversity allows the overgrowth of pathobionts that are usually suppressed in
their growth [10]. Thus, the early establishment of a balanced microbiota is crucial and
beneficial for the host’s development and health [11]. For this reason, it is necessary to pay
great attention to the initial colonization that will impact short- and long-term health [12].

Microbes express pathogen-associated molecular patterns (PAMPs) that are [13] rec-
ognized by pattern-recognition receptors (PRRs) to trigger an immune defense response.
One of the beneficial effects of the gastrointestinal (GI) microbiota on neonatal hosts is the
stimulation of immune system development [14]. In contrast to PAMPs, damage-associated
molecular patterns (DAMPs) are molecules produced by the host after stimulation or cel-
lular damage [15] that are usually hidden from immune recognition. Both PAMPs and
DAMPs represent danger signals, are sensed by PRRs, and induce inflammatory reactions to
maintain homeostasis [16]. Toll-like receptors (TLRs) are PRRs that recognize both PAMPs
and DAMPs [15,17]. TLRs sense various bacterial motifs, such as lipoproteins, lipoteichoic
acid, peptidoglycan (TLR2), lipopolysaccharide (LPS; TLR4), and CpG (TLR9) [13]. TLR2,
TLR4, and TLR9 also sense the DAMPs, high mobility group 1 (HMGB1) [18].

Probiotics are live microorganisms that beneficially affect the host’s health. The
treatment of preterm infants with probiotics positively influenced the GI microbial ecosys-
tem and showed preventive effects against the development of necrotizing enterocolitis
(NEC) [19] and sepsis [20]. Primary colonization of the preterm infant GI with probiotics
supported further colonization with probiotic bacteria [21]. Bifidobacteria belong to the first
colonizers and principal inhabitants of the infant’s intestine [7]. Together with lactobacilli,
they form the main components of probiotic preparations [22]. Probiotic persistence among
indigenous microbiota is usually transient and depends on GI microbiota composition [23].
Thus, the newborn GI tract with no fully established balanced microbiota and low coloniza-
tion resistance [24] suggests an opportunity for longer-time colonization with probiotics
and defined microbiota [23]. Bifidobacterium animalis subsp. lactis BB-12 (BB12) is a widely
used bifidobacterial probiotic strain with excellent gastric acid and bile tolerance and strong
mucus-adherence properties [25]. BB12 showed its ability to reduce Salmonella growth in
the GIT of mice and alleviate the consequences of the infection [26].

Gnotobiotic (GN) animals are microbiologically defined animals consisting of germ-
free (GF) animals and animals associated with simple defined microbiota [27]. The GF
animals with absent microbiota show lower colonization resistance and higher sensitivity
to enteric infections [28]. They are suitable animal models for studies of host-bacteria and
bacteria—bacteria interferences. Our study aimed to evaluate the possibility of modulating
TLRs signaling by administration of a widely used probiotic bacteria to alleviate the
consequences of enteric infections. HMGBI, a marker of the severity of enteric infection
and sepsis, and a potent inflammatory inducer, was used as the main indicator molecule
to evaluate the inflammatory process. Thus, we studied the direct interactions between
Bifidobacterium animalis subsp. lactis BB-12 (BB12) and Salmonella Typhimurium LT2 (LT2)
in a GN piglet model of preterm infants [29]. The preterm GF piglets were associated
with B. animalis BB-12 (BB12) for one week prior to being infected with enteric pathogen S.
Typhimurium LT2 (BB12 + LT2) or infected with S. Typhimurium LT2 alone (LT2).

2. Results
2.1. Clinical Signs of Enterocolitis

The non-infected piglets (GF and BB12 groups) did not show any signs of enterocolitis.
In contrast, the Salmonella-infected piglets (LT2) were sleepy and had anorexia with non-
bloody diarrhea and fever. The piglets associated with BB12 and one-week later infected
with LT2 (BB12 + LT2) showed milder diarrhea than the piglets infected with LT2 only.
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2.2. Goblet Cells in the Ileum

The GF (Figure 1A) and BB12 (Figure 1C) piglets showed long villi with many vac-
uolated enterocytes and mucin-producing, blue-stained goblet cells among enterocytes.
Piglets infected with S. Typhimurium (Figure 1B) had shortened and damaged villi with
desquamated epithelial cells in the lumen. Colonization with BB12 did not fully protect ileal
villus morphology against injury induced by S. Typhimurium infection (Figure 1D). The
number of goblet cells was reduced in the LT2 group, but this decrease was not statistically
significant (Figure 1E).
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Figure 1. Goblet cells (blue color) in the ileum of gnotobiotic piglets. Number of goblet cells per mm?

in the ileum of the one-week-old piglets: germ-free (GF; (A)), infected with S. Typhimurium LT2
for 24 h (LT2; (B)), associated with B. animalis subsp. lactis BB-12 (BB12; (C)), and associated with
BB12 and infected with LT2 for 24 h (BB12 + LT2; (D)). Six samples from each group were analyzed,
and statistical differences were calculated by a two-way ANOVA with Tukey’s multiple comparison
post hoc test. The values are presented as mean + SEM, and p < 0.05 among groups are denoted by
different letters above the columns (E). A scale bar (D) depicts 200 um.

2.3. Goblet Cells in the Colon

S. Typhimurium infection significantly reduced the number of goblet cells in the
colon in the LT2 groups (Figure 2B,E) compared to the other groups (Figure 2A,C-E). Prior
association with BB12 (BB12 + LT2; Figure 2C) prevented a decrease in the goblet cell
counts, as is comparable to the GF (Figure 2A E), BB12 (Figure 2C,E), and BB12 + LT2
(Figure 2D,E) piglets.
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Figure 2. Goblet cells (blue color) in the colon of gnotobiotic piglets. Number of goblet cells per mm? in

the colon of the one-week-old gnotobiotic piglets: germ-free (GF; (A)), infected with S. Typhimurium LT2
for 24 h (LT2; (B)), associated with B. animalis subsp. lactis BB-12 (BB12; (C)), and associated with BB12 and
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infected with LT2 for 24 h (BB12 + LT2; (D)). Six samples from each group were analyzed, and
statistical differences were calculated by a two-way ANOVA with Tukey’s multiple comparison post
hoc test. The values are presented as mean + SEM, and a p < 0.05 among groups is denoted by
different letters above the columns (E). A scale bar (D) depicts 100 um.

2.4. TLR2, TLR4, TLR9, MyD88, TRIF, and RAGE mRNA in Ileum

BB12 did not increase the expression of TLR2 mRNA in the ileum compared to the GF
piglet control (Figure 3A). In contrast, both groups infected with S. Typhimurium (LT2 and
BB12 + LT2) had significantly higher expression. The presence of BB12 (BB12 + LT2) did not
significantly influence the TLR2 expression compared to S. Typhimurium infection alone
(LT2). Similar changes of mRNA expression were found in TLR4 (Figure 3B). An opposite
trend was found in TLR9 mRNA expression (Figure 3C). TLR9 mRNA expression was
comparable in GF and BB12 groups but was downregulated by Salmonella infection. The
prior association with BB12 (BB12 + LT2) did not ameliorate the LT2-inducted downregu-
lation of TLR-9 expression. BB12 did not influence MyD88 mRNA expression, but it was
significantly upregulated by Salmonella (Figure 3D). The presence of BB12 enhanced this
expression, so the expression in BB12 + LT2 group was significantly higher than in the LT2
group. In contrast, Salmonella downregulated the expression of TRIF mRNA (Figure 3E).
Salmonella infection downregulated RAGE mRNA expression compared to GF, but this
downregulation was only significant for LT2, and not for BB12 + LT2 (Figure 3F).
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Figure 3. Relative expression (fold-change) of TLR2 (A), TLR4 (B), TLR9 (C), MyD88 (D), TRIF (E),
and RAGE (F) mRNA in the ileum of the one-week-old gnotobiotic piglets: germ-free (GF), infected
with S. Typhimurium LT2 for 24 h (LT2), associated with B. animalis subsp. lactis BB-12 (BB12), and
associated with BB12 and infected with LT2 for 24 h (BB12 + LT2). Six samples from each group were
analyzed, and statistical differences were calculated by a two-way ANOVA with Tukey’s multiple
comparison post hoc test. The values are presented as mean + SEM, and a p < 0.05 among groups is
denoted by different letters above the columns.

2.5. TLR2, TLR4, TLRY, MyD88, TRIF, and RAGE mRNA in Colon

BB12 downregulated TLR2 mRNA expression in the colon, but this downregulation in
comparison to GF and LT2 groups was statistically non-significant (Figure 4A). However, a
previous association with BB12 (BB12 + LT2) caused significant upregulation in comparison
to the BB12 group alone. Simultaneously, this upregulation was not statistically significant
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in comparison to the GF and LT2 groups. Salmonella significantly upregulated TLR4
mRNA expression in both infected groups (LT2 and BB12 + LT2) (Figure 4B). TLR9 mRNA
expression was comparable among all groups (Figure 4C). MyD88 mRNA was significantly
upregulated in the BB12 + LT2 group only (Figure 4D). TRIF mRNA was significantly
downregulated in both Salmonella-infected groups compared to both non-infected groups
(Figure 4E). RAGE mRNA expression was downregulated in the Salmonella-infected groups
(LT2 and BB12 + LT2) (Figure 4F).

TLR2 TLR4 TLRO
A COLON B COLON b Cc COLON
= 2.04 = 254 b = 2.5+
2 b e 2 a
0 w 0
g 15 . E 2.0 g 20
al
: ab ﬁ 1.5 3 1.54 a
% 1.0 a % a % a a
£ £ 104 a L 109
@D ] @ @
2 £ 0.5 B 05
@ @ @
2 ool & ool 2 oo
o \:‘1- e%»\‘l *\:“L ok \:‘1 00\'1» k\:@ o \:{1 ?’6\1 *\:‘1
0n\'l— 9\'1- N
& < ®
MyD88 TRIF RAGE
D COLON E COLON F COLON
S 257 g 207 g 25 a
= b 2 a a s
o 20 3 iE 2 20
S s 1 = ab
> 3 *
3 15 4 o o 154
£ 191 x Z 10
_“a,’ 0.5 E 051 E 05
2 o2 K
£ ool & qol £ o0
£ 4 A < £ 4 A <1 N Y N A
of M@ R LW v G MV e >
® ge

Figure 4. Relative expression (fold-change) of TLR2 (A), TLR4 (B), TLR9 (C), MyD88 (D), TRIF (E),
and RAGE (F) mRNA in the colon of the one-week-old gnotobiotic piglets: germ-free (GF), infected
with S. Typhimurium LT2 for 24 h (LT2), associated with B. animalis subsp. lactis BB-12 (BB12), and
associated with BB12 and infected with LT2 for 24 h (BB12 + LT2). Six samples from each group were
analyzed, and statistical differences were calculated by a two-way ANOVA with Tukey’s multiple
comparison post hoc test. The values are presented as mean + SEM, and a p < 0.05 among groups is
denoted by different letters above the columns.

2.6. TLR2, TLR4, TLRY, MyD88, TRIF, and RAGE mRNA in Mesenteric Lymph Nodes

Salmonella significantly upregulated TLR2 mRNA expression in MLN (Figure 5A). The
same trend was observed for TLR4 mRNA, but only induction in the LT2-infected groups
(LT2 and BB12) was significant against the GF group only (Figure 5B). The opposite trend
was found for TLRY, but the suppression by Salmonella was not statistically significant
(Figure 5C). MyD88 mRNA was significantly induced by Salmonella in both infected groups
(Figure 5D), but in the case of TRIF mRNA, this significant upregulation was observed in
the LT2 group only (Figure 5E). Finally, no effect of LT2 or BB12 on RAGE mRNA expression
in MLN was found (Figure 5F).
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Figure 5. Relative expression (fold-change) of TLR2 (A), TLR4 (B), TLR9 (C), MyD88 (D), TRIF (E),
and RAGE (F) mRNA in the mesenteric lymph nodes of the one-week-old piglets: germ-free (GF),
infected with S. Typhimurium LT2 for 24 h (LT2), associated with B. animalis subsp. lactis BB-12
(BB12), and associated with BB12 and infected with LT2 for 24 h (BB12 + LT2). Six samples from each
group were analyzed, and statistical differences were calculated by a two-way ANOVA with Tukey’s
multiple comparison post hoc test. The values are presented as mean + SEM, and a p < 0.05 among
groups is denoted by different letters above the columns.

2.7. HMGBI Expression in the Colon

In the colon of GF piglets (Figure 6A), the nuclear protein HMGB1 was localized
in both the nucleus and the cytoplasm, whereas in LT2 piglets (Figure 6B), HMGB1 was
localized mainly in the cytoplasm.

Figure 6. Expression of HMGBL in the colon. Representative micrographs of the germ-free (GF;
(A)) and S. Typhimurium LT2-infected piglets for 24 h (LT2; (B)) are depicted. The scale bar (A)
corresponds to 50 um.

2.8. Intestinal Levels of HM GBI, IL-6, and IL-12/23p40

HMGBI release was significantly induced in the jejunum with Salmonella infection
(Figure 7A) compared to the GF group. The association with BB12 did not induce HMGB1
release in the jejunum. The previous association of the piglets with BB12 in the (BB12 + LT2)
group prevented the significant induction of HMGB1 (Figure 7A). However, differences
between LT2 and BB12 + LT2 were non-significant. The IL-6 levels in the Salmonella-
infected piglets were significantly increased (Figure 7B). IL-12/23p40 was also induced
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by the infection (Figure 7C). The previous association of piglets with BB12 significantly
suppressed this increase.
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Figure 7. Abundance of HMGB1 (A,D,G), IL-6 (B,E,H), and IL-12/23p40 (C,F,I) proteins in the
jejunum (A—-C), ileum (D-F), and colon (G-I) of the one-week-old piglets: germ-free (GF), infected
with S. Typhimurium LT2 for 24 h (LT2), associated with B. animalis subsp. lactis BB-12 (BB12), and
associated with BB12 and infected with LT2 for 24 h (BB12 + LT2). Six samples from each group were
analyzed, and statistical differences were calculated by the Kruskal-Wallis test with Dunn’s multiple
comparison post hoc test. The values are presented as boxes and whiskers indicating the lower and
upper quartiles, the central line is the median, and the ends of the whiskers depict the minimal and
maximal values. A p < 0.05 among groups is denoted with different letters around the columns.

In the ileum, HMGBI1 levels showed a similar trend as in the jejunum; that is, they
were significantly induced in the LT2 group and previously associated with BB12 non-
significantly reduced this increase (Figure 7D). The IL-6 levels in the ileum were upregulated
by the Salmonella infection, but suppression by the previous association with BB12 resulted
in a non-significant increase against the control GF group (Figure 7E). At the same time,
the suppression was not statistically significant compared to that of the LT2 group. A
similar trend of induction/suppression in the ileum was also found in IL-12/23p40 group
(Figure 7F).

As was observed in the jejunum and ileum, HMGB1 BB12 suppressed HMGBL1 con-
centrations in the colon (Figure 7G), but the difference was not statistically significant.
IL-6 levels were significantly induced by the infection with Salmonella (Figure 7H). The
previously applied BB12 non-significantly suppressed IL-12/23p40 levels in the colon
(Figure 71).
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All biomarkers showed low levels in the jejunum (Figure 7A-C). They were highly
increased in the ileum (Figure 7D-F) and colon (Figure 7G-I) of both LT2-infected groups,
and these values were comparable in both organs. The same ratio of the y-axis in individual
biomarkers was used to clearly depict this trend throughout the intestine.

2.9. HMGB, IL-6, and IL-12/23p40 in Plasma
The levels of plasmatic HMGB1 (Figure 8A), IL-6 (Figure 8B), and IL-12/23p40
(Figure 8C) reflect the situation in the intestine. It means that Salmonella induced these

levels, and the previous association with BB12 suppressed them, but this suppression was
not statistically significant.
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Figure 8. Plasma concentrations of HMGB1 (A), IL-6 (B) and IL-12/23p40 (C) proteins of one-
week-old piglets: germ-free (GF), infected with S. Typhimurium LT2 for 24 h (LT2), associated with
B. animalis subsp. lactis BB12 (BB12), and associated with BB12 and infected with LT2 for 24 h
(BB12 + LT2). Six samples in each group were analyzed and statistical differences were calculated by
the Kruskal-Wallis test with Dunn’s multiple comparison post hoc test. The values are presented as
boxes and whiskers indicating the lower and upper quartiles, the central line is the median, and the
ends of the whiskers depict the minimal and maximal values. A p < 0.05 among groups is denoted
with different letters around the columns.

3. Discussion
3.1. Animal Models of Immunocompromised Host and Probiotics

Most reports refer to probiotics as beneficial and safe for preterm infants [23]. However,
itis necessary to consider that preterm neonates have underdeveloped immune systems and
compromised intestinal barrier integrity [30]. It simplifies bacterial translocation, and these
infants are at increased risk of probiotic-caused sepsis [31]. The experimental work with
human volunteers is limited [32], and neither two-dimensional (2D) nor three-dimensional
(3D; organoids) cell culture systems [33] sufficiently simulate a complex reaction of the
whole organism. Thus, suitable translational animal models play a vital role in human
disease research [34-37].

3.2. Gnotobiotic Piglet Translational Model

The similarities in anatomy, physiology, genetics, immunology [38], and microbiome
composition [39,40] predestine pigs as animal models of human diseases. Pig translational
models are used for studies in nutrition and gastroenterology [41], infectious diseases [42],
and sepsis [35]. The potential of the pig as an organ donor for humans deepens the
attraction of this animal model [43]. Several research groups studied bacterial translocation
and sepsis [44—47], the ontogeny of innate [29,45] and adaptive [48,49] immunity, and
NEC [36,50,51] on preterm piglets.

In our experiments, we infected the one-week-old preterm GF piglets with S. Ty-
phimurium strain LT2 for 24 h [46]. This Salmonella strain was avirulent for one-week-old
conventional (CV) piglets [52] but lethal for term GF piglets, which died 36-48 h post-
infection [53]. Thus, its virulence is influenced by the presence of a microbiota and, expect-
edly, also the microbiome composition. Moreover, the virulence of the S. Typhimurium



Int. J. Mol. Sci. 2023, 24, 2329

90f17

serovars for the GF piglets depends on the form completeness of its LPS. For example,
Gram-negative bacteria secrete smooth LPS chemotype (S-LPS), which is more virulent than
rough (R-LPS) chemotype mutants [47,53]. Colonization resistance, presence of maternal
immunoglobulins and immune cells [54], and stimulation of innate immunity [55] in the CV
piglets are probably responsible for their resistance to LT2 infection [9,13,29,34,52,56,57].

3.3. Intestinal Barrier

A single epithelial cell layer creates a specific barrier between the bacteria-rich in-
testinal lumen and the host’s organism. Adjacent enterocytes are joined in their apical
part with tight junction proteins, e.g., claudins and occludin, and create a semipermeable
interface that protects the host against penetration of harmful dietary antigens and invading
pathogens and their toxins [58]. The epithelial layer is covered with mucin composed of
a lumen-oriented movable upper layer and an enterocyte-touched fixed lower layer [59].
The disruption of the mucus layer causes intestinal inflammation and facilitates bacterial
translocation [60,61]. Mucins are produced and secreted from goblet cells which are spe-
cialized enterocytes and colonocytes in the small intestine and colon, respectively [58]. The
main intestinal mucin in humans and mice is acid mucin 2 (MUC2) [59]. An impaired
MUC?2 synthesis predisposed preterm CV piglets to develop necrotizing enterocolitis [62],
and a defect in the production of MUC2 dramatically increased the sensitivity of mice to
infection with S. Typhimurium [63]. The presence of bacteria stimulates the production of
mucin and GF animals show thinner mucin layer compare to CV ones [58].

We measured acid mucin-producing goblet cell density in the ileum and colon of
the preterm GN piglets. In our previous study with the term piglets [61], we found that
the term GN piglets showed a higher number of goblet cells in the ileum. In the current
study, preterm GN piglets had a comparable goblet cell density in the ileum and colon.
In contrast, comparable numbers of the acid and neutral mucin-containing goblet cells
in the distal small intestine, but lower in the colon, were found in the preterm versus
term CV piglets [61,64,65]. Mucin degradation allows for easier penetration of harmful
bacteria, and the absence of mucin-degrading activities is a safety criterion for probiotic
candidates [63,66].

In previous studies, BB12 alone or in combination with LT2 did not weaken the
intestinal barrier or increase bacterial translocation [46], as was shown in mucinolytic B.
boum RP36 [61]. Thus, we believe that BB12 did not provoke an adverse effect in the ileum
of the preterm GN piglets. In the colon of the term GN piglets, which has a higher goblet
cell density than the ileum, a negative effect of Salmonella was shown without an influence
of either B. boum strain studied [61]. This significant Salmonella-induced downregulation
of goblet cell density in the colon was also found in preterm piglets; however, this effect
was ameliorated by probiotic BB12, supporting a beneficial effect on the host. Differences
in goblet cell count in piglets can also be influenced by the formula used, as was found in
formula-fed compared to colostrum-fed CV preterm piglets [62]. In our experiment, all GN
piglet groups were fed the same way (Splichalova et al., 2018), excluding the possible effect
of the diet.

3.4. Receptors and Biomarkers

TLRs 2, 4, and 9 are commonly classified as Gram-positive (TLR2), Gram-negative
(TLR4), and pan-bacteria (TLR9) recognizing receptors [67]. However, they are not narrowly
specific to one ligand, but recognize multiple molecular structures of both exogenous
PAMPs (e.g., LPS, peptidoglycan, and lipoteichoic acid) and endogenous DAMPs (e.g.,
HMGBI) [15]. Moreover, HMGB1 is the endogenous ligand of all three TLRs [18]. Thus,
the transcription and protein expression of these receptors can be influenced by various
exogenous and endogenous stimuli, and their modulation depends on miscellaneous
influences, including regulatory feedback [28,67,68].

Gram-positive BB12 alone did not upregulate TLR2 expression in the ileum, colon,
and mesenteric lymph nodes. However, Gram-negative LT2 upregulated it in the ileum
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and mesenteric lymph nodes and combination with BB12 in all three observed organs. This
finding is seemingly controversial. However, TLR2 recognizes shared patterns of both
Gram-positive and Gram-negative bacteria, e.g., lipoproteins [69] and some lipopolysac-
charides [67]. Moreover, this signaling pathway uses the CD14 molecule, which is mainly
known as a co-receptor of the TLR4/MD-2 signaling pathway [69].

TLR4 was significantly upregulated in all organs of piglets infected with S. Ty-
phimurium. The previous association with BB12 alleviated the upregulation in the mesen-
teric lymph nodes, but not in the intestine. The released LPS is bound to the LPS-binding
protein, trapped by the CD14 molecule, and transported to TLR4/MD-2 complex [69]. The
activation of the TLR4 pathway depends on the LPS structure and completeness of LPS.
LT2 isogenic Arfa mutants with truncated R-LPS were shown to be less effective in the
activation of TLR4/MD-2 signaling pathway and induction of local and systemic inflam-
matory cytokine levels than wild-type LT2 with S-LPS [53]. While released LPS causes
life-threatening endotoxin shock [70], non-typhoidal avirulent Salmonella serovars with
R-LPS can induce an inflammatory reaction that protects GN piglets against the subsequent
infection with S-LPS virulent S. Typhimurium [71-73].

TLR4 is only one of the TLRs that use both MyD88 and TRIF adaptor molecules in
cell surface and endosomal TLR4 signaling, respectively [67]. MyD88-dependent and
TRIF-dependent signaling consequent in different spectrums of produced inflammatory
cytokines [13]. Similar profiles of TLR4 and MyD88 in the piglet groups in the ileum
and mesenteric lymph nodes attest to MyD88 as the main adaptor molecule mediated
inflammatory signaling in the Salmonella infection [74]. In contrast, this trend did not
appear in the colon, and the downregulation of TRIF in Salmonella infection was obvious.
Similar trends in preterm groups infected with S. Typhimurium were observed in the
ileum, colon, and mesenteric lymph nodes in term GN piglets, independent of previous
association with pig commensal Lactobacillus amylovorus, Lactobacillus mucosae, or probiotic
Escherichia coli Nissle 1917 [75]. In contrast to direct contact with Salmonella and other
bacteria with host intestinal tissue, Salmonella only translocated to mesenteric lymph nodes
in GN piglets associated with mucinolytic B. boum [53,61].

3.5. Cytokines

Monocytes/macrophages and neutrophil granulocytes are the first-line sentinel cells
of the innate immune response that are early prenatally developed [76-78]. Thus, a broad
spectrum of inflammatory mechanisms is available for a non-specific immune response
immediately after birth. However, their excessive production is known as a “cytokine
storm” [79] and can cause multiple organ dysfunction [80]. Possible discrimination between
physiological and pathological levels predetermines inflammatory cytokines as members of
sepsis biomarkers [81]. Commonly used interleukins (IL)-8, IL-10, and tumor necrosis factor
(TNF)-oc were also found to be valuable markers of enteric infections in GN piglets [82],
and higher levels in intestinal tissue and plasma were found in Salmonella-infected preterm
GN piglets [46]. IL-6 and IL-12/23p40 are other cytokines that go together with IL-8, IL-10,
and TNF-« as biomarkers of prenatal and postnatal inflammation [83,84] and neonatal
sepsis [85-88].

We found that infection with Salmonella excessively upregulated ileal, colonic, and
plasma IL-6 and IL-12/23/p40 levels within the acute phase of the immune response.
Their excessive levels attest to the deleterious effect of the Salmonella infection on the
immunocompromised preterm GN piglets. The previous colonization of piglets with BB12
prevented a significant increase in IL-6 and IL-12/23p40 intestinal and plasma levels after
infection with Salmonella compared to control GF piglets. BB12 ameliorated the cytokine
storm [79] and the subsequent multiple dysfunction syndrome as its consequences [80].

3.6. HMGBI Protein Expression in the Ileum and Its Intestinal and Plasmatic Levels

HMGBI is a DNA-binding nuclear protein crucial for transcription that orchestrates
responses to tissue damage and repair [17]. Released HMGBI1 is also an inflammatory
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mediator with cytokine activity that emphasizes the production of inflammatory cytokines
of intestinal inflammation associated with endotoxemia and NEC [89]. Intestinal HMGB1
was described as an inflammatory bowel disease (IBD) marker in children and a marker
of the severity of enteric infections in GN piglets [90]. The part of GN piglets infected
with necrotoxigenic E. coli O55 that relatively thrived showed low levels of plasmatic and
intestinal HMGBI1, but the piglets that suffered from the infection showed highly increased
levels [91]. Our present finding confirms HMGB1 participation in a cytokine storm [79]
with its detrimental effect in the Salmonella-infected GN piglets.

HMGBI levels can be increased by the active secretion of immune cells or its passive
release from necrotic cells [17]. Previously, we showed histopathological changes in the
intestine in the Salmonella-infected preterm piglets [46]. In this work, we presented changes
in the localization of HMGBI1 in the enterocytes, justifying that increased levels in the
Salmonella-infected piglets originated from both its stimulated secretion and necrotic release.

3.7. Conclusions

Exaggerated levels of cytokines within a cytokine storm [79] have systemic effects due
to the damage of vital organs [92]. A modification of microbiota and renewal of its balance
can be a therapeutic way of preventing or modulation of MOD in sepsis-suffered patients
and increasing the ratio of patients that thrive [93]. Mono-associated GN piglets are the first
step of bacterial interference studies and their consequences for the immunocompromised
host. The GN piglets associated with a defined synthetic microbiota will be the logical next
step in our future research.

4. Materials and Methods
4.1. Bacteria

Bifidobacterium animalis subsp. lactis BB-12 (BB12) was isolated from a commercial
preparation Biopron Respiron (Valosun, Trinec, Czechia) on modified Wilkins—Chalgren
agar (Oxoid, Basingstoke, UK) supplemented with soya peptone (5 g/L; Oxoid), mupirocin
(100 mg/L), and acetic acid (1 mL/L) in anaerobic jars with AnaeroGen sachets (Oxoid)
and incubated at 37 °C for 48 h, as we described elsewhere [46]. Salmonella enterica serovar
Typhimurium strain LT2 (S. Typhimurium or LT2) [77] was from a collection of microorgan-
isms from the Institute of Microbiology of the Czech Academy of Sciences (Novy Hradek,
Czechia). It was cultivated on meat-peptone agar slopes (blood agar base; Oxoid) at 37 °C
overnight. Then 8 log CFU/mL BB12 and LT2 suspensions in PBS were prepared for
application to animals.

4.2. Gnotobiotic Piglets

Preterm miniature germ-free (GF) piglets were derived by hysterectomy on day 104
of pregnancy and reared in fiberglass isolators with a partially heated floor; they were fed
67 times per day with cow-milk-based formula. Their microbiological state was tested as
described elsewhere [29]. Piglets (n = 24) were divided into four groups, with six piglets
per group (Figure 9), and orally colonized/infected with BB12 (BB12), LT2 (LT2), and their
combination (BB12 + LT2), as we showed (Figure 9) and described previously [46]. The
bacteria were orally administered in 5 mL of the milk diet, and the control piglets (GF)
received 5 mL of milk without bacteria. At the end of the experiment, the piglets were
euthanized by exsanguination via cardiac puncture under isoflurane anesthesia.

4.3. Mucin and Goblet Cells in the Ileum and Colon

Acid mucin-producing cell density per area of the tunica mucosa was assessed as
described elsewhere [61]. Briefly, Carnoy’s fluid-fixed terminal ileum and colon were
dehydrated and embedded in paraffin, and 5 pm cross-sections were stained with Alcian
Blue and post-stained with Nuclear Fast Red. The specimens were examined under an
Olympus BX 40 microscope with an Olympus Camedia C-2000 digital camera (Olympus,
Tokyo, Japan).
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Figure 9. Experiment design. Preterm gnotobiotic piglets (n = 24) were assigned into four groups with
six piglets per group: (i) germ-free (GF), (ii) infected with Salmonella Typhimurium strain LT2 (LT2),
(iif) associated with probiotic Bifidobacterium animalis subsp. lactis BB-12 (BB12), and (iv) associated
with BB12 and infected with LT2 (BB12 + LT2).

4.4. Intestinal Lavage and Blood Plasma

Sections (40 cm) of proximal jejunum and the whole ileum with distal jejunum seg-
ments were filled with 2 mL of Dulbecco’s PBS (DPBS; TPP, Pasching, Austria), gently
kneaded, and rinsed. The colon was cut into small pieces and lavaged in 4 mL of DPBS.
The lavages were briefly vortexed and centrifuged at 2500 x g for 30 min at 8 °C, and
supernatants were filtered through a 0.2 um filter (Sartorius, Goettingen, Germany). Cit-
rated blood was withdrawn by cardiac puncture and centrifuged at 1200x g for 10 min at
8 °C. A protease inhibitor cocktail (Roche Diagnostics, Manheim, Germany) was added
to the lavage filtrates and plasma, and their aliquots were frozen and stored at —45 °C
until processing.

4.5. RNA Purification and cDNA Synthesis

The terminal ileum and transverse colon cross-section slices and small pieces of
mesenteric lymph nodes were put into RNAlater and stored at —20 °C. Later they were
moved into the RTL buffer of RNeasy Mini Kit Plus (Qiagen) and homogenized with 2 mm
zirconia beads (BioSpec Products, Bartlesville, OK, USA) in TissueLyser LT beadbeater
(Qiagen). The total RNA was isolated according to the manufacturer’s protocol. A total
of 500 ng of total RNA was reverse transcribed by QuantiTect Reverse Transcription kit
(Qiagen). The prepared cDNA was 1/10 diluted by PCR quality water (Life Technologies,
Carlsbad, CA, USA), and this cDNA template was stored at —25 °C till quantitative PCR
was performed.

4.6. Real-Time PCR

A total of 2 pL of the cDNA template was added into 18 uL of the FastStart Universal
Probe Master (Roche Diagnostics), with 500 nM each of forward and reverse primers and
100 nM locked nucleic acid (LNA) probe (Universal ProbeLibrary; Roche Diagnostics). The
PCR systems for the reference genes (3-actin and cyclophilin A, as well as for the genes
of interest, TLR2, TLR4, TLR9, MyD88, and TRIF, were listed elsewhere [29]. The PCR
amplification was performed in duplicates in 45 cycles (95 °C for 15 s and 60 °C for 60 s)
and run on an iQ cycler (Bio-Rad, Hercules, CA, USA). The evaluation of relative mRNA
expression (fold changes) was described elsewhere [46].

4.7. Intestinal and Plasmatic HMGB1 Levels

HMGBI levels in the intestinal lavages (jejunum, ileum, and colon) and blood plasma
were measured by ELISA kit (Abbexa, Cambridge, UK), according to the producer’s



Int. J. Mol. Sci. 2023, 24, 2329

13 of 17

instructions. The absorbances were measured at 450 and 620 nm on an RS ELISA reader
(Labsystems, Helsinki, Finland), and the results were evaluated with Genesis 3 software
(Labsystems).

4.8. IL-6 and IL-12/23 p40 in Intestinal Lavage and Blood plasma

Levels of IL-6 and IL-12/23 p40 in the intestinal lavages and plasma were measured
by a paramagnetic sphere-based xMAP technology (Luminex Corporation, Austin, TX,
USA) with a Porcine ProcartaPlex kit (Affymetrix, Santa Clara, CA, USA) on the Bio-Plex
Multi Array System (Bio-Rad, Hercules, TX, USA) and evaluated by Bio-Plex Manager 4.01
software (Bio-Rad), as described previously [75].

4.9. Immunochemical Detection of HMGB1 in the Colon

The transverse colon was embedded in Tissue-Tek (Sakura, Tokyo, Japan), immedi-
ately frozen in liquid nitrogen vapor-cooled isopentane, and kept at —70 °C. Then 5 um
acetone-fixed cryosections on SuperFrost/Plus slides (Thermo Fisher Scientific, Darmstadt,
Germany) were stored at —40 °C until labeling. After the incubation of sections with 5%
goat serum (Life Technologies, Carlsbad, CA, USA) for 1 h at RT, they were labeled by anti-
HMGBI rabbit polyclonal antibodies (Novus Biologicals, Centennial, CO, USA) overnight,
at 4 °C. The sections were incubated with a peroxidase-conjugated goat anti-rabbit F(ab)2
IgG fragment (Invitrogen, Carlsbad, CA, USA) for 2 h at RT. HMGB1 was visualized by
AEC substrate (Sigma-Aldrich, St. Louis, MO, USA), and nuclei were counterstained with
Mayer’s hematoxylin (Diapath, Martinengo, Italy). Control sections without primary anti-
bodies were treated in the same way. The sections were examined under an Olympus BX
40 microscope with Olympus Camedia C-2000 digital camera (Olympus, Tokyo, Japan), as
described elsewhere [94].

4.10. Statistical Analysis

Normally distributed values were compared with two-way analysis of variance
(ANOVA) with Tukey’s multiple comparisons post hoc test. Values that did not meet
the normal distribution were evaluated with Kruskal-Wallis with Dunn’s multiple compar-
isons post hoc test. The statistical comparisons were performed at p < 0.05 by GraphPad
6 software (GraphPad Software, San Diego, CA, USA), and significant differences were
depicted in figures by a letter system.
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