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TEMA A C{L DISERTACNI PRACE

Predkldadana diserta¢ni prace shrnuje vysledky komplexniho klinicko-imunologicko-
molekularné-genetického studia imunitniho systému pacientd s cystickou fibrézou (CF). Tato
disertacni prace je sefazena do Sesti na sebe navazujicich odbornych kapitol, které pojednavaji

o nasledujicich tématickych okruzich:

I. Shrnuti dosavadnich poznatkd o molekularné genetické a klinické patogenezi CF.

2. Shrnuti dosavadnich poznatkl zoblasti studia imunitniho systému u pacienti
s cystickou fibrozou.

Zkoumdni imunitniho systému CI pacientl na vlastnim souboru — piehled.

Shrnuti dosavadnich poznatki o genetickych modifikatorech klinického prabéhu CI'

Shrauti dosavadnich poznatkd z oblasti studia interakce imunitniho systému a infekce.

A

Klinicka aplikace 1munologickych metod — stanoveni titrd protilatek proti

Pseudomonas aceruginosa.

Prace si v uvodni prehledné kapitole neklade za cil shrnout danou problematiku do detailti.
Zaméfuje se spiSe na zajimavosti vyplyvajici ze zakladni genetické poruchy genu pro
cystickou fibrézu. Pro vétsi prehlednost a mensi naro¢nost jsou informace pledklddany

formou tabulek, obrazk( a graft.

S vyjimkou uvodnich dvou prehlednych kapitol je kazda kapitola zakoncena souhrnem
vlastnich dosazenych vysledkl. — Treti kapitola otevirda problematiku studia imunitniho
systému na pracovisti autorky. Dosazené a publikované vysledky jsou struéné popsdny v
jednotlivych kapitolach této disertaéni prace a diskutovany ve srovnani s poznatky ze svétove
literatury. Pouze dosud nepublikované vysledky, které jsou v soucasné dobé pripravovany

do tisku, jsou podrobné shrnuty v textu a doplnény prislusnymi tabulkami a grafy.

Vlastni publikace jsou zahrnuty ve zvlastni publikaéni priloze (kap. 9.) a jsou ¢lenény podle
jednotlivych kategorii (zahraniéni, domaci, dalsi aktivity spojené s tématem této disertacni
prace), spole¢né s prislusnymi impakt faktory. Ostatni citovana odborna literatura je uvedena

na konci disertacni prace v samostatné literarni pfiloze (kap. 8.).




Predlozené vysledky disertaéni prace by nebyly mozné bez Gzké spoluprace v ramci
2. lékarské fakulty a Fakultni nemocnice v Praze Motole a to hlavné s Centrem Cystické
Fibrozy Pediatrické kliniky, dale s Ustavem biologie a lékaiské genetiky a s Ustavem
mikrobiologie a virologie.

Resena problematika je také spojena s predchozimi a souéasnymi vyzkumnymi grantovymi
projekty, jichZ byla nebo doposud je predkladatelka této disertaéni préce spolureSitelkou.
Internf grant FN Motol €. 9717 (autorka disertace byla jeho spolufeSitelkou) byl ocenén
Cenou Reditele FN Motol jako nejlepsi Interni grant za rok 2003. Domaci publikace
v casopise Alergie (spoluautorstvi predkladatelky této prace) byla ocenéna cenou za nejlepsi

plvodni praci pro rok 2004.




SEZNAM POUZITYCH ZKRATEK

ABPA

ANCA
APC
ARO
ATP
BAL
BPI

CD
CF
CFTR

CIK
CRP
Cl
DC
DHA
DIOS

DNA
Dnaza
EBC
ELISA
ENaC
EPA
ET12

FEVI

FISH

Alergickd bronchopulmonalni aspergildza; onemocnéni vyvolané Aspergilus
Sfumigatus Casto asociované s CI°

Antineutrophil cytoplasmic antibodies: protilatky proti cytoplasmé neutrofilt
Antigen presenting cell: buiika prezentujici antigen
Anesteziologicko-resuscitaéni oddéleni

Adenosintriphosphat: adenosintrifosfat

Bronchoalveolar lavage: bronchoalveolamni lavaz

Bactericidial permeability increasing protein: baktericidni a permeabilitu
zvysujici protein

Cluster of differentiation: diferenciaéni antigen

Cysticka fibroza

Cystic fibrosis transmembrane regulator: transmembranovy regulator vodivosti
iont pr1 cystické fibroze

Circulating Imunocomplexes: cirkulujici imunokomplexy

C - reaktivni protein

Computer tomography: pocitacova tomografie

Dendritic cell: dendriticka buiika

Docosahexaenic acid: kyselina dokosahexaenova

Distal intestinal obstructive syndrom: syndrom obstrukce distalniho dseku
stieva; komplikace spojena s CF u star§ich déti a dospélych
Deoxyribonucleic acid: deoxyribonukleova kyselina

Enzym Stépici DNA

Exhaled breath condensate: Kondenzat vydechovaného vzduchu
Enzyme-linked immunosorbent assay: enzymova imunosorbentni analyza
Epithelial natrium channel: epitelidlni sodikovy kanal regulovany CFTR
Eicosapentaenic acid: Kyselina eikosapentaenova

Prvni popsany epidemicky kmen komplexu B. cepacia; vyskytuje se hlavné v
Kanadé a Velké Britanii

Forced expiratory volume in 1 second: jednovtefinova vitalni kapacita (objem
vzduchu usilovné vydechnuty za prvni vtefinu po zac¢atku vydechu)

Fluorescent in situ hybridization: fluorescenéni hybridizace in situ




FVC
GIT
GM-CSF

HLA
IFEN

IVS-8 T(n)
LBP

LPS

LTB4
MASP
MBL
MEF

MHC

MPO

n-3 PUFA
NF-kappaB
OMIM

ORCC
PAMP

PCR
PHA
PI/PS
PMN
PR3
PRR

rhDNaza

Forced vital capacity: usilovné vydechnutd vitalni kapacita
Gastrointestinal tract: gastrointestinalni trakt

Granulocyte-monocyte colony-stimulating factor: faktor stimulujici kolonie
granulocytd a makrofaga

Human leucocyte antigen: hlavni lidsky (histokompatibilni) antigen
Interferon

Imunoglobulin (tfidy IgG, A, M, E, podtridy [gG1-4)

Interleukin

Intravenodzni, nitrozilni

Sestfihova varianta polypyrimidinového traktu intronu 8 CFTR genu
Lipopolysaccharid binding protein: protein vazici LPS
Lipopolysacharid = endotoxin Gram negativnich baktérii

Leuktotrien B4

MBIl -associated serine protease: serinova proteaza asociovana s MBL
Mannose binding lectin: lektin vazici mandzu

Maximal expiratory flow: maximalni vydechové rychlost (maximalni
vydechovy proud vzduchu) na 25-50 % vitalni kapacity

Major histocompatibilty complex: hlavni histokompatibilni komplex
Myeloperoxidaza

n-3 polynenasycené mastné kyseliny

Nulklearni faktor — kappaB

Online mendelian inheritance in man; online databaze lidskych gen( a
genetickych onemocnénfi

Outwardly rectified chloride channel: dalsi chloridovy kanal regulovany CFTR
Pathogen-associated molecular pattern: specifické struktury patogennich
mikroorgamismu

Polymerase chain reaction: polymerazova retézova reakce
Phytohemaglutinin: fytohemaglutinin

Pankreaticky insuficientni / suficientni

Polymorfonuklear, neutrofilni leukocyt

Proteinaza 3

Pathogen recognition receptor: receptor ropoznavajici spectfické struktury
patogent

Rekombinantni lidska DNaza; 1ék s mukolytickym t€inkem pouzivany u CF




RSV
RTG

SD

SP-D
TGE-beta
Th

TLR
TNF
WHO

Respiracni a synsicidlni virus

Rentgen

Standard deviation: standardni odchylka

Surfaktant protein D

Transtorming growth factor beta: transformujici ristovy faktor beta (1-3)
T helper cell: pomoceny T-lymocyt

Toll-like receptors: receptory ze skupiny Toll

Tumor necrosis factor: faktor nekrotizujici nadory

World health organisation: Svétova zdravotnicka organizace




Uvod

Cysticka fibroza (CF; OMIM) je jednou z nejcastéjsich zavaznych autozomalné recesivnich
monogennich chorob s incidenci ptiblizné 1 na 2500 novorozenct (1-3). Pro CF, jakoZto
multisystémovou exokrinopatii, je typické chronické progresivni onemocnéni sino-
pulmondlniho a gastrointestinalniho systému, vcetné postizeni vyvoje muzského
reprodukéniho traktu.

CF vyznamné zkracuje délku Zivota nemocnych.

Je lécitelnym, ale dosud nc zcela vylécitelnym onemocnénim.

CF trpi na celém svété priblizné 80 000 nemocnych (v CR je pies SO0 nemocnych), piicem?
toto ¢islo nezahmuje pacienty zrozvojovych zemi, kde CF neni dosud spravné

diagnostikovana,

1.1 Klinicka a geneticka charakteristika onemocnéni

[.1.1 Historie

‘

Jiz ve Stiedovéku se tradovalo, Ze kojenec, jehoz pot chutna slané je “ocarovan' a “odsouzen
k rychlé smrii”. Hledani povér a lidovych pisni, které se tykaly zacarovanych déti a slané
chuti jejich potu, se vénoval napf. Dr. Busch z Rostocku (4). Uvedené r¢eni odrazi dva
zakladni klinické znaky CF: zvySenou koncentraci chloridd v potu a ¢asnou kojeneckou
mortalitu (5).

Prvni patologicko-anatomickou zpravu, popisujici t€Zké zmény na pankreatu u Illete
wzatarované” kachektické divky, popsal v roce 1595 Pieter Pauw, profesor botaniky
a anatomie v Leidenu (6, 7).

CF byla jako samostatnd klinickd jednotka poprvé popsana americkou patolozkou
D. Andersenovou teprve v roce 1938. Toto onemocnéni nazvala “cystic fibrosis of the
pancreas”, termin, pozd¢ji zkrdceny na “cystic fibrosis™ (8). V némecky a francouzsky
mluvicich zemich se posléze wjalo v lékarské terminologit synonymum CF -
“mukovisciddza®. Tento nazev odrazi piitomnost vysoce vazkého hlenu (“mucus viscosus™)
v plicich nemocnych.

Do poloviny padesatych let minulého stoleti vétSina déti umirala do 2 let véku.

Autozomalné recesivni povaha CF byla rozpoznana v roce 1946 rozsdhlym studiem

rodokment rodin pacienttt s CF (9).
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V roce 1985 byl gen CF lokalizovan na chromozom 7 (10). Bliz§im mapovanim byla
lokalizace CF genu upfesnéna a v roce 1987 byl kandidatni gen CF lokalizovan do oblasti
7q31.3(11).

Vroce 1989 se poprvé podarilo klonovani genu CF vletné stanoveni presné sekvence
nukleotidi jeho exont a intront (12).

V Ceskoslovenské odborné literatute se objevily prvni kazuistiky CF brzy po 2. svétové vélce.
Prvni pacient s CF byl diagnostikovan na 2. détské klinice Univerzity Karlovy v Praze
v kvétnu roku 1946 a jiz v roce 1948 profesor Svejcar a spol. podrobné popsali prvni soubor
pacientti s CF. Priikopnikem moderni 1é¢by CF je v Ceské republice od Sedesatych let

minulého stoleti Doc. MUDr. Véra Vavrova, DrSc.

1.1.2 Molekularné geneticka a patofyziologicka charakteristika CF

Ustiedni roli v patogenezi CI', jakozto primarné monogenniho onemocnéni, ma kauzalni
CFTR gen (cystic fibrosis fransmembrane conductance regulator, tj. volné pfelozeno regulator
transmembranoveé vodivosti iontd) (12) a jeho genovy produkt CTR protein. Hlavnim
patogenetickym rysem CF je progresivni multisystémova exokrinopatie dana porusenym
transportem 1ontl a vody pres epitelidlni bariéry. Sekundarné tato porucha zplsobuje
1 poruchy vrozené a/nebo ziskané imunity chranici epitelialni povichy a vyustujici
v chronicky zanét, jehoz hlavnim rysem je progresivni fibrotizace postizenych cilovych

organtl.

1.1.2.1 Gen CFTR, protein CFTR

Gen CFTR ma 27 exond a rozprostira se v oblasti priblizné¢ 250 kb dlouhé (detailné je jeho
souCasna Kklasifikace, terminologie a charakteristika uvedena na weboveé strance
www.pubmed.com — OMIM) (12). Genovy produkt, ktery je kédovan timto genem, CITR
protein, se sklada z 1 480 aminokyselin a patfi do nadrodiny tzv. ,ATP-binding cassctte™
transmembranovych transportnich proteint (obr, ¢. 1.1). CFTR protein plni pfedevsim funkci
chloridového kanalu, ale také reguluje 1 dalsi chloridové, napt. outwardly rectified chlonde
channels (ORCC) nebo sodikové (epithelial sodium (Na+) channels (ENaC)) kanaly (3, 12).
Dosud vsak neni presné znamo, jaké genetické a negenetické faktory reguluji transkripei

CFTR genu, ktery patfi mezi ,,housckeeping™ geny (3).
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Obr. €. 1.1 Od CFTR genu k proteinu (Zielenski, 2000)

1.1.2.2 Mutace CFTR genu

Do soucasné doby bylo nalezeno vice nez 1300 alteraci nukleotidové sekvence CFTR genu
v riznych svétovych populacich. Jedna se prakticky pouze o mutace germinalni, protoze
somatické mutace (Casté napt. u nadorid) nebyly v genu CFTR dosud popsany.

Mutace v CFTR genu jsou tedy ,.ancestralni” povahy a jsou proto pfenaSeny z generace na
generaci. Germinalni de novo mutace (Casté napf. u autozomalné dominantnich onemocnéni)
jsou v CFTR genu velmi vzacné. Aktudlni stav distribuce mutaci v CFTR genu je uveden
v pravideln¢ aktualizované mutacni databazi vedené torontskou pracovni skupinou

(www.genet.sickkids.on.ca/cftr/).

1.1.2.2.1 Mutace F508del

Zakladni a nejast&jsi mutaci CFTR genu je delece 3 pb, kterd vede ke ztraté fenylalaninu
(,F* v jednopismenném koédu aminokyselin) na pozici 508 proteinu CFTR — F508del (13).
Nachazi se v exonu 10 CFTR genu a porusuje tak funkci klicové domény proteinu CFTR-
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NBDI. Tato mutace je vice nez 50 000 let stard a ma jeden spoleény ptivod (14). Nachéazi se
celosvétoveé v praméru na 66 % vsech CF chromozom u vSech dosud testovanych pacientd

s CF (15-17). V Ceské Republice se tato mutace nachazi u 71 % pacientd.

[.1.2.2.2 Plvod jednotlivych mutaci

U vétsiny jednotlivych mutaci CFTR genu byl haplotypovou analyzou jejich intragenového
pozadi pomoci markrii nalezen jejich spole¢ny ptvod (14). Tak lze objektivné sledovat
popula¢ni genetické a historické vazby, které utvdrely soucasny genofond evropskych
populaci (15). Srovnavaci analyticka studie potvrdila napt. keltsky plvod mutace G551D.
dokumentovanou historicky a archeologicky prokdzanou keltskou etnogenezi v Ceské
republice a severnim Rakousku (18). Svéd¢i o tom také prokdzany zvysSeny vyskyt (éto
mutace v oblastech s perzistenci keltského etnika v zdpadni Evropé (19) tj. v Bretani, Irsku,

na Britskych ostrovech a v severnim Rakousku (15, 18, 20) (obr. ¢. 1.2). O slovanském
plvodu naSi populace sv&€d¢i to, Ze druhou nejcastejsi mutaci CFTR genu u Ceskych CF
pacientli je delece CFTRdele2.3(21kb) (21). Tato mutace je pritomna pouze na téch tizemich
stfedni, vychodni a jizni Evropy, kam ve druhé polovin€ prvniho tisicileti naseho letopoctu
migrovaly slovanské kmeny ze severovychodu (18, 19). Mutace 2143delT se vyskytuje
relativné €asto u nds, v Polsku a Rusku a patti mezi dalsi slovanské mutace (15, 16). Vysledky
genetickych studii prokazuji prakticky shodnou prevalenci hlavnich historickych populaci na
nasem tizemi, tj. slovanského a keltského etnika. Jihoevropské etnické vlivy v nasi soucasné
populact jsou reprezentovany vyskytem mutaci G542X a NI1303K, které jsou casté ve
sttedomofi. Mutace (G542X je asociovana s Féni¢any (22) a prokazuje vyznamné migracni
viivy proti proudu velkych evropskych tek (v disledku tehdejSiho silného zalesnéni celé
Evropy) pfedev§im z jihu na sever Evropy, tj. v piipad€ ¢eskych zemi napt. po Dunaji a jeho
piitocich. Nalez Ashkenazi-Zidovskych mutaci W1282X a 3849+10kb C-T (15) svédci
o prokazatelné pritomnosti Zidovského etnika u nas, tak jako i v jinych zemich stiedni.
vychodni a jizni Evropy, a to i pfes rozsahlé negativni zmény v jeho genofondu v disledku
nacistického Holocaustu. Geneticka a etnickd charakteristika nejcastéjSich mutaci u ¢eskych
pacientt s CF rovnéZ potvrzuje, Ze nase zemé byla kiitZovatkou vSech hlavnich historickych

migraci severo-jiZznich a zapado-vychodnich (18).
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Obr. ¢. 1.2 Celoevropska popula¢ni distribuce neékterych mutaci CFTR genu (Macek M, 2000)

Keltové postupné osidlili stfedni a zapadni Evropu, Britské ostrovy a Ibersky poloostrov. Migrace keltskych
kmeni trvaly az do konce 6. stoleti pf. n. 1. Germansti Gto¢nici s sebou pfinesli dal$i alelu cystické fibrozy,
,nordickou* mutaci F508del. Ceiti Keltové zachovali etnickou identitu az do 2.- 4. stoleti n. 1., v Bretani se
keltské osidleni zachovalo az do 6. st. n. 1. Na Britskych ostrovech odolavali Keltové tlaku fimského impéria

a nordickym ndjezdim nejdéle, ale nakonec se ¢ast keltskych kmenti pfest€hovala zpét do Bretang.

1.1.2.2.3 Vyhody nosi¢t mutaci v CFTR genu

Zajimavym jevem jsou vyhody nosi¢i mutaci CFTR genu — ,heterozygote advantage®
(Cetnost nosi¢i CF v obecné populaci je 1 na 25 jedinci). Na mysSich modelech byla
objektivné potvrzena zvySena odolnost nosi¢t CF k prijmovym onemocnénim zplisobenych
bakterialnimi enterotoxiny, které stimuluji sekreci iontt stievni sliznice (“chloride-secreting
diarrheas™) (23). Uplatiiuje se zde efekt davky CFTR proteinu na apikdlni membréang, kdy
nosi¢i zavaznych mutaci v CFTR genu ze tfid L.-1II. (viz. niZe), maji pouze polovi¢ni odpoved’
na enterotoxinovou stimulaci. To jim umoziovalo lepsi Sance na pfeziti napf. v obdobi
epidemie cholery ve srovndni s normdlnimi jedinci, kde je pfislusnd odpovéd’ na
enterotoxinové podnéty dvojnasobna.

V posledni dobé se také prokazalo, ze CFTR protein funguje jako internalizaini receptor
nejen pro Pseudomonas aeruginosa, ale i pro Salmonela typhmurium (24, 25). Mechanismus

selekéni vyhody v této souvislosti pfedpoklada rezistenci nosi¢ti CF k salmonel6zam.
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1.1.2.2.4 Patogenetické tfidy mutaci CFTR genu

Klinicky “zavazné™ mutace CFTR genu jsou spojeny s klasickou formou CF, zatimco “mirné*
mutace spiSe s atypickymi formami CF. Vzhledem k tomu, Ze je velmi obtizné u jednotlivych
mutaci objektivné stanovit jejich molekularni patogenezi, a tak pfedpovédét jejich klinicky
dopad, byla snaha je rozdélit do jednotlivych patogenetickych t¥id (3, 17, 26).

K ziskani alespon ramcového prehledu o funkénim dopadu riznych mutaci CFTR genu Tsui
a spol. (17) navrhli dosud stale platnou zékladni patogenetickou klasifikaci 5 tfid mutaci
CFTR genu na zéklad¢ expresnimi studiemi potvrzeného a/nebo modelové predpovédéného

mechanismu jejich molekularnich dysfunkei (Obr. €. 1.3).

Trida
l'i' :}ul.lmh ! mum ﬁe\ "M {Lr
ol oo il » o {?}‘il
e | | 3 |

P. syntézy P. reguiace S. syntézy

Normalni P. transportu S. vodivosti
a vyzravani

Priklad a542X AF508 3551D R347P 3849+10kb C->T

Legenda: P —porucha funkee, S —snizeni tunkee CFTR proteinu: Tsui 1995, Zielenski 2000
Obr. ¢. 1.3 Patogenetické tiidy mutaci CFTR genu (upraveno dle Tsui 1995, Zielenski  2000)

V souhrmu jsou patogenetické tfidy L.-III. spojeny s minimalni aktivitou a/nebo nepfitomnosti
CFTR proteinu, a tak s klasickou formou CF, tj. se zvySenymi koncentracemi chloridii v potu,
exokrinni pankreatickou insuficienci, progresivnim sino-pulmonalnim onemocnénim
a muZskou neplodnosti. Tyto prvni 3 tfidy jsou také spojeny s velmi malou variabilitou
klinického prib&hu CF (3). Mutace ze tiid IV.-V. jsou spojeny s velkou variabilitou
klinického pribéhu CF a oproti tfidam I.-1II. ¢asto s mirn&jSim pribéhem onemocnéni napf.

v podobé pankreatické suficience pacientl (2).
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[.1.3  Laboratorni diagnostika CF

Klinické podezfeni na CF (viz. Tab. 1.1) je vzdy tfeba potvrdit laboratorné. Zakladnim
vySetfenim je potni test spoCivajici v stimulact poceni pilokarpinovou iontoforézou, sbéru
potu a ndsledném zmeéfeni koncentrace chloridd v potu. Pro CF svéd¢i koncentrace chloridi
v potu nad 60 mmol/l (je potfeba ziskat min. 100 mg potu a pozitivni test je potieba
minimalné 2x opakovat), hodnoty 30 — 60 mmol/l jsou pokladany za hrani¢ni. Test je nutné
provadét v laboratort, kterd provadi min. 250 vySetfeni ro¢né.
Pro stanoveni diagnézy CF jsou potfeba tato dg. kritéria (27-32):
jeden a/nebo vice charakteristickych klinickych priznaka,
- nebo pozitivni rodinna anamnéza,
- nebo pozitivni vysledek novorozeneckého screeningu (grantovy projekt stanovujici
koncentraci imunoreaktivniho chymotripsinogenu v krvi novorozenctt probihal
v letech 2004 - 6 v Cechach)
laboratorni prikaz abnormality CFTR genu spodivajici
- vezvysené koncentraci chloridi v potu,
- nebo v identifikact dvou mutaci CFTR genu
- nebo v in vivo zjiSté€né poruse transportu iontd na nosnim epitelu (v soucasné dobé se

v CR neprovadi).

I.1.4 Klinicky obraz CF

Tento obraz je charakterizovan postizenim ¢tyt systému (viz. Obr. & 1.4).

. chronické respiraéni onemocnéni (chronicky kasel, chronicka sinusitida, chronicka
kolonizace nebo infekce pro CF specifickymi mikroby, typické RTG zmeény,
obstrukce dychacich cest, palickovité prsty)

2. geastrointestindlni onemocnéni (insuficience zevni sekrece pankreatu piitomna
u 85 % pacientu; poruchy sttev — mekoniovy ileus, DIOS, prolapsy rekta, projevy
malabsorbce a porucha motility; porucha jater a zlu¢ovych cest; porucha stavu vyzivy)

3. priznaky ze ztraty soli (akutni hypoelektrolytémicky Sok, chronickd metabolicka
alkaloza)

4. obstruktivni azoospermie.
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Tab. €. 1.1 Priznaky upozoriujici na diagnézu CF

===—==__1 Obr. ¢. 1.4 Klinicky obraz CF (Vavrova, 2000)

[Chronické sinopulmondini onemocnéni s perzistujici kolonizaci nebo infekei mikroby typickymi pro CF

(S. aureus, H. influenzae, P. aeruginosa v mukdzni i nemukozni forme, komplex B. cepacia)

rk.

endobronchalni onemocné&ni manifestujici se chronickym kaslem s produkci sputa, obstrukci dych. cest spojenou s hvizdanim
a hyperinflaci, charakteristickymi RTG zmé&nami (bronchiektazie, atelektazy, hyperinflace, infiltraty), pali¢kovitymi prsty

chronické onemocnéni vedlejsich dutin nosnich (nosni polypy, pansinusitida prokazana RTG nebo CT vy3etfenim)

Onemocnéni gastrointestinélniho traktu a porucha stavu vyZzivy

stfevni postizeni (mekoniovy 1leus, mekoniova zatka, syndrom obstrukce distalniho streva (DIOS), prolaps rekta)
postiZeni pankreatu (insuficience zevni sekrece pankreatu, recidivujici pankreatitidy)

jaterni postizeni (fokalni biliami nebo multilobularni cirhdza)

porucha stavu vyzivy

neprospivani (proteinova a kalorickd malnutrice)

hypoproteinémie s edémy

komplikace z deficitu vitaminu

Syndrom ztrity soli

-

akuini ztrata soli

chronicka metabolicka alkaléza

Obstruktivni azoospermie u muil
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[.1.5 Lécba

Cilem nejmoderngjsi 1é¢by je predevSim zmenSeni obtiZi, které s sebou toto celoZivotni

onemocneni prindsi a zlepSeni kvality Zivota nemocnych jedincti. Lécba CF je komplexni,

intenzivni a dlouhodoba (viz. tab. ¢. 1.2).

Tab¢. 1.2

3 ;
Patologie

Prehled terapeutickych postupti u CF

Cil 1Eby

Soucasné moznosti

'CFTR gen

Nahrada normalnim genem

| Klinické studie I.-II. faze

'CFTR protein

Nahrada proteinu
,»Uprava“ terciarni
konformace

Zesileni funkce proteinu

Porucha transportu CI

Zadné

Alternativni sekrece CI

Blokada reabsorpce Na”

{ Viskozni hlen

SniZeni viskozity hlenu

i . .
Plicni obstrukce

Infekee

Meckoniovy ileus / DIOS

ZlepSeni clearence

Inhalaéne ATP/UTP

Inhala¢né Amilorid

Budoucnost
Genova terapie
Nahrada syntetickymi
proteiny, chaperony,
chem. stabilizace,
inhib. fosfodiesterazy

?

| thDNéza I, hypertonicka

| stil, mukolytika

| Fyzioterapie a

bronchodilatancia

Kontrola bakterialni a virové

replikace

Antibiotika, virostatika,

Urgentni odstranéni obstrukce

Chronicka sinusitida

| Odstranéni obstrukce,

| kontrola infekce

Nosni polypoza

Odstranéni polyp(‘}_

Potni 7]aza

Zabranéni ztratam soli

Pscudomonadove a jine

Suplementace soli

CF diabetes mellitus

Normoglykemie

Inzulin

Hepatobiliarni

onemocnéni

| Kompenzace biliarni cithdzy
|
|

Zlugové kyseliny, _

hepatoprotektiva

antimykotika, vakcinace, | vakciny
imunoglobuliny
Operace, invazivni RTG i

| clearence

.: Operace, invaz. odsati, Vakcinace

| antibiotika, virostatika

"T)p_erace - e

e

Trasplantace jater

Spatny stav vyzivy

Uprava malnutrice

Dictoterapie a nutricni

| suplementace

Pankreaticka insulicience

Pan. suplementace

Pankreaticka substituce

= . . by
Chronicky zanct
|

[reverzibilnt plieni fibréza

Snizeni imunitni odpovedi

?

imunomodulancia

Nahrada znicené tkané

Bilateralni transplantace

plic

?

| — | | I
Legenda: Upraveno dle Hodson 2007, Bush 2005, Cutting 1996, Welsh 1999, Welsh et al. 1995, 2001

18

|



[.1.5.1 Genotypové specificka farmakoterapie CIF

Na zékladé znalosti molekularni patogeneze spojené s jednotlivymi mutacemi CFTR genu
byly vyvinuty i s ohledem na jednotlivé tiidy ,,genotypové specifické® terapeutické postupy
(33-36). Vzhledem k tomu, Ze optimalni terapie zahrnuje jak obnoveni funkce chloridového
kanalu, tak i zaméfeni na dalsi regula¢ni funkce CFTR proteinu, terapie zaméiené pouze na
zvysenou exprest mutovaného CFTR proteinu iz vivo nemusi byt vzdy Uéinna.

U nonscnse mutaci, jako je napf. mutace GS5S42X, je mozné pouzit aminoglykosidova
antibiotika (napf. gentamycin), k modulaci preskoceni exont in vivo (“exon-skipping®) pfi
sestithu  CFTR-mRNA  (37-39). Presny mechanismus modulace transkripce, translace
a proteosyntézy urcitymi typy antibiotik dosud neni presné znam, ale jejich kauzalni lécebné
dopady byly zkouSeny v klinické praxi (35). Naopak u mutaci, které umozni intracelularni
transport mutovaného CIFTR proteinu na apikalni membranu (napt. u mutace G551D), byla
s urcitym uspéchem pouzita analoga ATP v podobé inhalaéni 1é¢by pomoci uridintrifosfatu

UTP (2).

1.1.5.2 Genova terapie

Kauzalni lé¢ba CF na urovni CFTR genu v podobé somatické genové terapie by mohla
pacienty s CF zbavit jejich pfiznak(l napravou porusené funkce CFTR genu, pokud by byla
pouzita v nejrannéjSim, optimalne prenatdlnim, stadiu rozvoje CEF (34, 30, 40-50). Klinické
vyuziti genové terapie nardzi dosud na radu nevyreSenych problému jako napf. genotoxicita
vektoru, jejich nizka ucinnost, nespecificky tkanovy tropismus a jejich imunogenni potencial.
obzvlasté pri opakované aplikaci (34, 36, 40-56). Je rovnéz velmi obtizné zajistit trvalou
expresi viech genové terapeutickych konstrukti.

Somatickd genova terapie je proto teprve ve fazi intenzivniho laboratorniho a klinického
vyzkumu. PouZiva jak virové (adeno-asociované viry a adenoviry), tak 1 syntetické vektory
(lipozomy a DNA-protein komplexy apod.). V budoucnu by tato terapie mohla umoznoval
kauzalni lécbu této jinak dosud paliativné lécitelné choroby, pokud se podari predevsim
vyfesit problematiku imunitni odpovédi na pritomnost exprimovaného, nemutované¢ho CFIR
proteinu a piislusnych vektort.

Genova terapie nebude zfejmé ‘“samospasitelna™, ale bude spiSe soucasti komplexniho
terapeutického pristupu k nemoci. Vzhledem krealné moznostt genové terapie je proto
nezbytné pacienty s CF v soucasné dobé 1¢é¢it standardnimi postupy co nejlépe, aby se genové

terapie dozili v optimalnim zdravotnim stavu.



2 Imunitni systém u cystické fibrozy

Onemocnéni dychacich cest a plic je nejzdvaznéjsim projevem CF. Urluje prabéh a progndzu
a zodpovidd za 90 % umrti na tuto chorobu. Pacienti s CF trpi chronickymi, nejcasté]i
bakteridlnimi, respiranimi infekcemi. Nejzavaznéjsi jsou infekce zplsobené Gram
negativnimi tyCemi Pseudomonas aeruginosa a bakteriemi komplexu Burkholderia cepucia.
Eradikace téchto patogent pii chronické infekei prakticky neni moznd a velkd pozornost je
vénovana mechanismiim, které zvySuji patogenicitu téchto mikroorganismi, i kdyz
uspokojivé vysvétleni chronické perzistence bakteridlni infekce pravé témito specifickymi
bakteriemi a neschopnosti imunitniho systému pacientli je eliminovat doposud neexistuje.
Kromeé vlivu fady genetickych faktord, které mohou modifikovat prabéh onemocnéni, se na
variabilité klinickych projevl podili také slozka imunity (27, 57, 58).

Imunitni systém u pacientd s CI' je vSeobecné zkouman hlavn€ v souvislosti s infekénimi
komplikacemi. Pozornost je soustifed’ovana hlavné na pocate¢ni reakce imunitniho systému
u CF pacientll pfi prvnich kontaktech s bakteriemi. V rdmci téchto inicidlnich fazi imunitni
reakce hraje dalezitou roli 1 lokdlni obrana na sliznicich respira¢niho traktu. Déti ani dospéli
pacienti s CI' netrpi imunodeficitem, ktery by prispival k chronické kolonizaci baktertemi.
Naopak se ukdzalo, 7Ze imunitni systém reaguje adekvatné na pritomnost infekce, niecménc
modifikované prostiedi dané¢ zakladni patogenezi CF znemozni eradikaci pro CF specifickych
patogenu (59).

U pacientl s CF. stejné tak jako u zdravych jedinctl, funguje imunitni systém jako souhrn
regulovanych imunitnich reakei, které jsou zahajeny sloZzkami vrozené imunity a nasledovany
reakcemi specifickych slozek imunitni odpovédi. Zmény v imunitnim systému CF pacientl

jsou dany sekundarné vlivem pribéhu onemocnéni.

2.1 Prehled poznatku v dané oblasti

2.1.1  Vrozena imunita

Soudasti vrozené imunity jsou charakterizovany nespecifickou, ale velmi rychlou a u¢innou
obranou proti infekci. V piipadé CF jsou tyto slozky intenzivn€ zkoumany, nebot se ukazuje,
7e pravé tato vétev imunity muze byt klicova, a to z diivodu modifikovaného CF prostredi
prvniho kontaktu imunitniho systému s patogenem (59). CF pacienti jsou stejné jako jejich

zdravi vrstevnici vystaveni mnoha patogendm piitomnych v 10.000 litrech denné
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vdechovaného vzduchu. Prvni reakce se ale u CF odehravaji za naprosto patologickych
okolnosti v mikroprostiedi sliznic respiraénitho traktu s dominanci vazkého hlenu
pokryvajiciho tyto sliznice. Slozky vrozené imunity pil téchto prvnich kontaktech
s patogenem jednak zajist'uji bariérovou ochranu organismu, dale také urcuji smér, kterym se
bude ubirat nasledna specifickd imunitni odpovéd’. V respiratnim traktu je prvni bariérova
funkce zajisténa nékolika velmi G¢innymi mechanismy, z nichZz pouze nékteré maji &isté
mmunitni funkel. V prvni radé nastupuji procesy mukociliarni clearence, které jsou zasadné
poruseny v prostiedi CF plic. Takovdto porucha velmi vyrazné ovliviiuje dalsi, nyni jiZ
imunitné zprostredkované pochody, které probihaji na povrchu sliznice. Na tomto rozhrani
plsobi jednak buriky nesouci imunitni funkee, jednak humoralni komponenty, sekretované na
povrch sliznice. Z bunék jsou to zejména plicni makrofdgy, neutrofily, ale ve vyznamné miie
také epitelidlni bunky. Vsechny tyto bunécné slozky, hlavné makrofagy a neutrofily, maji za
tkol rozpoznat, pohltit a zpracovat patogeny, které se v tomto prostredi nachazeji (60). Navic
vSechny tyto bunky, véetné epitelif, sekretuji imunologicky aktivni latky do daného
mikroprostredl. Tyto latky maji vyrazné antimikrobialni t€inky. Jsou to vétSinou peptidy ¢i
proteiny, které inhibuji patogeny a zasahuji do nasledné imunitni reakce (61). AntimikrobiadIni
peptidy jsou vyznamnou, evolucné velmi starou soucasti obrany organismu. Mezi celou
skalou takovych latek jsou jedny z nejlépe charakterizovanych lokalné plsobici defensiny
a kathelicidiny (62). Obé& tyto kategorie jsou velmi intenzivné zkoumany v souvislosti s CF

a chronickou plicni infekei.

2.1.2  Vrozené imunitni reakce lokalni

Lokalni antimikrobialni peptidy, defensiny a kathelicidiny

Defensiny se rozliduji na alfa a beta defensiny (62-67). Prvni jsou sekretovany neutrofily, beta
defensiny jsou hlavné produkty epitelii a submukdznich zlaz. Kathelicidiny jsou taktéz
nachazeny na povrchu epiteliaini vrstvy, kam jsou sekretovany pfi zanétu. Dle nékterych praci
je ucinnost téchto antimikrobidlnich latek v prosttedi CF plic sniZzena (65). Nicméné
mechanismy, které¢ vedou k této poruSe v prvni linil obrany, nejsou zcela jasné. V tomto
sméru existuji dvé hypotézy, které prisuzuji snizeni ucinnosti vysokému obsahu soli ve
vazkém hlenu, &i snizené produkei téchto latek poskozenymi buikami sliznic. Kombinace
téchto faktorl neni vyloucena. Kazdopadné prvni kontakty imunitniho systému s patogeny
v CI* plicich vedou ke zcela neefektivni eradikaci téchto mikroorganism( a ovliviuji

negativné dalsi kroky v kaskadé imunitnich reaket.



V této souvislosti je tfeba zminit moznou "imunologickou” ulohu vlastniho CFTR. CFTR
slouzi jako specificky receptor jednak pro P. aeruginosa, jednak pro LPS odvozeny z rady
typickych G patogent (24). Pri zdkladni patologii CFTR proteinu potom dochdazi ke zvysené
nalozi patogenti a LPS v misté zan€tu a k enormnimu zvyseni zatéze imunitniho systému (068).
Vsechny tyto okolnosti vedou k zané€tlivym procesum a posléze dospéji do stadia chronického
zanétu v plicich CF pacientd. Tento stav je charakterizovan trvalym influxem hlavné
neutrofili a makrofagl do mista zdnétu, infiltraci sliznice, sekreci fady imunologicky velmi
aktivnich latek s dominanci cytokin@i a posléze k destruker sliznice. Lokalni destrukce je
v bludném kruhu imunitnich reakci potencovana plsobky sekretovanymi piitomnymi
infiltrujicimi bunkami, jakou jsou protedzy a oxidanty. Destrukce bunék v misté zanétu vcetn¢
epitelii vede k uvolnéni obsahu téchto bunék véetné DNA, kterda ddle prispiva k viskozité

sekretu.

Porucha CF7TR genu

‘l e —
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+ Abnormalni prostfedi dychacich cest
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Obr. ¢. 2.1 Zéanétliva odpovéd’ u CF — Bludny kruh (Upraveno dle Rose)

Komplex rozpoznavajici lipopolysacharid (LPS)
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K imunitnim reakcim u CF. LPS je virulentnim faktorem G~ bakterii, typickych patogeni
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u CF. LPS je vyznamnym stimulem imunitniho systému v produkci prozanétlivych cytokint,
protedz, eikosanoidi a reaktivnich kyslikovych radikali a dusikatych latek (69). Reakce
imunitniho systému proti LPS jsou tedy zésadni pro eradikaci infekce. V posledni dobé byly
oziejmény molekuldrni vazby LPS na buriku (70). LPS je rozeznavan komplexem molekul,
mezi nimiZ jsou zasadni molekuly CD14 ve formé solubilni ¢i membranové (na povrchu
makrofagl, neutrofilti, lymfocytt a zirnych buné€k), lipopolysacharid binding protein (LBP)
(71) a zastupci rodiny Toll-like receptorii (TLR). TLR je relativné nedavno objevena skupina
receptortl, které zajistuji prvni kontakt bun€k organismu s celou Skalou mikroorganismii (72-

74). V soucasné dob¢ je znamo jedenact zastupci této skupiny (viz. Obr. 2.2, 2.3).

CpG DNA
PolyI-PolyC bactérienfviral
LPS Gram- dsRNA viral HSV - mCMV

Uipspritiines | | EXCGineF ssRNA riche UG
ﬁ"sa\’,':'l" Hg‘ll’ Imidazoquinolines E coli o

il — Taxol ‘ uropathogénique l

v v l
|TLR2| |TLR4| |TLR3| |TLR78| |TLR®| |TLR11| |TLRS

IRF3-P NF-kb activation

Obr. €. 2.2 Rodina Toll-like receptorti (Akira, 2002)

Jednotlivi ¢lenové rozpoznavaji pomémé specificky urité typy struktur pochazejicich
z patogent, z nichZ pro CF jsou vyznamné molekuly TLR4, respektive TLR2, rozpoznavajici
LPS, a TLRS, reagujici na flagelin bakterii. Komplex CD14, LBP a TLR4 je nyni pfedmétem

velmi aktivniho vyzkumu, zahrnujiciho zkoumani reakci vyvolanych vazbou P. aeruginosa ¢i
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B. cepacia. Detailni pochopeni téchto vazeb a jejich odlisného charakteru u CF pfinese velmi
dilezité poznatky pro patogenezi chronické infekce u CF. Tyto vazby vedou v buiikach
imunitniho systému i v dalSich buiikdch v¢etné epitelii k signalizaci a nasledné produkci

dalSich dilezitych molekul. Mezi tyto molekuly patfi i cytokiny (viz. niZe).

TLR1.2. 4,5, 6,

TLA1,2.4
TLR1. 2.8, 10

TLR1, 2,
4.5
TLR1,2.4,5,
§.9,10
TLR1, 2 TLR1. 2.3,
4.6.7,
8410
TLR1. 4.8,
7.8.10
TLR1 4
Fongsl TLR1, 4, 6, TLR;(.OB. TLR1, 3,4
Bactenal 210
Wiral

Obr. ¢. 2.3 Rodina Toll like receptorti (Akira, 2002)

2.1.3  Vrozené imunitni reakce systémové

Mezi vrozenymi imunitnimi mechanismy systémovymi humoralni povahy nese kliovou
ulohu systém komplementu. Systém komplementu je slozitym komplexem zakladni kaskady
komplementu a fady regula¢nich slozek. V celém tomto systému je popsana fada vrozenych
i ziskanych patologii, nicméng Zadna z téchto situaci nebyva spojovana s CF. U pacientti s CF
se sice nenalezly pfi¢inné poruchy komplementového systému, nicméné vyzkum posledni
doby ukazuje, ze ur€itou roli v patogeneze chronické infekce bude komplement u CF hrat.
Tato uloha je nyni spojovana s MBL proteinem syntetizovanym v jatrech. Patii do skupiny
lektind podilejicich se na specifické vazbé k riznym cilovym molekuldm (tzv. pattern
recognition receptors) a je schopny se efektivné vazat na polysacharidové struktury na
povrchu mikrobi (na povrchu napf. Staf aureus, B. cepacia komplex, ale nikoli
P. aeruginosa, také viz. tab. ¢. 4.1) (75, 76). Do stejné velké rodiny patii i vySe popsané TLR.
MBL bakterie bud’ neutralizuje a/nebo je opsonizuje aktivaci komplementu, pomoci tzv.
lektinové cesty. V zavislosti na individudlnich polymorfismech genu pro MBL u daného

jedince (popsano i u CF pacient) jsou dany sérové hladiny tohoto lektinu. Jednotlivé takové
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varianty jsou potom spojeny s riznou odpovédi na infekci. U CF jsou ve zvysené mire
pritomny varianty vedouci k deficienci MBL a k porusené neutralizaci lipopolysacharidi
a dalSich toxickych substanci uvolfiovanych z patogennich mikrob a tim k nepiiznivému
pritbéhu chronickych infckei (75-78).

Prestoze poruchy v sumotné kaskadé komplementu nebyly u CF popsany, komplement se jis(é
ucastn{ v patologickych procesech imunokomplexovych. Komplement u CF je aktivovan
hlavné bakteriemi ¢i LPS z téchto patogeni. Samotné imunokomplexy byly ve zvySené miie
nalezeny u nékterych pacientd s CF, a to zvlasté u pacientt s probihajici artiritidou.
V nekterych ptipadech byly imunokomplexy nalezeny u pacientd s CF 1 ve sputu, kde

obsahovaly ptimo LPS (79).

(]

.2 Specifické, ziskané imunitni reakce

2.2.1  Specifické reakce humoralni — protilatky

vvvvvv

protilatky detailné vySetfovany. Protilatky jsou soucastmi imunitniho systému, které vykazuji
nejvyraznéjsi dynamiku v prabéhu détstvi. U déti s CF je dynamika zmen titrd protilatek
shodnd se zdravymi détmi. V novorozeneckém véku jsou hladiny [gG vysoké,
dané materskymi transplacentarné prenesenymi imunoglobuliny IgG. Prenesené protilatky
jsou postupné odbourdny a priblizné od 6. mésice véku stoupa celkova hladina IgG dana jiz
vlastni produkei ditéte. Hladiny IgA a IgM jsou naopak zpocatku velmi nizké a postupné
s vékem nardstaji. Deficience v protilatkovém systému nebyly u pacientd s CF nalezeny,
kromé nékolika studii, které dokumentuji prechodné snizeni IgG, v prvnich letech Zivota (80).
U CF  plati  vSeobecné zcela opacny trend, a to svékem postupny rozvoj
hypergamaglobulinémie prakticky ve vSech tiidach Ig. Takové zvySeni imunoglobulinl je
patrné od raného détstvi, dale se neustale stupiiuje az do dospélosti, kdy nachazime velmi
vysoké hodnoty vSech tfid Ig (viz. obr. ¢. 3.1). Pacienti s CF také velmi dobre reaguji na
specifické antigeny. Konkrétné protilatkova odpoveéd’ na P. aeruginosa, ktera byla intenzivné
zkoumana, je velmi dobrd a téméf vSichni pacienti vytvori vysoké hladiny protilatek profi
tomuto mikroorganismu. Nicméné pres adekvatni protildtkovou reaker nedochazi k eradikaci
patogenu (81). Nékteré studie prokazovaly sniZzeni opsonizaénich vlastnosti téchto prirozené
nékteré skupiny dosdhnout vakcinaci proti P. aeruginosa v raném véku, v dobé pokud mozno

pied kolonizaci touto baktérii (82). Testuji se jak vakciny proti jednotlivym antigenim
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P. ueruginosa (monovalentni vakeiny), tak proti vice antigenlim najednou (polyvalentni
vakciny) (83-85). Dalsi mozZnosti je pasivni Imunizace v podob& dustnich kloktadel

obsahujicich Y imunoglobuliny, coz jsou slepi¢i protilatky proti P. aeruginosa (86).

2.2.2 Spectfické reakce humoralni - autoprotilatky

Cl je dediéné podminéné onemocnéni, jehoz patogeneze se primarné odviji od poruscné
funkce CFTR. Poruchy imunity pti CF jsou sekundarni, vyplyvajici ze zménéného prostiedi.
ve kterém se odehravaji imunitni reakce. Opakované dokumentovana pozitivita autoprotilatek
u pacientd s CF je tedy prekvapivym nalezem. Cést pacientd s CF ma prechodné nebo
dokonce opakované az trvale pozitivni nalez protilatek nazyvanych ANCA, antineutrophil
cytoplasmic antibodies (87, 88). ANCA protilatky zahrnuji obecné celé spektrum protilatek
s rlznou specificitou. Nejvetsi vyznam hraji ANCA v diagnostice a v patogeneze onemocnéni
ledvin, konkrétné jsou pozitivni u Wegenerovy granulomatdézy &1 mikroskopické
polyangiitidy. Byly popsany i dalsi asociace ANCA, naptiklad u ¢asti pacienta s revimatoidni
artritidou ¢i autoimunitni hepatitidou. Jejich pozitivita u &asti pacientl s CF je opakované
dolozena, byl nalezen 1 cilovy antigen ANCA protilatek u CF, jimz je
baktericidii/permeabilitu zvysujici protein, BPI (71, 89). BPI je mikrobicidni protein
vylucovany z granul neutrofilQi, nalezeny 1 v epiteliich, ktery s velkou afinitou vaze LPS.
ANCA protilatky u CF mohou blokovat BPI a tak piispivat k hor§i reaktivite vaci LPS
a k nepfiznivému pribéhu typickych infeket u CI'. Toto negativni plisobeni ANCA protilatek
bylo opakované popsano (90, 91). Nicméné patogeneze ANCA u ¢asti pacientd s CF neni

stale zcela vyjasnéna.

2.2.3  Specifické reakce bunécéné — T lymfocyty

U pacientdt s CF nebyly nalezeny Zadné vyznamné poruchy bunécné imunity. Ve starSich
pracech jsou popisovany sekundarni zmény v parametrech bunécné imunity zptsobené
cinnosti enzymu, uvolnénych z nahromadénych neutrofild v misté zdnétu. Tyto enzymy,
hlavne elastiza a alkalicka proteaza, pfispivaji k utlumeni bunééné imunity St€penim
povrchovych molekul lymfocytd (92). Nicméné takové piimé sniZeni bunéné odpoveédi
nebylo pozdéji dolozeno. V posledni dobé se prace vénuji spiSe regulacni Uloze bunécné
imunity. Poruchy regulace bunééné odpovédi ve smyslu Thl ¢1 Th2 vétve jsou popsany nize
v souvislostl  se sekretovanymi cytokiny. Uloha T lymfocytd jako klicovych bunék
specifickych imunitnich reakei neni u CF jeSt¢ dobife objasnéna. V jedné préci je popsana

depozice CD45+CD4+RO pamétovych T lymfocytd v plicich v misté chronického zanétu
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a snizent této populace v periferii (93). Takova situace jenom doklada sekundarni charakter
vetSiny zmén v imunitnich reakcich, nachazenych u CF. Infiltrujici T lymfocyty mohou byt
jenom odrazem chronického zanétu v plicni tkani, zaroven vsalk také svoji aktivitou mohou

ridit a urCovat sméry dalSich imunitnich reakei a ovliviiovat dalsi pribéh zanétu.

2.3 Regulacni mechanismy imunity

2.3.1  Cytokiny

Cytokiny jsou zdsadni regula¢ni medidtory imunitnich reakci, které hraji dtlezitou ulohu
v prostredi chronického zanétu u CF (94, 95). Patogeny nebo jejich ptsobky i latky télu
vlastnl vyznamné stimuluji produkei cytokind u CF pacientd (96, 97). V patogenezi CF
zanétlivych procest jsou diskutovany hlavné prozanétlivé cytokiny IL-1, TNF-alfa, chemokin
[L-8, dale regulacni cytokiny IFN-gama, TGF-betal, IL-10 a IL-4 (95, 96, 98-103). Produkce
prozanétlivych cytokint je vétSinou u CF zvySena a udrZovana bludnym kruhem chronické
infekce, necfektivné eradikované imunitnim systémem. Opakované byly popsany zvysené
hladiny prozanétlivych cytokind v supernatantech BAL u CF pacientti s chronickou G infekei
(94, 97, 98). Zvlaste TL-8 svym chemoatraktivnim pusobenim piispiva k influxu neutrofilt do
mista zanctu, s naslednymi dal§imi negativnimi ddsledky v podobé uvolnéni enzymi z granul
neutrofild a tim potencovani postupné destrukce sliznice dychacich cest (104). Chronicka
aktivace prozanétlivych mechanismi s vysokou produkei cytokini muze vést az
k celkovému poSkozeni organizmu. Byla popsana asociace vysokych hladin TNF-alfa
s kachexii a osteopordzou u CF pacientt (105). Produkce protizanéthivych cytokinid je v CF
prostiedi také alterovana. Snizena koncentrace IL-10 v BAL CF pacientl a snizena schopnost
T-lymfocytl produkovat tento cytokin dokazuje naru$enou schopnost imunitniho systému
u CF pacientd kontrolovat chronicky zanét (106, 107). Regulacni cytokiny [F'N-gama a [L-4
byly zkoumany hlavné z pohledu regulace specifické imunitni odpoveédi smérem Thl ¢i Th2
(108). Zobecného pohledu regulace imunitni odpovédi je Thl smeéfovana reakce
charakterizovana aktivaci bunéfné odpovédi a sekreci IFN-gama jako klicového cytokinu,
zatimco Th2 odpovéd’ je dominantné protilatkova spojend se sekreci 1L-4. U CI* pacientl je
tato polarizace taktéz ovlivnéna chronickou infekci, pacienti s chronickou infekei
P. ueruginosa vytvareli prevazné Th2 orientovanou odpovéd’. TGEF-betal ma zvlaSini
postaveni pro svou tlohu v potencovani fibrotickych procest, které jsou jednim ze zakladnich

znakd cystické fibrozy. V soucasné dobé se na TGF-betal pohliZi jako na jeden z moZnych
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modifikujicich genetickych faktorti prubéhu CF, nebot’ rizné polymorfismy genu pro 7GF-

betal mohou byt spojeny s odliSnym prib&hem onemocnéni (109, 110).
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Obr. ¢. 2.4 Cytokinova dysregulace v patogenzi chronického zanétu u CF (v Bush, 2005)

2.4 Regulac¢ni iloha T lymfocytu

Vyznamna je také regulaéni uloha T lymfocyt. Ta je spojena s cilenou sekreci cytokini,
popsanych vyse (111). T lymfocyty mohou také regulovat imunitni reakce pfimo, a to pi{imym
kontaktem s dal§imi bunkami a tkanémi ucastnicimi se imunitni odpovédi. Tyto reakce jsou
velmi komplexni, probihaji hlavné v lymfatickych uzliniach. Zde se T lymfocyty setkavaji
s burikami prezentujicimi antigen, z nichZ nejdilezitéj$i jsou dendritické buiiky, které jsou
v dnesni dob¢ intenzivné zkoumdany (viz. déale kap. ¢. 5.1). V lymfatickych uzlinach jsou
i B lymfocyty, které se taktéz ucastni komplexni imunitni odpovédi a posléze produkuji
patfi¢né protilatky. Tyto reakce jsou obecné platné. Jejich pribéh u CF vsak miZe byt
modifikovan zakladnim onemocnénim, chronickym zanétem a tim vysokou néloZi antigent,
dale povahou probihajici infekce a fadou dalSich vlivi (27, 97). Poznani téchto pochodii
specificky u CF muize v budoucnu vést k navrzeni 1é¢by zahrnujici i hledisko imunitni

odpoveédi na infekei u CF.
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3 Zkoumani imunitniho systému CF pacienti na vlastnim souboru

Studium imunitniho systému u CF je na nasem pracovisti jednim z dlouhodobych projekti.
Imunitni systém u CF pacientt byl a je analyzovan ve vSech aspektech. Stale nejasnd otazka
patofyziologie chronické infekce vyznamné ovliviujici morbiditu i mortalitu u CF pacientt
pii primarné pln¢ funkénim imunitnim systému nas vedla k'intenzivnimu zkoumani moznych
poruch v imunitnim systému téchto chronicky nemocnych pacienti.

Studium imunitniho systému jsme zacali komplexnim vysetienim vSech slozek imunitniho
systému jak jeho humoralni, tak bunééné slozky.

V souladu se svétovou literaturou jsme nenalezli Zddnou primarni poruchu v imunitnim
systému CF pacienti s vyjimkou pfechodné hypogamaglobulinémie zvlast€ v podtiidé 1gG2
v prvnich letech zivota (viz. obr. ¢. 3.2). VSechny dalsi zmény v imunitnich parametrech jsou
povazovany za sekundarni. NejvyznamnéjSim jevem je s vékem se rozvijejici az extrémni
hyperimunoglobulinémie doprovazend zvySenou hladinou cirkulujicich imunokomplext (viz.
obr. & 3.1). Hyperimunoglobulinémie koreluje s horSim pribéhem plicniho onemocnéni

a chronickym neutrofilnim zanétem v poskozené plicni tkani.
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Obr. ¢. 3.1 Hladiny Ig u CF pacientd v porovnani s kontrolami v zavislosti na veéku.
Vékoveé vazané normy jsou oznaceny plnou Carou (reprezentujici primeérné

hodnoty + 3 SD).

Ve srovnani se neCF détskou populaci jsme zjistili lehkou celkovou hypogamaglobulinémii
v raném détstvi (nejvice v 1. — 3. roce zivota), nasledovana typickou hyperimunoglobulinémii
v pozdé&jsich vékovych obdobich. Nejvice se toto snizeni promita do podtiidy IgG2. Prave
tyto protilatky hraji vyznamnou roli v obran¢ proti G™ bakteriim v¢etn€ P. aeruginosa, jez je

hlavnim patogenem u CF. Tento deficit by mohl v raném détstvi u CF pacientll pfispivat
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k pozd€jsi chronické kolonizaci timto patogenem. Na zéklad¢ teéchto zjisténi sledujeme
pravidelné stav imunity u malych CF pacienti a pfi potvrzeni deficience v oblasti

imunoglobulinti zahajujeme substituci.
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Obr. ¢. 3.2  Srovnani hladin celkového IgG a podtiidy IgG2 u CF pacienti a kontrol

v zavislosti na véku

V roce 1996 byla poprvé publikovéana ptrekvapiva informace o pfitomnosti ANCA protilatek
upacientt CF (112). ANCA autoprotilatky jsou dilezitym diagnostickym prvkem
u vaskulitid. Dale byly ANCA popsany u nékterych u autoimunitnich onemocnéni,
u nespecifickych stfevnich zanéti a revmatoidni artridity (113). ANCA jsou protilatky
namifené proti sou¢astem neutrofili — proti proteindze 3 u Wegenerovy granulomatozy, méné
specifické jsou napf. u mikroskopické polyangiitidy, kde jsou namifené proti
myeloperoxidaze. Cilovy antigen ANCA protilatek u CF je BPI, patiici k baktericidni vybavé
neutrofill (viz. obr. ¢. 3.3). BPI velmi G¢inné neutralizuje bakterialni LPS a hraje tak zasadni
ulohu vobran¢ proti G° bakteriim, v¢etné¢ P. aeruginosa. BPl hraje zésadni roli
v baktericidnich funkcich. Uplatiiuje se jak pfi vazbé na pohlcovanou baktérii, tak v uvoln¢né
formé pii opsonizaci baktérie (87, 89, 114-116). BPI je velmi tuzce spojen s LBP. Na rozdil od
LBP, neni BPI trvale piitomen ve tkdnich a vazba endotoxinu G~ bakterii neni spojena
s aktivaci TLR4 a vytvofenim komplexu LPS-LBP-CD14 (71).

Mozna blokada BPI ANCA protilaitkami by mohla pfispét k patogenezi chronické
P. aeruginosa infekce u CF déti. I v naSich pokusech byla prokdzana zvySend pozitivita
ANCA protilatek namifenych proti BPI u CF pacientt a to jiz v prvnim roce Zivota, tedy
v obdobi bez pifitomnosti chronické infekce (88, 117). V mensi mife byly nalezeny hrani¢ni ¢i
mirné pozitivni protilatky proti PR3, které byly zavislé na véku CF pacientt (pfitomné u CF

déti od deseti let).
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Azurophilic (also known as primary) granules:
BPI, neutrophil elastase. cathepsin G. protease 3.
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Obr. ¢.3.3  Anti-mikrobidlni agens produkovana neutrofily (Nathan C, 2006)

Otazka vzniku BPI ANCA protilatek neni dosud objasnéna. Prvni zvazovanou moznosti byly
molekularni mimikry. Mapovani epitopt u pacient s BPI ANCA protilatkami ukazalo velmi
podobné BPI epitopy s povrchovymi molekulami P. aeruginosa a E. coli (116).
Molekularnimi mimikry v8ak neni snadné vysvétlit vétSinu reakei spojenych s BPI ANCA.

Dal$i mozny mechanizmus podilejici se na vzniku BPI ANCA u CF pacienti je spojen
s dendritickymi buiikami, nejucinn&j§imi antigen prezentujicimi butikami (podrobné viz. kap.
5.1). BPI nejenom zabiji G bakterie a neutralizuje jejich endotoxin, ale také tvoii komplexy
s endotoxinem a n&kterymi povrchovymi bakterialnimi proteiny. Tyto komplexy mohou byt
DC pohlceny a nasledné prezentovany v komplexech s MHC II. Nasledna stimulace
T lymfocyti vede nejenom k tvorbé ochrannych protilatek proti bakteridlnim antigentim, ale
také k produkci autoreaktivnich protilatkek proti BPI (viz. obr. €. 3.4). Pravdépodobnost
indukce autoimunitni reakce vic¢i BPI je jisté nizkd vzhledem k predpokladanému poctu
T lymfocyth opoustéjicich thymus rozpoznavajicich epitopy BPI, ale ve specifickém piipadé
CF pfi masivni a prolongované prezentaci BPI je nutno zvazit i mozné selhani imunitni

tolerance (118).
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Obr. €. 3.4  MozZny mechanizmus propojeni mezi G™ infekci a vznikem BPI ANCA
protilatek (Schulz H, 2007)

Mozny algoritmus, jimz se ANCA protilatky podileji na opakovanych a ¢asto az chronickych
infekcich u CF shrnuje nasledujici obrazek. (viz. €. 3.5).
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Zanét, zvySené uvoliiovani enzymi z granul neutrofilii véetné PR3

Dalsi infekce, dalsi
aktivace neutrofild,
tkafiova destrukce

Tvorba protlatek
proti PR3

Portilatky proti PR3 sniZuji mikrobicidni kapacitu neutrofild,
stimuluji uvolnéni kyslikovych radikalid a degranulaci

Obr. & 3.5  Uloha ANCA protilatek v patofyziologii chronického zanétu u CF pacientl

BPI jako vysoce kationicky protein by byl ve zvySené mife uvoltiovan z granul neutrofilii u CF déti, u kterych je
v membrang ptitomen mutovany CFTR. CFTR je exprimovan hlavné v buiikdch epitelu, ale urcitd hladina
mRNA koédujici CFTR byla nalezena i v neutrofilech. Po uvolnéni z granul neutrofili miize BPI indukovat
tvorbu ANCA protilatek, které zablokuji jeho funkci a ptispivaji tak k bludnému kruhu chronického zanétu u CF.

Do celého procesu negativné zasahuji i protilatky proti PR3 snizujici baktericidni schopnost neutrofilti.
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Nalez ANCA u CF déti spole¢n¢ se snizenim I[gG2 jako jediného THI1 kontrolovaného
1izotypu u nejmladsich CF pacientl nas nasledné vedla k vySetieni cytokinoveho profilu téchto
pacientl s predpokiddanou nerovnovédhou THI1 x TH2 cytokinového profilu ve prospéch TH2.
V nasem souboru se THI x TH2 nerovnovéhu nepodatilo prokézat, ale vyznamnym objevem
byla skupina C'I" pacientl neschopnd adekvatné reagovat na stimulaci sekreci IL-4 (TH2)
a [FN-gamma (TH1). ZhorSeni funkece plic v éase v této skupiné bylo statisticky vyznamné
oproti skupiné CF pacientd, kterd adekvatné reagovala na stimulaci produkel testovanych
cytokinli srovnatelnou s neCF kontrolami (viz. dale kap. 3.1.1, (108)).

V souladu s aktivnim vyzkumem ve svété, ktery intenzivné hledal dalsi genetické vlivy
modifikujici pribéh zdkladniho onemocnéni, jsme se rozhodli taktéZ u naSich pacientd
vysetiit polymorfismy dalSich gentt mimo CFTR ((119), dalsi viz. kap. 4.1). Faktory, kterc¢
jist¢ ovliviiuji imunitni odpoveéd” jsou ty, které reguluji smér imunitni reakce. Cytokiny jsou
takovou klicovou slozkou reulace imunity. Rozhodli jsme se u nasich CF pacientl sledovat
polymorfismus gent nékolika cytokint, a to hlavné TGF-betal (viz. kap. 4.2). TGF-betal byl
vybran jako klicovy gen v tomto kontextu pro jeho znamy a popsany efekt v procesu
fibrotizace.

Dale jsme nasi pozornost zamérili na MBL, ktery je soucasti nespecifické vétve imunitni
reakce, zvlasté v systému aktivace komplementu a v prvnich krocich imunitni odpovédi viici
infekei. V souvislosti s CF byl popsan jako gen a protein modifikujict priibéh onemocnéni.
Detaily vyzkumu polymorfismu cytokinovych a dalsich kandidatnich genG modifikujicich
prabéh zakladniho onemocnéni jsou popsany nize (viz. kap. 4.3).

V prabéhu naseho studia faktort modifikujicich pribéh onemocnéni jsme narazili [ na dalsi
molekuly. Na$i pozornost zaujaly proteiny surfaktantu, zvlast¢ SP-D, ktery ma imunologickée
funkce a misto pusobeni v plicich, tudiz by mohl hrat roli v klinice CF. Zamétili jsme se na
jeho stanoveni v BAL, v misté patogenetické reakce (viz. nize kap. 4.4).

Dalsi faktor, kterému jsme vénovali nasi pozornost byl LTB4, ktery je jednim z metabolitl
kyseliny arachidonové. LTB4 se vyznamné podili na potenciaci neutrofilniho zanétu, plisobi
jako mocny chemoatraktant neutrofild do mista zanétu a indikuje produkei kyslikovych
radikald. Zajimala nas korelace koncentraci LTB4, poctu neutrofilli v materialech z dolnich
dychacich cest a hlavng korelace téchto parametrd s tizi bronchopulmonalniho onemocnéni
(viz. nize kap. 4.5).

Pii komplexnim feseni problematiky CF jsme se zacali intenzivné zabyvat také stéZzejnimi

bunkami imunitni reakce, dendritickymi bunkami, u CF pacientii. ZvIasté jsme se zaméfili na
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jejich specitikaci u CF pacientlt a na jejich interakci s infekénimi agens. V této situaci jsme
zkoumali bakterie z B. cepacia komplexu a jako modelovou situaci jsme vyuzill mutantnich
kmentt P. aeruginosa. Ve stejné oblasti jsme studovali 1 TLR receptory, dulezité struktury
v iniciaci imunitni dopoveédi a v reakci na infekei (viz. nize kap. 5.1.6).

Vysledky naSeho zkoumdani imunitniho syst¢ému CF pacientd vedly az ke klinické aplikaci
nasSich poznatkt v podobé serologické diagnostiky infekce P. aeruginosa - vysetiovani titru
protilatek proti P. aeruginosa. Toto vySetfeni je zvlasté pfinosné u neexpektorujicich CF
pacientli, tedy téch, ktefi neprodukuji sputum, nejcastéji malych déti s CF, kde serologie muze
vyznamng¢ plispét k v€asné diagnodze P. aeruginosa infekce a napomoci ¢asné, razantni terapii

s cilem eradikovat tohoto patogena (viz. kap. ¢. 6).

3.1 Cytokinovy profil u CF pacienti

Vysledky studia cytokinového profilu u CF pacientd shrnuje publikace, kterd vysla v rocc
2005 v Clinical Immunology (viz. LT ptiloha A2). Publikace byla citovana dal$imi autory

v impaktovanych Casopisech.

Cilem projektu byla potenciaini Thl x Th2 nerovnovdha u pacientt s CF, s predpokladanou
prevahou Th2 bunécné odpovédi u CF pacientt.

Dle produkce jednotlivych cytokint v in vitro systému LPS/PHA stimulovanych bunék doslo
k rozdéleni pacientd na 2 skupiny: “nizké producenty”, produkujici nizké hladiny cytokint
(IFNgamma 10.0-200.0 pg/ml, IL-4: 0.0-0.3 pg/ml) a “vysoké producenty”, produkujici
vysoké hladiny testovanych cytokini srovnatelné s kontrolni skupinou (IFNgamma 500.0-
2000.0 pg/ml a IL-4 1.0-200.0 pg/ml). U pacienti s nizkou produkci cytokint doslo ke
zhorSeni funkce plic (parametr FEV, poklesl o 11.2 %) v porovnani se skupinou pacientt
produkujicich vyssi hladiny cytokinG béhem 3 let trvani studie (p < 0.01). Ve skupiné CF
pacientd produkujicich vysoké hladiny testovanych cytokini bylo pouze 13 ze 32 pacientd
chronicky kolonizovano P. aeruginosa, oproti skupiné pacientl s nizkou produkei, kde bylo
10 z 16 pacientl chronicky kolonizovano. Posun ve sméru Th2 bunééné odpovédi byl
pozorovan pouze u pacientl s chronickou kolonizaci P. aeruginosa ve skupiné pacientl
produkujicich vy§si hladiny testovanych cytokint. ANCA autoprotilatky byly nalezeny pouze
ve skupiné pacientd s vy$si produkei testovanych cytokini.

Optimalni cytokinové prostredi je velmi dllezité¢ v obrané proti infekcei a nerovnovaha, prip.
nedostate¢na produkee dulezitych cytokind ovliviiuje zavaznost postizeni funkce plic a tedy

morbiditu 1 mortalitu téchto pacient.
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3.1.1  Srovnani vlastnich zdvéra se svétovou literaturou

Zavery této prace jsou v souladu se svétovou literaturou, co se tyée pozorované Th2 prevahy
u Casti pacientd s chronickou kolonizaci P. aeruginosa. Rozdilnd schopnost produkovat
dostatecné koncentrace Thl (IFNgamma) 1 Th2 (1I-4) cytokind mezi CI' pacienty nebyla
v odborné literature dosud publikovana. Vyznamné zhorSeni funkce plic asociované
s nedostate¢nou cytokinovou odpovédi, popt. nerovnovahou mezi produkci prozanétlivych
a protizanétlivych cytokin a snazsim ziskanim chronické G™ infekce, bylo opakované

popsano (101, 106, 107, 111).



4 Korelace genotypu s fenotypem — vliv genetickych

modifikatori na priubéh onemocnéni

4.1 Prehled poznatku v dané oblasti

Skutecnost, Zze zavaznost zdkladniho onemocnéni nelze jednoznacné vysvétlit pouze typem
a lokalizaci mutaci CFTR genu vedla kUvaham o tom, Ze ji mohou ovlivnit mimo
intragenovych faktoru, jako je napriklad splicing varianta IVS-8 T(n) (120), i dalsi geny
(121). Postupné se ukazalo, ze protein CFTR ovliviigje 1 jiné membranové kanaly (napr.
ENaC nebo ORCC). CFTR rovnéz transportuje dalsi molekuly (jako naptiklad ATP). které
mohou hrat dileZitou roli v imunitnich mechanismech a/nebo v mukociliarni clearance (122).
Pritomnost tzv. moditikujicich gent prokazaly experimenty na mysich modelech CF (123).

Z lohoto divodu se v soucasné dobe intenzivné patra po analogickych modifikujicich genech
ru lidi. U nemocnych s CF se tyto modifikatory hledaji tzv. asociaénimi studiemi, jejichz
podstatou je korelace jednotlivych klinickych znakd CF se specifickymi genotypy
kandidatnich modifikujicich gent, na pozadi jednotného genotypu genu CFTR (nej¢asté)i
FS08del/F508del homozygoti) a oproti kontrolnimu souboru. Tyto studie maji vSak dosud
kontroverzni charakter a nékdy si dokonce vzajemné protiteci (124). Rozdily ve vysledcich
jednotlivych studii lze mimo jiné vysvétlit riznym vékem studovanych pacientl, nebot
variabilita pribehu CF se zvétuje s vékem. Vysledky srovnani variant modifikujicich gent se
zavaznosti CF mohou byt tedy rGzné u stejnych pacientd v détstvi a v dospélosti (125).
Dalezité jsou 1 presné stanovené klinické parametry uZzité pro posouzeni zavaznosti
onemocnéni, etnicky pavod nemocnych a dale genotyp CFTR genu. Rozdilna situace nastava,
studuji-1i se pouze homozygoti pro mutaci FS08del v CFTR genu nebo dalsi, daleko méné
Casté genotypy. Nicméné velice presné vysledky v tomto ohledu poskytuji komparativni
studie (dizygotnich) sourozenct a predevSim pak dvojcat, které jsou konkordantni nebo
diskordantni pro extrémni varianty prabéhu CF (1206, 127).

Jako mozné modifikujici faktory se mohou uplatnit proteiny, které pifimo nebo nepiimo
mterferuji s CFTR. Dalsimi kandidaty jsou proteiny, které se obecné uplatiiuji v transkripci
nebo sestiihu v8ech proteint, ale 1 v sekundarnich projevech CF jako je zanét nebo imunitni

vvvvvv

ukazalo, ze ptsobeni takovych molekul je tkdnové nebo organové specifické (3).

36



Iednim z prvnich jednoznacné identifikovanych modifikatord je gen CFM/ podilejici se na
vzniku mekoniového ileu, ktery nalezla mezinarodni kolaborativni studie vedena torontskou
skupinou Zielenski a spol. (128). Tento gen se nachazi na dlouhém raménku chromozomu 19
(lokus 19q13) a koduje draselny kanal KCNN4, ktery je exprimovan v distalnim ileu. Jeho
presnd patogeneticka role pfi rozvoji mekoniového ileu vsak nebyla jednoznacné stanovena
adosud se pfesné nepodarilo stanovit asociované genotypy genu CFM/. Plvodné
predpokladanou patogenetickou roli ¢asté mutace v genu pro hemochromatdzu u homozygotl
pro mutaci F508del CFTR genu s mekoniovym ileem (129) se v8ak v nasledujicich studiich
nepodarilo potvrdit.

V poslednich letech se predevsim intenzivné patra po genech, které plsobi jako modifikatory
plicniho postizeni, které je zodpovédné za vétSinu morbidity a mortality u CF. Z divodu
komplexity patogeneze sino-pulmonalniho onemocnéni u CF a pouze 60% asociace sino-
pulmonalniho postizeni u CF a zakladni mutace v CFTR genu (130, 131) se v soucasné dobe
predpoklada, Ze modulujici efekt nema pouze jeden gen, ale pfedbézné se zkousi vice nez 100
kandidatnich genf, které mohou ovlivnit vyskyt a pribéh infekce a chronického zanétu (110,
132-135).

Problematika studia polymorfizma 10 genu (gen kodujici mandzu vazici lektin, alfa-1
antitrypsin, tumor nekrotizujici faktor alfa, transformujici riistovy faktor betal, glutathion-S-
transferazu, beta2 adrenergni receptor, angiotensin [ konvertujici enzym, syntetaza 3
endotelialniho oxidu dusnatého, interleukin-10) a jejich predpokladany (dle piedeslych
asociacnich studif. které prokazaly Ze se v patogenezi CF postizeni uplatiiuji) vliv na fenotyp
CF se stala predmétem mezindrodni multicentrické studie, jejiz vysledky publikoval Drumm
aspol. v New England Journal of Medicine na podzim roku 2005. Do studie bylo zafazeno
808 CI' F508del homozygotnich pacientl. Statisticky signifikantni korelace mezi genovym
polymorfizmem a fenotypem CF byla prokazana pouze u TGF-betal. Byla nalezena asociace
mezi polymorfizmem TGF-betal genu (kodon 10 a promotorovéa oblast na pozici -509) a tizi
postizeni respiracniho traktu u CF pacient? (110).

Dalsim diive testovanym kandiddtnim genem modifikujicim pribéh CF bylo studium
polymorfizmt v HLA antigenech I tfidy (130).

DileZitym zavérem Drumm a spol. multicentrické studie a dalSich shrnujicich prehledt na
toto téma je, ze fenotyp CF je dan kombinaci zakladni mutace v CFTR genu a dale
spoluptisobenim dalsich genetickych faktord a mnoha dalSich negenetickych ciniteld vcelne

vlivu prostredi (27).
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4.2 Transformujici rustovy faktor betal

Transformujici riistovy faktor beta (transforming growth factor beta, TGF-beta) je ¢lenem
rodiny transformujicich ristovych faktor. U lidi jsou popsdny 3 isoformy tohoto cytokinu:
TGF-betal, 2, 3. Gen pro kazdy z nich je uloZen na jiném chromozomu. Nejvice zkoumanym
je TGF-betal, ktery je uloZen na chromosomu 19ql3. TGF-betal se nejvice
ucastnf imunitnich procest a jeho polymorfismy byly nejcastéji u CF studovany.

TGF-betal je multifunkéni cytokin regulujici proliferaci a diferenciaci Sirokého spektra bunék
jak in vivo, tak in vitro (137). TGF-betal je produkovan fadou bunék v raznych organech, kde
ovliviiuje rlst bunek, diferenciaci, apoptdzu, bunéénou migraci, ucastni se mnoha imunitnich
mechanizm( a ovliviiuje tvorbu extracelularni matrix (138, 139). Jeho produkce je
mmdividudlng razna (140, 141) a ¢&aste¢né zalezi na dvou variantach genu TGF-betal na
pozicich +869 a +915 (tj. kodéni 10 a 25). Bialelicka varianta ,,T* nebo ,,C™ na pozici +869
genu 7GF-betal vede ke ,stiidani™ leucinu a prolinu, zatimco varianta ,,G* nebo ,,C* na
pozicl +915 vede k alternativni pritomnosti argininu nebo prolinu. U obou polymorfismu alela
kodujici prolin je spojena s nizsi syntézou TGF-betal in vitro a in vivo. Protein TGF-betal
produkovany buritkami bronchialniho epitelu stimuluje proliferaci fibroblasti. Z tohoto faktu
vyplyva, ze ,silnf producenti™ TGF-betal tvori signifikantné vice fibrotické tkané v plicich
vodpovédl na cCetné spoustéce zanétu jako je napfiklad =zareni, chemoterapie nebo
transplantace (140, 142, 143). PoruSena regulace produkce TGF-betal byla popsana
v asoclacl s aterosklerézou (144, 145), s nadorovymi (146-148) a autoimunitnimi

onemocnénimi (149, 150).

421 TGF-betal a CF

O presné tloze TGFE-betal v patogenezi CF je znamo velmi malo.

Drumm a spol. publikoval vysledky vySe zminéné multicentrické studie v New England
Journal of Medicine (studium polymorfizmt 10 CF modifikujicich kandidatnich gent véetné
TGF-betal). V pripadé TGF-betal byla u 808 CF F508del homozygotnich pacientli nalezena
asoctace mezi polymorfizmem 7TGF-betal genu (promotorova oblast na pozici -509 a kodon
10) a tizi postizeni respiracniho traktu u CF (110).

Arkwright a spol. (109) zjistili, ze ,produkujici™ genotyp kodonu 10 (opacny genotyp nez
publikovali Drumm a spol.) je spojen srychlejsim zhorSovanim funkce plic a s plicni

fibrozou. Tento genotyp byl rovnéz asociovan s dvojnasobné zvySenym rizikem poklesu
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FEV pod 50 % a FVC pod 70 % normy piedevsim u mladsich pacientd ve srovnani s détmi
s nizkou produkci TGF-betal. Prikaz plicni fibrézy je u CF obtizny, protoZe je zde uzka
korelace mezi obstruktivni a restriktivni poruchou. Uvedeni autofi nena$li korelaci mezi
genotypem koddnu 25 a prezivanim nebo funkei plic. Pacientd s nizkou produkei TGF-belal
vSak bylo malo, protoze z populacné genetického hlediska prevazuje (v 87 %) genotyp
spojeny s vysokou produkci TGF-betal. Tito autori vSak rovnéz poukazuji na svou dfivejsi
studil, pii které nasli mezi nemocnymi podstupujicimi transplantaci plic signifikantné vyssi
podil pacientl, kteri byli silnymi producenty pro oba koddény TGF-betal. Histologicky prikaz
plicni fibrézy byl signifikantné vyssi pro kodon 10 (p < 0.004) neZ pro koddn 25 (p < 0.02).
Kone¢né u belgickych a ceskych nemocnych s CF byl také prokazan vztah TGF-betal
a zavaznosti plicniho onemocnéni (151).

Rozdilné wvysledky jednotlivych studii dokladaji nutnost studia kandidatnich chorobu
modifikujicich genli pomoci multicentrickych studii, kde se snizi riziko chybného zavéru dané
malym poctem pacientt v testovaném souboru a dale je mozné ve studiich pouzit shodnou

metodiku (152).

42.2 Vlastni pozorovani

CFE pacienti maji vysokou fenotypickou variabilitu. Vzhledem k roli transformuyjici ristového
faktoru betal v profibrotickych a procesech jsme si jej zvolili jako jeden z kandidatnich

faktort ovhiviiujict pribéh onemocnéni.

Vysledky shrbujici danou problematika jsou diskutovany v ¢lanku, ktery byl publikovén

v Clinical Immunology (viz. LT priloha, kap. 7, Al).

Cilem studie bylo stanoveni vlivu genového polymorfismu 7GF-betal na fenotyp CF.

U CF pacientt jsme nalezli podobnou frekvenci polymorfism@ jako u kontrolni skupiny
s vyjimkou nizsi frekvence T/T homozygoti na pozici +869, kodon 10 (p < 0.02) a vyssi
frekvence G/C heterozygotl na pozici +915, kodon 25 (p < 0.03). Produkce TGF-betal
(ng/ml) méla velky rozptyl u kontrol a jesté vétsi u CF pacienttl. Nekolonizovani pacienti
produkuji méné TGF-betal, maji lepsi funkcei plic a lepsi stav vyZivy v porovnani s pacienty
chronicky kolonizovanymi P. aeruginosa. Nejnizsi produkci TGF-betal a nejhorSi funkei
plic véak maji pacienti kolonizovani bakteriemi komplexu B.cepacia (p < 0.0015). CF
pacienti s TGF-betal genotypem TT (kodon 10) / GG (kodon 25) méli castéji s CF

asociované postizeni jater a s CF asociovany diabetes.
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Zadny z testovanych polymorfisma nebyl spojen se zménénou produkcei TGF-betal. Pacienti
se velmi 1181 v produkel tohoto cytokinu bez ohledu na genotyp. Se zhor§enou funkei plic byly

spojeny jak velmi vysoké, tak velmi nizké hladiny TGF-betal.

4.2.2.1 Srovnani vlastnich zavérl se svétovou literaturou

Dosud publikované prace na téma asociace polymorfizmtt TGF-betal genu a tizi zvlase
plicniho postizeni u CF pacientd piinesly opakované zcela protichlidné zavéry (109, 110,
153). Zavery nasi prace nepotvrdily asociaci ur€itych polymorfizml TGF-betal s plicnim
postizenim u CF pacientl. Divodem tohoto rozdilného zavéru miize byt problém malého
poctu pacientl v této studii. Byla vSak nalezena asociace jaterniho a endokrinniho postiZent
aspol. (153). Rozdilnd frekvence polymorfizmt 7GF-betal ve zdravé a CF populaci dosud
publikovana nebyla. Dosud nepublikovéno je také pozorovani velmi nizkych koncentraci
TGE-betal u CI' pacientd chronicky kolonizovanych komplexem B. cepacia &inici tyto

pacienty zraniteln€jSimi pfi akutni exacerbaci chronické G™ infekce.

4.3 Manoézu vazici lektin (MBL)

Manézu vazici lektin (mannose-binding lectin, ve star$i literatufe téZ MBP -~ Mannosc-
binding protein ¢1 Mannan binding protein) je dutlezity protein vrozeného imunitniho systému
(75, 76, 154). Patii do skupiny sérovych proteinl podilejicich se na specifické vazb¢
k riznym cilovym molekuldm (tzv. pattern recognition molecules) a je schopny se efektivné
vazat na polysacharidové struktury na povrchu bakterii, vird a hub (viz. tab. 4.1). MBL
bakterie bud’to neutralizuje a/nebo je opsonizuje aktivaci komplementu, pomoci tzv. lektinové
cesty. MBL patfi do skupiny plasmatickych kolektinl (C-typ lektinu s kolagenu-podobnou
doménou) a je syntetizovany v jatrech. MBL je shodny s Clq slozkou v klasické aktivaci
komplementu (viz. obr. 4.3).

Sérova hladina MBL je geneticky determinovana (viz. obr. ¢. 4.1). MBL2 gen je lokalizovan
na chromosomu 10q11.2-q21 (MBL/ je naktivni pseudogen) (78). Deficit, resp. snizena
hladina MBL je zptsobena strukturalnimi mutacemi v kodonech 52, 54 a 57 prvniho exonu
genu MBL. Tyto mutace se oznacuji pismeny ,,0" (vzacnéjsi), ,,B* (v Evrop€ nejcasté]si,
zastoupena asi u Ctvrtiny Evropant) a ,,C™* (Castd na africkém kontinentu); spoleny nazev
t&chto tif variant je ,,0“, zatimco normalni alela se nazyva ,,4". Kazdéd ze 3 variant snizuje

mnozstvi funkénich podjednotek MBL u nosi¢i 5-10x. Vysledné koncentrace proteinu MBL
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se lisi v populaci vice nez tisicindsobné, coz prokazuji kombinace dnes jiz sedmi popsanych
haplotypti spojenych s riznymi formami genu MBL.

Nezanedbatelny vliv na sérovou hladinu MBL ma také polymorfismus v promotorové oblasti
genu MBL. Popsané varianty jsou oznafovéany -550 H/L, -221 X/Y a +4 P/Q, pficemz bézné
se vyskytuji promotorové haplotypy LXP, LYP, LYQ a HYP. Haplotyp HYP je spojen
snormalni az vysokou hladinou MBL, naopak haplotyp LXP uruje vyznamné snizenou
hladinu MBL (75, 155).

Vsouhrnu ast 10 % populace s nejnizsimi hodnotami MBL je pokladano za ,,MBL
insuficietni a ma sklon k castym kinfekcim, zplsobenym predev§im extracelularnimi
patogeny, ale 1 k chorobam neinfekéni povahy (76).

Na plazmatickou koncentract MBL vSak maji vliv 1 negenetické faktory. Osoby s nizkym
cirkulujicim MBL jsou zranitelnéjsi vaci riznym infekcim u rady klinickych stavi, zejména
je-li tento stav kombinovany se sekundarnim imunodefektem. Deficit MBL je rovnéz diilezity
rizikovy faktor u kojeneckych infekei, u osob lé€enych chemoterapii nebo po transplantacich.
Snizeni aktivity MBL také ovliviiuje pribéh riznych zdvaznych nemoci jako je napiiklad
meningokokova sepse, chronicka revmatoidni artritida, jaterni cirhdéza nebo mlzZe byt

I pricinou opakovanych potratt (154).

Tab.¢. 4.1 Manézu vazici lektin a surfaktant protein D a A interaguji s Sirokym spektrem

patogent (upraveno dle Kilkpatrick, Clark a Wright)

Mikroorganismus | Vazba MBL | Vazba SP-D Vazba SP-A |
Baktérie:

Pseudomonas acruginosa - + +
Haemophilus influenzac + + +
Kiehsiella pneumoniae + B H
Staphylococcus aurens + + *
Streptococaus pueumoniae + + +
Strepiococeus sk. A + ? +
Streptococens sk 3 + + #*
Escherichia coli + + bl
Mycobacterium tuberculosis ? + *
Viry: l
Influenza A + + #
RSV + + +
CMV + z +
HSV + 2 i
Rotaviris g + 7
Houby:

Pneumocystis carinii + + t
Aspergillus fumigatus = ki +
Cryptococcus neoformans * + +
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Obr. ¢. 4.1 MBL - struktura MBL2 genu a proteinu (Kilpatrick DC, 2002)

43.1 MBLaCF

Problematika studia polymorfizmi 10 gent (véetné MBL) a jejich predpokladany (dle
predeslych LT udaji) vliv na fenotyp CF se stala pfedmétem mezinarodni multicentrické
studie, jejiz vysledky publikoval Drumm a spol. v New England Journal of Medicine na
podzim roku 2005. V pripadé MBL nebyla u 808 CF F508del homozygotnich pacientt
nalezena asoctace mezi polymorfizmem MBL2 genu a tizi postizeni (se zaméfenim na
postizeni respirac¢niho traktu) u CF (110).

Ke stejnému zavéru, tedy nenalezli Zadnou asociaci mezi MBL2 genotypem a CF fenotypem,
dospéli Carlsson a spol. (156). U 112 CF pacientd vySettfili MBL2 a MASP-2 genotyp
(serinova protedza asociovana s MBL) a zmérili sérové hladiny MBL a MASP-2. U 27 MBL
msuficientnich CF pacientd chronicky kolonizovanych S. awreus bylo vyrazné postizeni
funkce plic. Pacienti s CF méli celkové vys$si hladiny sérového MBL korigované dle
zakladnitho MBL2 genotypu v porovnani s kontrolami.

V kontrastu s predeslymi dvéma pracemi jsou nésledujici ponekud starsi prace:

Vliv variability aktivity MBL na pribéh CF sledovali Garred a spol. (77), kteri prokazali, Ze
pacienti s jednou ,defektni kopii MBL (4/0) méli o 11 %, nemocni se 2 kopiemi (0/0)
dokonce o 25 % nizsi hodnoty funkee plic nez homozygoti s genotypem A/4. Nemocni
s nizkymi hladinami MBL méli jiz v § letech mirné snizené hodnoty funkéniho vysetieni plic
a do 16 let véku u nich doslo k dal$imu vyznamnému zhorSeni, zatimco u nemocnych
s normalni hladinou MBL byly plicni funkce relativné konstantni. Statisticky signifikantné

nizsi hodnoty funkee plic u homozygotl pro mutaci FS08del genu CFTR s vartantnimi alelami



MBL ve srovnani s nemocnymi s normalnim MBL nasli 1 Gabolde a spol. (157) a Buranawuti
a kol. (158).

Kolaborativni studie Yarden a spol. (151), na které se podilelo i prazské Centrum Cystické
Fibrozy. rovnéz prokdzala, ze alela ,,0" MBL proteinu predisponuje k celkové zavaznéjSimu
prabehu sino-pulmondlniho onemocnéni. Plvodné mirny vliv u déti se viak zesiluje se starim
pacientl.

Je zajimavé, Ze ani normalni hladiny MBL nezabrani chronické bakterialni kolonizaci. Tato
skute€nost se vysvétluje tim, ze se MBL syntetizuje vyhradné v jatrech a dostava se tak do
lokalizovaného zanétlivého loziska az relativné pozdé. Garred a spol. nasli MBL protein ve
sputu pouze u 4 ze 100 vySetrenych, pricemz viichni meli navic genotyp ,,4/4 .

Studie (78) prokazala, ze z deseti nemocnych mfikovanych B. cepacia byli 4 heterozygoti a 3
homozygoti vartantnich alel genu MBL, coz svedéi o velkém riziku této infekce pii snizené
Lochranné™ aktivite MBL proteinu. Vzhledem k tomu, Ze B. cepacia vyvolava vys$si stupen
zan€tu u nemocnych s ClI nez P. aeruginosa, MBL je v dychacich cestach prokazovan
u téchto pacientd v casnéjsich stadiich. Davies a spol. (159) prokazali, ze MBL se vaze
k B. cepucia a zahajuje tak aktivaci komplementu. /i vivo to mize vést bud’ piimé destrukei
mikroba nebo k jeho fagocytéze. ,MBL deficitni nemocni maji vyssi riziko infekce
B. cepucia a méli by tedy profitovat z budouci moznosti tzv. ,,MBL terapie®. Terapeutické
podavani MBL by mohlo u CF zlepsit funkei plic a nebo jater. Mozné riziko této terapie vsak
spo¢iva v komplementem  zprostiedkovaném  poSkozeni hostitele (160). Podavani
purifikovaného MBL u nemocnych sjeho deficitem, ktefi trpehi tézkym, rychle se
zhorSujicim, plicnim onemocnénim, jiz zkouseli Garred a spol. (77). Velké nadéje se vkladaji
do rekombinantni formy proteinu MBL, kde je teoreticky mozné modifikovat komplement
aktivujici domény a snizit tak 1 rizika této terapie. V souhrnu je vSak nutno vyckat na dalsi
studie, predevsim pak u pacientl infikovanych B. cepucia, které by komplexné zhodnotily
vyhody a nevyhody této formy substituéni [é¢by.

Gabolde (157) potvrdil asociacl tize jaterniho postizeni u 216 CF pacientt homozygotnich pro
'508del s polymorfismem genu pro MBL. Signifikantné vyssi vyskyt jaterni cirhozy byl u CF
pacienttd s homozygotni ¢i heterozygotni mutaci MBL2 genu. Imunodeficitni stav zptisobeny
variantnimi alelami MBL vede k vyssimu poskozeni jaterniho parenchymu hepatotoxickynii

viry ¢i bakteriemi, které mize nakonec vyustit az v jaterni cirhozu.



432 Vlastni pozorovani

Vzhledem k roli MBL v nespecifickych imunitnich mechanismech a k popsané asociaci
msuficience MBL a zvySené vnimavosti k infekeim jsme si jej zvolili jako jeden z moznych

faktor ovliviiujici pribéh onemocnéni.

Vysledky byly prezentovany ve formé prednasky a posteru na doméacich 1 zahrani¢ni
konferenci (viz. kap. 7) a vsoucasné dobé je pripravovan anglicky c¢lanek s touto

problematikou.

Cilem studie bylo stanoveni vlivu genového polymorfismu MBL na fenotyp CF.

U CF pacientl jsme nalezli podobnou frekvenci polymorfism@ jako u kontrolni skupiny.
Sérova koncentrace MBL silné korelovala s polymorfizmem MBL2 genu (funkéni gen).
Scrové koncentrace MBL se velmi lisily, jak u CF (pramér = 2747, S.D. 1875). tak
u kontrol (pramér = 3047, S.D. = 1777). Produkce MBL byla po korekei dle genotypu u CI¥
pacientd celkové vyssi nez u zdravych kontrol, ale MBL insuficientni CF pacienti méh nizsi
sérové koncentrace MBL v porovnani s MBL insuficientnimi kontrolami (ale bez statistické
signifikance). Hladiny MBL v supernatantech BAL korelovaly primarneé s aktualnim
klinickym stavem pacient, s vysi zanétlivych parametrd (CRP, neutrofilie v krvi 1 BALu).
Avsak 1 MBL insuficientni pacienti byli schopni reagovat vyraznym zvySenim produkce MBL
pi1 jeho akutni potfebé ptfi akutni exacerbaci chronické G~ infekce. MBL insuficientni CF
pacienti chronicky kolonizovani S. aureus méli horsi funkei plic nez MBL suficientni jedinci
(vysledky nedosahujici statistické signifikance). CF pacienti kolonizovani G~ bakteriemi
(P. aeruginosa, komplex B. cepacia) méli horsi funkei plic bez ohledu na MBL2 genotyp.
Sérové hladiny MBL byly asociovany s testovanymi polymorfizmy MBL2 genu. Pacienti s CF
se vyznamné lisi v tizi plicniho poskozeni 1 v dalsich klinickych aspektech bez ohledu na
genotyp MBL. Na zavaznosti plicniho posSkozeni se u CF spolupodili mnoho laktort, jak

genetickych, tak negenetickych, v€etné vlivi prostredi.

4321 Srovnani vlastnich zaveéra se svétovou literaturou

Zavéry této prace jsou vsouladu s recentni svétovou literaturou (110, 150), tedy Ze
polymorfizmus MBL2 genu neni v piimé asociaci s respiracnim fenotypem CI. Zavaznéjsi

postizeni respira¢niho traktu u MBL insuficientnich CF pacientt kolonizovanych S. aureus
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pozoroval také Carlsson a spol. (156). Zavéry této prace se neshoduji se star§imi pracemi

s mens$im poctem CF pacientid popisujicich asociaci genotypu MBL s fenotypem CF (78, 157).
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Obr. ¢. 4.2  Korelace genotypu a sérové koncentrace MBL (ng/ml)

Tab. €. 4.2  Srovnani sérové hladiny MBL, funkce plic a bakterialni infekce

Kolonizace Bez S. aureus P. aeruginosa B. cepacia |
Pocet (%) 27 1 20 78 43
=168 (16) (12) (46) (26)
Vek 13 14 20
Primér (S.D.) (7) (4) ©) (5)
FEV, (%) 96 76 57
Primér (S.D.) (18) (15) 21 (22)
MEFs5, (%) 88 83 l 61 37
Pramér (S.D.) (26) (19) | (26) (24)
MBL (ng/ml) 2544 2346 2890 2790
Primér (S.D.) (1664) (1762) (1942) l (1940)

4.4 Surfaktant protein D (SP-D)

Surfaktant protein D patii do rodiny hydrofilnich plicnich kolektind, které hraji vyznamnou
roli v primarnich obrannych mechanismech v plicich, zvySuji opsonizaci mikrobi, usnadiiuji
clearence apoptotickych bunék, pfimo zabiji baktérie a omezuji tak zanétlivou odpoveéd

v plicich (161-163). SP-D je produkovéan hlavné v plicich, pneumocyty II. typu, dale Clara
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burikami a podslizni¢nimi burikami. SP-D stejn¢ jako SP-A byly dale nalezeny v pradusnici,
v mozku, v testes, vslinnych Zlazach, v slznych Zlazach, v ledvinach, srdci, pankreatu
a Zenském pohlavnim ustroji (164). Gen pro SP-D je stejné jako gen pro SP-A a MBL
lokalizovan na dlouhém raménku 10. chromozomu (165).

SP-D stejné jako SP-A a MBL patii do skupiny PRR (tzv. ,,pattern recognition receptors®),
tedy receptori rozpoznavajicich specifické, nejcastéji cukerné (mandzové a glukozové),
motivy na povrchu patogend. SP-D i SP-A se vazi na lipopolysacharid G™ baktérii, dale na
povrchové struktury G* baktérii, virG, hub i na alergeny (166, 167) (viz. obr. 4.3). Velmi
recentné byly prokazany interakce mezi n€kterymi TLR (TLR2 a TLR4) a SP-D a SP-A (168,
169) (viz. obr. 4.4).

Dalsi plicni surfaktanty B a C hraji ulohu hlavné v redukci povrchového napéti v plicich,
i kdyz bylo prokazano, ze SP-C vaze bakteridlni lipopolyscharid (170-172). Pfi deficitu SP-B
a SP-C dochazi k naristu povrchového napéti a ke kolapsu plicnich alveolti. Nedostatek SP-B
a SP-C se projevuje nejéastéji u nezralych novorozencd a miiZe vyustit aZ do syndromu
respira¢ni tisné (RDS - respiratory dystress syndrome). Rekombinantné pfipravované SP-B
a SP-C se podavaji v prevenci RDS. Terapeuticka aplikace rekombinantniho SP-D a SP-A se
zatim rutinné nepouziva, ale byla by jisté¢ terapeutickou moznosti u pacientli s chronickymi

zanéty a infekcemi (napt. u CF pacienti).

!

Regulation of

Aqgngahon

o e - perprrig i pos ey
ﬁ“ ><\ 4
2 mé'n-
a Trimeric structure Macrphane Ovckines  Peaive
ML e Obr. ¢. 4.3
A . £ Funkce SP-D a SP-A a
®0__ : 4‘0 Struktura kolektint (Wright
oy r——— N e o JR, 2005)
non collagencus coted co

domain
b Oligomeric structure

¥

SP-D

46



Phagocytosis

_ _ —
G e = T Ve e
RS N’
U

Obr.¢. 4.4  Receptory kolektintt (Wright JR, 2005)

441 SP-DaCF

Vzhledem k chronické kolonizaci G™ patogeny u CF a neschopnosti imunitniho systému tuto
infekci G¢inn€ eliminovat je studium mechanismt (véetn€ plicnich surfaktanti D i A)
uplatiujicich se v primarni linii obrany v respiraénim traktu nasnadé.

Postle (173) popsal sniZenou koncentraci SP-D a SP-A v supernatantech BAL u CF pacienti.
Toto sniZeni bylo vyznamnéjsi v pfitomnosti chronické infekce a zanétu (neutrofilie) v plicich
CF pacienta (174, 175). V plicich CF pacienti byla také popsana zvy$ena proteolyticka
degradace SP-D i SP-A (176). V kontrole zanétu je velice dulezita fagocytéza patogenti
a clearence apoptotickych bunék, ktera je u CF narusena (177-179). Na této patologii se u CF
pacientd zfejmé podili i deficit SP-D. Vzhledem k opakované popsané vazbé SP-D na
P. aeruginosa (180, 181) a vazb& A. fumigatus spoustici fagocytéozu a piimé odstranéni
Aspergilovych spor (182), je pfi snizené koncentraci SP-D v plicich CF pacientii naruSena
i vazba na tyto patogeny a iniciace primdrni imunitni reakce a nasledné odstranéni téchto
patogenii z organizmu vedouci k perzistenci infekce. Suplementace SP-D pomoci
rekombinantné vyrabéného ptipravku by mohla zlepsit clearence patogenti z plic CF pacientt.
Krane a Griese (183) zméfili sérové koncentrace SP-D u 11 CF pacienti s ABPA, 11 CF
pacienti bez této diagnézy a 19 neCF kontrol. U CF pacienti s ABPA byla sérova
koncentrace SP-D vyznamné zvy$ena. Koncentrace SP-D se béhem akutni exacerbace ABPA

neménila bez ohledu na zmény hladin celkového IgE. Sérovéa koncentrace SP-D tedy neni
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vhodnym ukazatelem pro stanoveni diagn6zy ABPA, ani pribéhu onemocnéni. Koncentrace

SP-D inverzné korelovala s tizi plicniho postiZzeni u CF (dle FEV, a FVC).

4.4.2 Vlastni pozorovani

Vzhledem k uloze SP-D v primarnich obrannych mechanismech a jeho puisobeni v plicich

jsme si jej zvolili jako jeden z moznych faktort ovliviiujicich prib&h onemocnéni.

Vysledky byly prezentovany ve formé pfednasky a posteru na domaéci i zahrani¢ni konferenci

(viz. kap. 7.).

Cilem studie bylo ovéfit zda sniZzend a nedostate¢na produkce SP-D v plicich naSich pacienti
s cystickou fibr6zou méfend ve vzorcich bronchoalveolarnich lavazi hraje roli v porusenych
obrannych mechanismech plic.

V této pilotni studii s 15 CF pacienty a 42 neCF kontrolami byla produkce SP-D signifikantné
niz§i (p<0.0015) u CF pacientti (primérnd hladina SP-D 335, S.D. 317) neZ u kontrolni
skupiny (primér 750, S.D. 374) (viz. obr. €. 4.5). Hladina SP-D u pacienti s CF inverzn¢
korelovala s tizi plicniho poSkozeni daného mnozstvim neutrofilnich leukocyti. Pohlavi ani
veék nemély na hladinu SP-D zadny vliv (viz. tabulka €. 4.3).

Nedostate¢na produkce SP-D v plicich pacientu s CF vede k naru$eni obrannych mechanismii.
Z tohoto diivodu by mozné terapeutické podavani SP-D vedlo k prevenci ¢i sniZeni nasledkt

infekénich a zanétlivych poskozeni plicni tkang.

4.4.2.1 Srovnani vlastnich zavéra se svétovou literaturou

Zavéry této prace jsou v souladu s dosud publikovanymi daty (174). Opakované byla popsana

snizena koncentrace SP-D v supernatantech BAL CF pacientt.

SP-D v BAL supernatantech SP-D v BAL supernatantech
1200 + ~ )

SPD (pg/mi)
g

o CF E84.(15) Respirace Astma bronchiale Ostatni Dg. (16)
CF (15) Kontroly (42) Jx. Dg (26) J45.(15)

Obr. &. 4.5  Koncentrace SP-D (pg/ml) v BAL supernatantech u CF a kontrol

48



Tab. ¢. 4.3 Srovnani koncentrace SP-D v supernatantu BAL u pacientd s CF a neCI

diagnodzami v zavislosti na véku a pohlavi

SP-D E84.
(pramér, S.D.) CF
Chlapci 164.0

(pramér, S.D.) (247.0)

vek 112
(promér, S.D.) (2.4)

Divky 420.0
(pramér, S.D.) (324.3)

VeEk Tl
(pramér, S.D.) (3.8)

4.5 Leukotrien B4 (LTB4)

Jx

respirace

722.8
(477.1)
10.8
(7.4)

658.0
(309.1)

8.8
(5.2)

J45.
astima

678.3
(493 .8)

12.0
(48)

601.3

(222.0)

10.8

G4

Ostatni

872.8
(354.0)

14.0
(5.2)

890.7
(358.0)

6.6
(6.3)

Kontroly
(vSechny Dg.)

770
(636)

g
(6.8)

738.6
(339.0)

8.0
(5.6)

LTB4 je jednim =z plsobkt vznikajicich v metabolismu kyseliny arachidonové primou

hydrolyzou LTA4. Vyznamné se podili na potenciaci neutrofilniho zanétu, pisobi jako mocny

chemoatraktant neutrofild do mista zanétu a indukuje produkei kyslikovych radikald (184,

185).

Obr.¢. 4.6

LTB4 struktura (Henderson WR, 1994)
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451 LTB4aCF

Prognéza nemocnych s CF je ovlivnéna predev§im stavem plicnich funkei a stavem vyzivy.
Na bronchopulmonalni onemocnéni ma zasadni vliv chronickd infekce dychacich cesl
s doprovodnou zanétlivou odpoveédi (131), kterd ma sama potencial poskozovat sténu
dychacich cest protedzami a oxidaénikm stresem (57). Hlavnimi zanétlivymi burkami jsou
neutrofilni leukocyty (186, 187), jejichz dllezitym chemotaktickym mediatorem je leukotrien
B4 (188). Dostupné publikace prokazuji korelace koncentraci LTB4 a poctu neutrofild
v materialech z dolnich dychacich cest (indukované sputum, bronchoalveolarni lavaz)
arovnéz korelaci téchto parametrd stizi bronchopulmonalniho onemocnéni (189-191).
Rovnéz koncentrace LTB4 v kondenzatu vydechovaného vzduchu (KVV) koreluje
s poklesem plicnich funkci u nemocnych s CF (192).

Nekteré prace prokazuji moZnost ovlivnéni koncentraci LTB4 v krevnim séru za pomocl
suplementace n-3 polynenasycenych mastnych kyselin (n-3 PUFA) vzhledem k tomu, Ze jde
o prekurzory biologicky méné aktivniho LTBS (193, 194). Prekurzorem LTB4 je predevsim
kysclina arachidonova, jejiz koncentrace v krevnim séru jsou u nemocnych s CF relativné
vys§i nez koncentrace hlavnich n-3 PUFA (1995), tedy kyseliny eikosapentaenové (EPA)
a dokosahexaenové (DHA). Existuji prace, které prokazuji piiznivy efekt suplementace EPA

a DHA jak u mys$iho modelu CF, tak u nemocnych s CF (196-198).

4.5.2 Vlastni studie

Vysledky studia LTB4 v kondenzatu vydechovaného vzduchu byly soucasti interniho grantu
FN Motol a vysledky byly prezentovany formou posteru (viz. kap. 7.) a také pripravovany do

anglicke publikace do European Respiratory Journal.

Cilem projektu bylo ovéfeni hypotézy, podle které ma suplementace n-3 PUFA u nemocnych
s CF potencial zmirnit neutrofilni zanét v dychacich cestach, a to diky snizeni produkce
LTB4.

Po podavani pripravku doslo k poklesu koncentrace LTB4 v KVV (p < 0.05) a k snizeni
kysclosti KVV (p < 0.025). Tolerance podavaného pripravku byla vysoka. Béhem studie
nedoslo k statisticky signifikantni zméné Zadného z dalSich testovanych parametri (BMI.
FEV,, pocet neutrofilnich leukocytl v periferni krvi, koncentrace CRP, cholesterolu a TAG

Vv Séru).



Priikkaz ovlivnéni koncentraci LTB4 a pH v KVV prostfednictvim podavani n-3 PUFA svéd¢i
pro mozZnost ovlivnéni neutrofilniho zanétu dychacich cest u CF pacienti a tedy omezeni

progrese bronchopulmonalniho onemocnéni se zlepSenim prognozy onemocnéni.

4.5.2.1 Srovnani vlastnich zavéra se svétovou literaturou

Vysledky studie jsou zcela v souladu s literarnimi udaji. Opakované byly publikovany
zvySené hladiny LTB4 u pacienti s CF nejenom v KVV, ale i v supernatantech BAL
a v indukovaném sputu (189, 192, 199). Podavéni n-3 PUFA jako potravniho dopliiku u CF
pacientl bylo popsano jako vhodna 1é¢ba k modulaci hladin neZadoucich metabolitl kyseliny
arachidonové (198). Nebyla vak dosud publikovana studie vyuZivajici pro monitoraci u¢inka
n-3 PUFA na metabolismus kyseliny arachidonové neinvazivniho méfeni LTB4 v kondenzatu

vydechovaného vzduchu.
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Obr.¢. 4.7  Koncentrace LTB4 (pg/ml) v kondenzatu vydechovaného vzduchu u CF
pacientt pfed podavanim (1) a po n-3 PUFA (2)
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5 Studium interakce infekce a imunitniho systému u CF

N

.1 Prehled poznatku v dané oblasti

5.1.1  Dendritické bunky (DC), Toll-like receptory (TLR)

Dendriticke buriky jsou nejucinngjsim predstavitelem skupiny antigen prezentujicich bunék
(APC). Jako jediné jsou schopny aktivovat naivni T lymfocyty, tedy lymfocyty, které se
dosud nesetkaly s antigenem (200). V poloviné 90. let byly publikovany prvni protokoly,
popisujici kultivaci DC z monocyti, ¢i kmenovych hematopoetickych bunék zdravych darct
za pritomnosti rekombinantnich cytokind GM-CSF a IL-4 (201), coz umoznilo jcjich
intenzivni studium.

V perifernich tkanich se DC vyskytuji v tzv. nezralém stavu. Nedokazi G¢inné stimulovat
T lymflocyty, ale maji velkou schopnost fagocytdzy a poskytuji organismu informace o
skladb¢ vnitrniho prostiedi. Funguji jako senzory, které maji v&as upozornit na narusenf
mtegrity. Detekce specifickych signald znamenajicich pro organismus ohrozeni nastartuje
proces vedouct k vyrazné zmené fenotypu a funkénich vlastnosti DC, oznaCovany jako
maturace. Pro induker imunitni reakce namitené proti infekénim agens je nejdilezité)si vazba
molekul asociovanych s patogeny (PAMPs - pathogen-associated molecular patterns), jejichz
spektrum se vyselektovalo béhem evoluce, na prislusné receptory (PRR — pattern-recognition
receptors) exprimované na DC. Mikrobidlni struktury jsou na DC rozpoznavany zejména
Toll-like receptory, které jsou vyznamnou skupinou PRR (viz. Kap. 2.). Skupina TLR
v soucasné dobé zahrnuje celkem jedendct zastupct (72, 73, 202). Jednotlivi &lenové
rozpozndvaji pomérné specificky ur€ité typy struktur pochazejicich z patogenl. TI.R2
homodimery a TLR2-TLRI1 heterodimery zprostredkovéavaji odpovéd” na mikrobidlni
triacetylované lipoproteiny, TLR3 na dvouvldknovou RNA (203, 204), TLR4 na LP% (205-
207), TLRS na flagelin bakterii, TLR2-TLR6 na diacetylované lipopeptidy (208, 209), TLR7
a TLR8 na imidazoquinoliny a TLR9 na CpG DNA sekvence bakterf (210). Naptiklad
detekee konzervované casti lipidu A v lipopolysacharidu umoziuje detekel témer jakékoli
Gram negativni bakterie pomoci jediného PRR, kterym je Toll-like receptor 4 (TLR-4).
Dendritickd bunka prochdzejici maturaci prestdva velmi rychle pohlcovat okolni antigeny
a soustiedi se na zpracovani téch fragment, které ji aktivovaly. ZvySena transkripce gentl pro
MHC 1. a Il. tiidy ma za nasledek vyssi syntézu téchto molekul a jejich zvySeny transport na

membranu. Zralé DC exprimuji celou fadu dosud znamych kostimulacnich molekul. Béhem
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maturace dochazi k pfesmyku v expresi chemokinovych receptori. Nezralé DC exprimuji
ptedev§im CCRS a jsou atrahovany do perifernich tkani chemokinem MIP-3b. Po aktivaci
dojde ke sniZeni jeho exprese a na povrchu DC se objevuje pfedev§im receptor CCR7,
specificky pro chemokiny secernované v sekundarnich lymfatickych organech ELC (CCL19)
a SLC (CCL21). Zralda DC je dokonale vybavena pro naslednou interakci s antigen
specifickymi T lymfocyty, aktivuje je a polarizuje imunitni reakci smérem, ktery je

nejucinnéjsi proti patogenu, ktery poskozuje integritu organismu.

Mature DC
CChr.
NHC St S 7-hgn COMD-ngh

CON e COCRTS CaTRas
MG e 87 COMIG .

BLOOD CIRCULATION

Obr. ¢. 5.1  Jak funguji DC (Vermaelen K, 2005)

5.1.2 Bakterie a respiracni infekce

Gram negativni bakterie Pseudomonas aeruginosa a bakterie komplexu Burkholderia cepacia
jsou pro imunokompetentniho jedince nepatogennimi bakteriemi, vyskytujicimi se b&Zné
v okolnim prostiedi, napfiklad v ptid¢ ¢i kanalizaci. P¥i normalnim priibéhu respiracni infekce
jsou bakterie pohlceny a usmrceny granulocyty a monocyty, které do poSkozené tkané
vycestuji. Fragmenty usmrcenych bakterii jsou pohlceny nezralymi dendritickymi butikami,
které jsou pfitomny ve vSech perifernich tkanich. Rozpoznani specifickych molekularnich
struktur na téchto fragmentech vede k zahdjeni procesu aktivace DC. Zrajici DC se piesouva
do sekundarnich lymfatickych organi. Tam, jiz plné¢ vybavena pro stimulaci lymfocytt, se

setkd s Ag-specifickymi T lymfocyty a tim je zahajena imunitni odpovéd, ktera vede
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k eliminaci infekce. U pacientt s CF je jisté, Zze prub&h respiracni infekce je odlisny, ale

presny mechanismus prabéhu respiracni infekce u nich neni dosud znam (131, 211).
5.1.2.1  Pseudomonas aeruginosa

P. aeruginosa je typicky predstavitel oportunnich patogent. Patfi mezi pohyblivé aerobni
gramnegativni tyCe a je ubikviterni. V piirodé se vyskytuje piedevsim ve vodé€, v mensi mife
pak v pudé kontaminované vykaly zvifat ¢i lidi (vzacné se totiz miiZe nachazet ve stolici
zdravych lidi). Zdravé jedince nijak neohroZuje, ale zavaznym infekénim agens se stava praveé
u nemocnych s CF a u primarné ¢i sekundarné¢ imunokompromitovanych pacienti. Je
obavanym patogenem na oddélenich popélenin ¢i na jednotkdch ARO, kde kontaminuje
ventilatory, nebulizatory a katetry a miize tak byt zdrojem nozokomialni infekce.

Infekce P. aeruginosa mize u CF zpocatku probihat asymptomaticky, ¢asto vSak piechazi do
chronicity a z dlouhodobého pohledu je jednozna¢né zodpovédna za zhorSovani funkce plic,

klinického stavu a prognézy pacienttl.

Obr.¢. 5.2
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Obr. &. 5.3  Vyskyt nejcastéjsich patogeni v jednotlivych v€kovych kategoriich pacientii

s CF (pfevzato z Hlaseni registru pacientli Americké CF nadace za rok 2002)
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Prevalence infekce P. aeruginosa stoupa u CF pacientll s vékem a v dospelosti je chronicky
infikovano az 80 % nemocnych (212).

Mezi prokazané rizikové faktory ziskani infekce P. aeruginosa patii RS virova infekce,
zenské pohlavi, homozygozita v F508 mutaci a ptedchozi infekce S. aureus.

Otazka, pro¢ P. aeruginosa je tak vyznaénym patogenem praveé u CF, neni stale jednoznaéné
zodpovézena. Predpoklada se, Ze je za tento fenomén zodpovédna kombinace nékolika
faktorti, jakymi jsou napfiklad poruSend mukociliarni clearance nebo vysokym obsahem soli
snizena baktericidni aktivita defensinu neutrofilnich granulocytd. Na specifické nachylnosti
k infekci P. aeruginosa se pravdépodobné podili samotnd aberace CFTR proteinu, jehoz
extracelularni doména slouzi jako P. aeruginosa-specificky receptor. Za normalnich okolnosti
je vazba bakterii na strukturdln€ nezménény CFTR nasledovana internalizaci bakterii do
buriky a jejich eliminaci z dychacich cest pii epitelialni deskvamaci (213). Je-li v§ak CFTR
defektni, nefunguje jako receptor pro P. aeruginosa, a tudiz ani neprobihd popsany process
vypuzovani bakterii z respiracniho traktu. Na druhou stranu poskozeny CFTR protein vytvari
vhodné podminky pro formovani novych mebranovych receptorti pro bakterie. D&je se tak
snizenim hodnot extracelularniho pH, které vede k alteraci glykosylace epitelialnich
komponent. Netplné glykosylované, asialylované formy membranového glykolipidu GM1
pak slouzi pfimo jako receptor P. aeruginosa. V tomto piipadé viak nenasleduje uzite¢na faze
inkorporace a likvidace bakterie.

Bakterie je také schopna konvertovat ve specifickou mukoidni formu, jeZ je charakterizovana

tvorbou mukoidniho exopolysacharidu alginatu (obr. ¢. 5.4).

Planktonic - f— .
cells — Mawrebiofim 1 ¢.54  Vznik biofilmu
o e X\ baktérii (Kolter R, 1998)
Motility, Il = 0 |
¢ adhesins, and ' T AP |
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Alginat vytvaii na povrchu bakterie ochranny obal, jenz mé tendenci splynout s alginatovym
obalem sousednich bakteridlnich bun€k, a tak vytvofit jakysi vy$§i stupeni bakteridlniho

spoleéenstvi, které je oznaCované jako biofilm (214). Alginat jakoZto sté€Zejni stavebni hmota
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biofilmu umoziiuje bakteriim G€inn€j§i vazbu k bunkam respiraniho epitelu, piedstavuje
efektivni bariéru proti opsonizaci a fagocytéze a poskytuje bakteriim vhodné&jsi podminky pro
rust v mikroprostiedi s omezen¢ dostupnym Zzelezem. Nizké hodnoty Zeleza totiz spolu
s nizkym pH, kyslikovymi radikaly a limitovanym mnoZstvim zivin v bezprostfednim okoli
bakterie pfispivaji k aktivaci tvorby alginatu. Bakterie zalité v alginatu vykazuji vyssi
rezistenci k antibiotické 1é¢b€, coz souvisi s jejich pomalej§im ristem v biofilmu a se
zhorSenou penetraci antibiotik pfes silnou (200 um) a hustou biofilmovou vrstvu.
Biosynteticka draha pro alginat se prolind s ezymatickou cestou syntézy lipopolysacharidu
avzdjemne¢ se tedy ovliviluji. To muze vysvétlovat doprovodny fenomén pii produkci
alginatu, totiz zkraceni ¢i uplnou ztratu O- fetézci LPS, jejichz neuplnost ¢ini bakterii
vnimavou k Géinkiim komplementu a protilatek (215).

Bakterie se nezacCinaji okamzit¢ a automaticky formovat do biofilmu, nebot’ produkce alginatu
patii mezi faktory fizené pfes quorum sensing systém (216). Tento systém dovoluje bakteriim
pomoci jejich signalnich molekul sledovat denzitu vlastni populace. Zaznamena_u -li ve svém

okoli dostateéné mnozstvi bakterii svého druhu, zaé¢nou *

et

hromadné tvofit exopolysacharid. Quorum sensing
systém se vzdy sklada ze syntazy, ktera katalyzuje
syntézu signalni molekuly (u vétSiny gramnegativnich
bakterii jde o acylhomoserinové laktony — AHL), a z
transkripéniho regulatoru, jenz ovliviiuje expresi dalSich
geni. U P. aeruginosa jsou prozatim popsany dva
quorum sensing systémy: las systém, skladajici se z LasR
transkripéniho regulatoru, a Lasl syntazy (produkujici 3- L , Vol o5r
0x0-C12-HSL), a rhl systém s RhiR regulatorem a Rhll syntazou (produku_11c1 C4-HSL).
Zajimavosti je, Ze quourum sensing systém neni svymi u¢inky omezen pouze na prokaryota.
AHL molekuly stimuluji produkci chemotaktického IL-8, inhibuji tvorbu prozanétlivého IL-
12 a TNF-alfa a aktivuji apoptotézu neutrofila (217).

Poznatky 0 quorum sensing systému nepiinaseji jen fascinujici informace o komunika¢nich
dovednostech bakterii, ale nabizeji téZ novy smér, kudy by se mohla budouci protiinfekéni
terapie ubirat (218).

Z vyie uvedeného lze ptedpokladat, Ze i mnohé dalsi faktory virulence jsou do mensi ¢i vetsi
miry pod vlivem regulaénich systémui. P. aeruginosa disponuje celou fadou extracelularnich

enzymi, které se uplatiiuji v jeji patogenité. Lze je podle mechanizmu sekrece a uUcinku
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roz¢lenit do jednotlivych sekre¢nich systémd, Cast&ji se vSak jednotlivé exoprodukty uvadéji
bez vztahu k danému sekre€nimu systému.

Vyjimkou je sekre¢ni systém typu III, jenz obsahuje na 20 rtznych proteinti (219-222).
Systém perforuje mebrany hostitelskych bun€k a vytvaii kandly pro vpraveni svych
efektorovych enzymii do burnky (viz. obr. €. 5.5). Pravidelné je soucdsti rozsahlejsich
genovych oblasti (velikosti 10200 kb), tzv. ostrovi patogenity (pathogenicity islands), které
v sob& sdruzuji vice faktori virulence a jsou schopné vnitrodruhového i mezidruhového
horizontalniho pienosu (223).
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Obr. €. 5.5  Struktura bi¢iku a injektizomu (Cornelis GR, 2006)

Mezi dalsi, jiz klasické exoprodukty P. aeruginosa, patii protedzy (napt. elastdza), exotoxin
A, fosfolipaza C, pigment pyocyanin ¢i hemaglutinin. V kompletnim vyétu faktori patogenity
samoziejm¢ nechybi LPS a strukturni komponenty zprostfedkovavajici primarni adhezi
bakterii k epitelu dychacich cest. Jde o fimbrie a biciky, které vSak bakterie pfi své zméné
v mukoidni formu ztraceji (stejné jako lipopolysacharidové O- fetézce). Mukoidni forma
P. aeruginosa je makroskopicky patrna pii kultivaénim vySetfeni. Jde o velmi specificky
nalez, ktery je takika vyhradné spojen s diagnézou CF, i kdyz muze byt zachycen

i u nemocnych s chronickou bronchitidou ¢i chronickou infekci moc¢ovych cest.
5.1.2.2  Prtubéh P. aeruginosa infekce

Infekce P. aeruginosa ma u CF pomérn¢ charakteristicky prub&h (131, 211). Prvni, ¢asna,
intermitentni faze infekce je zpiisobena nemukoidni formou bakterie, ktera je obecné citlivéjsi
na antibiotickou 1é¢bu. Tuto infekci lze agresivni antibiotickou 1é¢bou eradikovat. Infekce se

vétsinou objevuje v zimnich mésicich a navazuje ¢asto na virovou infekci.
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Pokud neni ¢asna infekce vcas [é¢ena, bakterie vzdy konvertuje v mukoidni formu a infekce

se stava chronickou. Bakterie se stava Casto velmi rezistentni k antibiotické terapii a jeji

eradikace je prakticky nemozna. Protilatkova odpoveéd’ na pritomnost infekce se stupnuje.

Chronicka infekce nepriznive ovliviiuje pribéh zédkladniho onemocnéni. PoSkozeni plic pii

chronické infekel probiha ve dvou stupnich. Bakterie produkuji faktory virulence, které

plsobi lokalni poskozeni tkdni a zvySenou produkci hlenu v dychacich cestach. Poskozeni

plicni tkaneé ma za nasledek zanétlivou odpovéd’, ktera hraje hlavni roli v dalsi destrukei plicni

struktury u CF. Fagocyty, neschopné zlikvidovat mukoidni formu P. aeruginosa. uvolnuji

radu toxickych plisobkt, zahmujicich elastazu, toxické kyslikové metabolity a bioaktivni

lipidy. V disledku plsobeni pseudomonadové protedzy, ktera degraduje inhibitory proteaz,

neinhibovana neutrofilni elastdza pasobi dalsi vyznamné plicni poSkozeni. Vznikajici

imunokomplexy jsou mohutnymi stimuly dal$i zanétlivé odpovédi s indukei TNlalla

a oxidativniho wvzplanuti granulocytd. ZvySuji se 1 koncentrace dalSich prozanctlivych

cytokint jako IL-1, [L-6 a [L-8. Vysoké hodnoty [gG koreluji s horSim pribéhem plicni

infekce, s chronickym neutrofilnim zanétem a vétSim poSkozovanim plicni tkanég.

5.1.2.3  Diagnostika P. aeruginosa infekce

Pro diagnostiku P. aeruginosa infekce jsou k dispozici mikrobiologicka, molekuldrné-

genetickda a serologicka diagnostika (viz. tab. ¢. 5.1) (224). Celosvétové rutinni je pouze

mikrobiologické vySetreni.

Tab. ¢. 5.1 Dostupné diagnostické metody pro detekcei P. aeruginosa u CF

Metodika
Kultivace
Zpracovani
Bézna kultivadni média
Kultivaéni média pro Gram- baktérie
Setektivni kultivaéni média

Oblast
Nasopharynx
Oropharynx
Bronchy

Bronchy / alveoly

Vysetfeni protilatek
ELISA

Western blott
Zkrizend immunoelektroforéza (CIE)
| Molekulamé-genetické metody

Priklad

Krevni agar
McConkey agar
P. ucruginosa specificky agar, cetrimide agar

Nasopharyngealni aspirat - sekret HCD

Vytér krku, stér z tonzil

Sputum spontanné produkované, indukované (hypertonickou soli)
Bronchoalveolarni lavaz — sekret DCD

Nepurifikované antigeny (celobunééné proteiny)
Purifikované antigeny (exoproteiny)
Celobunécné proreiny

Precipitiny

PCR
FISH
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5.1.2.3.1 Mikrobiologicka diagnostika — mikroskopie, kultivace

Vzhledem k lokalizaci infekce a jejimu co nej¢asnéjSimu zachytu je vhodné pravidelné
mikrobiologické (mikroskopické a kultivacni) vysetieni, nejlépe | x mési¢né, vytéra ¢i sekretu
dychacich cest a samozrejmeé vySetieni pii kazdém zhorSeni respiracnich priznaku.

Nejvetsi vypovédni hodnotu o infeker dolnich cest dychacich ma vysetfeni sputa a sekretu
dolnich cest dychacich ziskanych pti bronchoskopickém vysetieni. (Odliseni sputa od sekretu
hornich cest dychacich se déje mikroskopickym vySetfenim. Vzorek lze povazZovat za sputum
v pripadé nalezu alesponl 25 leukocytd a maximalne 10 epitelidlnich bunék v jednom zorném

poli.)

5.1.2.3.2  Molekularné genetické metody

Molekularné genetické metody, zvlaste PCR nabyvaji v mikrobiologické diagnostice stale na

vétSim vyznamu. Vyhody a néktera rizika pouziti PCR shrnuje tabulka (viz. tab. ¢. 5.2).

Tab. ¢. 5.2 Vyhody a nevyhody PCR diagnostiky u CF

Vvhody a nvv)"hodyF('l{ diagnostiky s pfii\lédlluliltl k CF problematice

PCR detekce zaméfena na jedinecnou genetickou sekvenci dané bakterie zcela eliminuje moznost mylné

identifikace bakterie, k niz pri bézném mikrobiologickém provozu maze dojit.

PCR metz)d_y maji vyssi citlivost, diky niz dokazi ze_ichytit patog?%n v klinickém materialu dFive nez bézna

kultivace. V pfipadé detekce B. cepacia se jedna aZ o jednoro¢ni interval mezi pozitivitou PCR a kultivaci.

' Vysledky molekularne geneticke analyzy jsou dostupné béhem nékolika hodin. PCR diagnostika je veln

prinosna prave u CF, kde se setkdvame s pomérné vzacnymi patogeny. Bakterie typu B. cepacia,

Stenotrophomonas spp., Ralstonia spp. ¢ Pandorea spp. mohou zlstat v ramei rutinniho vysetreni nerozpoznany

z divodl nepouZzivani selektivnich pld, lokalni nedostupnosti nékterych biochemickych identifika¢nich systémi
\

a téz z ddvodu malé zkudenosti mikrobiologické laboratofe s témito neobvyklymi patogeny.

‘ Vyssi citlivost metody d'ov_ol-uje zachyt patogenu v dobé, kdy se v klinickém materidlu vysk‘yluju_‘ v malém, jesté
nekultivovatelném mnozstvi. Své uplatnéni tak PCR nachézi téz v ¢asné detekcei P. aeruginosa nebo B. cepacia.
Okamzita klinicka odpovéd’ ve smyslu zafzeni ¢asné pozitivniho pacienta do jedné ze skupin, jez se vytvdieji
podle mikrobiologickych nalezi, vyznamné piispivé k budovani maximalni efektivniho izola¢niho systému,
ktery brani dalsimu §ifeni infekce. Musime si viak byt védomi toho, Ze vysoka citlivost metody ma i svou ‘

stinnou stranku, reprezentovanou rizikem falesné pozitivity (tj. laboratorni kontaminace).

Molekularni metody jsou neocenitelnym pomocnikem v mapovani epidemiologicke situace, tj. v identifikaci

prenosnych kment, které jsou zodpovédné za Sireni infekce mezi pacienty.
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V soucasnosti je nejlépe propracovana PCR detekce mikroorganizmu patticich do komplexu
B. cepacia az k podrobnéjsi stratifikact komplexu B. cepacia na Groveni genomovard (225-

228), viz. tab. ¢. 5.3).

Tabulka ¢. 5.3 Prehled nazvi vSech genomovari komplexu Burkholderia cepacia
Species (druh) ) Genomovar
Burkholderia cepacia genomovar |
Burkholderia multivorans genomovar [
Burkholderia cenocepacia genomovar III
Burkholderia stabilis genomovar [V
Burkholderia vietnamiensis genomovar V
Burkholderia dolosa genomovar VI
Burkholderia ambifaria genomovar VII
Burkholderia anthina genomovar VIII
Burkholderia pyrrocinia genomovar [X
Burkholderia ubonensis genomovar X

PCR diagnostika P. aeruginosa je celosvétove testovdna, ale vzhledem k fale$né pozitivité
nenf zatim rutinné pouzivana v klinické praxi (224, 229-232).
Dalsi z molekularné genetickych metod je metoda FISH. Tato metoda ale vzhledem k neprili§

vysoké senzitivité nepresla do klinické praxe (233).

5.1.2.3.3 Serologie

Serologické vySetfeni ma vyznam predevSim u neexpektorujicich pacientt, tedy hlavne
malych déti. V séru pacientd jsou stanovovany specifické protilatky proti P. aeruginosa,
jejichz pritomnost a plazmatické hladiny koreluji jak s konverzi infekce v chronickou fazi
a tizi plicnich zanétlivych zmén, tak s ¢asnou infekei, pokud jsou jiz ptitomny specifické
protilatky (234-236). P prvnim zachytu P. aeruginosa jsou hodnoty protilatek casto
nezvySeny. Podle nékterych autord naopak protilatky stoupaji jesté¢ pred kultivaénim
zachytem patogenu (237).

Podle hladiny titru antipseudomonadovych protilatek je také mozno sledovat dynamiku
infekce. Uspésna i.v. antibiotickd terapie je spojovéna se stabilnim ¢i klesajicim titren
protilatek. Vyhodou této neprimé diagnostiky je detekce ze séra, tedy moznost provedeni
diagnostiky u kazdého pacienta bez potteby sputa, nevyhodou je relativni finan¢ni nakladnost.
Principennt je kvantitativni vysetfeni hladiny antipseudomonadovych protilatek pritomnych
v periferni krvi pacientd s CF pomoci metody ELISA. Tato metoda je velice citliva a detekuje

protilatky ve tiidé lgG nejcastéji proti 3 specifickym antigenim P. aeruginosa (alkalické
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proteaza, elastaza a exotoxin A). Ke stanoveni pozitivniho vysledku staéi pozitivita jedné

z protilatek.

. T __°

0 500 1250 10 000 Titr protilatek

negativni  hrani¢ni pozitivni chronicky

Obr. €. 5.6 Serologicka diagnostika P. aeruginosa infekce dle titru specifickych protilatek

5.1.3  Komplex Burkholderia cepacia

Komplex B. cepacia je gramnegativni aerobni pohybliva tycka, ktera se bézné vyskytuje
v piirodé. Nachazi se ve stojatych vodédch, ale i v tekach, jezerech a v mofské vodé.
Zachycena byla ve sklenicich, na zeleniné, v inhaldtorech, v kosmetickych piipravcich.
v nepasterizovaném kravském mléku 1 v dezinfekénich roztocich (238). V puadé osidluje
koreny rostlin, s nimiz casto Zije v symbidze. Produkuje rostlinné hormony a mnozstvi
antibiotik, v¢etne latek s antifungdlnim Gc¢inkem (cepacin, cepaciamid ¢1 chinolon pseudan),
metabolizuje organické odpadni latky typu ftalat nebo chlorovanych uhlovodikl, dokonce
neékteré kmeny jsou schopny vyuzivat penicilin G jako zdroj uhliku. Pro tyto vyjimecné
schopnosti byla v 90. letech minulé¢ho stoleti zarazena mezi slibna biodegradaéni
a biokontrolni agens (registrované jako biopesticid Deny, Blue Circle nebo Intercept). Mozné
vyuziti B. cepacia pro zemédelské uUcely se vSak dostalo do ostrého rozporu sjejim
prokazanym patogennim potencidlem. Bakterie zplisobuje plicni infekce predev§im u pacientl
s CF. Infekce jsou vétSinou chronického charakteru, 1 kdyz jsou popsany 1 pripady tranzientni
kolonizace (239). Kromé CF bakterie dale ohroZuje pacienty s primarnim nebo sekundarnim
poskozenim mmunity (zvlast€ pacienty, ktefi maji chronickou granulomatozu, a nemocné na
anesteziologicko-resuscitacnich oddélenich).

Walter Burkholder ji v roce 1950 idenfikoval jako pfi¢inu hniloby cibule (latinsky Allium
cepa, odtud odvozen druhovy nazev cepacia ) a zaradil ji do rodu Pseudomonas. V roce 1992
byl pro Pseudomonas cepacia a dalSich Sest bakteridlnich druhtt vytvoren novy rod
Burklolderia (240).

B. cepacia je tedy znama jako lidsky oportunni patogen, fytopatogen, prospéSny rostlinny
komenzal | biodegradacni agens (241).

Pro komplex B. cepacia byla zavedena taxonomické jednotka genomovar, coz je v podstaté

druh definovany pomoci molekularné genetickych metod (242, 243). Genomovar nelze odhsit
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od pfibuznych druhti (genomovari) béZnymi mikrobiologickymi metodami. Kmeny ptivodné
oznacované jako Burkholderia cepacia se tak rozd€lily nejprve do péti (1997), pozdéji do
deviti genomovart (2002), jez se dohromady oznacuji jako komplex B. cepacia (viz. tab. ¢.
5.3) (244). B. cenocepacia (genomovar III) a B. multivorans (genomovar II) odpovidaji
celosvétové za naprostou vétsinu Cepaciovych infekci u pacientii s CF.

V roce 1990 byl poprvé popsan prenos infekce mezi pacienty. Rada CF center nasledné
identifikovala pfenosné, tedy epidemické kmeny Cepacie. Nejznaméj§im piikladem je kmen
z genomovaru III, oznaCovany jako ET12, ktery se rozsisil mezi CF nemocnymi v Kanadé
anasledn¢ ve Velké Britanii (viz. obr. ¢. 5.7). Tato zjisténi vedla k zavedeni pfisnych
protiepidemickych opatteni. Celosvétove je dodrzovan ptisny segregaéni systém dle infekce
(viz. tab. ¢. 5.4).

Bakterie B. cepacia komplexu disponuji stejné jako P. aeruginosa celo tadou klasickych
extracelularnich produktt zahrnujicich lipazy, protedzy, hemolyziny (schopné indukovat
apoptozu a degranulaci fagocytl), kataldzy a siderofory vazajici Zelezo. Kapacita LPS
endotoxinu indukovat prozanétlivy TNFalfa byla v porovnani s endotoxinem P. aeruginosa
vice nez devitinasobna. Adheze bakterii k epitelu dychacich cest je zprostiedkovéana riznymi

typy vlaken (napt. mesh vlakny ¢i filament6znimi pili). Za zvlastni pozornost stoji obii vlakna

oznaCovana jako cable pili, ktera byla pozorovéna vyhradné u epidemického kmene ET12

(viz. obr. &. 5.7).

Obr. C. 5.7 Elektronopticka fotografie bakteridlni buiiky
B. cenocepacia, ktera patii k epidemické linii ET12, jez na
svém povrchu exprimuje obii vlakna (Sajjan US, 1995).

Diagnostika B. cepacia je standardné kultivatni. V souCasné dob& pfibyva pracovist
vyuZivajicich dale molekularné genetické metody, hlavné PCR a i kdyZ je mozno detekovat
protilatky proti B. capacia, rutinné se v klinické praxi serologie nevyuZziva.

Nejvétsim klinickym problémem t&chto bakterii je jejich vysokd rezistence na antibiotika

vyzadujici ¢asto podani troj az étyFkombinace a vyuziti jejich synergistického ti¢inku.
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Tab. €. 5.4 Izolacni systém CF pacientti dle mikrobiologického nalezu

nekolonizovani

infikovani meticilin-rezistentnim Staphylococcus aureus

infikovani P. aeruginosa — sporadickymi (4j. nepfenosnymi) kmeny
infikovani P. aeruginosa — epidemickym (4. pfenosnym) kmenem
infikovani B. cepacia komplex — prokazané pouze pomoci PCR
infikovani B. multivorans

infikovani B. cenocepacia — sporadickymi kmeny

infikovani B. cenocepacia — epidemickym kmenem

infikovani B. stabilis

Obr.¢. 5.8  Genomicka struktura
a hlavni faktory virulence

B. cenocepacia ET-12
(Mahenthiralingam E., 2005)
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5.1.4 Dendritické buriky u pacientd s cystickou fibrozou

Pochopit sloZity mechanizmus inicializace a prib&h P. aeruginosa infekce ve specifickém CF
prostiedi se zatim veédcim celého svéta nepodafilo. Drobné stéipky odkryvajici
a napomahajici pochopit tento slozity proces se neustéle objevuji.

Dendritické buriky se vzhledem k zasadni roli v regulaci imunitni odpovédi staly cilem studia
mnoha vyzkumnych tymu i v ramci studia interakce pravé téchto imunitnich bun¢k v prostredi
chronické plicni infekce u CF pacientt.

Vétsina praci je vSak z oblasti experimentalnich modelti, pokusi na CFTR knock out mysich,
na bunéénych liniich a in vitro pokusy na DC pfipravenych z monocyti periferni krve. Zvlaste
piinosna jsou data o plicnich DC, nejenom u CF, jejich interakci se specifickymi patogennimi
strukturami baktérii, cesty aktivace spec. PRR (vétSinou z rodiny TLR) a cesty signalizace
(245-253).

Zasadni roli v obrané proti infekci hraje epitel dychacich cest (254). Interakce respiracnich
epitelidlnich buné&k s respiraénimi DC je intenzivné studovéana také v CF prostfedi zvlaste

v pfitomnosti P. aeruginosa (255-260).
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Neutrofilni zanét v plicich CF pacientd je doprovazen produkei patologickych mnoZstvi
cytotoxickych molekul, hlavné neutrofilni elastazy. kterda blokuje ucinek antiprotecaz
a naruSuje nespecifické imunitni obranné mechanizmy véetné aktivace DC (261, 262). Dle
prace Roghanin a spol. je schopna elastaza neutrofil pritomna ve sputu CF pacientii blokovat
maturact DC a zabranit tak aktivaci obrannych mechanizmd proti chronické infekei
P. aeruginosa u CF pacientl (263, 264).

VSechna tato data jsou velmi cenna pro pochopeni, jak funguje modifikované plicni CF

prostredi v interakct se specifickymi patogeny.

5.1.5  Vlastni pozorovani

Pr1 komplexnim TreSeni problematiky CF jsme se zacali u téchto pacientll zabyvat také
stéZzejnimi buikami imunitni reakce, dendritickymi bunikami. Zvlasté jsme se zaméfili na
jejich specifikact u CF pacientd a na jejich interakci s infekénimi agens, zejména
P. aeruginosa a B. cepacia. Ve stejné oblasti jsme studovali 1 TLR receptory, dulezité

struktury v iniciac imunitni dopovédi a v reakci na infekei.

Vysledky studia interakce infekce a imunitniho systému u pacientu s CE byly opakované
prezentovany na prednaskach a formou postert na domacich 1 zahrani¢nich konferencich (viz.
kap. 7.). Tématika studia dendritickych bunék u pacientd s CF byla pfedmétem interniho

orantu FN Motol, ktery byl ocenén cenou feditele jako nejlepsi interni grant za rok 2003.

5.1.501 Metodika ptipravy z monocytl derivovanych DC

V ramci optimalizace metodiky pripravy DC z monocytl periferni krve pfed testovanim DC
od CF pacientl nas zajimala otazka, jakym zplsobem na DC a jejich maturaci G¢inkuji
bakterialni imunomodulatory, bézné klinicky pouZivané preparaty na podporu imunity.
Bakterialn{ imunomodulatory jsou heterogenni skupina lékd (obsahujici bakterialni lyzaty
nebo extrakty definovanych kmenl bakterif) béZné& pouzivanych v klinické praxi pro
nespecifickou stimulaci imunitniho systému (viz. obr. ¢. 5.9). Bakteridlni imunomodulatory
byly spolu s enzymopreparaty testovany i u pacientli s CF (265).

Tato problematika byla publikovana v zahrani¢nim (Vaccine) i domacim (Alergie) odborném
asopise (viz. .. ptiloha, kap. 7., A4, B4). Publikace byla citovana dalSimi autory
v impaktovanych ¢asopisech. V doméacim odborném tisku byla tato prace ohodnocena cenou

za nejlep$i pivodni ¢lanek v ¢asopisu Alergie pro rok 2004.
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* GALT: Gut Associated Lymphboid Tivue * BALE: Brovches Assscisted Lyponplbail Toosuse
Obr. ¢. 5.9  Ptedpokladany mechanizmus t¢inku bakteridlnich imunomodulatort (WHO
Drug Information, 1993)

Zjistili jsme zna¢né rozdily v puisobeni jednotlivych testovanych preparati. Nékteré preparaty
vyrazné indukuji maturaci DC (Luivac® a Ribomunyl®, v men3i mife Imunor® a Biostim®).
Vyznam této prace byl nejenom ve zdokonalovani technologie pfipravy DC, ale i pro
pochopeni mechanismu u¢inku téchto $iroce pfedepisovanych 1€k.

publikovédna prace, kterd by testovala vSechny na trhu dostupné imunomodulatory.
V jednotlivych pracich se vSak li§i kvalita fungovani jednotlivych testovanych
imunomodulancii jako matura¢ni €inidla v procesu maturace DC (266, 267). Prace slouzila

jako metodicky podklad pro nasledné studium interakce DC a infekce u pacientd s CF.

5.1.5.2  Vlastni studium DC u CF pacienti

Vysledky studia DC u CF pacientti byly opakované prezentovany na domacich a zahraniénich
konferencich (viz. LT ptiloha, kap. 7.).

V pilotnim projektu nas zajimalo, zda jsou DC u CF pacienti pln¢ funkéni a zda maji
srovnatelné fenotypické vlastnosti s DC u zdravych darct. Déle jsme se zaméfili na vliv
kment P. aeruginosa a B. cenopacia na aktiva¢ni stav DC. Zajimala nas hlavn¢ otdzka, zda je
mozné rozdiln€ ovlivnit maturaci DC odliSnymi bakteridlnimi kulturami (Zivé versus tepelné
inaktivované bakterie).

Provedli jsme mnoho pokust, které opakované potvrdily, Zze DC u CF pacientl se fenotypicky
ani funkéné nelisi od DC zdravych darcd. Zasadnim zjisténim je fakt, Ze tepelné inaktivované
bakterie aktivuji nezralé DC ve vSech testovanych parametrech. Ve shodé s fenotypem
zralych DC u nich byla vyrazné¢ redukovana schopnost fagocytézy a zvySena exprese

Xostimulaénich a s maturaci asociovanych molekul. Zralé DC produkuji cytokiny polarizujici
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odpovéd ve sméru Thl, coZ potvrdila i analyza aktivovanych T lymfocytd. Zivé bakterie
nejsou schopny plnohodnotné aktivace nezralych DC a nejsou tedy schopny vyvolat zahajeni
imunitni reakce.

Rozdilnd aktivace DC mrtvymi a zivymi bakteriemi otvird novy smér vyzkumnych aktivit

v oblasti studia patofyziologie respiracniho postiZeni u téchto pacientu.

Obr. ¢.5.10 Morfologie (konfokalni mikroskop) DC u CF pacientii

Obr. €. 5.11 Nezralé DC aktivng pohlcuji P. aeruginosa
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Obr. ¢.5.12  Fenotyp DC u CF pacientli Obr. €. 5.13  Funk¢ni vlastnosti DC u CF
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5.1.5.2.1 Srovnani vlastnich zavéru se svétovou literaturou

Stejné jako naSe pokusy, je 1 vétSina svétové odborné literatury s DC pripravenymi
z monocytl periferni krve, tedy pokusy in vitro.

NaSe vysledky v oblasti polarizace imunitni odpovédi ve sméru Thl Gram negativnimi
baktériemi je ve shodé se svétovou LT (249, 268, 269).

Také odliSna schopnost maturace Zivymi a usmrcenymi bakteriemi byla jiz publikovana, ale
u jinych bakterialnich kment a bez spojitosti s CF (270-274).

Viechna tato data jsou velmi cenna pro pochopeni, jak funguje modifikované plieni CF

prostredi v interakcl se specifickymi patogeny.

5.1.6 Uloha TLR4 v patogenezi respiraéniho onemocnéni u CF

V souvislosti s esencialni ulohou Toll-like receptord v primarni obrané organismu proli
patogeniim jsme se rozhodli jimi zabyvat také u CF pacientd.

~Navazani TLR s PAMP vede k aktivaci signalizaéni kaskady, iniciaci imunitni odpovédi
amobilizaci obrannych mechanizmt. Casto viak mize systémova odpovéd na zanél
(zanethivé faktory v perifernim obéhu, horecka), kterd je velmi rychla a uéinna, ve svém
extrémnim projevu az organismus ohrozit na Zivoté (septicke stavy, (275)). Proto je ziejmé,
Zze se v pribéhu evoluce vyvinuly mechanismy, kterymi je zanétliva odpovéd brzdéna.
Nékteré z nich plsobi jiz na urovni signalizace TLR a mnoho studii se v dnesni dobé
zaméfuje na negativni regulaci této aktivace. Alternativni sestfih pfi transkripct mRNA je
jednim z mechanismi, které se mohou uplatiovat v regulaci vnitrobunéénych signaliza¢nich
drah. Vedle rady novych molekul byly objeveny inhibi¢ni ucinky .splicing variant®
nékterych molekul ze signalni drahy TLR. Tento zptsob inhibice byl zaznamenan také piimo
u mysiho TLR4. Alternativnim sestfihem myssi TLR4 mRNA wvznika kratky protein
(smTLR4) obsahujici pouze signalni cdst bez transmembranoveé a intracelularni domény.
Vysoka homologie s lidskym TLR4 napovida, Ze mechanismus regulace by mohl byt podobny
1u hidi.

TLR4 specificky rozpoznava LPS G bakterié a tedy 1 LPS P. aeruginosa chronicky pritomny
u CI' pacientd (270). Vzhledem k neschopnosti imunitniho systému CIE pacientl ucinné
eliminovat tuto G~ infekci je mozno predpokladat 1 urcitou dysregulaci TLR4 signalizace

u téchto pacientt (277).

5.1.7 Prehled poznatki o TLR u CF

Vétsina dosud publikovanych praci byla provedena na buné€cnych liniich ¢t u mysich modeld.
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Greene a spol. srovnavala exprexi TLR2/1, TLR2/6, TLR4, TLRY po stimulaci specifickymi
TLR agonisty v trachealnich deltaFS08 epitelialnich liniich v porovnani s kontrolni linif (255).
Exprese jednotlivych TLR byla srovnatelna v obou testovanych liniich.

Muir a spol. srovnavala expresi jednotlivych TLR v respiracnich epitelialnich liniich u CF,
kontrol a analogicky u CFTR knock out mysi a wild type mysi (278). U CF epitelialnich linii
1 my$3i byla nalezena zvySena exprese pouze TRL2 na apikalni membrané epitelidlnich bunek

v reakci na bakterialni stimulaci.

5.1.8  Vlastni pozorovani

Vysledky této prace byly opakované prezentovany na doméacich 1 zahraniénich konferencich.

Clanek s touto problematikou byl publikovan v Microbes and Infection (viz. kap. 7., A3).

Cilem prace bylo zmapovani kinetiky exprese jednotlivych transkripénich (sestithovych)
variant lidského TLR4 u monocytd a DC. Zajimalo nas zda je TLR4 signalizace
modifikovéana nebo negativné regulovana pii chronické G infekcei u CF pacientd.

Vysledky ukazaly u obou typl bunék po stimulaci lipopolysacharidem specificky profil
exprese kazdé z variant. Zatimco dveé varianty byly po aktivaci stabiln¢ deregulovany.
varianty NM 138554 (s exonyl,3,4) a NM003266 (1,2,3,4) ukazaly prudky vzestup exprese
mezl 2 a3 hodinou stimulace s naslednym poklesem na minimum. Monocyty od CF pacientd
po LPS stimulaci ukazaly oproti kontrolam signifikantné (p<0.05) sniZenou schopnost zvysit
expresi nejdelsi varianty (NM003266). Tato deregulace byla provazena signifikantné (p<0.05)
zvySenou produkel TNF u CF pacientt.

Dva testované typy APC, monocyty a dendritické bunky in vitro vypéstované z monocytl
vykdzaly v pribéhu aktivace LPS odliSny charakter exprese sestiihovych variant TLR4.
Zatimco u monocytl dochdzi k narGstu exprese primo z bazalni hladiny pred stimulaci,
u dendritickych bunék dojde ithned po aktivaci ligandem k velmi rychlému sniZeni exprese
a poté k postupnému zvySovani nad Uroveil bazdlni hladiny. Tento rozdil mizZe souviset
s rozdilnou funkel monocytl a DC v imunitnich reakcich. DC jsou o mnoho potentnéjsi APC
nez monocyty a je mozné, ze hladina TLR je po stimulaci sniZzena, aby nemohlo dojit ke
vzniku piehnané posSkozujici reakcee.

Monocyty Cl' pacientd ve srovnani skontrolami odpovidaji na stimulaci LPS méné
intenzivnim vzristem exprese vy$e zminénych sesttihovych variant. Tento defekt spolu
s pozorovanou vyssi produkei TNF po stimulaci LPS naznacuje dysregulaci TLR4 signalizace

u CF pacientd.
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Pro plné pochopeni ulohy TLR4 a jeho pfip. dysregulace v patogenezi sino-pulmonalniho

postizenf u CF pacientd jsou vSak nutné dalsi studie.
5.1.8.1  Srovnani vlastnich zavéri se svétovou literaturou

Exprese jednotlivych sestithovych variant TLR4 u CF nebyla v hundnni mediciné dosud
publikovana.

Pomalcejsi odpovéd” monocytii CEF pacientd na stimulact LPS ve srovndni s kontrolami
provazena méné intenzivnim vzrastem exprese vyse zminénych TLR4 sestfthovych variant je
ve shodé se sve€tovou literaturou dokumentujici zpozdénou LPS indukovanou odpovéd’
v respiracnich epitelidlnich bunkach CF pacientd (279). Pozorovand vyssi produkce TNEF po
stimulact LPS u CF pacientl je také ve shode se svétovou literaturou (280) na rozdil od
produkce [L-8, ktera v nasi studii po stimulact LPS u CF pacientt zvysSena nebyla (279, 281).
SniZzend schopnost dostate¢né exprese inhibi¢ni TLR4 splicing varianty (NMO003266)
v myeloidnich burikdch CF pacientl, kterd by tak vedla ke zvySené odpovédi na stimulaci
1TLR4, je ve shodé se svétovou LT, dokumentujici zvySenou aktivact NF-kappaB v LPS

stimulovanych respiracnich epitelialnich burikach u CF pacientd (279, 282).
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6 Diagnosticka aplikace v klinice - protilatky proti P. aeruginosa

Zkoumani imunitniho systému CF pacientd vedla ke klinické aplikaci v podobé serologické

diagnostiky infekce P. aeruginosa - vySetfovant titru protilatek proti P. aeruginosa.

6.1 Prehled poznatku v dané oblasti

Obecné informace tykajici se Gram negativni tyCky P. aeruginosa, vlastnosti, diagnostika

a jeji specifity u CI shrnuje jina kapitola (viz. kap. ¢. 5.1.2).

6.2 Prehled poznatku v serologii infekce P. aeruginosa u CF

Problematice serologické diagnostiky P. aeruginosa infekce u CF se vénuji vyzkumné tymy
jiz od poloviny sedmdesatych let minulého stoleti (283). Od té doby vyslo mnoho publikaci
vénujicich se tomuto tématu (napt. (81, 237, 284-288)).

Existuji pracovisteé, ktera jiz pfi serologické pozitivité P. aeruginosa infekce zahajuji razantni
protipseudomonddovou lécbu (Déansko a Neémecko), jiné zem¢ berou serologickou
diagnostiku jako doplnujici informact ke kultivact (USA a dalsi).

Nejdelsi sérologicka studie korelujici titry protilatek proti P. aeruginosa s intenzitou lécby
a prezitim pacientl byla provedena béhem 30 let v Dansku u 157 CF pacientti. Vzestup titru
specifickych protilatek zcela koreloval s kultivaénim nélezem bakterie. Pacienti, ktefi byl
razantné lé€eni, méli nizsi titry specifickych protilatek a prezivali déle od zachytu patogena
(285).

Nejvetsi serologicka studie byla provedena u 375 Evropskych CF pacienta. V 1791 vzorcich
sér byly zméfeny titry specifickych protilatek proti exotoxinu A, elastdze a alkalické protedze.
Protildtky s pozitivnimi titry proti alkalické fosfatdze dosahovaly nejvyssi senzitivity.
Nejvyssi senzitivita byla dosazena kombinaci vySetfeni vSech tii titrd specifickych protilétek.
U CF pacient(, u kterych doslo k uspésné eradikaci patogena, doslo k signifikantnimu poklesu
titrhi specifickych antipseudomonddovych protilatek. Titry protilatek pri prvozéchytu
P. aeruginosa infekce byly pomérné nizké. Autofi doporuuji vyuzivat serologicke
diagnostiky k monitoraci 1é¢by, avsak nelécit pacienty pouze dle vysledki serologie (237).
Dvé prace zabyvajici se touto problematikou vysly v roce 2006 v ¢asopisu Thorax (286, 288).
Vzhledem k rozdilnym vysledkiim pres pouziti zcela shodné diagnostické metody (ale
rozdilnych cut-off hladin, viz. tab. ¢. 6.1), nechybélo ani zamysleni odbornikd, pro¢ tomu tak

je (284). Hlavnim nedostatkem serologické diagnostiky je malé mnoZstvi standardizovanych
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komeréné dostupnych kit (celosvétové jsou teprve od roku 2006 dostupné 2 druhy Kkitl,
mnoho pracovist’ si vSak zvlast€¢ z financnich divodu protilatky vyradbi nadale samo).
Celosveétoveé neextuji jasné dané cut-off hladiny urcujici pfitomnost infekce. Serologie dale
nedokaze rozlisit lokalizact infekel v dychacich cestach, zda se jedna o infekei hornich a nebo
dolnich cest dychacich (289).

Pro budoucnost se jevi jako zasadni optimalizace a zvySeni specifity serologickych
diagnostickych metod pii detekct P. aeruginosa infekce. Jako kandidatni cilové struktury se
Jevily jiz drive testované bicikové antigeny, panreaktivni protilatky proti “rough” LPS (290) a

nove také cytotoxiny II. sekrecniho systému ((291-293), viz obr. €. 5.5).

Tab. ¢. 6.1 Srovnani dvou studii zabyvajicich se serologickou diagnostickou P. weruginosa

Publikovano v Thorax, 2006 L. 11 B
AULOF Kapler et al. | Tramper-Stranders et al.
Mésto, Zemé Mnichov, Némecko Utrecht, Holandsko
Trvani studie 2000-2 2002-5
Design “Prospektivni: méfeni titru protilatek 4 | “Cross-sectional (A) a prospektivni
3 mésice po dobu 2 let (B) Srovnani serologie a kultivace
Korelace s mikrobiologickou kultivaci | v roce 2004, prospektivné Ix rocné u
CF deéti
Pocet CF pacientll 183 (A) 220 (B) 57
VéEk (v letech) 2-41 0.7-65 4-14
~ Median 15.7 11.8 7.9
Pramér 16.7 14.5 8.1
P. aeruginosa infekce’
Free 37% 42% S54%
Internmitentni 15% 27% 23%
| Chronicka 48% 31% 23%
Mukoidni 54% ? ?

Metodika - Komer¢né dostupny | pozitivita pii titru kterékoli protilatky | ROC determinované cut off hladiny
ELISA kit (Mediagnost, nad 1:500
Neémecko) detekujici titry
protilatek proti alkalické
| protedze, elastdze a exotoxinu A |

“Korelace titru protilatek nejdtive s kultivaci ze 2 predchazejicich let, nasledne ze 2 nasledujicich let.

"Stanoveni titru protilatek na konci sledovaného obdobi (2004) v cross-sectional studii (A) a pravidelné Ix rocné
po dobu 3 let zaroveti s kultivaci v prospektivni studii (B).

“Chronicka infekce P. aeruginosa definovana Kapler a spol. jako pozitivnich >7 z 8 kultivaci, Tramper-

Stranders a spol. jako pozitivnich >50 % ze viech kultivaci.

6.3 Vlastni studie

Serologickd diagnostika protilatek proti P. aeruginosa se stala rutinnim kazdoro¢nim

vysetfenim u vsech CF pacientli od roku 2004.
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UJ neexpektorujicich pacientli hraje serologie vyznamnou roli ve sledovani pritomnosti
infekee P. aeruginosa.

Projektem, ktery byl prezentovan v souborném ¢lanku (viz. kap. 7., B3) a opakované i formou
postertt (viz. kap. 7.) se stalo porovnani jednotlivych diagnostickych metod pii odhaleni

ptitomnosti P. aeruginosa infekce.

6.3.1 Zavéry

Serologie

Pt zjiSténi pozitivity titrG protilatek je nutné vzdy uvazovat o infekct P. aeruginosa.
Protilatky vsak pfinaseji i informaci anamnestickou a izolovany nélez pozitivnich titrd mdze
sveédeit o infekei prodélané v minulosti.

Hranicni titry protilatek se objevuji u ¢asti pacientd n€kolik mésicl pred kultivacnim
zachytem bakterie.

Protilatky proti exotoxinu A se v naSem souboru jevily jako nejvice senzitivni, u ¢asti CF
pacientli se objevovaly diive nez protilatky proti dal$im dvéma specifickym exoantigenim
P. aeruginosa (viz. obr. €. 6.1). Nejvys$i namérené titry protilatek proti jednotlivym
exoantigenm ukazuje tabulka ¢. 6.2.

Negativita protilatek, zvlasté u mladsich déti, vSak infekci nevylucuje (288).

Funkce plic a stav vyzivy u pacientd skultivaéné opakované potvrzenou chronickou
P. aeruginosa infekcei a opakovanou negativitou titri protilatek proti této baktern byl vyrazné
hor$i v porovnani s jedinct s chronickou infekei, jejichz imunitni systém reagoval na infeker

produkci specifickych protilatek.

Tab. ¢. 6.2 ¢ vySSi namerené titry protilatek proti jednotlivym exoantigentim
P. acruginosa

R Exoantigen Nejvy3si zméF_eny'_t_itr protilatek '

Llastaza 1:28 000
: Lxotoxin A 1:18 000 -
Alk. proteaza . 1:14 000




Abcalickd protedza IS Exotoxin A
3 b anicni

B pozitvni

O regativni

Elastiza

DOPozitivita 1 Ab
BPozitivita 2 Ab

DPozitivita 3 Ab

Obr. ¢. 6.1  Titry protilatek (%) proti jednotlivym exoantigenim P. aeruginosa; pozitivita
(%) proti jednomu, kombinaci a vSem tfem exoantigenim P. geruginosa

Zavéry vyplyvajici ze studia porovnavajici jednotlivé diagnostiky P. aeruginosa infekce
(viz. kap. 7, B3):

Nejvyraznéji negativné ovliviiuje funkci plic infekce B. cepacia, jejiz klinicky efekt piekryva
klinicky dopad infekce P. aeruginosa.

Také infekce P. aeruginosa vyznamné ovliviiuje funkci plic a ob& bakterie vedou
k vyraznému zhorSovani funkce plic s vékem.

Dulezité je zamezit chronické infekci P. aeruginosa, nebo ji alesponl oddalit a zabranit tak
vzniku nevratnych plicnich zmén.

Je zcela nezbytné dal$i zdokonaleni a zpfesnéni laboratornich diagnostickych metod
vedoucich k v€asné diagndze a tim k moZnosti ¢asné 1éCby infekce P. aeruginosa.

Ve srovnani kultivacnich metod a vySetfeni pomoci PCR se ukazuje, Ze v pripadé
P. aeruginosa ani jedna metoda neni sama o sob¢ pln¢ spolehliva.

Ve srovnani s PCR vySetfenim infekce bakteriemi B. cepacia komplex neddvda PCR
diagnostika infekce P. aeruginosa tak spolehlivé vysledky a je zde velké podezfeni na
moznost fale$né pozitivity. Zjistény byly ale i ojedin¢lé nilezy PCR negativni a kultivacné

pozitivni. Rutinni pouzivani PCR metody pro zachyt a fizeni 1é¢by infekce P. aeruginosa tedy
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pii soucasnych metodach nelze zatim doporucit jako piesnou a spolehlivou metodu v¢asného
zachytu infekce.

V ptipad¢ infekce P. aeruginosa je zatim zékladem diagnostiky a mikrobiologické
surveillance ¢asté (4 1 mésic) a pravidelné provadéné kultivaéni vySetfeni v plné€ erudované
avybavené mikrobiologické laboratofi, doplnéné vySetfenim protilatek. Vysledek této
kombinace metod muze byt dobrym voditkem pfi rozhodovani o 1é¢bé.

Pii zjisténi pozitivity titri protilatek je nutné vzdy uvazovat o infekci P. aeruginosa.
Protilatky vSak pfina3eji i informaci anamnestickou a izolovany ndlez pozitivnich titrt mize
sveédcit o infekei prodélané v minulosti.

Negativita protilatek, zvlast¢ u mladSich déti, vSak infekci nevyluéuje. Tato data jsou ve

shod¢ se svétovou literaturou (288).

100
80
60 R |
40 Cult +

20 Cult -

Ab neg Hraniéni Pozitivni

Obr.¢. 6.2  P. aeruginosa — korelace serologické diagnostiky s mikrobiologickou kultivaci

6.3.1.1 Srovnani vlastnich zavéru se svétovou literaturou

Nase vysledky v oblasti serologické diagnostiky P. aeruginosa jsou v souladu se svétovou
literaturou. Porovnani jednotlivych metodik detekce P. aeruginosa infekce v organismu —
mikrobiologické, molekularné-genetické a serologické, nebylo dosud ve svété publikovano,
i kdyZz existuji prace porovnavajici PCR diagnostiku s kultivaci (224) ¢i serologii s kultivaci

(237, 286, 288).
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7 Zavér

Cysticka fibréza je je monogenné dédicné onemocnéni, jasné definované, ale variabilita a Sire
klinickych projevit této komplexni choroby skryva mnoho nejasného a dosud nevysvétleného.
[ 'kdyz je imunitni systém u pacient s CF podle vSech zndmek pfi narozeni plné funkéni, bez
prokazatelné patologie, nasledné se s pribé¢hem onemocnéni rozvine fada sekundarnich zmén.
Presto, Ze jednim z klicovych klinickych priznakd CF je chronickd infekce a ucast imunitniho
systému je tedy zasadni, ukazuje se, Ze jeho poruchy jsou az sekundarni a ovlivnéni
imunitnich funkci pfi tomto onemocnéni ma jenom pomocnou Ulohu. Nicméné teoretické
poznatky o interakel imunitniho systému s infekénimi patogeny v modifikovaném CF
prostiedi jsou velmi zajimavé a nové poznatky jak o CF, tak o funkei imunitniho systému,

prinesou jisté v budoucnu nové pohledy na patogenezu a lécbu tohoto zavazného onemocnéni.

Studium mmunitntho  systému  pacientd s CEF z  klinicko-imunologicko-molekularne-
genetického pohledu se zamérenim na roz$iteni poznatkd o interakct imunitniho systému
s infekénimi patogeny v modifikovaném CF prostredi bylo hlavnim predmétem této disertacni

prace.

Pr1 komplexnt analyze imunitniho profilu CF pacientl néds nalez ANCA protilatek a snizeni
gG2 jako jediného THI kontrolovaného izotypu u nejmladsich CF pacientd ved!l ke studiu
cytokinového profilu téchto pacientd s predpoklédanou nerovnovédhou THI x TH2
cytokinového profilu ve prospéch TH2. V naSem souboru se TH1 x TH2 nerovnovahu
nepodartilo prokazat, ale vyznamnym objevem byla skupina CF pacienti neschopna adekvatné
reagovat na stimulact sekreci jak I[L-4 (TH2), tak IFN-gamma (TH1). Tento fakt byl
doprovazen vyznamnym zhorSenim funkce plic v ¢ase v porovnani se skupinou CF pacientd
adekvatné reagujicich na stimulaci.

Z vysledklt vyplyva, jak dilezité je optimalni cytokinové prostfedi v obrané proti infeke:
a nerovnovaha, piip. nedostate¢na produkce dilezitych cytokind ovliviuje zavazZnost

postizeni funkce plic a tedy morbiditu 1 mortalitu téchto pacientt.

V souladu s aktivnim vyzkumem ve svété, jsme se rozhodli také u naSich pacientd hledat dalSi
oenetické vlivy modifikujici prabéh zakladniho onemocnéni mimo CFTR. Z palety faktor(,
které mohou ovliviiovat prubéh CF, jsme se zamérili hlavné na ty, které se ucastni imunitnich

reakci.
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TGI-betal byl vybran jako klicovy cytokinovy gen v tomto kontextu a pro jeho znamy efekt
v procesu fibrotizace. Byla nalezena rozdilné frekvence polymorfizmt TGF-betul ve zdravé
a CF populaci. Zavéry této prace vSak nepotvrdily asociaci ur€itych polymorfizma TGF-betal
s plicnim postizenim u CF pacientd. Byla vSak nalezena asociace jaterniho a endokrinniho
postizeni pankreatu s konkrétnimi polymorfizmy TGF-betal. Dilezité je také pozorovani
velmi nizkych koncentraci TGF-betal u CF pacientl chronicky kolonizovanych komplexem
B. cepacia Cinici tyto pacienty zraniteln€j§imi pii1 akutni exacerbaci chronické G™ infekce.
Dale jsme nasi pozornost zaméfili na MBL, ktery je soucésti nespecifické veétvé imunitni
reakce, zvlasté v systému aktivace komplementu a v prvnich krocich imunitni odpovédi vici
infekel. Sérové hladiny MBL plné korelovaly s testovanymi polymorfizmy MBL2 genu.
Polymorfizmus MBL2 genu nebyl v pfimé asociaci s respiraénim fenotypem CF. I pacienti
s geneticky determinovanou nizkou produkei MBL byli schopni zvySené produkee tohoto
lektinu v reakcl na akutni exacerbaci infekce.

V priibehu naseho studia faktord modifikujicich pribéh onemocnéni jsme narazili 1 na dalsi
molekuly.

Prokazali jsme vyznamné snizeni koncentrace SP-D v supernatantech BAL u CF pacientd,
tedy v misté patogenetick¢ reakce. Vzhledem k roli proteind surfaktantu, zvlasté SP-D, ktery
ma imunologické funkce a misto plsobeni v plicich, by mohla jeho nedostate¢na produkce
hrat roli v klinice CF.

Ukazali jsme moznost snizeni koncentrace LTB4 v kondenzatu vydechovaného vzduchu,
doprovazené snizenim kyselosti CF prostredi po aplikaci nenasycenych mastnych kyselin.
Vzhledem kroli LTB4, jednoho z metabolitd kyseliny arachidonové, na potenciaci
neutrofilnitho zanétu, kdy L' TB4 plisobi jako mocny chemoatraktant neutrofill do mista zanétu
a indikuje produkci kyslikovych radikald a nelsp&chu terapeutickych pokush s jeho
podavanim by suplementace n-3 PUFA mohla byt alternativni moznosti, jak upravit prostredi
v plicich CF pacient.

Ze vsech téchto vysledkl vyplyva, jak dilezité je optimdlni prostfedi v obrané proti inlekci
a nerovnovaha, v podobé nedostatedné ¢i premrSténé reakce ovliviiuje zévaznost postizeni
funkce plic. Z vySe uvedenych vysledkl( je také ziejmé, Ze na morbidité¢ 1 mortalit¢ CI
pacientl se podili cely komplex faktord od poruchy CFTR, pres roli dalSich modifikujicich

genu po nezanedbatelné vlivy prostredi.

Pri komplexnim feseni problematiky CF jsme se zacali intenzivné zabyvat také stézejnimi

buitkami imunitni reakce, dendritickymi burikami, u CF pacientd. Zvlasté jsme se zaméiili na



jejich specifikaci u CF pacienti a na jejich interakei se specifickymi infekénimi agens.
Opakované jsme potvrdili, ze DC u CF pacientl se fenotypicky ani funkéné nelisi od DC
zdravych darcd. Vyznamnym zjisténim je fakt, Ze tepelné inaktivované bakterie aktivuji
nezralé DC ve vSech testovanych parametrech (morfologicky, fenotypicky 1 funkéné) na
rozdil od Zivych bakterii, které nejsou schopny pinohodnotné aktivace nezralych DC a nejsou
tedy schopny vyvolat zahajeni imunitni reakce. Rozdilna aktivace DC mrtvymi a Zivyn
bakteriemi otvira novy smér vyzkumnych aktivit v oblasti studia patofyziologie respirac¢niho
postizeni u téchto pacient(.

Ve stejné oblasti byly studovéany i1 TLR receptory, dilezité struktury v iniciaci imuniini
dopovédi a v reakci na infekci. Byl popsan novy metodologicky pristup zaloZeny na
technologiit  RT-PCR vredlném c¢ase umoznujici presnou kvantifikact exprese Ctyf
sestithovych variant genu 7LR4. Kvantifikace sestiithovych variant pomize odhalit funkce
jednotlivych transkrip¢nich variant po stimulaci a jejich mozné naruSené regulacni pisobeni

po stimulacit DC v modifikovaném CF prostiedi v pfitomnosti chronické infekce.

Zkoumani imunitniho systému CF pacientt vedla ke klinické aplikaci v podobé serologické
diagnostiky infekce P. aeruginosa - vySetfovani titru protilatek proti P. aeruginosa. Bylo
ukazano, 7e¢ serologie je vyznamnou diagnostickou metodou a v kombinacl
s mikrobiologickou kultivaci mlze vyznamné prispét k v€asné a razantni terapii s cilem
eradikovat tohoto patogena. Toto vysetfeni je zvlaSté pfinosné u neexpektorujicich CF
pacient(, neprodukujicich sputum, nejcastéji malych déti s CF, kde serologie miize vyznamn¢

prispét k véasné diagndze P. aeruginosa infekce.
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KEYWORDS. - = . . Abstract  There is a significant phenotypic variance among cystic fibrosis (CF) patients. Due to
Cystic fibrosis (CF); . - the role of TGF-betal in fibrotic processes we investigated its role in CF pathogenesis. TGF-beta 1
Cytokines; codons 10 and 25 were genotyped in 118 Czech CF patients and 268 controls by PCR-ARMS.
Transforming growth; Difference between CF and controls was found at codon 10, lower frequency of T/T homozygotes,
.factor betal (TGF-betal); and codon 25, higher frequency of G/C heterozygotes. We did not prove the association of TGF-

betat polymorphisms and lung function in CF, however, the TT (codon 10)/GG (codon 25) genotype
was preferentially associated with CF-related liver disease and diabetes. Independent of the TGF-
betat genotype, production of cytokine was higher in patients than in controls with the notable
exception of very low levels in Burkholderia cepacia complex colonized patients. In CF, both
extremes, highest or lowest TGF-beta 1 production, were associated with impaired lung function.

© 2006 Elsevier Inc. All rights reserved.

_ Polymorphism

Even with the growing knowledge about both the CFTR
genotypes and the pathogenesis of the disease phenotype, it
becomes increasingly apparent that there are no unambig-
uous genotype-phenotype correlations [4]. There is only
about 60% [5,6] phenotypic correlation with the CFTR
mutation severity with regards to the sino-pulmonary
disease. Besides the possible influence of the environment,

The forms of CF differ with respect to the severity of lung the effect of secondary genetic factors (CF modifiers) is
and pancreatic involvement, including other clinical signs of strongly suggested and these have been subjected to extensive
CF such as male infertility and others [3]. CF tung disease research [4,7-14].
associated with chronic pulmonary infection is the major life- Among candidate gene modifiers [15,16] we decided to

quality affecting and eventually life-shortening factor [2]. investigate the TGF-betal, a cytokine with possible patho-
genetic role in CF due to its overall “positive effect” on the
general process of tissue fibrosis [17,18].

TGF-betal is a multifunctional cytokine that regulates
proliferation and differentiation of a wide spectrum of cells

Introduction

Cystic fibrosis (CF) is the most common lethal autosomal
recessive inherited disease and also one of the most
thoroughly studied monogenic disorders since the identifica-
tion of the causal cystic fibrosis transmembrane conductance
regulator (CFTR) gene in mid-1989 [1,2].

“ Corresponding author. Fax: +420 224 435 962.
E-mail address: jitka.brazova@centrum.cz (J. Brazova).
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both in vivo and in vitro [19]. TGF-beta1 influences cell
growth, differentiation, apoptosis, cell migration, immune
cell function and extracellular matrix production [20,21].
TGF-betal production varies from person to person and is
partly dependent on TGF-betal gene polymorphisms at
different positions [22,23]. Pathological dysregulation of
TGF-betal pathway was described to modulate the devel-
opment of several disease groups, including cancer [24-27],
atherosclerosis [28,29], autoimmune [30] and also fibrotic
disease [18,23,31,32]. TGF-betal plays a central role in
fibrosis, contributing to the influx and activation of
inflammatory cells, the epithelial to mesenchymal transdif-
ferentiation of cells and the inftux of fibroblasts and their
subsequent elaboration of extracellular matrix. Thus far,
there have been only a few reports about the role of TGF-
betat in CF lung disease with contradictory results {33-35].

Drumm et al. recently reported correlation between TGF-
betal gene polymorphisms, particularly the =509 (T/T
genotype) and +869, codon 10 (C/C genotype) with more
severe CF lung disease [35]. On the other hand, the same
alleles were reported as protective against obstructive
pulmonary disease (COPD) induced by smoking [36,37].

Arkwright et al. {33] previously reported the correlation
between TGF-betat gene polymorphism in the signal sequence
at codon 10 and +915 (codon 25) and production of this
cytokine in CF patients. in CF patients with TGF-betat, codon
10 high producer genotype (T/T genotype in contrast to
Drumm et al.) lung functions deteriorated more rapidly. The
biallelic polymorphism, either T or C in the DNA sequence at
position +869, changes the amino acidat codon 10 from proline
to leucine. Similarly, at position +915 either G or C results in
the amino acid at codon 25 being either arginine or proline.
Both polymorphisms encoding proline (“T/G”) were associated
with tower TGF-betat synthesis both in vivo and in vitro [22].

TGF-betal thus represents a crucial factor for the
development of fibrotic changes in CF.

Based on the knowledge of basic properties of TGF-betaft,
we aimed to investigate the influence of the cytokine gene
polymorphisms and the capability of TGF-beta1 production in
a well-characterized cohort of CF patients. The potential
association of TGF-betat genotype and/or phenotype with
the status of CF tung and gastrointestinal disease were the
primary targets of the study. Particular attention was paid to
the TGF-beta1 influence on the occurrence and severity of
infectious complications in CF.

Patients, materials and methods

Patients

One hundred and eighteen Czech CF patients (aged 1 to
35 years; mean 12.7 years, SD 6.3) and 268 control subjects
(aged 1 to 30 years; mean 12.2 years, SD 10.3) were studied.
All included CF patients have been regularly and long-
itudinally followed at the National Cystic Fibrosis Center-
University Hospital Motol in Prague. The diagnosis of CF was
established by typical clinical and laboratory features,
increased sweat chtoride concentrations over 60 mmol/l
and detection of CF - causing mutations in the CFTR gene.
CFTR gene genotype was determined in all patients using a
combination of standard molecular genetic techniques. The

most common, F508del, mutation was detected by PCR and
subsequent non-denaturing polyacrylamide gel electrophor-
esis. Other relatively common CF mutations were detected
using allele-specific oligonucleotide hybridization, amplifi-
cation refractory mutation detection system, PCR-mediated
side-directed mutagenesis and standard restriction digestion
techniques, including the CF-16 Research Prototype Assay
(Roche Molecular Systems, Alameda, CA, USA).

F508del homozygotes (48%), F508del compound hetero-
zygotes (41%) and patients with so called severe CFTR
mutations (cltasses I-1ll) were included in this study [10].

Patients were included in the study at a consecutive
manner based on their diagnosis of CF and otherwise
generally stable health status at the time of examination.
Only clinically stable cases with no apparent exacerbation at
the time of examination were included in this study. No
patient received systemic corticosteroids and/or any form of
immunosuppressive therapy at the time of the study.

The control group consisted of apparently healthy people,
mostly laboratory staff and healthy subjects who underwent
small surgery interventions and/or visited Paediatric wards
of the University Hospital Motol with minor acute injuries.
This cohort is representative for the entire Czech population.

All CF children parents, CF adults and healthy controls
participating in the study were informed in details about the
study and informed consents were signed prior to the
involvement in the protocol by cases and/or their fiduciaries.

Patients’ clinical status (lung function, bacterial
colonization, smoking history, nutritional status,
pancreatic sufficiency, CFRD, CF-related

~hepathopathy, cirrhosis etc.)

Pulmonary function tests were performed using the Pneu-
moscop (Ganshorn, Germany) apparatus in patients older
than 5 years of age employing flow-volume loop analysis. The
lung function was studied by measuring forced vital capacity
(FVC), forced expiratory volume in one second (FEV,),
expiratory flows at 25%, 50% and 75% of vital capacity
(MEF3s, MEFsg, and MEF5s) and peak expiratory flow (PEF). All
measured values were expressed as:a percentage of
predicted values. For the purpose of this study only FEV,
and MEFso parameters were evaluated.

Chronicinfection with P aeruginosa was considered positive
in patients who had three consecutive microbiological samples
with positive results (spontaneously expectorated sputum,
saline solution induced sputum, throat cultures or broncho-
scopy samples) within 1 year. If sputum was available, the
chronic P aeruginosa colonization was confirmed by species-
specific PCR. Furthermore the R aeruginosa infection was
followed according to the titer of anti-Pseudomonas antibodies
using serological methods (EIA, Mediagnost, Germany).

Burkholderia cepacia complex colonization was considered
positive in patients who had positive microbiological samples
and positive PCR. B. cepacia genomovars were identified using
a set of genomovar-specific PCR reactions [38].

None of CF patients were active smokers at the time of
this study (self-reported, using questionnaire). Twenty of
them notified us about the history of smoking. Control
subjects indicated that they had never smoked (for more
detailed patient data see Table 1).
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Table 1 - CF patients and healthy controls characteristics
This study Arkwright Drumm
et. al. et. al.
498°
CF patients (number) 118 171 246 . 252.
Mean age 12.7 (1-35) 3 (6-54) ) 20.8+8.1 22.3+7.8
Sex (F/M%) 45/55 55/45 52/48 43/57
CFTR mutations All severe (classes I-1ll) All F508del homozygotes Various CFTR
: 48% F508del homozygotes - 70.5% F508del
' homozygotes
Mean FEV, (%predicted) <68% C268%
All: FEV, (mean (SD)) 82 (22) - : :
Under 18 years: : :
FEV: (mean (5D)) o 86 (18) 50% (less than 50%)
Over 18 years {mean (SD)) 67 (28) - :
"Chronic colonization ) .
P. aeruginosa : 44 C - Included
B. cepacia complex- 12 : ' - : 0
No colonization 44 . . , 12 - .. Included
Pl (%) 92 - _ . Included
‘CFRD (%) 4 15 ) . Included
Insulinopenia (%) . 11 s S
CFRLD (%) .35 - -
Cirrhosis (%) - 5 15° -
Osteoporosis (%) . -~ 2. - -
Smoking history (Number) - . 0 - -
Healthy controls (number) 268 107 ‘ s
Mean age ' 12.2 (1-30) - g -

Companson between our study, Arkwright's et. al. and Drumm’s et. al. ‘wark.
? Two studies included. First: in 808 F508del homozygotes patients with severe (263 patuents) or mild disease (545) 16 polymorphlsms in

10 genes previous reported as CF modifiers were tested for any association. Second study which followed: 498 CF patients with various CFTR
genotypes-were tested for an association of TGF-betal codon 10 CC genotype with low FEV,. The FEV, criteria were settled as 68% of FEEV1

predicted which divide the patients into two groups.

TGF-betat analysis

All blood samples for gene polymorphism studies and cytokine
production were collected in CF patients in stable state of the
disease without acute exacerbations and with normal inflam-
matory markers {C-reactive protein, leukocytes count).

TGF-beta1 gene polymorphism studies

Frozen DNA samptes from whole blood of all CF patients and
controls were obtained through phenol extraction and
ethanol precipitation following proteinase K digestion. TGF-
betat genotypes at codons 10 (position +869) and 25 (position
+915) were determined in 118 CF patients and 268 controls by
amplification refractory mutation system-polymerase chain
reaction (PCR-ARMS), as described elsewhere [39,40].

TGF-beta1 production

In 100 CF patients and 30 controls total levels of investigated
cytokine (ng/ml) were measured by specific ELISA (Bender
Medsystem, Germany) according to the manufacturer’s
instructions in supernatants of whole blood diluted (1 in

10) in ex vivo 10 medium cell culture simultaneously
stimulated by 50 p! of lipopolysaccharide (LPS) in a
concentration of 25 pug/ml (E. coli, Sigma, Prague, Czech
Republic) and 50 ul 5 pg/mt phytohemagglutinin (PHA)
{Wellcome Diagnostics™, UK)'. Supernatants were collected
after 48 h and frozen until examination in cytokine assay. The
results were calculated by reference to a standard curve and
expressed as nanogram per milliliter.

Statistical analysis

The results were summarized in a database and analyzed by
muttifactor non-tinear corretation analysis. Comparison of
TGF-betal gene polymorphisms distribution between CF
patients and healthy controls was made by the stan-
dard Chi-square test. Student's one-sided t-test was
used for genotype-phenotype correlation studies. Two
tailed p values<0.05 were considered as significant for all
statistical tests.

' Production of TGF-beta1 in unstimulated (without LPS and PMA)
blood supernatants was under the ELISA detection limits.
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Results

TGF-betat polymorphism frequencies in the Czech
Republic

CF patients showed similar pattern of polymorphisms as
healthy controls, with the exception of lower frequency of
T/T homozygotes at position +869, codon 10 (CF 29%,
controls 42%, p<0.02, 95% C1 0.35-0.89, OR 0.56) and higher
frequency of G/C heterozygotes at position +915, codon 25
(CF 16%, controls 8%, p<0.03, 95% Ci 1.11-4.14, OR 2.15)
(see Tables 2 and 3).

TGF-beta1 production

Range of TGF-betal production (ng/ml) was rather wide in
controls (mean=15, SD=6) and appeared even broader in CF
patients (mean=26, SD=20). independently of the TGF-
betatl gene polymorphism, production of TGF-betal was
higher in CF patients than in healthy controls (being
statistically significant with p<0.025).

Naturally, higher production of TGF-beta1 was more often
found in patients chronically colonized with P aeruginosa,
impaired lung function and a worse nutrition status. On the
other hand, the lowest TGF-betal production was found in
patients colonized with bacteria from B. cepacia complex
(p <0.0015), in particular B. cenocepacia (formerty genomovar
Il of the B. cepacia complex). This phenomenon was also valid
for the subset of F508del homozygous CF patients (see Graph
1). Due to the lack of immunosuppressive therapy lower pro-
duction of TGF-betal could not be related to non-genetic

factors.
TGF-beta1 genotype—Phenotype correlation

We did not find correlation between TGF-betal gene
polymorphism and production of this cytokine within our
cohort. None of the tested polymorphisms was associated
with impaired TGF-beta1 production (see Fig. 1). There was
no correlation between particular TGF-betat genotype and
survival in age stratified CF patients. Neither gender nor age
affects TGF-betal production in CF patients (data not
shown). No correlations were identified between TGF-
betal production and any other environmental parameters.
TGF-betat gene polymorphism was not associated with
any type of bacterial colonization typical for CF patients.
Half of CF patients with TT/GG genotype (TT potymorph-
ism, codon 10 and GG, codon 25) of TGF-betat presented

Table 2 Frequencies of TGF-betat polymorphism at codon
10 (position +869) .

Codon CF % Controls % OR Cl
10

Genotypic frequencies
c/C 24 20 41

95% P value

15 1.41 0.81 2.47 0.28

c/T 60 51 114 43 1.40 0.90 2.16 0.16
T/T 34 29 113 42 0.56 0.35 0.89 0.02
Total 118 268

Table 3 Frequencies of TGF-beta? polymorphism at codon
25 {position +915)

Codon CF % Controls % OR (i 95% P value
25

Genotypic frequencies

c/c 0 0 4 1
C/G 19 16 22 8 2.15 1.11
G/G 99 84 242 90 0.56 0.30
Total 118 268

0.45 0.05 3.85 0.76
4.14 0.03
1.06 0.10

with CF-related liver disease (CFLD) [41] compared to other
genotypes where less than third of CF patients had CFLD.
Likewise CF-related diabetes (CFRD) [42] was observed more
in patients with TT/GG genotype (see Table 4).

Number of patients under the age of ten was comparable
within the TT/GG subgroup of patients and with the
remainder of the CF population with non-TT/GG TGF-betal
genotype. The risk of CFRD development was similar in both
groups (in both instances data not shown).

CF patients chronically colonized with P aeruginosa or
bacteria from B. cepacia complex presented with worse lung
dysfunction (FEV;: mean=60%, SD=25) than CF patients
without any chronic colonization {mean=83%, SD=25)
independently of the TGF-betal gene polymorphism.

Discussion

CF is a chronic, progressive, multisystemic disease with a
known genetic etiology, but not entirely elucidated complex
pathogenesis. In essence gradual progress of CF eventually
leads to the development of tissue fibrosis in affected organs.
The dominant role of fibrosis in CF is reflected also in itsname
derived from typical obstructive fibrotic findings in the CF
pancreas [43]. TGF-betat is a multifunctional regulatory
cytokine with cruciat role in fibrotic processes. Therefore, it
is noteworthy that only few studies about the potential role of
TGF-beta1 in CF have been published so far [13,33,34]. Inour
study, we focused on the possible role of TGF-betat as a
modifier gene in a well-defined cohort of CF patients and on
the potential association of TGF-betai production capacity
on the clinical outcome of Czech CF patients.

Intriguingly, we found different distribution of TGF-betat
gene polymorphisms at codon 10 and 25 in CF patients and
healthy Czech controls. This observation is novel and difficult
to causally explain at this stage. It could be due to lower
number of studied cases and/or controls and to a population-
specific bias.

However, this result tempted us to suggest prenatal
selection of alternating TGF-betat alleles at the respective
variant site due to their likely involvement in the documen-
ted prenatal onset of inflammation in CF [44]. Thus, further
studies are needed to address this phenomenon.

Lung disease

We were unable to find an association of particular TGF-
betat polymorphisms with the status of CF lung disease. We
also did not confirm clear association between TGF-betaft
gene polymorphism at codon 10 and lung function
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Graph 1 TGF-betat production and bacteriat colonization in all CF patients (part A) and in F508del homozygotes subset (part B). The

lowest TGF-betal production was found in patients colonized with bacteria from B. cepacia complex (p<0.0015), impaired lung

function and worse nutrition status regardless CFTR mutation.

'

deterioration previously described by Arkwright et al. [33]
and/or recently by Drumm et al. [35]. Surprisingly, they botfe
found association at codon 10, albeit in opposite genotypes.
Arkwright et al. found that CF carriers of TGF-betaf codon 10
T/T genotype were at higher risk of CF lung disease, while
Drumm et al. observed that the C/C genotype conveyed the
highest risk for lung function deterioration. Such variance
might be caused by the differences in respective study
designs between these groups and/or sample sizes (Table 1).
The surpnising lack of association between TGF-betal and
lung disease is true also for TGF-betal protein production.
The finding of Wojnarowski et al. that the highest TGF-beta1

production in CF patients is associated with the mildest lung.

disease does not apply to our patients [34]. Besides different
. study designs also the fact that we investigate TGF-betat
production in the peripheral blood cells and not directly in CF

lung epithelia might cause the lack of significant association
due to obvious tissue specificity [45]. Despite the fact that
we cannot detect strong dependence between TGF-betat
genotype and phenotype with CF lung disease, we observed
an interesting association between TGF-betal secretion
potential and lung function. Patients on both sides of TGF-
beta1 production distribution curve, i.e., extreme “low” and
“high” producers, presented with most deteriorated lung

" functions (Fig. 1). This demonstrates a potentially important

regulatory role of TGF-betal and its notable position in the
complex net of pro- and anti-inflammatory mediators.

Table 4  Frequencies of liver and pancreatic diseasé asso-
ciated with CF in patients with’ TGF-beta? polymorphism
TT/GG. at codon 10/ and .25 compared with other.
polymorphisms: S .

lw > ) T i T T - . § — - P -
T7/GG Others
120 2 . 1 34 (29 %) 84 (71%)
_°A. . ® _ Number (%) ~ - Number (%)
100t * y e o e . Liver cirrhosis 3(9) 3(3.5)
o A-a® @ ': :u“ a CF-related liver disease® _ 17 (50) 24 (28;6)
= 80f SR _ CF-related diabetes® 3.(9) 2 (2.4)
; .. .‘; %o C Insulinopenia : 5 (15) 8 (9.5).
L”ff 60r ° a « " q 1 There was an association between TGF-betaf gene polymorph-
£ = ° ism and liver and pancreatic CF disease. Half of CF patients with
40t M Polymorf. TGF-betal | TT/GG genotype of TGF-betal presented with CF-related liver
2R C°d;>" c“r)r 07;50 disease compared to other genotypes where less than third of CF
@ « CIC GIG patients had CF-related liver disease. Also CF-related diabetes
207 5 e TT GG T ‘was seen more in patients with TT/GG genotype. :
° gé gg 2 Cystic fibrosis-related liver disease, defined by at least one of
0 4 L L L . L the following criteria: (1) documented persisting increase in
3 10 20 40 80 160 serum concentrations of any of the liver enzymes, ALT at least .
TGF-betal (ng/ml) twice normal, AST at least 1.5 times normal, -'al_kaline .
hosphatase at least 1.5 times normal, GGT at least 1.5 times
Figure1  TGF-betat gene polymorphisms, production and tung ﬁormpal; (2) persistent ‘hepatomegaly of more than 6-month

function (FEV;) in CF patients. There was no association between
TGF-betat gene polymorphism, production of this cytokine and
severity of CF lung disease. CF patients chronically colonized
with P aeruginosa or bacteria from B. cepacia complex
presented with worse lung disease (FEV,: mean=60%, SD=25;
mean age=13 years, SD=5.3) than CF patients without any
chronic colonization (mean=83%, SD=25; mean age=11 years,
SD=4.9) independently of the TGF-beta! gene polymorphism.

duration defined by percussed liver span greater than-1 SEM for-
age; (3) splenomegaly, definedas a palpable spleen greater than
2.0 cm below the left costal -margin; (4) abnormalities of
ultrasound scan (increased size, dishomogeneous echioge}nicity,'
nodular liver, irregular margins, splenomegaly) within 6 months. .
® World Health Organisation. Definition, diagnosis and

classification of diabetes mellitus and its complications: report
of a WHO Consultation. Part 1. Geneva, WHO, 1999.
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Liver and pancreatic disease

Atthough the presented data do not strictly confirm the
association between TGF-betal gene polymorphisms, pro-
duction of this cytokine and the overall severity of the CF
lung disease, we found the association between TGF-betal
gene polymorphism and tiver and pancreatic CF disease. This
finding is in accordance with previous studies where high
levels of TGF-betal were associated with increased liver
fibrosis in autoimmune hepatitis [46] and in animat models of
liver and pancreatic fibrosis [47,48]. Arkwright et al. also
found association between CFLD and high expressing TGF-
betal haplotypes and angiotensin-converting enzyme (an
enzyme involved in TGF-beta1 activation) [13].

Chronic infection

TGF-beta1 and other modifying factors play an important,
but not decisive role in CF clinical disease. The crucial factor
that influences CF phenotype is represented in our study by
the chronic infection status. CF patients chronically colo-
nized with P. aeruginosa or bacteria from B. cepacia complex
presented with statistically significantly lower lung functions
(measured by FEV,4 and MEFsg parameters) than CF patients
without any chronic colonization, independently of the TGF-
betat gene polymorphism. This fact confirms the unfavorable
effect of chronic colonization on the course of CF {Fig. 1).

Although we did not find an association between TGF-
betat gene polymorphism and any forms of chronic bacterial
infection, we found correlation between such infection and
production of TGF-betat. Serious clinical problems asso-
ciated with either very low TGF-betal production in patients
colonized with bacteria from B. cepacia complex or high
TGF-beta1 production in patients chronically colonized with
P. aeruginosa proved the importance of batanced production
of this regulatory cytokine in accordance with the devastat-
ing role of chronic infection. ;

Interestingly, TGF-beta also plays an important role in the
phenomenon of so called "endotoxin tolerance” [49].
Endotoxin tolerance is represented by the state of cell
resistivity to subsequent LPS exposure that helps to protect
the host from cellular damage caused by LPS-mediated
hyperactivation of macrophages and other cells of immune
system. Endotoxin tolerance also represents mean of
immune cell adaptation to a persistent bacterial infection,
which is a situation typical for CF. Endotoxin tolerance is a
complex process, but it is noteworthy that LPS at least partly
induces tolerance by stimulating the production of TGF-beta
[50]. Such situation might be reflected in our findings of high
TGF-betal production in chronic P aeruginosa colonized
patients. On the other hand, our finding of lowest TGF-beta1
production in B. cepacia colonized patients with the worst
lung function might be considered as a risk factor with the
potential cessation of endotoxin tolerance status that might
lead to “cepacia syndrome”, irreversible and rapid clinical
decline associated with collapse of immune functions.

Conclusions

TGF-beta1 is an important modifying factor in the pathogen-
esis of CF. Based on our results, the particular TGF-betat

polymorphisms (TT/GG) predispose a CF patient with severe
classes I-1ll CFTR mutations to the development of CFRD and
CFLD. TGF-betat production capacity influences the poten-
tially devastating bacterial infections in CF. Despite these
findings, TGF-betat is just part of the mosaic influencing the
overall phenotype of the disease. Further studies are
necessary to elucidate complex pathogenesis in CF. We
suggest that not only cytokine gene variants, but the whole
system of interfering factors influences the overall clinical
picture in this disease.
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Abstract

The previously observed occurrence of antineutrophil cytoplasmic autoantibodies (ANCA) in patients who have cystic fibrosis (CF),
together with the reported decrease in IgG2, a Thl-controlled isotype, suggests a potential for Th1/Th2 imbalance in CF patients with a
possible Th2 predominance. 48 CF patients and 16 controls had levels of [FNvy, IL-4, and IL-10 measured in superatants of whole blood cell
cultures stimulated by lipopolysaccharide (LPS) and phytohemaglutinine (PHA). The patients were divided into 2 groups: “low responders”,
having negligible secretion of cytokines (IFNvy: 10.0-200.0 pg/ml, IL-4: 0.0-0.3 pg/ml) and “high responders”, producing high levels of both
IFNy (500.0-2000.0 pg/ml) and IL-4 (1.0-200.0 pg/ml). There was a statistically significant (P < 0.01) deterioration of lung function
measured by an FEV| decline by 11.2% over 3 years in the “low responder” group. 10 of 16 “low responders” had chronic lung infections
with P aeruginosa while such infection was less prevalent in the “high responder” group where only 13 of 32 CF patients had positive
cultures. A shift towards Th2 response was observed in the “high responder” group as children chronically infected with P. aeruginosa had
greater IL-4 production than non-infected CF patients within the same cohort. ANCA autoanitbodies were found only in the “high responder”
group. Th2 immune response predominance in a subset of CF patients is associated with chronic P aeruginosa infection.

© 2005 Elsevier Inc. All rights reserved.

Keywords: Cytokines; IFNy; 1L-4; Thi; Th2; Antineutrophil cytoplasmic antibodies (ANCA); Child; Cystic fibrosis (CF)

Introduction

Cystic fibrosis (CF) is one of the most thoroughly studied
disorders since the identification of the causal cystic fibrosis
transmembrane conductance regulator (CFTR) gene [1,2].
In children and subsequently in adults, severity of the CF
lung disease, associated with chronic pulmonary infections,
is the major factor influencing CF patient survival [1]. The
hallmark of CF lung disease is chronic infection by P.
aeruginosa that gradually increases from childhood through
early adolescence [1,3]. Although the pathogenesis of CF

* Corresponding author.
E-mail address: jitka.brazova@centrum.cz (J. Brazova).

1521-6616/3 - sce front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.clim.2005.01.013

lung disease has been studied in detail [3], the exact
pathogenesis and precipitating factors of the initial Pseudo-
monas infection have not yet been elucidated. CF lung
disease 1s a result of a long-term sequence of pathogenetic
steps, including interaction of the specific pulmonary milieu
with ubiquitous opportunistic infection, which are strongly
modified by the immune response. The immune system in
CF patients has been extensively studied, with few minor
alterations, such as transient hypogammaglobulinemia in
infancy, found [1]. Despite an apparently normal immune
response, the devastating lung infections by Pseudomonas
species are progressive, being almost impossible to erad-
icate. In this study, we focused on immune parameters in CF
patients. Previously, we found lower levels of IgG during
the first year of life in CF patients when compared to normal
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healthy control subjects. Transient IgG2 deficiency was also
observed in patients under the age of 6 years prior to the
development of general hypergammaglobulinemia that is
otherwise common in CF patients [4—6]. Furthermore, we
have frequently detected ANCA autoantibodies in a subset
of CF patients [7,8]. The occurrence of ANCA even in the
youngest age groups together with a decrease in IgG2, the
only Th1 controlled IgG isotype, led us to the examination
of the Th1/Th2 balance in immune responses of our
patients. We hypothesized that a shift towards Th2 response
can negatively influence the immune defense against
Pseudomonas infection. This presumption was also sup-
ported by previous reports of severe Pseudomonas infection
in Th2-respondent mice when compared to mild lung
disease in Thl-respondent murine strains [9].

Patients and methods

Forty-eight children/young adults having CF, aged | to
20 years (median 11 years; 24 males, 24 females) and 16 sex
and age-matched controls, aged 1 to 21 years (median 10
years; 7 males, 9 females) were studied. CF patients have
been regularly and longitudinally followed on an outpatient
basis at the National CF Center—University Hospital Motol
in Prague. The diagnosis of CF was established by typical
clinical features, increased sweat chloride concentrations
over 60 mmol/l [10] and detection of CF-inducing mutations
in the CFTR gene [11]. Patients were included in the study
on a consecutive manner based on their diagnosis of CF. On
the long-time basis, patients were treated accordingly to
their clinical status, including anti-inflammatory drugs and
antibiotics. No patient in the investigated group was on
systemic corticosteroid treatment. In the time of enrollment,
all patients were in stable health status. The control group
consisted of normal healthy children that had common
upper respiratory infections and who were symptom-free at
the follow-up visit.

All children and young adults were examined twice a
year for typical parameters of humoral immunity. Serum
immunoglobulins IgG, IgA, IgM, IgG subclasses 1-4, CRP,
circulating immune complexes, antinuclear antibodies
(ANA), and antineutrophil cytoplasmic antibodies (ANCA)
were measured by routine immunological methods that are
utilized at our Institute. The methods included nephelometry
with appropriate antisera (DADE Behring, Marburg, Ger-
many) for immunoglobulins and CRP, and indirect immu-
nofluorescence for ANA and ANCA (Binding Site,
Birmingham, UK). All sera were further tested for ANCA
specificity against bactericidal/permeability increasing pro-
tein BPI (BPI protein IgG antibodies ELISA kit, Genesis
Diagnostics, Ely, UK) and against proteinase 3 (PR3)
(EIAgen c-ANCA kit, Biochem Pharma Group, Freiburg,
Germany). The levels of cytokines IFNvy, IL-4, and IL-10
were measured by ELISA (BioSource International, Cama-
rillo, California, USA) in supematants of diluted whole

blood (1 in 10) in RPMI 1640 cel! culture stimulated by 50
ul of lipopolysaccharide (LLPS) in a concentration of 25 ug/
ml (£. coli, Sigma, Prague, Czech Republic) and 50 ul 5 pg/
ml phytohemaglutinin (PHA) (Wellcome Diagnostics, UK)
[12]. Supematants were collected after 48 h and frozen until
examination in cytokine assays. The patients’ results were
compared to age-matched controls, investigated in the same
manner.

CFTR gene genotype was determined in all patients
using a combination of molecular genetic techniques. The
most common F508del mutation was detected by PCR and
subsequent non-denaturing polyacrylamide gel electropho-
resis [13]. Other relatively common CF mutations were
detected using allele-specific oligonucleotide hybridization,
amplification refractory mutation detection system, PCR-
mediated side-directed mutagenesis, and standard restriction
digestion techniques, including the CF-16 Research Proto-
type Assay (Roche Molecular Systems, Alameda, CA,
USA) [14,15].

Pulmonary function tests were performed using the
Spiroscope (Ganshorn) apparatus in patients older than 5
years of age employing flow-volume loop analysis. The
lung function was studied by measuring forced vital
capacity (FVC), forced expiratory volume in 1 s (FEV)),
expiratory flows at 25%, 50%, and 75% of vital capacity
(MEF 25, MEF 50, MEF 75, and MEF 25-75%) and peak
expiratory flow (PEF). All measured values were expressed
as a percentage of predicted values [16]. For the purpose of
this study, only FEV, parameters were evaluated. We
focused on differences in lung function status, comparing
FEV| in years 2000-2003. We used only the data of 31 out
of 48 CF patients, as 8 children were too young to perform
the lung function investigation, in addition to the death of 4
patients from 2000-2003 and also non-compliance of 5
patients at the study conclusion. Chronic infection with P
aeruginosa was considered positive in patients who had
three consecutive microbiological samples with positive
results (spontaneously expectorated sputum, saline solution
induced sputum, throat cultures or.bronchoscopy samples)
within 1 year. If sputum was available, the chronic
colonization was confirmed by PCR. Furthermore, the P
aeruginosa infection was followed according to the titer of
anti-Pseudomonas antibodies using serological methods
(EIA, Mediagnost, Germany).

Microbiologic assessments confirming infection by P
aeruginosa and clinical assessments including FEV, as a
characteristic of lung function were included in the
statistical analysis.

The results were sumimarized in a database and analyzed
by multifactor non-linear correlation analysis. The IFNy
levels were assessed after stimulation, since the basic IFNy
levels were very low (between 0 and 5 pg/ml, while levels
after stimulation ranged within tens and hundreds of pg/ml).
The IL-4 values were formatted for mathematical input as an
increase of IL-4 (the difference between the level after
stimulation minus the baseline level of 1L-4),
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Comparison of FEV, changes was made by Student’s
one-sided ¢ test.

Results

No primary immune deficiencies were noted in the basic
humoral and cellular immune profile of the investigated CF
patients. Further, no cytopenias or other significant abnor-
malities in total and differential blood count were noted.
Immunoglobulin levels typically increased with age in the
CF group when compared to normal controls (Fig. 2).
ANCA autoantibodies measured by indirect immunofluor-
escence were found in 13 of 48 CF patients, 8 of who were
positive for BPI and 4 of who were positive for PR3. PHA-
induced lymphocyte proliferation tests in CF patients were
comparable to healthy controls (data not shown).

There was a division of the investigated group of CF
patients into two distinct categories related to the level of
production of IFNy and IL-4 (Table 1, Fig. 1), “low
responders” and “high responders”.

Sixteen patients in the low responder group produced very
low IFNvy and IL-4 in response to LPS and PHA stimulation,
and only rarely developed ANCA autoantibodies, including
3 patients with low positive C-ANCA values. The course of
the lung disease associated with P. aeruginosa colonization
in this low responder group was unfavorable. These patients
had lower levels of IgA when compared to other CF children
(mean: IgA 0.97 g/l, SD 0.6 versus 2.23 g/l, SD 1.3). CRP
was below 6 mg/l in all low responder patients.

There was no difference in the distribution of particular
CFTR genotypes between the low responder and high
responder groups. However, the presence of “severe” CFTR
gene mutations [17] on both CF chromosomes was detected
only in the group of “low responders”. Thirty-two patients in
the “high responder” group produced significant amounts of
both IFNy and IL-4. The immune response in these patients
was similar to that of the controls (Table 1). This subgroup
was characterized by the presence of ANCA autoantibodies

Table 1
Humoral immunity of CF patients: comparison between “low” and “high
responders” with respect to IFNy, IL-4, and IL-10 production

Age, years; IFNy Incr. IL4 IL-10
mean (range) (pg/ml), (pg/ml), (pg/ml),
mean SD mean SD mean SD

Group 1 10.5 65.8 0.04 103.2
N=16 (1-18) 62.7 0.07 8.9
Group 2 10.5 1403.1 283 104.2
N =32 (2-20) 400.9 44.6 144
Controls 113 950.7 21.6 105.3
N=16 (1-21) 418.0 40.9 16.8

The patients in group 1, “low responders”, produced only minimal amounts
of IFNy and IL-4 after stimulation with LPS and PHA. The cytokine
production of the patients in the group 2 “high responders” was adequate
and comparable to that of control subjects.

The IL-4 values were formatted as an increase of IL-4 (the difference
between the level after stimulation minus the baseline level of IL-4).

IL-4 increase
(pg/mi)
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Fig. 1. Infection with P. aeruginosa in the groups of “low” (1) and “high
responders” (2). Infection with P. aeruginosa: X negative: negative or
intermittent P. aeruginosa infection; X positive: chronic P. aeruginosa
infection. Chronic infection with P. aeruginosa is more frequent among CF
patients in the “low responder” group. Within the group of “high
responders”, patients with chronic P. aeruginosa infection responded with
higher IL-4 production. The difference in IL-4 production between P.
aeruginosa positive and P aeruginosa negative patients in the “high
responder” group is statistically significant, P < 0.02.

directed mainly against BPI. 10 of 32 patients were positive
by IIF, 7 having a high titer of specific BPI-ANCA, and 3
having antibodies directed against PR3. Two patients from
this group also had elevated levels of CRP ranging from 18
to 70 mg/l, and were infected by Burkholderia cepacia.
The distribution of typical P. aeruginosa infection among
“low responders” and “high responders” is shown in Fig. 1.
There was a higher prevalence of patients with chronic 2
aeruginosa infection within the “low responder” group.
Chronic infection by P. aeruginosa was less frequent in the
group of “high responders”. The patients who had long-term
colonization with P. aeruginosa responded with greater IL-4
production than those without chronic P. aeruginosa infec-
tion. The difference in IL-4 production between chronically
infected and non-infected CF patients within the group of
“high responders” was statistically significant (P < 0.02).
Data on IL-10 production are shown in Table 1. Immune
response was similar in CF patients and in the control group.
Differences in the lung function status, as assessed by
FEV,, were assessed in the groups of CF patients who were
differentiated by levels of IFNy and IL-4 production (Table
2). In both the “high responders” and the “low responders”,
2 patients died during the 3-year period. Both were
chronically infected with P. aeruginosa. Within these two
groups, we found statistically significant difference in lung
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Table 2
Lung function—FEV1: comparison between low and high responders over
time

FEV % of predicted values mean (SD)

2000 2003
Group 1: IFNy < 200 72 (28) 61 (32)
(pg/ml) (N = 10)
Group 2: IFNvy > 500 74 (23) 73 (30)
(pg/mi) (N = 10)
Normal range 80-100

During the 3 years of investigation, lung function (FEV,) declined by
11.2% in the “low responder” group, which is statistically significant (P <
0.01) when compared to almost no changes in FEV (1.4%) over time in the
“high responder” group.

function (FEV,) deterioration over time. Lung function
(FEV,) declined by 11.2% in the “low responder” group,
being statistically significant (£ < 0.01) when compared to
the absence of changes in FEV, (1.4%) over time in the
“high responder” group.

The decline of lung function was more prominent in
P. aeruginosa colonized patients in both groups, compared
to patients without colonization. This phenomenon was
most prominent in P. aeruginosa positive patients in the
“low responder” group where FEV, declined by 11.3% in
time, being statistically significant (P < 0.05).

With the exception of increasing levels of immunoglo-
bulins with age (Fig. 2), there was no correlation of the
overall immune profile, ANCA positivity or P. aeruginosa
infection with age and/or gender in the studied CF cases.

Discussion

The immune response against pathogens including the
immune reaction of CF patients to P. aeruginosa is initiated
by innate immunity followed by specific acquired immune
responses provided by activated B and T lymphocytes [18—
23]. The nature of the specific immune response is influenced
by the Th1/Th2 balance [24]. A predominant Th2 type of
immune response in adult CF patients has already been
described [25,26]. Reduced IFN+y production by peripheral
mononuclear cells in CF patients was detected in another
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study [27]. However, based on our current study, we cannot
completely confirm these hypothetical assumptions. Within
the studied groups of children and adolescents with CF, two
distinct subgroups were noted having very different cytokine
production profiles, divided according to the changes
observed in IFNvy and IL-4 production after LPS and PHA
stimulation. There was no overlap between these groups. The
third investigated cytokine, IL-10, did not follow any of the
observed trends and was uniform in both CF and control
patients. Similar findings conceming IL-10 secretion in CF
and control subjects have been previously reported [28].

The first group of patients was termed a “low responder”
group. They produced only negligible amounts of both
IFNy and IL-4 in response to stimulation. Chronic infection
by P. aeruginosa was more prevalent in this group and lung
function deterioration over time was statistically significant
when compared with the “high responder” group. The
decrease in FEV, in the “low responder” group might be
caused by P. aeruginosa infections, but also may be related
to insufficient immunocompetency. It appears that this “low
responder” group has immune responses, which fail to
produce sufficient amounts of cytokines to defend against
chronic infection. The interplay between the immune status
and infection in CF patients is therefore obvious; however, it
has to be stressed that presented data are retrospective and
therefore it is impossible to distinguish whether the in vitro
findings are a consequence of chronic P. aeruginosa
infection or a cause of it.

In this “low responder” group, immune response seemed
to be too low to initiate autoantibody production, as the
appearance of ANCA was rarely seen. The “high responder”
group, appeared to be more immunocompetent, having more
substantial cytokine production. These patients had adequate
cytokine production, comparable to that found in the normal
controls. Chronic infection by P. aeruginosa was much less
prevalent in the “high responder” group and lung function
deterioration was less severe than in “low responder” group
in time. There were no other differences in parameters that
can influence the development of chronic P. aeruginosa
infection, such as greater age of patients, in this group.

Within this “high responder” group, children with chronic
P. aeruginosa infection had a trend towards greater IL4
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Fig. 2. The level of immunoglobulins compared with normal control values (mean + 3 SD) and age. The level of immunoglobulins (g/l) gradually increased
with age. With the exception of IgG in the age group 0-1 year, all immunoglobulins in CF children are significantly higher than in normal control subjects. The
level of significance reaches certainty (P < 107'¢). Normal age-related values are marked by lines, representing mean + 3 SD.
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production (Fig. 1) which corresponds to findings in adults
having chronic infections [26]. Thus, within the group of
“high responders”, there was a trend towards increased Th2
response in patients with chronic P aeruginosa infection.
However, there are other immunologic factors, which likely
influence the final clinical outcome of CF patients. One such
factor may be the formation of ANCA autoantibodies,
which occur in a subset of CF patients. ANCA autoanti-
bodies were found almost exclusively in the group of “high
responders”. There was no correlation between deteriorating
CF clinical status and ANCA-positivity in these CF patients.
In the “high responders” group, ANCA autoantibody
presence was associated with lung colonization by P
aeruginosa but this connection was not exclusive. Interest-
ingly, chronic P. aeruginosa infection was more prevalent in
the “low responder” group in which ANCA presence was
rare. There were no rheumatologic or other clinical findings
indicative of a possible autoimmune disease in the ANCA
positive patients. The etiology, pathogenesis, and clinical
significance of ANCA in CF still await clarification.

When analyzing the possible association of the nature of
the respective immune response and the CFTR genotype,
we observed that patients bearing ‘“‘severe” Class 1.
mutations on both CF chromosomes [17] belonged to the
“low responder” group, including 3 investigated patients,
indicating that there might be an association between the
CFTR genotype and the “strength” of immune response in
CF, a finding which requires further study to confirm.

Conclusion

The present study partially confirms our initial hypoth-
esis that Th2 predominance might contribute to the
Pseudomonas-related CF lung disease. In the investigation,
CF patients could be divided into distinct groups according
to their immunologic response: “low responders” and “high
responders”, The low immune response in the first group of
patients may predispose them to early chronic P. aeruginosa
infection [28] and quicker deterioration of lung function.
Children in the high response group tend to have greater IL-
4 production and in this respect resemble the Th2 polarized
immune response reported in adults having CF [25,26].
Even if the immune response pattern in CF patients exerts
only a partial influence on the course of the CF lung disease,
this immune response pattern represents an important factor
in the defense against P aeruginosa infection [29]. This
investigation presents a further line of evidence that immune
factors may modify the final seventy of CF lung disease.
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Abstract

Toll-like receptors (TLR) are key components of innate immune system. As TLR activation could induce potentially harmfu} inflammatory
response, activation of TLR signaling pathways has to be under tight control. Besides other control mechanisms, an inhibitory function of murine
TLR4 splice variants was recently demonstrated. In this study we investigated expression of four TLR4 splice variants in human antigen pre-
senting cells (APC). Furthermore, we studied modification in TLR4 splice variants expression in APC in cystic fibrosis (CF) patients chronically
infected by Gram-negative bacteria. We developed a novel reliable real-time PCR detection system that allowed monitoring of individual TLR4
splice variants expression. In APC from healthy donors we detected a characteristic transient increase of two out of four splice variants after
lipopolysaccharide (LPS) stimulation. Similarly to murine TLR4, one of these variants, NM 003266, might translate to a potentially inhibitory
protein. In contrast to controls, CF monocytes had significantly changed LPS-induced expression of TLR4 gene and its variants including re-
duced ability to up-regulate the expression of the potentially inhibitory variant upon stimulation. In accordance with this observation, monocytes
from CF patients produced significantly more tumor necrosis factor after LPS stimulation than healthy controls. Our results thus describe the
kinetics of TLR4 splicing variants expression after LPS stimulation and indicate a possible alteration of its regulation in CF patients.

- © 2007 Elsevier Masson SAS. All rights reserved.

Keywords. Toll-like receptor 4; Alternative splicing; Cystic fibrosis

1. Introduction

Signaling via Toll-like receptors (TLRs), an evolutionary
conserved group of molecules identified in lower organisms
and mammals, plays a crucial role in a defense against patho-
gens. Cells of innate immune system expressing these recep-
tors recognize conserved pathogen structures, termed

Abbreviarions: TLR4, Toll-like receptor 4; LPS, lipopolysaccharide; TNF,
tumor necrosis factor; CF, cystic fibrosis; APC, antigen presenting cells;
PAMP, pathogen-associated molecular patterns; RQ-PCR, real-time quantita-
tive polymerase chain reaction; DC, dendritic cell.
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pathogen-associated molecular patterns (PAMPs) and initiate
activation of an adaptive immune response. So far 11 mamma-
lian TLRs with their specific ligands have been identified [1].
They all contain cytoplasmic domain with high homology to
interleukin (IL)-1 receptor (TIR domain) and an extracellular
region containing leucine-nich repeat motifs responsible for
recognition of pathogens. Lipopolysaccharide (LPS), a compo-
nent of an outer membrane of Gram-negative bacteria, has
been identified as a ligand of Toll-like receptor 4 (TLR4). Sig-
naling events triggered by TLR4 result in the initiation of tran-
scription of many genes involved in the inflammatory immune
response against pathogens [2,3].

LPS might trigger an acute and excessive release of proin-
flammatory cytokines dominated by tumor necrosis factor
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(TNF). In the case of severe infection by Gram-negative bac-
teria, this activation may lead to potentially fatal endotoxin
shock. Chronic infection by Gram-negative bacteria also acti-
vates TLR4 associated signaling cascades; however, the subse-
quent immune response 1s modified by repeated and chronic
exposure to bacterial LPS. Re-exposure of TLR4 expressing
cells to LPS leads to the state of so called “LPS tolerance”
with far less dramatic consequences in the altitude of inflam-
matory response [4,5]. In any circumstances, LPS triggered in-
flammatory response is under complex control that particularly
targets initial steps of TLR4 signaling cascade [6].

Recently several negative regulators of TLRs activation
have been identified [7]. In addition to cytoplasmic proteins
such as IRAK-M [8] and membrane-bound molecules ST2, SI-
GIRR [9,10], negative regulation by the induction of alterna-
tive splicing of proteins participating in TLR signal
transduction was described [11]. In mice, two inhibitory alter-
natively spliced isoforms of Irak2 gene were described [12].
Negative regulation was also observed directly at the leyel
of TLR molecules: the soluble form of TLLR2 inhibited IL-8
and TNF production by monocytes stimulated with TLR2
ligand, bacterial lipopeptide [13]. A similar mechanism of
TLR signaling inhibition was also described for mouse
TLR4 [14]. One of the three alternatively spliced mRNAs con-
tains an additional exon with a stop codon resulting in a protein
lacking the transmembrane and intracellular domains. This
soluble mouse TLR4 (smTLR4) attenuates LPS-induced
TLR signaling [14]. High homology of mouse TLR4 with hu-
man and its similar four-exon structure suggests that altema-
tive splicing of this gene could also play an important
regulatory role in humans.

In this study, we describe the development of a novel real-
time PCR-based system for reliable quantitative detection of
all four human TLR4 splice variants. We used this approach
to monitor the kinetics of expression of individual variants
during in vitro LPS-induced TLR4 stimulation of antigen pre-
senting cells. In order to deterrnine whether long-term expo-
sure to LPS during chronic Gram-negative infection leads to
qualitatively different response to LPS stimulation, we also
analyzed expression of TLR4 splice variants in monocytes
isolated from cystic fibrosis (CF) patients colonized with
Gram-negative bacteria. Cystic fibrosis is a severe autosomal
recessive inherited disease, caused by mutations in the CFTR
gene (Cystic Fibrosis Transmembrane Conductance Regula-
tor). Clinical presentation of CF phenotype is the result of mu-
tations of the gene and subsequent impaired function of the
chloride channel. CF patients tend to suffer from chronic,
mostly bacteral, respiratory infections. Most severe and typi-
cal pathogens are Gram-negative bacteria—Pseudomonas aer-
uginosa and Burkholderia cepacia complex. Interestingly,
specific structures of LPS with higher stimulatory potential
were found in P. aeruginosa isolates from CF patients [15].
Apparently, chronic contact with Gram-negative infection
modifies the immune response. It remains unclear whether

TLR4 signaling modulation or its regulation is involved in .

this process. To reveal any possible modification in CF pa-
tients we therefore applied our novel detection system and

quantified TLR4 splice variants expression in CF monocyte
after LPS exposure.

2. Materials and methods
2.1. Media and cell cultures

Complete culture medium (CM) was used for the culture ¢f
monocytes and dendritic cells and consisted of RPMI 1640
(Cambrex, Verviers, Belgium) supplemented with 10% heat
inactivated fetal bovine serum (Cambrex), 2 mM L-glutamine
(Cambrex), and 1% penicillin/streptomycin (Cambrex). Cells
were cultured at 37 °C in a 5% CO, atmosphere.

2.2. Monocyte isolation and dendritic cell generation

Peripheral mononuclear cells were isolated from peripheri
blood of CF patients or healthy human donors by density gr- |
dient centrifugation (Ficoll paque, Amersham Biosciences),
Monocytes were then negatively separated by Monocyte isola-
tion kit II (Miltenyi Biotech, Bergisch Gladbach, Germany)
with more then 95% purity. Immature monocyte-denved
DCs were generated as previously described [16]. Briefly,
PBMC were obtained from isolated monocytes by cultue
for 5days in CM in the presence of GM-CSF at 500 IU/ml
(Leukine, Berlex, Richmond, CA) and 20 ng/ml of IL-4 (Pe.
protech, London, UK). Monocytes or dendritic cells at the
concentration of 1 x 10° or 5 x 10° cells per well, respec-
tively, were stimulated with 100 ng/ml LPS (Escherichia
coli, Sigma, St. Louis, MO) in CM.

2.3. Patients and controls

In this study, 9 CF patients (5 males and 4 females; mean
age 21.8 & 6.9 years) and 9 healthy controls (5 males and 4 fe- ‘
males, mean age 26 % 5.6 years) were tested. All patients with
genetically confirmed diagnosis were from Cystic Fibrosis |
Centre at the University Hospital Motol in Prague. All CF pa-
tients except one were F508del homozygotes (for more de-
tailed patient data see Table 1). Healthy controls did not
have any family history of CF or features associated with
CF or chronic Gram-negative infection.

All CF children’s parents, CF adults and healthy controls
participating in the study were informed in detail about the
study and informed consents were signed prior to the involve-
ment in the protocol.

2.4. Cytokine detection

Culture supernatants from LPS stirnulated monocytes or
DC were collected in succeeding time points up to 24 h and
TNF and IL-8 production were analyzed by ELISA kits (Bio-
source, Camarillo, CA).

2.5. RT—PCR

Total cellular RNA was prepared from stimulated mono-
cytes or DC using Rneasy mini kit (Qiagen, Hilden, Germany).
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Table 1
CF patients’ charactenistics
Pauents Sex Age Inpatient  Genotype Current
(years) or colonization
outpatient” of P. aeruginosa
and/or B. cepacia
Non- M 25 In del2tkb/F508del —
colonized
F 17 Out F508del/F508del —
M 31 Out F508del/F508del —
Colonized M 32 In F508del/F508de] Pa
M 20 In F508del/F508del Pa, Be IDA
F 25 Out F508del/F508del Pa
M 20 Out F508del/FS08del Pa
F 12 Out F508del/F508del Pa
F 24 Out F508del/F508del Pa

Pa, Pseudomonas aeruginosa;, Bc LA, Burkholderia cepacia genomovar IIIA.
? Qutpatents were scen for routine CF clinic visit, inpatients were hospital-
ized for therapy due to CF exacerbation.

One microgram of RNA was treated by | U of DNase (Fer-
mentas, St. Leon-Rot, Germany) 30 min at 37 °C. The enzyme
was inactivated by heating at 65 °C for 10 min in the presence
of 2mM EDTA (Fermentas). RNA was then transcnibed into
cDNA using M-MLV Reverse Transcriptase (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions.
Presence of DNA contamination and verification of successful
isolation of RNA was tested by PCR amplification of ABL
gene with intron spanning primers: forward pomer 5-TTC
AGC GGC CAG TAG CAT CTG ACT T-3/, reverse primer
5-TGT GAT TAT AGC CTA AGA CCC GGA GCT TTT-3".
This reaction results in 764 bp product when DNA is a tem-
plate and 201 bp product in RNA. cDNA was synthesized by
Superscript First Strand Synthesis System for RT—PCR
(Invitrogen).

To detect all TLR4 splicing variants, PCR with primers
designed to exons I and IV were performed (forward primer:
5'-ATA GCG AGC CAC GCA TTC A-3' and reverse primer:
5-ACC CGC AAG TCT GTG CAA TAA-3'). The amplified
products were separated on 2% agarose gel and visualized
by ethidium bromide staining.

Expression of splice variants was quantified by real-time
quantitative RT—PCR using 1Cycler (Bio-Rad, Hercules, CA)
with primers designed in the exons junction (Fig. 1B). The fol-
lowing primers were used: TLR4-NM 138554: 5'-TCA CAG
AAG CAG TGA GGA TGA T-3', 5'-AAG TAA TAT TAG
GAA CCA CCT CCA-3; TLR4-NM 003266: 5'-TTAG
GAACCACCTCCGTGATAA-3, 5-TTG GCC CTA AAC
CAC ACA GAA-3; TLR4-NM 138557: 5'-ATT TCA CAC
CTC CAC GCA GG-3', 5"-ATT TCA CAC CTC CAC GCA
GG-3'; TLR4-NM 138556: 5'-TGT CTG GAT TTC ACA
CCT CCG-3', 5'-TTG GCC CTA AAC CAC ACA GAA-3'; to-
tal TLR4: 5'-TAT TCC CGG TGT GGC CAT T-3', 5-GTG
CTG GGA CAC CAC AAC AA-3', Tagman probe 5'-TTC

GGC TTT TAT GGA AAC CTT CAT GGA TG TT-3'; B-actin:

5'-GCT GAT CCACATCTG CTG GAA-3',5-ATT GCC GAC
AGG ATG CAG AA-3', Tagman probe 5'-CAA GAT CAT TGC
TCC TCC TGA GCG CA-3'. Real-time RT—PCR reactions

were performed in triplicates using the first-strand cDNA and
Platinum Taq polymerase (Invitrogen), 200 nM dNTP (Prom-
ega, Southampton, UK), 1.5—4 mM MgCl, (Invitrogen)
0.5 pM primers (TIB MOLBIOL, Berlin, Germany), SYBR
Green (Promega) and 10 nM fluorescein (Bio-Rad). Levels of
TLR expression were normalized using B-actin reaction as
exogenous contro! to obtain the relative expression value.

2.6. PCR products cloning

PCR products were inserted into vectors using TOPO TA
Cloning kit (Invitrogen) according to the manufacturer’s in-
structions. Plasmids from E. coli culture were purified using
JETPREP Plasmid Miniprep Kit (GENOMED GmbH, Lohne,
Germany) and DNA concentration was assessed with Quant-iT
kit (Invitrogen). Plasmid copies number was calculated and
used for absolute standard curve generation.

To verify the sequence inserted in plasmid DNA, sequenc-
ing was performed using BigDye™ Primer v3.0 Sequencing
Kit (Applied Biosystems, Foster City, CA) and sequences
were analyzed on DNA sequencer ABI PRISM® 310 Genetic
Analyzer (Applied Biosystems).

3. Results
3.1. Quantitative detection of TLR4 splice variants

As previously reported, mouse TLR4 gene express several
splice vanants [14]. National Center for Biotechnology Infor-
mation (NCBI) database contains reference sequences of four
mRNA splice variants for human TLR4. All four splice vari-
ants contain exon I and exon [V while exons II and III are al-
ternatives (Fig. 1A). We first sought to determine whether
myeloid DCs express all four splice variants after LPS stimu-
lation. To detect the presence of all four splice varants of
TLR4, RT—PCR with specific primers flanking the region be-
tween exons I and IV was performed (Fig. 1A). All four splice
variants were expressed by DCs at various time points after
LPS stimulation. Length of PCR products corresponded with
the expected length of RT—PCR products amplified from indi-
vidual variants differing by the presence of exons Il and III.
However, attobutes of an end-point RT—PCR and possible
preferential amplification of short products in the sample did
not allow us to perform precise quantification of individual
splice variants. Thus in order to quantify the expression of
TLR4 splice vanants, we developed a real-time RT—PCR
(RQ-PCR) detection system. As each splice variant contains
unique sequence at the border of two exons, we designed
promers into exon junctions to specifically detect the desired
splice varant as shown in Fig. 1B. To provide an additional
control that primers would not anneal to other splice variants,
control plasmids containing sequences of other variants were
constructed and tested (Fig. 1B). RQ-PCR conditions, anneal-
ing temperature, MgCl,, primers and polymerase concentra-
tion were optimized until the product in control samples was
detected or until the difference of Ct values between sample
and control plasmid was clearly distinct (Fig. 1C).
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Fig. L. (A) The exon structure of human TLR4 gene and detection of TLR4 splice variants in human monocyte-derived dendritic cells (DC) treated with 100 ng/ml
LPS for indicated times. Human TLR4 contains four exons (depicted as boxes). Exons I and III are alternative (marked by shading). PCR reactions were per-
formed with primers designed to exons I and IV. The amplified products were visualized by gel electrophoresis. (B) Schematic representation of TLR4 splice
variants quantitative detection. Primers were designed to allow specific detection of individual variants. Exons I—1V are shown as boxes and arrows indicae
primers, designed in exon junctions. Primer annealing in constructed control plasmids (gray color) is outlined. (C) Specificity optimization of splice variant de-
tection by RQ-PCR. Amplification of plasmid A (serial dilutions numbered with [—5) containing sequence of the detected splice variant (shown in black) was
compared to amplification curve of a control plasmid B (shown in gray). The difference of more than 17 cycles between Ct values of reactions with plasmid
A and B (using the same starting amount—dilutions 2) was reached. Annealing temperature 68 °C; 1.5 mM MgCl,.

3.2. Analysis of splice variants of TLR4 after LPS TLR4 splice variants expression was examined during 24 h af-
stimulation ter monocyte-derived DC and monocytes stimulation by LP§
(Fig. 2A,B). TNF production was used as a surrogate marker

To analyze the effect of LPS stimulation on the transcrip- of LPS-mediated activation (Fig. 2B). Splice variant NM
tion of alternative TLR4 splice variants, kinetics of individual 138554 was the most expressed variant followed by NM
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Fig. 2. Kinetics of TLR4 splice vanants expression and TNF production in LPS-stimulated cells from healthy donors (LPS at concentration 100 ng/ml). (A) Ab-
solute levels of TLR4 splice variants and total TLR4 mRNA expression in monocytes. Number of copies was normalized to number of copies of B-actin. (B)
Relative change of TLR4 splice variants mRNA expression and LPS-induced TNF production by monocytes (left column) and monocyte-derived DCs (right col-
umn). Expression levels of all splice variants in unstimulated cells were set to 1. TNF concentration was measured in collected supernatants by ELISA. Repre-

sentative data from one of three experiments are shown.

003266 splice vanant. Expression of NM 138556 and 138557
was significantly lower. As expected, the highest absolute
amount of copies was detected for total TLR4, using primers
located in exon IV and therefore including all possible TLR4
splicing products (Figs. 1B, 2A).

RQ-PCR analysis revealed that both splice variants con-
taining exon III (NM 003266 with exons I, II, III, IV and
NM 138554 with exons I, I, IV) showed a distinct pattern
of expression kinetics than the remaining exon III missing
variants. After the stimulation of monocytes, expression of
NM 003266 and NM 138554 quickly increased during the
first three hours and then it gradually declined (Fig. 2B). A
similar pattern was observed for the analysis of total TLR4
(data not shown). Expression of the two remaining splice var-
iants NM 138556 consisting of exons I, II, IV and NM 138557
with exons I, IV gradually decreased. Interestingly, when we
performed this assay in monocyte-derived DCs, mRNA ex-
pression of the two splice variants containing exon III (NM
003266 and NM 138554) changed markedly as well, but in
contrast to monocytes it was transiently down-regulated
within 1 h after LPS stimulation. Then, after it reached its ini-
tial levels, it further decreased (Fig. 2B). Twenty-four hours
after LPS stimulation, expression levels of all splice variants
in both monocytes and DCs were lower than prior to the
stimulation.

3.3. Splice variants expression in CF and
non-CF monocytes

To determine whether the expression of splice variants dif-
fers in non-CF and CF celis, monocytes separated from blood
of healthy controls and CF patients were treated with LPS and
kinetics of TLR4 splice variants expression was studied. For
statistical analysis CF patients were grouped according to
the current bacterial colonization by Gram-negative bacteria
(P. aeruginosa or B. cepacia) (Table 1). We performed expres-
sion analysis of total TLR4 and analysis of splice variants NM
138554 and NM 003266, as we previously showed that only
these splice variants were significantly increased after LPS
stimulation. In all CF samples tested, we confirmed the similar
pattern of expression dynamics for both TLR4 splice variants
as in healthy controls (Fig. 3). We did not find any significant
differences between colonized or non-colonized CF patients at
any measured time point (data from the three time points
showed in Fig. 4A). However, we observed significantly
reduced total TLR4 and NM 138554 vanant expression level
after 3 h of stimulation in CF patients in companson to the
control group (P < 0.05).

In the next step we analyzed the ability of monocytes to up-
regulate expression of total TLR4 and of each splice variant
after stimulation (fold change—maximum detected expression
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Fig. 3. Kinetics of the two dominant TLR4 splice variants in CF monocytes.
Monocytes isolated from CF subjects were incubated with 100 ng/ml LPS
for 24 h and expression of splice varants NM 003266 and NM [38554 was
measured by RQ-PCR at indicated time points.

level was related to its respective basal level before stimula-
tion) (Fig. 4B). Whereas we did not find a statistically signif-
icant difference in this parameter for splice varant NM
138554, an increase in the expression of full-length splice var-
iant NM (003266 and the resulting increase in the total TLR4
expression were significantly higher in healthy controls than
in CF patients (P < 0.05). The peak of expression was reached
between 2 and 6 h. It 1s noteworthy that monocytes of CF
patients reached maximum of total TLR4 expression levels
significantly later than control monocytes (4.4 +0.96 vs.
3.3+ 0.82h, P <0.05).The same tendency was observed for
NM 138554 varant (Fig. 4B).

3.4. Production of IL-8 and TNF by CF and
non-CF monocytes

In order to determine whether the observed changes in
TLR4 expression in CF patients correlated with their activa-
tion status caused by chronic LPS stimulation in vivo, we com-
pared the kinetics of cytokine production by CF and control
monocytes stimulated by LPS. While there was no difference
in the production of IL-8, the production of TNF was higher in
monocytes from CF patients with a statistically significant dif-
ference in supernatants collected 4 h after LPS stimulation
(P < 0.05) (Fig. 5).

4. Discussion

Although many studies investigated the role of TLR4 in the
immune response against pathogens, reports about the regula-
tion of TLR4 function are relatively scarce. Few and in some
cases contradictory data were published about the dynamics of
TLR4 activation upon LPS binding. In all these studies, TLR
expression was assessed based on the detection of exon IV,
which is common to all four splice varants described in
TLR4 gene (total TLR4 expression). Recent studies show
that up to 42% of all human primary transcripts undergo alter-
native splicing, with highest incidence in genes participating
in the immune and nervous system function [17]. The biolog-
ically different roles of alternatively spliced proteins are likely

to play an important role in the regulation of the immune re-
sponse. Moreover, many cases of alternative splicing were
found in mammalian TLR genes and their homologues in
plants and Drosophila [11,13,18]. In this study we therefore
directly monitored the expression of all TLR4 splice variants.
We designed a novel method allowing for precise quantitative
detection of TLR4 splice vanants after LPS stimulation. In
contrast to previously published results on TLR2 [11], we
did not observe any variation in the splice vanants in different
cells (monocytes or myeloid DCs) or individuals. All four var-
iants were constitutively transcribed. We showed an increase
in the transcription of total TLR4 during the first 3 h after
LPS stimulation and subsequent decline to the levels below
the steady-state expression. A similar up-regulation pattem
was detected by semi-quantitative PCR [19,20], Northem
blot assay [21] and on the protein level by FACS [22]. How-
ever, down-regulation assessed by semi-quantitative PCR
was also reported [23]. As the RQ-PCR based system allows
to discriminate between expression levels of specific variants,
we further show, for the first time, that the increase in total
TLR4 mRNA is caused by specific up-regulation of two splice
variants, both containing exon III (NM 003266 and NM
138554). This observation is particularly interesting as the se-
quence of one of these variants, NM 003266, contains all four
exons including exon II. As suggested by Iwami et al., in anal-
ogy to studies in mice, a stop codon in exon IT of human TLR4
mught give rise to a small protein without transmembrane and
intracellular domain [14]. Similar to the already described
mouse smTLR4, such a small soluble protein might exert an
inhibitory function in TLR4 signaling [14]. In contrast to
monocytes, in monocyte-derived DC we observed short-term
down-regulation of NM 138554 and NM 003266 expression
after LPS stimulation followed by a rapid increase similar to
that observed in monocytes (Fig. 2B). This transient loss of
TLR4 expression by immature DC during maturation has
been described previously {21] and might be associated with
the mechanisms that control the level of DC stimulation. Den-
dritic cells represent a unique population with the crucial role
i the initiation of the immune response. They secrete large
amounts of pro-inflammatory cytokines and in their mature
stages activate and modulate T-cell responses. In contrast to
monocytes, DCs are much more potent in inducing the im-
mune response and it is conceivable that DCs are more tightly
regulated. The interesting possibility that the dynamics of TLR
expression might be one of the control steps in their activation
would require further investigation.

TLR4 signaling is particularly important in Gram-negative
infection. In our study we used cystic fibrosis as a model of
chronic infection with Gram-negative bacteria, P. aeruginosa
and B. cepacia. The issue of TLR signaling in CF has recently
gained substantial interest [24—26]. We were especially inter-
ested in the dynamic and the character of TLR4 and its splice
variants expression observed in monocytes from CF patients in
the initial steps of the immune response.

The kinetics of TLR4 transcript expression seems to be
a particularly constant phenomenon as we repeatedly observed
it in all tested subjects including the cells from CF patients.
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Fig. 4. Expression of TLR4 splice variants in CF patients (n = 9) and healthy controls (n = 9). Monocytes isolated from healthy controls and CF subjects were
incubated with 100 ng/ml LPS and expression of TLR4 gene and its splice variants NM 003266 and NM 138554 was measured by RQ-PCR in different time points
of stimulation. For statistical analysis non-parametric Mann—Whitney test was used. Statistical significance (P < 0.05) is marked with an asterisk. The mean value
from each group is represented by a line. (A) Comparison of absolute expression levels of TLR4 splice variants and total TLR4 in colonized or non-colonized CF
patients to healthy controls in three time points after stimulation. (B) Comparison of fold change (maximum detected expression level was related to its respective
basal level before stimulation) of splice variants expression in groups of patients and healthy controls. Fold change (parameter y) is depicted in relation to the time
point of maximal expression (parameter x) in each sample. Average time of maximal expression for each group is displayed by a dashed line.

Despite chronic exposure of these cells to Gram-negative bac-
teria derived LPS we did not observe any differences in the dy-
namics of the response between chronically colonized patients
and patients with intermittent infection. However, differences
were evident when we compared the level of TLR4 expression
induced by LPS stimulation between CF patients and controls.
While splice variant NM 138554 expression level was signif-
icantly decreased in CF patients after 3 h of stimulation in
comparison with healthy controls, its up-regulation (maximum

level related to basal levels before stimulation) was identical in
both groups. This might be explained by the fact that the kinet-
ics of NM 138554 up-regulation were slower in CF patients
than in healthy controls (3.4 &+ 1.42 vs. 2.4 £ 0.83 h, respec-
tively). Similarly, total TLR4 reached 1ts maximal levels sig-
nificantly later in CF patients than in healthy controls
(4.4 +0.96 vs. 3.3 4 0.82 h) (Fig. 4B). These findings are in
agreement with study describing a delayed LPS-induced re-
sponse in CF cells [27].
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The most nteresting characteristic for CF patients was the
significantly reduced ability to up-regulate splice variant NM
003266 and the resultant lower up-regulation of total TLR4
in CF patients as compared to healthy donors (Fig. 4A,B).
The difference observed in the magnitude of change of the
splice variant NM 003266 is striking as it implies the possibil-
ity that such change might reflect differential regulation of
TLR4 function in CF monocytes. The differences expressed
in individual variants are reflected in a significant divergence
in the expression of total TLR4 between CF patients and
controls.

In addition to the expression of TLR4 splice vanants, we
also measured the production of cytokines by CF and non-
CF cells. Several studies comparing cytokine production in
CF patients and healthy controls reported increased production
of IL-8 [27], TNF [28] or lower LPS effective concentration
required for its induction, even in CF patients who had no re-
cent history of infection. This effect was suggested to be a re-
sult of CFTR dysfunction [29]. In our settings, we did not
confirm increased IL-8 production in CF patients, but we ob-
served an increased early TNF response to LPS, with no cor-
relation to the presence or character of bacterial colonization.
Increased TNF production in CF patients suggests an en-
hanced susceptibility to inflammatory reaction after LPS stim-
ulation. It is tempting to speculate that the lower up-regulation
of potentially inhibitory TLR4 splice variant NM 003266 in
myeloid cells from CF patients accounts for an increased re-
sponse to TLR4 stimulation. This hypothesis is also in accor-
dance with the observation of increased NF-kB activation in
LPS-stimulated cells from CF patients [27,30]. Such results
are, however, 1n contrast to the findings typical for endotoxin
tolerance [31,32] characterized by reduced pathogen related
TNF production and rather indicate excessive immune re-
sponse by CF patients.

In conclusion, we describe a novel real-time PCR based ap-
proach allowing for quantitative detection of four splicing var-
iants of human TLR4 in monocytes and dendritic cells. We
describe the kinetics of TLR4 splicing variants expression af-
ter LPS stimulation of monocytes and DCs. All four TLR4
splicing vanants are transcribed constitutively, with a charac-
tenstic pattern after LPS stimulation. Up-regulation of total
TLR4 transcripts after LPS stimulation is due to the increase
of splice vanants NM 003266 and NM 138554. Splice variant

NM 003266 is particularly interesting as it might give rise to
the small soluble protein with the potential inhibitory function.
Typical LPS-induced up-regulation of this splice variant was
significantly lower in stimulated monocytes from CF patients,
Interestingly, LPS stimulation of monocytes from CF patients
led to the significantly higher TNF production compared to
healthy controls.

This system allowing quantitative analysis of alternative
TLR4 transcripts represents a useful tool for dissecting the
role of alternative splicing of TLR4 in LPS-mediated cell
activation.
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Abstract

Dendritic cells (DC) become fully functional upon maturation by various stimuli. We tested whether an immunostimulatory effect
of clinically used immunomodulators (Luivac®, Biostim®, Ribomunyl®, Imudon®, Bronchovaxom®) is caused by direct DC activation.
We found that Luivac®, Biostim® and Ribomunyl® have a very high DC stimulatory potential in vitro. The level of DC activation
was comparable or higher than DC maturation induced by standard maturation stimuli, Poly (I:C) or lipopolysaccharide. Treated DC
had activated phenotype, reduced phagocytic activity and they induced the proliferation of allogeneic T lymphocytes. These results are
important for understanding the physiology of action of these widely prescribed agents. Administration of bacterial immunomodulators
should be considered with care to avoid the potential risk of inducing an autoimmune disease. They could also be used as well-defined

maturating agents in the protocols used for the ex vivo production of DC-based vaccines for clinical trials.

© 2004 Elsevier Ltd. All rights reserved.

Keywords.: Dendritic cell; Maturation; Immunotherapy; Bacterial immunomodulators

1. Introduction

Dendritic cells (DC) are considered to be the key
antigen-presenting cells for the activation of naive T cells
and for the initiation of the primary immune reaction. They
exist in two functionally and phenotypically distinct states
termed immature and mature. The process of maturation
involves the continuous transition from an immature DC
residing in peripheral tissue and sampling its environment
to the mature DC in the secondary lymphatic organs. These
mature DC are fully equipped for the efficient stimulation
of Ag-specific T lymphocytes. Steady-state DC are imma-
ture, have high phagocytic activity, express low-levels of
costimulatory molecules and have low antigen processing
capacity [1]. Much of the current research effort focuses on
their role in the induction and maintenance of the periph-
eral tolerance [2]. The process of maturation is typically
initiated by the binding of conserved pathogen-derived
molecules to pathogen recognition receptors (PRRs), in-
cluding the family of Toll-like receptors (TLRs). This leads
to the activation of the transcription of genes coding for
MHC and costimulatory molecules, to the production of
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inflammatory cytokines and to the switch of the surface
expression of chemokine receptors [3]. The upregulation
of MHC classes T and II and of costimulatory molecules
synergically enhances the antigen presenting capacities of
DC and their T-cell stimulatory potential. This complex
process culminates in the arrival of activated DC in the T
cell zone of lymph nodes where they interact with T cells.
DC maturation thus has to be viewed as a process that co-
ordinately regulates DC’s antigen capturing, processing and
presentation, expression of costimulatory molecules and cy-
tokine secretion in both the time and space [4]. Description
of protocols allowing for the generation of large numbers
of DC from peripheral blood monocytes enabled the use of
DC pulsed with various forms of tumor antigen as cellular
vaccines for tumor immunotherapy [5]. Clinical trials per-
formed on patients with advanced diseases have achieved
encouraging results [6]. In the light of the recent insights
into the DC maturation characteristics it appears crucial to
implement the maturation step in the current protocols for
DC-based vaccine generation [7,8].

Bacterial immunomodulators are widely prescribed
drugs. They form a heterogeneous group of drugs usually
composed of standardized lysats or extracts of different
bacterial strains used for a non-specific activation of the im-
mune system. There are administrated in order to increase
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mucosal immunity and to prevent recurrent infections of
the respiratory tract. However, an exact mechanism of their
action in vivo remains largely unexplained. In this study, we
tested whether an immunostimulatory effect of a wide range
of clinically used immunomodulators (Luivac®, Biostim®,
Ribomunyl®, Imudon®, Bronchovaxom®) is caused by a
direct effect on the activation status of DC.

2. Materials and methods
2.1. Media and cell cultures

Complete culture medium (CM) was used for the cul-
ture of lymphocytes and dendritic cells and consisted of
RPMI (BioWhittaker, Berkshire, England) supplemented
with 10% heat-inactivated fetal calf serum (FCS, BioWhit-
taker), 2mM vL-Glutamine, and 1% penicillin/streptomycin
(BioWhittaker). Cells were cultured at 37°C in a 5% CO;
atmosphere.

For the phenotypic studies, we also used serum-free
X-VIVO 15 medium (BioWhittaker), with similar results as
for the RPMI + 10%FCS.

2.2. Generation of immature DC

Immature monocyte-derived DC were generated from
buffy coats obtained from the Institute of hematology and
blood transfusion in Prague. Peripheral blood mononu-
clear cells (PBMC) were isolated by standard Ficoll-Paque
(Amersham, Upsalla, Sweden) gradient centrifugation.
10 x 108 PBMC were suspended in 3 ml of CM and allowed
to adhere to 6-well plates. After 2h incubation at 37°C,

Table 1
Composition and range of tested concentrations

the nonadherent lymphocytes were removed and adherent
monocytes were cultured for 5 days in CM with 500 U/ml of
GM-CSF (Leucomax®, Novartis, Sweden) and 15 ng/ml of
IL-4 (Biosource, Nivelle, Belgium). Fresh cytokines were
added on day 3. Day 5 immature DC were used for further
tests.

2.3. Characteristics of DC maturation model

We tested the effect of clinically available modula-
tors on the maturation of DC. Tested agents (Luivac®,
Biostim®, Ribomunyl®, Imudon®, Bronchovaxom®) are
composed of various bacterial components. Luivac®,
Biostim®, Imudon® and Bronchovaxom® are standardized
mixtures of bacterial strains lysats, Ribomunyl® contains
ribosomal RNA from bacteria causing recurrent respira-
tory tract infections together with the glycoprotein from
Klebsiella pneumoniae. Biostim® is composed of K. pneu-
moniae glycoprotein extract. Detailed composition and the
range of concentrations tested for each drug are listed in
Table 1.

Day 5 immature DC were seeded in 24-well plates
(NUNC, Roskild, Danemark) at 1 x 10° DC/ml in CM
with GM-CSF and IL-4. DC activation was achieved by the
treatment with Poly (I:C) 50 pg/ml (Sigma, Prague, Czech
Republic) [8], LPS 10 pg/ml (Sigma). To test the ability
of immunomodulators to activate immature DC, graded
doses of these agents were added to day 5 immature DC.
Phenotypic and functional consequences of DC treatment
with tested drugs were evaluated 48 h after stimulation to-
gether with the survival of activated DC. According to the
manufacturers’ information, tested drugs contained no trace
amounts of LPS.

Immunomodulator Composition

Concentrations tested Comments

Ribomuny|® (Pierre Fabre
Medicament, France)

proteoglycans from Klebsiella pneumonia

Bronchovaxom® Staphylococcus aureus, Streptococcus pneumoniae,
Diplococcus pneumoniae, Streptococcus pyogenes et
viridans, Klebsiella pneumoniae el ozaenae, Neisseria

(Laboratoires OM,
Geneva)
catarrhalis, Haemophillus influenzae

Luivac® (Sankyo
Pharma, Germany)

Ribosomal RNA from Klebsiella pneumonie 35%,
Streptococcus pneumoniae 30%, Streptococcus pyogenes
30%, Hemophilius influanzae 5%, membrane

Staphylococcus aureus, Streptococcus pneumoniae,
Streptococcus pyogenes, Klebsiella pneumoniae,

50 pg to 10 mg/ml

Concentrations above 100 pg/ml
severely reduced DC viability

1S pg to 350 pwg/ml

Concentrations above 75 pg/ml
severely reduced DC viability

5 g to 1 mg/ml

Branhamella catarrhalis, Haemophillus influenzae

Biostim® (Cassenne Kebsiella pneumoniae glycoprotein
Laboratoire, France)
Imudon® (Solvay

Pharma, France)

Lactobacillus acidophilus, Lactobacillus helveticus,
Lactobacillus lactis, Lactobacillus fermentum,
Streptococcus pyogenes, Enterococcus faecium,
Enterococcus faecalis, Streptococcus sanguis,
Staphylococcus aureus, Klebsiella pneumoniae,

Concentrations above 50 pg/ml
severely reduced DC viability

2,5 pg to 250 pg/ml

50 pg to 1 mg/ml

Corynebacterium pseudodiphtheriticum, Fusobacterium

nucleatum, Candida albicans




R. Spisek et al./Vaccine 22 (2004) 2761-2768 2763

2.4. Flow cytometric analysis of cell surface phenotype
and intracellular staining

For the phenotypic analysis, FITC or PE conjugated
monoclonal antibodies (mAbs) against following molecules
were used: CD40, CD80, HLA-DR, CD14, CD83, CDS86,
HLA-ABC (BD Pharmingen, Prague, Czech Republic).
Cells were stained for 30 min at 4 °C and washed twice in
PBS +0.1% BSA. Stained DC were analyzed on FACSCal-
ibur (Becton Dickinson) using Cell Quest Pro software.
The DC population was gated according to its FSC and
SSC proprieties and dead cells were excluded on the basis
of propidium iodide (PI; Sigma) staining. Appropriate neg-
ative controls were included and at least 5000 viable DC
were counted in each experiment.

2.5. Cytokine detection

After 48 h of treatment with different agents, supematants
were collected and analyzed for the presence of p70 IL-12
and IL-10 by ELISA assay using a commercially available
kit (R&D Systems, Abingdon, UK).

2.6. FITC-dextran endocytosis

The 2 x 10° DC were equilibrated at 37 or 0 °C for 10 min
and then incubated with FITC-dextran (40 000 MW, Sigma)
at a concentration of 1 mg/ml. After different times of in-
cubation at 37 or 0°C, cold staining buffer was added to
stop the experiment. Cells were washed three times with ice
cold PBS and analyzed by FACSCalibur. Nonspecific bind-
ing of dextran to DC determined by incubation at 0°C was
subtracted.

2.7. Mixed lymphocyte reaction (MLR)

CD4+ T cells were positively selected using CD4 selec-
tion kit (Miltenyi Biotech, Bergisch Gladbach, Germany).
Purity of CD4 population used for further studies varied and
always exceeded 93%. Graded numbers of DC activated for
24 h by tested agents were cultured in triplicates in U-bottom
96-well plates (NUNC) with 1 x 10° CD4 T lymphocytes
from allogeneic donor in a final volume of 200 wl. Prolifer-
ation of allogeneic T-cells was determined after 4 days by
uptake of *H thymidine (0,04 MBq/100 ml) for the last 18 h.

3. Results

For each bacterial immunomodulator, we tested a wide
range of concentrations in the preliminary experiments. Test-
ing of higher concentrations for preparations with only weak
or none DC-stimulatory effect was limited either by the in-
ability to bring them in more concentrated aqueous solution
or by the severe reduction in DC survival (see comments
in Table 1). Concentrations presented throughout the study

Immature DC Poly (I:C) LPS
CD&g0 { \ { \ / H
| A
CDg6 \
. ,\/\H.&____
CD83
CD40
HLA-DR
. .
HLA-ABC ['
CDlic /\ {l (l H ,

Fig. 1. Phenotype of immature DC and of DC activated for 48 h by the
continuous treatment with Poly(I:C) or LPS. Day 5 immature DC were
cultured for 48 h in the presence of Poly(I:C), LPS or left untreated. DC
were gated according to their morphological proprieties and only viable
cells (propidium iodide negative) were included in the final analysis. The
thick lines represent the specific expression of investigated molecules,
whereas the thin line represents the isotype control staining. The profiles
are representative of five independent experiments with DC generated
from different donors.

correspond to the optimal concentrations for agents with DC
stimulatory effect. For immunomodulators without a signifi-
cant effect on DC maturation, we report the maximal concen-
trations that did not cause severe reduction of DC viability.

Immature day 5 DC generated from peripheral blood
monocytes displayed typical morphology and their phe-
notype correlated to their immature state with negative
lineage markers for monocytes, lymphocytes and NK cells,
moderate levels of CD80, CD86, HLA class I and II, and
complete negativity of CD83 (Fig. 1 and data not shown).
In control experiments, immature DC were stimulated for
48h with two substances known to have a strong DC
maturation-inducing capacity, LPS and Poly(1:.C) (Fig. 1).
Immature DC were treated with tested agents and their phe-
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notypic and functional characteristics were assessed 48 h
later.

3.1. Phenotypic changes 48 h after the treatment with
immunomodulators

Extensive phenotypic analysis performed 48h after
initial stimulation with tested agents revealed that stim-
ulation with Luivac®, Biostim®, Ribomunyl® led to a
dramatic increase in the surface expression of costimula-

1800

1350

ol

tory (CD80, CD86, CD40), maturation-associated (CD83)
and antigen-presentation associated molecules (HLA-ABC,
HLA-DR) molecules (Fig. 2). The degree of their up-
regulation was comparable to the activation induced by
LPS and Poly(I:C). We did not observe any significant
maturation-associated increase in these molecules after the
48 h treatment with Imudon® and Bronchovaxom®. The vi-
ability of activated DC was assessed 48 h after the addition
of activators by flow cytometry analysis (PI staining). The
number of viable cells was estimated by flow cytometry

1400
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Fig. 2. Phenotypic profile of DC treated with different immunomodulators. Surface expression of various maturation-related molecules was analyzed
48h after the initial stimulation of immature DC. Values represent mean fluorescent intensity (MFI) intensity. The level of non-specific fluorescence,
obtained with an isotype-matched irrelevant mAb was set at 4 MFI. Representative results of one out of five independent experiments with different DC

preparations are shown.
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120
100

Fig. 3. Yield of viable DC 48 h after maturation compared to survival of
iDC. The viability of DC was evaluated by flow cytometry. DC survival
48 h after the addition of maturating stimuli is expressed as a percentage
of iDC survival. Representative results of five independent experiments
are shown.

using PI negative portion of cells with DC optical charac-
teristics. Fig. 3 shows the total number of viable mDC in
culture when compared to survival of iDC without any addi-
tional stimuli. Treatment with LPS or Poly(I:C) negatively
affected the yield of living cells 48 h after their addition
by 20-30%, as previously reported. However, activation
induced by Luivac®, Biostim®, Ribomunyl® did not lead
to the significant cells loss, with 80-100% of live DC as
compared to immature DC.

Similar results were obtained when using serum free
medium X-VIVO 15 during the whole culture period. In
this case, only Poly(I:C) was used as a positive control of
DC stimulation as LPS requires the presence of the serum
in the culture media (data not shown).

3.2. Phagocytic and T-cell proliferation inducing capacity
of activated DC

Decreased phagocytic activity is a hallmark of the pro-
cess of DC maturation. We thus analyzed whether stim-
ulation of DC with tested agents changed their ability to
capture Ag. This process was quantitated by means of
fluorescein-conjugated dextran uptake. As shown in Fig. 4,
dendritic cells treated with drugs inducing their pheno-
typic maturation i.e. Luivac®, Biostim® and Ribomunyl®
had lower antigen uptake compared to DC treated with
Imudon®, Bronchovaxom® or to immature DC.

To test whether Luivac®, Biostim® and Ribomunyl® in-
duce maturation of DC to fully functional APC, DC from
day 5 cultures that had been incubated for 24 h were tested
for their capacity to stimulate allogeneic CD4 T cells. As
Fig. 5 shows, DC treated by these agents stimulated prolif-
erative responses more effectively that immature DC and as
well as LPS or Poly(I:C)-treated cells did. Increase of al-
logeneic T-cell proliferation was apparent in all DC: T-cell
ratios tested and was consistent for all donors tested. As
for phenotypic profile and phagocytic capacity, Imudon®
and Bronchovaxom® were inferior in their DC-activating
potential and the proliferative response induced by these
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Fig. 4. FITC-dextran uptake by DC stimulated with tested immnomodu-
lators. Immature DC were pulsed with FITC-dextran (1 mg/ml) and ana-
Iyzed by FACS as described in Materials and Methods. (A) Kinetics of
FITC-dextran uptake during first 2 h. Values represent mean fluorescent
intensity. (B) Endocytic activity of DC stimulated for 48 h with indi-
cated immunomodulators and incubated for 2h with FITC-dextran. Data
are expressed as a percentage of phagocytic capacity of immature DC.
Representative result of three independent experiments with different DC
preparations is shown.

drugs did not significantly differ from immature DC. Thus
in these experiments, the T-cell stimulatory capacity of
DC correlated with the state of their phenotypic maturation
as reflected by the level of costimulatory and maturation
associated molecules.

3.3. Production of IL-12 and IL-10

We finally analyzed whether tested agents induced the
production of cytokines by DC.

We tested two cytokine known to be produced by acti-
vated DC that have a major impact on the nature of induced
immune reaction: 1L-12, known to be a potent inducer of
Thl lymphocytes, secreted as a biologically active het-
erodimer p70 that is composed of two subunits (p35 and
p40). The second cytokine determined in this study, IL-10,
appears to have an important role in the induction of regula-
tory T lymphocytes and thus in the maintenance of periph-
eral tolerance. As expected, Poly(I:C)-treated DC produced
significant amounts of bioactive IL-12 with only a discrete
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Fig. 5. T-cell allostimulatory capacity of DC treated with indicated im-
munomodulators., DC matured with different immunomodulators were
used at graded numbers to stimulate allogeneic T lymphocytes. Prolifer-
ation was measured after 18h of *H thymidine incorporation on day 4.
The values are a mean of triplicate. Similar results were obtained in three
separate experiments. Ermror bars represent a SD of a triplicate.
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Fig. 6. Secretion of p70 IL-12 and [L-10 by mDC. Quantity of bio-
logically active p70 IL-12 heterodimer (A) and IL-10 (B) was analyzed
in supernatants from 48 h cultures of DC matured by various agents by
ELISA. Experiments were done 3 times for each maturating agent. Re-
sults of one representative experiment for DC IL-4 are shown. Error bars
represent a SD of a triplicate.

secretion of IL-10 (Fig. 6). LPS-treated DC produced low
amounts of both IL-12 and IL-10. Luivac® treatment induced
substantial p70 IL-12 production by maturing DC, this was
accompanied by lower production of IL-10. Significant p70
IL-12 production, comparable to that detected for Poly(I:C)
was also induced by Biostim®. None of the other agents
induced significant production of either of tested cytokines.

3.4. Reproducibility of the data between various
donors and different batches

DC were generated from peripheral blood monocytes ob-
tained from healthy blood donors. At least five independent
experiments with DC from different donors were performed
for each test. It is important to note that although the ab-
solute values of mean fluorescence intensity, quantity of
secreted cytokines or counts per minutes in MLRs varied
slightly between donors, the overall tendency remained un-
changed. Two different batches of each drug were used for
all reported experiments with comparable results.

4. Discussion

Immature DC reside in peripheral tissues and recent re-
ports suggest their role in the maintenance of peripheral
tolerance against self-antigens [9]. TLRs represent probably
the major mechanism by which the innate system recognizes
biochemical patterns displayed by infectious invaders [10].
Their stimulation triggers the signaling pathways leading to
the release of cytokines and the induction of costimulatory
molecules, the hallmarks of DC maturation.

Additional DC stimulation is achieved and modulated
by proinflammatory cytokines such as TNF, 1L-18 and
prostaglandine E, or by a varnety of nominflammatory and
pathogen unrelated factors like histamine, heparane sul-
fate and ATP. These auxiliary stimuli influence the nature
of a maturational process and provide DC with different
capacities for T cell effector subset priming [4,11,12].

Until recently, DC maturation was thought of as a bi-
nary process in which immature DC, were transformed
into mature DC with optimal T-cell stimulatory capacity.
However, it has become clear that different types of mature
DC exist which have different functional capacities with
respect to the T-cell responses that they are capable of in-
ducing. For example, depending on the timing and type of
maturation stimulus, mature monocyte-derived DC are able
to drive Thl or Th2 differentiation of naive T-cells. Both
mature plasmacytoid and monocyte-derived DC have been
reported to induce antigen-specific regulatory T-cell (Treg)
function in CD8% T-cells, leading to the loss of cytotoxic
activity in antigen-specific cells [13,14]. Antigen-specific
suppression of CTL function was also observed in two
healthy subjects in vivo after subcutaneous injection of
immature peptide-loaded DC [15]. With respect to cancer
immunotherapy, these results imply that incomplete, or
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“incorrect” DC maturation could have consequences for
the clinical response. Since the goal of this type of therapy
is to activate and augment the number of tumour-specific
CTL, DC preparations that are incapable of promoting the
differentiation of naive CD8% T-cells into effector CTL are
not likely to constitute an effective approach.

In this study, we investigated the effect of several im-
munomodulatory drugs on the maturation of immature
monocyte-derived DC. We report three of these tested
agents: Ribomunyl®, Luivac®, Biostim® that exert a very
high DC-stimulatory potential in all investigated aspects,
1.e. maturation-associated phenotypic changes, decreased
Ag-capturing capacities and augmented T-cell stimulatory
capacity. The level of DC activation was comparable or
higher than the activation induced by Poly(I:C) or LPS.
The group of clinically used immunomodulators consists
of a heterogeneous group of drugs usually composed of
the standardized mixture of bacterial strains accounting for
respiratory tract infections. They are usually prescribed in
order to increase mucosal immunity and to prevent recur-
rent infections of the respiratory tract. According to the
current knowledge about the activation of DC by micro-
bial products, it is not surprising that bactenal lysats or
extracts induce DC maturation in vitro. More surprising is
the fact that different immunomodulators induce uneven
level of activation. We hypothesise that this could in part
be explained by differences in their composition and due
to the different technology of their production. Since all of
tested agents are composed of membrane and bacterial wall
lysates from both G— and G+ bacteria they are likely to
activate DC through the triggering of Toll-like receptors.
Besides LPS and bacterial lipoproteins, K. pneumoniae
outer protein A (OmpA) is another candidate for DC acti-
vation [16]. Ribomunyl, in addition, contains an important
quantity of ribosomal RNA and can thus activate DC by
means of TLR3 crosslinking [17]. A recent report has de-
scribed DC-stimulatory activity of Bronchovaxom®, a drug
that in our hands had only marginal effect on DC activation
[18]. A possible explanation for this discrepancy is that,
in our study, the concentrations of Bronchovaxom above
50 pg/ml significantly impaired DC survival with only 10%
of viable cells 48 h after stimulation while the concentration
of 100 pg/ml was tested in Zelle-Rieser’s report, without
assessing the viability. Among agents tested in our study,
only Luivac activated DC to produce significant quanti-
ties of p70 IL-12. However, the concurrent administration
of Ribomunyl® and IFNy was shown to increase 1L-12
production by Ribomunyl-activated DC [19].

It is conceivable that the results obtained in this study
are relevant for the in vivo action of immunomodulatory
drugs, which are up to date largely unexplained. As all these
drugs are administered orally they get to the intestinal lu-
men, where they can be delivered to the DC localized in the
mucosa [20]. Their entry into DC can occur either via M
cells or by a direct mechanism which involves dendrites sent
by DC through the tight junctions between epithelial cells

into the intestinal lumen. Bacterial uptake then results in DC
activation, migration to the secondary lymphoid organs and
the initiation of an immune response. This model not only
gives a rational for the immunostimulatory effect of these
drugs but it also emphasizes that the prescription of these
agents should be done with caution. Although 1t is difficult
to estimate the concentrations of bacterial immunomodula-
tors that are achieved in the small intestine, we believe that
they should be prescribed carefully in well-founded indica-
tions in order not to increase the risk of the development of
an autoimmune disease in predisposed patients.

DC-based vaccines represent a very attractive vector for
anti-cancer immunotherapy and a number of studies were re-
ported in various cancers with some encouraging results. The
protocols used for in vitro production of DC vaccines used
different strategies to achieve some degree of DC maturation.
A recent analysis of pooled data from the clinical trials that
included metastatic melanoma patients treated with DC has
shown that the addition of TNF during the generation of DC
vaccines was strongly correlated with favorable outcome of
the treatment [21]. DC maturation state is therefore an im-
portant parameter for the clinical effectiveness of DC-based
immunotherapy and DC maturation step should be optimized
in future trials in order to improve clinical responses. High
capacity of several bactenial immunomodulators to initiate
DC maturation and the fact that they are readily available in
Good Manufacturing Practice conditions makes of them the
relevant candidates to be tested in the protocols for DC vac-
cine production. A potential obstacle for the use of bacte-
rial immunomodulators as clinical-grade maturation agents
in immunotherapy of tumor diseases could lie in the high
quantity of bacterial antigens loaded on activated DC. High
density of bacteria-derived antigens could thus mask only
weakly immunogenic tumor antigens. Whether this could
impede the process of the induction of the immune response
against tumor cells requires further investigation.
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