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ZKRATKY

AERD aspirinem exacerbovamespiraéni onemocnini
AIM/CD5L inhibitor apopt6zy makrofagu

ALPS autoimunitni lymfoproliferativni syndrom
APC antigenprezentujici buoka

ASCs protilatky produkujici buoky

Bcl-6 inhibitor apopt6zy makrofagu

BCR B-buniény receptor

Blimp-1 B lymfocyty indukovany maturaeni protein 1
Breg regulaeni B lymfocyty

CD21°v CD21°" B lymfocyty

cDC konveneni neboli myeloidni dendritické buoky
CLR lektinové receptory typu C

CP5 polysacharid typu Staphylococcus aureus
CP8 polysacharid typu &taphylococcus aureus
CVID bizna variabilni imunodeficience

CXCL13 chemokinovy EX-C ligand 13

CXCR5 chemokinovyC-X-C receptor typu 5

DC dendritické buoky

FAE schopnost vyminy Fab raméke

fMLP N-formylmethionyl-leucin-fenylalanin

FOB folikularni B lymfocyty

Gal-9 galektin-9

GC zarodeéné centrum

G-MDSCs granulocytarni myeloidni supresorové buoky
HDNs neutrofily s vysokou denzitou

HRCT vypoeetni tomografie s vysokym prostorovym rozliSenim
ICAM-1 intercelularni adhezivni molekula 1

ICOS inducibilni kostimulaeni protein

IFN-! interferon gamma

IGH tizky getizec imunoglobulinu

IGL lehky getizec imunoglobulinu
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ILC-2
IPEX
IVIG
LDNs
LFA-1
LPS
MAC
MBL
MCP-1
MDSCs
MHC
MLR
moDC
MZB
NB
NETs
NGAL
NGS
NHPHL
PAMPs
PB
PBMCs
PC
PCP
PD-1
pDC
plgR
PMA
PRRs
pSS
PWM
RIGI
SAC

pgirozené lymfoidni buoky typu 2

imunitni polyendokrinopatie a enteropatie vazana na X chromos
intravendzni imunoglobuliny

neutrofily s nizkou denzitou

antigen spojeny s funkci lymfocytu 1
lipopolysacharid

membranu atakujici komplex

mandzu vazajici lektin

monocyty atrahujici protein 1

myeloidni supresorovieuoky

hlavni histokompatibilni komplex

smiSena leukocytarni reakce

Z monocytu odvozené dendritické buoky

B lymfocyty marginalni zény

naivni B lymfocyty

neutrofilni extracelularni siti

lipokalin asociovanys Zelatinazowneutrofilu
sekvenovani nové generace

nodularni Hodgkinuv lymfom predominanci lymfocytu
s patogenem asociované molekularni vzory
plazmablasty

periferni mononuklearni buoky

plazmatické buoky

pneumokokové polysacharidy

receptor programované buniené smrti 1
plazmacytoidni dendritické buoky
polymerni imunoglobulinovy receptdpoly-Ig receptor)
forbol myristyl acetat

receptory rozpoznavajici vzorce

primarni Sjoégrenuv syndrom

pokeweed mitogen

kyselinou retinovou indukovatelny gen |

Saccharomyces cerevisiae Cowan |
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SCID tizk& kombinovanamunodeficience

SD smirodatné odchylka

SFC buoky tvogici spoty @nglického ,spot forming cells®)
SHM somatické hypermutace

slgAD selektivni deficit IgA

SLE systémovy lupus erythematodes

SMB izotypovi pgesmyknuté pamisové B lymfocyty
Spl polysacharid typu Btreptococcus pneumoniae
SSc systémova sklerodermie

STAT-5 signalni transduktor a aktivator transkripce 5
TCR T-buniény receptor

TD T-dependentni

TI T-independentni

TLR Toll-like receptory

TNF-" tumor nekrotizujici faktor alfa

TRB tranzientni B lymfocyty

VLA velmi pozdni antigen

XLA X-vazana agamaglobulinémii

ZPS zwitterionické polysacharidy
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1 KOMENTA K HABILITA"NIIPRACI

Imunitni systém élovika pgedstavuje komplikovany soubor mechanismu, které se podileji
na udrZzovanihomeostazy organismu, a tim jeho pgeziti v prostgedi neustéle se minicich
podminek vnijSiho a vnitgniho prostgedi. Mezi zakladni obranné mechanismy organismu patai
protilatky. Pgedkladana habilitaeni prace je komponovana z klaviéintovanych autorskych
pracijejimz cilem bylo pginést nove poznatky ohledni klinického vyznamu dysregulace sérové
koncentrace jednotlivych imunoglobulinovych tgid a podtgid. RozSiguje také dnes znama
patofyziologicka fakta tykajici se patogeneze nejeastijsi symptomatické a klinjzkgmné
vrozené poruchy tvorby protilatekdospilém viku, a to bizné variabilni imunodeficience

(CVID).

Kazdy zizotypu imunoglobulinu plni vamci obranyschopnosti rozdilné funkce. Jejich
snizena nebo nadmirna tvorba pgimo zpusobuje nebo provazi celou gadu ruznych patologickych
stavu, mezi které patgi také vzacné vrozené poruchy funkce imunitniho systésnadnini
diferencialni diagnostiky této skupiny onemocnirditském vikujsme u pacienta neonatalni
erytrodermii, tizkou atopickou dermatitidou nebo elevaci sérové koncentrace celkovych IgE
imunoglobulinunavrhli nové diferencialni diagnostické postufopsali jsme novou mutaci
stojici zaheterozygotnim deficitem exprese IgD na povrchu B lymfocystili jsme,

Ze se B lymfocyty lez povrchové exprese IgD imunoglobulinu vyvijeji az do stadia
pamisovych B lymfocytu, takZze exprese IgD na povrchu B lymfocytu neni pravdipodobni
podstatna pro diferenciaci tichto bunik. Publikovanim klinickych a laboratornich parametru
pacientu se selektivnim deficitem IgM jsme pgispilfokvoji poznani o této vzacné
protilatkové deficienci s nejasnou klinickou relevantivitSiny tichto pacientu jsme nalezli
velmi nizké titry izohemaglutininu, zvySeni poétu tranzientnich B lymfocytu, sniZzeni mnozstvi
B lymfocytl marginalni zényzvy3eni poétu CD2¥ B lymfocytu a dale srovnatelnou
povrchovou expresi IgM na povrchailymfocytu a jejich subpopulad kontrolnimi osobami

U easti pacientu byla zachovana také produkce IgM protilatek po mitogenni stirRolasali

jsme prvni pgipad pacientd\gskottovymAldrichovym syndromem, u kterého se podagilo
aspisni proveést transplantaci ledvinydeivodu IgA nefropatie, pgieemz nedoSlydhlému
odhojeni Stipu a jeho funkci se podagilo udrZet nikolik let. Cilem gaé&ie bylo upozornit
lékage onkology nexistenci skupinylgG4 asociovanych onemocnini, jejichz zakladnim
diagnostickym uskalim je fakt, ze tyto stavy na zobrazovacich metodach velmi pgesvidéivi

imituji pokroeila nadorova onemocnini, coz éasto vede ke zbyteeadstitanini organu nebo
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jejich easti wamci chirurgického geSeni ve spojeriistologickym odbirem. Podstatou
patofyziologie pacientu diagn6zou CVID je dysregulace funkce imunitniho systému, ktera
setyk&d mechanismu vrozeného i ziskaného imunitniho systému. Vyzkumem funkce vybranych
parametru vrozeného imunitniho systému u pacie@U1® jsme prokazali, Ze deficit MBL je

u pacientu £€VID asociovany sozvojem bronchiektazii a muze tyto pacienty predisponovat

k rozvoji plicni fibrozy a respiraéni insuficience. Dale se nam podagilo popsat, ze diagnéza
CVID je asociovana shronickou granulocytarni aktivaci, ktera je dale potencovana pomoci
IVIG 1ééby. Ukazli jsme Ze neutrofily pacientu GVID jsou aktivované ailni sniZuji
T-buniénou aktiaci. Proto ovlivnini aktivity myeloidnth supresorogch bunik by mohlo
znamenat novou potencialni Iéeebnou strategii u pacie@NIB. Vyzkumem zamigenym
naprotilatkovou odpovii u pacientu €£€VID jsme prokazali, Ze se u tichto pacientu vyskytuje
pravdipodobni porucha termindlni diferenciaci B lymfocytu do stadia plazmablastu
produkujicich protilatky. Navic detekce poetu plazmablastu 7. den po oekovani muze slouzit
jako pomocny diagnosticky marker odpovidi na vakcinacamci diagnostického presu
pgedzavedenim |ééby, ale také ke sledovani protilatkové odpovidi u pacientu

naimunoglobulinové substitueni léebi.

Protilatkova imunitni odpovii pgedstavuje jeden ze zakladnich piligu obranyschopnosti
organismu. | kdyZz poznani ohledni mechanismu tvorby protilatek v lidském organismu
v poslednich desetiletich znaéeni pokroeilo, stale zustavaji nikteré éasti tohoto procesu ne zcela
objasniny. Jednou z moZnosti, jak postoupit dal v poznanim protilatkové imunitni odpovidi
v lidském organismu, je vyzkum na poli vrozenych poruch tvorby protilatek, ktery ndm pomuze
objasnit dalSi chybijici detaily fyziologickych i patologickych principu protilatkové imanitn

odpovidi.



MUDr. Zita Chovancova, Ph.D.
Vybrané klinické a laboratorni aspekty nemaligrpchuch tvorby protilatek dospilém viku

2 CILE!PRACE

1) Rozbor funkci jednotlivych tgid a podtgid imunoglobulinu se zamigenim na pgiklady

patologickych stavu souvisejicicldgsregulaci jejich tvorhy

2) Pagispini kozSigeni znalosti ohledni vybranych patologickych stavu souvisejicich

sporuchou tvorby jednotlivych imunoglobulinovych tgid

3) Rozbor zakladnich mechanismtvorby protildtek vidském organismu, co se tyée
zapojeni jednotlivych bunik imunitniho systémuwavislosti na typu antigenu, které

imunitni odpovii vyvolavaji.
4) Pgispinik rozSigeniznalosti ohledni patogeneze a diagnostickych mozrmgtié

variabilni imunodeficience (CVID) jakdlinicky nejvyznamnijSi poruchy tvorby

protilatek vdospilém viku.
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3 Uvod

Imunitni  systém élovika pgedstavuje komplikovany soubor mechanismu,
kterésepodileji na udrzovani homeostazy organisentim pgispiva k jeho pgeziti v prostgedi
neustale se minicich podminek vnijSiho a vnitgniho prostgelibpnost imunitniho systému
elovika reagovat na ruzné podnity se bihem Zivota mini. Po narozeni se obranyschopnost
elovika postupni rozviji ve snaze dosahnout co nejlepSi funkagiyoroti nezadoucim vlivum
vnijSiho ivniteniho prostgedi, eehoz je vyuzivano bihem produktivniho Zivota élovika.
Nicméni ve vy8Sim viku doch&zi postupné remodelaci funkce imunitniho systému,
kterdmuze byt \jistych ohledech pro organismus vyhodn4, ale ve vitSini pgipadu je tomu spiSe
naopak. Tento proces je oznaeovan jako imunosenesidgnbezi hlavni funkce imunitniho
systému pat@i obranyschopnost, autotolerance a imunitni dohled. Bihem fylogenetického
vyvoje se kpuvodnim vrozenymmespecifickymmechanismum imunitniho systému postupni
vyvinula schopnost adaptivni imunitni odpovidi, kterd umozouje specifickou a teinnou obranu
proti celé gadi patogendmunitni systém funguje jako sie vzajemni propojenych molekul
abunik, kter& je ovlivoovangaké nervovym a endokrinnim systémeadnotlivé mechanismy
gadici se do vrozeného nebo adaptivniho imunitniho systému od sebe nelze funkéni oddilit a
pracuji vzdy ve vzajemném propojeni, cozsebou pgindSi celou gadu dusledku,

které se uplatouji jak ve fyziologické, talpatologické arovni.

Poruchy funkce imunitniho systému se mohou tykat jejich jednotlivych slozek (poruchy
funkce B Ilymfocytu, T Ilymfocytu, komplementového systému nebo fagocytozy).
Mezi nejeastijSi vrozené poruchy imunitniho systému patgi protilatkové imunodeficience.
Poruchy funkce imunitniho systtmu se mimo jiné manifestuji zvySenou nachylnosti
k infekenim komplikacim, které mohou byt zpusobeny atypickymi patogeny, maji
prolongované trvani nebo nereaguji adekvatni na symptomatickou lIéebu. Nicméni puvodni
pohled na poruchy funkce imunitniho systému ve smgsbstého snizerného funkce \tiZzi
a fenotypu dle zavaznosti a typu porusené easti imunitniho systému (puvodnim oznaeenim
imunodeficiencg se dnes mini na mechanismus souvisejici s komplexni dysregulaci funkce
imunitniho systému (nyni noviinborn errors of immunity“ neboli,vrozené poruchy
imunity*). Tomu odpovida také fakt, Ze astgetiny pacientu\wozenymi poruchami funkce
imunitniho systémuse vyskytuje dominantni imunitnimediovana patologie (autoimunitni
onemocnini, autoinflamace nebo hyperinflamace, lymfoproliferace, maligretyo tizké

atopické stavy)2]. Dle nejnoviji publikovanych dat IUIS klasifikaceroku 2022 lo popsano
11
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celkem 485enetickych defektu asociovanyshoruchou funkce imunitniho systérfg]. Cela

gada nich se klinicky manifestuje predominantimunitni mediovanou patologii spiSe nez
infekénimi komplikacemi2]. NejdulezitijSi easti patogeneze tichto onemocnini je pravi
prolomeni imunitni regulaceledna Xlinicky nejvyznamnijSich vrozenych poruch tvorby
protilatek vdospilém viku, bizna variabilni imunodeficience (z anglického ,common variable
immunodeficiency disordersCVID) nebo pacienti s CVID-like fenotypem ofit na pomezi

toho dileni, protoze jedna east pacientu se manifestuje pgevazni infekenimi komplikacemi,
zatimco u druhé éésti pacientu klinicky dominuji pgiznaky dysregtua&ce imunitniho

systemy?2].

V této praci seproto zamigime pgedevsim na protilatkovownitni odpovii, jeji
fyziologické a patologické aspekty a propojeni mezi vrozenou a adaptivni imunitouomma

nemalignich poruch tvorby protilatek, jejimz zakladmiastupcenje pravi diagnéza CVID
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4 B lymfocyty aljejich!zakladnilcharakteristika

B lymfocyty pgedstavuji spoleenifdymfocyty zakladni bunienou sloZzku adaptivniho
imunitniho systému. Terminalni diferencovana stélidymfocytu, kam patgi plazmablasty
a plazmatické buokyjsou dosud jediné znamé buoky lidského tila, které jsou schopny
secernovaprotilatky. B lymfocyty byly poprvé popsany xoce 1965 [4] a od dobgvého
objevu doSlopostupni k vyznamnémuwyvoji poznani ohlednijejich vyvoje, maturace
a funkce, ktery vSak zatim neni zdaleka u koMNaevic obecni platnowyznamnou limitaci
studii tykajicich se vyzkumu lymfocytarnich populaci je fakt, Ze gada daii$kdama zpokusu
na mySich modelech, pgieemZ jednoducha extrapolace tichto poznatku na lidsky imunitni

systém neni vZzdy mozna.
4.1 Zakladnild#leni!B!lymfocyt%

Do dnesni doby byla identifikovareela gada subpopulaci B lymfocykieré spadayji
do nikolika zakladnich skupin. Jedna seBdl B lymfocyty, B-2 B lynfocyty a regulaeni
B lymfocyty (Breg). B1 B lymfocyty pochazi vitSinou fetalnich jater ajsou tvogeny
subpopulacemi B-1a a B-Blymfocytu. B-2 B lymfocyty pochézi kostni dgeni a jsou déle
dileny na folikularni B2 B lymfocyty (FOB) a B2 B lymfocyty marginalni zongMZB). Breg
lymfocyty se vytvagi bihem procesu ustanoveni tolerancaitniho systému na arovni kostni
d@eni a dalSich oblasBrodukci pgevazni protizanitlivého cytokinu-lL0 se Géastniregulace

protilatkové imunitni odpovid[5].
4.2 B-1 B lymfocyty

Skupina B-1 Blymfocytu pgedstavejpravdipodobnipuvodni populaci B lymfocytu
charakterizovanojedineénou fenotypovou, ontogenni a funkeni charakteristikou, Ktera
buoky odliSuje od konvenerti B2 B bunienych subpopulaciTyto buoky se vyskytuji
zejména \pleuralni nebo peritonedlni dutini, pgieemz ve slezini nebo perifernich lymfatickych
uzlinach se nachazi jenrwalém mnozstviie]. Jepro ni charakteristicka zejménanstitutivni
produkce tzv. pgirozenych protilatek tgidi IgM a IgA bez zgejmé pgitomnosti antigenni
stimulace ve smyslu infekceebo vakcinace. Pgirozené protilatky se pravdipodobni Ueastni
obranych mechanismudobi, neZz dojdek aktivaci produkce klasickych protilatek pomoci
konvenenich B B lymfocytu. Kromi toho sepgirozené protilatkyazitaké na autoantigeny
a neoepitopy, ke vznikaji bihem odumirani bunik lidského organispapodileji se na jejich
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odstradovani a tim udrZzovani homeost§zZj B-1 B lymfocyty jsou tedypovaZovany

zaspojnici mezi vrozenym a adaptivnim imunitnim systémem.

4.3 B-2 B lymfocyty

Do skupiny B-2 Blymfocytu jsou gazeny klasické konveneni B lymfocyty, které
fyziologicky produkuji protilatky v odpovidi na setkani se organismofekenim agens.
Mezi zakladni Blymfocytarni subpopulace patgi tranzientni B lymfocg@p3g digmniah:
TRB), naivni B lymicyty (IgMfIgD*CD27; NB), B lymfocyty marginalni zény
(IgM*IgD*CD27"; MZB), izotypovi pgesmyknuté pamisové B lymfocyty (IgD-CD27+;
SMB),

CD21°" B lymfocyty (CD21°“CD38°"; CD21°%) a terminalni diferencovana stadia
B lymfocytu produkujicich protilatky (ASCs), kam patgi kratce Zzijici cirkulpj@imablasty
(PB) adlouze zijiciplazmatické buokyPC) [8-10].

Toto dileni B lymfocytu vSak vychaz jejich vyvojového, ale nikoli funkéniho stavu
[9]. O to se pokusilagdavngpublikovana pragektera rozdililaB lymfocytarnich subpopulac
dle jejich funkce [11] Glass et al. vySeligexpresi 351 znamych bunienych povrchovych
molekul na B lymfocytech pomoci hmotnostni spektrofotometrie, pgieemZ na nich detekovali
pgitomnost 98 z nich. Kombinaadthito molekul hledem na jejich funkci bylo navrzeno noveé
klasifikaéni schéma B lymfocytu, které rozdililo tyto buoklp 12 subtypudle etygech
funkénichoblasti (kostni dgeo, tonsily, lymfatické uzliny, periferni kf&t]. Nové funkeni
subpopulace lymfocytu pgedstavuji tranzientni nevyzralé B lymfocyty, Cba®ni
B lymfocyty, CD73 naivni B lymfocyty, CD45RB'CD27 pamisové B lymfocyty,
CD45RBCD27'CD73 pamisové B lymfocyty, CD45RB CD27'CD73" pamisové
B lymfocyty, CD45RB pamisové B Ilymfocyty, CD95 pamisové B Ilymfocyty,
CD19"9"CD11C pamisové B lymfocyty, plazmatické buoky, B lymfocyty zarodeéného centra
a CD39 tonzlarni B lymfocyty. Ukazalo se, Ze pozitivita znaku CD45RB, CD11c, CD39,
CD73 a CD95 definuje B lymfoty, které se jiz setkaly antigenem [11].

4.4 Regula&ni!'B!lymfocyty

Pod pojmem Begulaénth lymfocytl (Breg) se skiva skupina B lymfocytu, u kterych
byla prokdzana imunoregulaéni funkce. Jejich funkci je udrZzovani tolerance, tlumeni

probihajici imunitni odpovidi a udrzovani homeostazy organigtegulaéni B lymfocytraji

14



MUDr. Zita Chovancova, Ph.D.
Vybrané klinické a laboratorni aspekty nemaligrpchuch tvorby protilatek dospilém viku

duleZitou roli vprevenci rozvoje autoimuniith onemocnini arejekce Stipu vramci
transplantace, ale Ueastni se také patogeneze infekealelhgckych, nédorovych
a chronickych metabolickych onemocniffi2]. Tyto buoky jsou schopngykonavat své
efektorové funkce zejména produkci imunosupresivnich cytokinliQ, TGF- nebo IL-35),

ale taképgitomnosti povrchovych molekul CD1d a-PD a schopnostindukovat tvorbu
regulaénich T lymfocytu[13]. Mezi dnes znamé lidské regulaeni B lymfocyty patai
B10 B Iymfocyty (CD24'CD27), tranzientni B lymfocty (CD19'CD24'CD38"),
Brl B lymfocyty (CD19CD25'CD71"CD73), plazmablasty (IlgACD138PD-LIIL-10*

a CD19CD27"CD38), GrB* B Ilymfocyty (CD19CD38'CD1dIgM*CD147),
CD9' B lymfocyty (CD19CD9") a CD5CD1d' B lymfocyty (CD19CD5'CD1d") [12].

4.5 Vyvoj'Bllymfocyt%
451 Puvod avyvoB-1 B lymfocytu

Zatimco mysi Bl a B2 B lymfocyty vznikaji ze dvou odliSnych progenitoru, puvod
lidskych B-1 a B2 B lymfocytu zatim zustavéa ne zcela objasnin. Je to dano take tim, Ze lidské
B-1 a B-2 B lymfocyty od sebe lze jednoduSe fenotypicky odlidiak, jako je tomu u mysi
[14]. Vroce 2011 byla popsanapupeenikové krvi a periferni krvi dospilych osob nova
populace CD20CD27"CD43'CD70" bunik, ktera sdilela podobné funkéni vliastnosti jako mysi
B-1 B lymfocyty [15] ajejich poéet se snizovalwskem [15]. Jejich vyvojovy puvod vSak
zustava nejasny. Zda se vsak, Ze by se lidskéaB2 B lymfocyty mohly na rozdil o mySich
analogl vyvijet ze spoleéné [@D34'CD38°" populace kmenovych bunikl4]. Nicméni
mira poznaniohledni puvodu a jednoznaené charakteristiky lidskyci B lymfocytu

produkujicich pgirozené protilatky zatim zustava ne(pbia

4 5.2 Puvoda vyvojB-2 B lymfocytu

Tyto konveneni B lymfocyty vznikaji a vyviji se ze svych prekurzokostni dgeni,
kde prahazi staddiem pr8 lymfocytu, preB lymfocytu a nevyzralych B lymfocytu. Bihem
této diferenciace kostni dgeni dochardké kvyvoji jejich BCR receptoru pomoci procesu
tzv. VDJ rekombinace. Jedna se o mechanismus genetické rekombinace vyskytujikciesa ev
u obratlovcu, ktery nahodni vybira a spojuje segmenty genu kddujicich specifické proteiny
zasadni pro fungovani imunitniho systému. Tento proces dava vzniknout rozmanitému

repertoaru molekul receptoru T lymfocytu (TCR) a B lymfocytu (BCR) nezbigtnyc
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k rozpoznavani velkéhmnoZstvi antigenu pochéazejicicleizorodych bakterii, viru, parazitu
nebo vlastnich poSkozenych burik7]. Bihem VDJ rekombinace se u B lymfocytu vytvagi
unikatni BCR receptor. U kazdého prekurzoru B lymfaddchazi nejprve kkombinaci mezi
jednim genem variabilni (V) oblagtjednimgenemoblasti ruznorodosti (D) a jednim genem
spojovaci oblasti (J) tak, aby se vytvogil gen kodujici tizky @getizec imunoglobuBi). (I
Vysoky poeetmoznychkombinaci jednotlivych genu V, D a J oblasti spoleepig&lanim
N-nukleotidu a deleci nukleotidu junkeni oblasti umozouje vytvogeni velkého poetu
rozmanitych BCR receptoru. Po uspiSném dokonéeni VDJ rekombinaigiasti IGHIokusu

a pgeskupeni oblasti lehkého getizce imunoglobulinu @éthazik testovani, zda neni novi
vznikly BCR receptor autoreaktivr¥. pgipadi vzniku auteaktivniho BCR receptoru dochazi
k Gpravi receptoru nebo apoptdze autoreaktivnino B lymfocytu, zatost@iniB lymfocyty
opoustiji kostni dge@a pgemiouji se dstadia tranzientnich B lymfocyt(rl, T2 a T3),
které exprimuji znaky CD19gD"""*CD27CD24*CD38"™. B lymfocyty se déle diferencuji
do stadia B lymfocytu marginalni zény (NBY apges stadium vyzralych naivnich B lymfocytu
do stadiafolikularnich B lymfocytu (F®). MZB lymfocyty tvogi asi 20 % perifernich
B lymfocytu. Usidluji se vnarginalni zoni sleziny, kde umozouji rozv®tindependentni
imunitni odpovidi. FOB lymfocyty osidluji lymfoidni folikuly ve slezini a lymfatickych
uzlindch a tvogi dominantni populaci B lymfocytu. Po setkarastgenem a obdrzeni pomaoci
od folikularnich T lymfocytu proliferuji zarodeénych centrech lymfatickych uzlin,
coz nakonec vedetkorbi specifickych vysokoafinitnich protilatek vSech imunoglobulinovych
izotypu[18].

Mezi koneéna stadia diferenciace B lymfocytu patgi plazmal{RRBia plazmatické
buoky (PC) Plazmablasty pgedstavuji populaci rychle proliferujicich kratce Zijicich
B lymfocytu, které produkuji protilatky. Do stadiaapiablastu se mohou vyvinoabecni
B-1 B lymfocyty, MZB lymfocyty, FOBlymfocyty nebo pamisové B lymfocytyPlazmatické
buoky pgedstavuji nedilici se terminalni diferencované B lymfocyty, které mohou vznikat
z vyzréalych aktivovanych B lymfocytu zarodeéného cerfetobuniena populace je schopna
vytvaget velkd mnozstyrotilatek svysokou afinitourtznych izotypu a specifit. Jedna
sedlouze Zijici buoky, které migruji do kostni dgeni, kde pgeziadstaedi stromalnich
bunik. Také plazmablasty se mohou nakonec pgeminit do stadia plazmatickych bunik.
B lymfocyty se mohou pgeminit také do stadia pamieovych B lymfocytu, které mohou byt
poopitovném setkani antigenem reaktivovang pgemininy opitdo stadia B lymfocytu

zarodeeného centra, plazmablastu a plazmatickych Hufik19]. Recentni bylo popsano,
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Zepopulace lidskych cirkulujicich bunik se skladéetkem étyg populaci, a to pamisovych
B lymfocytll, plazmablastu, B B lymfocytd a novi popsanycltCD20/CD27"CD38" B
lymfocytu [5]. Tyto novi popsané B lymfocythpyly schopny podobni jako B B lymfocyty

a plazmablasty tvogit protilatky a vykaaly znaky cirkulujicich preplazmablagfi.

45.3 Puvod a vyvoj requlaénich B lymfocytu

Vzhledem ke znaené heterogeniti B lymfocytarnich subpopulaci ruznych maturaenich
a diferencaénich stadii, které vykazuji regulaeni charakter, se zda byt pravdipodobné, Ze ruzna
vyvojova stadia B lymfocytu si mohou osvojit regulaeni fenotygdpovidi na nejruznijsi
faktory zevniho prostgedi. Vzhledem ke znaéné heterogeniti subpoprggdgrBfecytu zatim
nebyl nalezen specificky transkripeni faktor, ktery by vedbzvoji regulaeniho fenotypu
tichto bunik. Mozné je také to, ZBreg lymfocytynepgedstavuji jednu uréitou bunienou linii

a regulaeni fenotyp tak mohou ziskat ruzné subpopulace B lymfd@jtu
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5 Protilatkovalimunitni'lodpov#$

Protilatkova imunitni odpovii pgedstavuje zakladni obranny mechanismus adaptivniho
imunitniho systému a jeji rozvoj je vysledkem kooperace celé gady bunienych a huhnoralni
faktoru. B lymfocytyjako takovéstoji na samém konci slozZitého getizce udalosti, kiedéu
k jejich aktivaci aozvoji humoralni imunitni odpovidi. Soubor protilatel§ech specificit
apiti ruznych izotypu(lgG, IgA, IgM, IgD a IgE) namigenych jak proti nebezpeenym agens
zvnijSiho prostgedi, tak vlastnim antigenum, pgedstavuje zakladni humoralni efektorovou

aregulaeni slozku adaptivni imunitni odpovidi.

5.1 Zakladni'typy!protilatkové!limunitnilodpov#di

V imunitnim systému elovika se muzeme setkat se tgemi zakladnimi typy protilatkove
odpovidi, které se od seberuznych aspektech lisi. Jedna se o tvorbu protilatek indukovanou
antigenem proteinové nebo polysacharidové povahy, ale také tvorbu protilatek
bez vyznamné antigenni stimulace ve smyslu imunizace infekénim agens nebo vakcinalnim
antigenem. Jednotlivé typy protilatkové odpovidi se od sebe liSi typem vyvolavajiciho éinitele,
mirou potgeby -Tymfocytarni pomoci nebo predilekénim izotypem produkovanych protilatek.
Antigeny schopné aktivovat B lymfocyty byly historicky dileny dle toho, zda Isglyopny
u thymektomovanych mysi, které miym pademporuseny vyvoj T lymfocytu, vyvolat
protilatkovou odpovii. Antigeny, které tvorbu protilatek vyvolaly, byly oznaéenyogjak
thymusindependentni (-independentni, Tl). Ostatni antigeny, které vyvolaly tvorbu protilatek
pouze wgitomnosti funkenich pomocnych T lymfocytu, byly oznaeeny jako thymus
dependentni (-dependentni, TDRO].

V lidském organismu byly puvodni popsany tagi zakladni skupiny B lymfocytu, které
seleastni ruznych typu protilatkové imunitni odpovidi. Jedna se o folikularni B lymfocyty
(FOB) vyskytujici se zejména B-bunienych folikulech lymfatickych uzlin, které jsou
zodpovidné za D protilatkovou odpovii, a tim padem pgevazni za odstradovani patogenu
pochazejicich znijSiho prostgedi. Druhym typem B lymfocytu jsou B lymfocyty marginalni
zény (MZB) vyskytujici se zejména marginalni zoni sleziny, které jsou zodpovidné zia T
protilatkovou odpovii, a tim padem tvogi prvni linii obrany proti patogenum nachazejicim se
pgevaznive vaskularnim systéma uplatouji setaké v udrzovani homeostazy organismu.

Poslednim typem B lymfocyjgsou B-1 B lymfocyty produkujici protilatky bez pgimé antigenni
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stimulace, které tvogi prvni linii obrany proti patogenum pochazejicbtasti sliznic a také

sepodobni jako MZB lymfocyty uplatouji pgi udrzovani homeostazy organifaii.

U élovika dochazi po narozenigostupnému vyvoji schopnosti protilatkové odpovidi
proti ruznym antigenum. Zatimco TD protilatkosdpovii na komplexni proteinove antigeny
je pgitomna jiz kratce po narozeni, mira Tl protilatkanygovidi se vyviji svikem [22]. Proto
je tgeba mit na pamiti, zd protilatkova odpovii neni plni vyvinuta u diti mladSich 2 let a

vytraci se vamci imunosenescentakéu seniorni populaci3].

5.1.1 T-indepementni protilatkova odpovii

T-independentni antigeny ziskaly svuj nadzev diky schopnosti aktiBwanfocyty
k tvorbi protilatek bez nutnostl buniéné pomoci zavislé na spolupraci TCR receptoru
sreceptorem hlavniho histokompatibilniho systému (MHC) na antigen prezentujicich budkach
(APC). Dili se do dvou zakladnich typu-iidependentni antigeny typu 1 ¢I) jsou schopny
stimulovat B lymfocyty bez zavislosti na signalizaci pges BCR receptor, eigadsenezi
nespecifické Bouniené mitogeny. Do této skupiny antigenu patai lipopolysacharidy (LPS)
tvogici buniénou stinu gramnegativnich bakterii a rostlinné lekttayn patgi napgiklad
pokeweed mitogen (PWM) [24]. irdependentni antigeny typu 2 {Z) jsou charakterizované
pgitomnosti mnohokrat se opakujicich molekularnich struktur, které jsou schopné zesieovat
specifické BCR receptorg zajiSeovat tak specifickou-Bunienou Findependentni aktivaci.
Medicinsky nejvyznamnijSim pgikladem tichto antigenu jsou polysacharidove stris&psyl
opouzdgenych bakterii (napgikBtieptococcus pneumonjadaemophilus influenzaaebo
Neisseria meningitid)skteré se skladajineutralnich nebo negativni nabitych monosacharidu
nebo polysacharidové epitopy buniené stiny neopouzdgenych bakjgoipolysacharidové
struktury jsou sice intracelularni zpracovaf®b], nejsou se vSak schopny navazat na MHC
glykoproteiny Il. tgidy a byt vystaveny na povrchBC a aktivovat tak T lymfocyty [26].
Vyjimku tvogi jedineena skupina mikrobidlnich polysacharidu, které se stgidavi skladaji
z kladni a zaporni nabitych monosacharidu, a jsou proto oznaéovany jako tzv. zwitterionické
polysachady (ZPS). Pgikladem tichto polysacharidu je polysacharid typu 5 a 8
Staphylococcus aurel€P5 a CP8), polysacharid typuStreptococcus pneumoni&8Spl)
nebo polysacharid Bacteroides fragilig26]. Na rozdil od ostatnich polysacharidu se ZPS
po pgipravi APC lprezentaci mohou vazat na MHC glykoproteiny Il. tgidy a vyvolat tak silnou

T-buniénou aktivac[27].
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Hlavnimi budkami, které se uplatouji rezvoji Tl protilatkové odpovidi jsou
B lymfocyty marginalni zény a B B lymfocyty. Mezi zakladni buoky, které transportuji
antigeny nachazejici sekvevnim geeisti do sleziny, patgi neutrofilni granulocyty a Cty1ic
nevyzralé dendritické buoky. Zda se, Ze rozvoj Tl protilatkové odpovidi zavisi podakmij
TD protilatkovéodpovidi na dvou zakladnich signalech, které se v3ak vzajemni lisi. Zakladnim
rozdilem mezi Tl a TD antigeny je jejich molekularni strukt#atimco TDantigeny jsou
rozpozravany T lymfocyty wodobi kratkych peptidovych fragmentu, zakladni
charakteristikou TI antigenu je pgitomsh mmohoéetnychopakujicEh se antigenmh
determinantkteré jsou schopné pgemostit a nasledni zesisovat mnoho povrchovych BCR
receptoru. To pgedstavuje prvni signal vedoymiokferaci B lymfocytu bez pgimé Geasti
T lymfocytu a rozvoji rychlé IgM protilatkové odpovidi, ktera nastupuje do 48 hodin
po aktivaci B lymfocytu [28]Zda se, Ze laktivaci jednoho B lymfocytu Tl antigenem postaéi
zesisovani pgiblizni 10 BCR receptoru pomoci multivalentni antigenni moldR9lly
K vyvolani proliferace polovinB-lymfocytarni poptlace je zapotgebi asi 100 povrchovych
gD molekul, coZ pgedstavuje méni nez 0,1 % celkoveého poétu membranovych imunoglobulinu
na Bbunieném povrchydi28]. Nutnost pgitomnosti druhého signélu pgedstavuje pojistku proti
tvorbi autoreaktivnich protilatek. Nezavislost rozvoje protilatkové odpovidi na multivalentni
antigeny na T lymfocytech je teqyouze relativni. Navazani multivalentniho igehu totiz
spousti proliferaci B lymfocytu in vitro, nicméni pro zahajeni tvorby protil&elymfocyty
potgebuji druhy kostimulaeni sigrfdD]. Tichto druhych signalu muzgSak byt celd gada
Napgiklad bylo prokazano, samotnéTl antigeny jsou schopny vyvolat tvorbu jen velmi
maléhoaz nedetekovatelhé mnozZstvi protilatelB lymfocyty, pokud bylykultivovanyin vitro
pouzese samotnymi B lymfocytyez dalSich kostimulaénich signaliakmile vSak byly
dokultury pgidany cytokiny pochazejici zlyimfocytu, tvorba protilatek se signifikantni
zvysila[28]. Z toho vyplyva, ze pgemostini povrchovyckb@niénych receptoru pgedstavuje
pouzeeasteeny aktivaéni signal, ktery muze za pgisfalsich kostimulaénich signalu spustit
proliferaci a diferenciaci Blymfocytu do plamatickych a pamisovych bunik Timito
kostimulaenimi signaly muze byt pgitomnost uréitych cytokinu, buniény kontakt
sdendritickymi buokamnebopgima interakce se systémem -likk receptoru (TLR)]28].

5.1.2 T-dependentni protilatkova odpovii

K aktivaci B lymfocytu a nasledrieorbi protilatek proti Fdependentnim antigenum

je tgeba vzajemna souhra celé gady bunik a jejich povrchovych receptoru, cytokinového
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prostgedi, ale také uréitdb&alnihomikroprostgedi, ve kterém se rozvoj protilatkogpovidi
odehrava. Navic vSechny zleéastniné buoky musi byt aktivovany stejnym antigenem.
Pro TDantigeny je typické, Ze se mohou dostat na povrch APC ve vazbi na MHC glykoproteiny

II. tgidy, zatimco Tl antigenu toto mozné neni.

5.1.2.1 Antigenni prezentace jdieova pro rozvoj dependentni protilatkové odpovidi

T lymfocyty a jejich TCR receptorpejsou schopny rozpoznavat antigengagivni
podobi. Antigeny musi byt nejprve pgipravengrkzentaci T lymfocytum pomo&iPC. Mezi
zakladni APC patgi dendritické buoky, monocyty/ makrofagy, ale také B lymfocyty. Tyto buoky
jsou schopny prezentovat na svém povrchu peptidové fragmenty pochaegjteicelularnino
nebo intracelularniho prostgedi ve vazbi na recefWtC. Peptidové fragmenty vystavene
na MHC glykopoteinech |. tgidy jsou prezentovany cytotoxickym CD8ymfocytum (Tc)

a pochazeji mtracelularniho prostgedi, zatimco peptidové fragmenty vystavené na MHC
glykoproteinech Il. tgidy jsou prezentovany pomocnym CDWmfocytum (Th) apochazeji
z extracelularniho prostedail].

Klieovymi buokami, které se pgimo specializuji na prezentaci antigenu, jsou dendritické
buoky. Podili se na udrzovani homeostazy organismu tim,kidoyvém stavu nastavuji
imunitni  toleranci, ale pgi setkanipatogeny aktivuji imunitni systém. Vyskytuji
se vperifernich tkanich i lymfatickych organechivogi funkéni pilig propojujici vrozeny
aadaptivni imunitni systém. Puvodni vyzkumy ohledni typu a funkce dendritickych bunik byly
provadiny na mysSich modelech, pgieepuzdiji se ukazalo, ze takto ziskana data nelze
jednoduse aplikovat na imunitni systém elovika. MySi dendritické buoky vznikaji
z lymfoidnich nebo myeloidnich prekurzortkaestni dgeni a dili se do dvou zakladnich typu
[32]. Klasické (konveneni) dendritické buokyDC) jsou tvogeny dvima subtypy,
ato CD8"CD103 cDC a CD11bcDC. Mezi neklasické (nekonvenéni) dendritické buoky se
gadi zmonocytu odvozené dendritické buoky (moDC), plazmacytoidni dendritické buoky
(pDC) aLangerhansovy nebo epidermatterdritické buoky (DC)[32]. Lidské dendritické
buoky patgi mezi leukocyty vznikajicikestni dgeni a vyvijejicke ze spoleéného
hematopoetického CD34progenitoru. Tato buoka dava vznik myeloidnim a lymfoidnim
prekurzorum. Myeloidni buoky se dale diferencuji na monocyty, makrofagy a myeloidni
prekurzory dendritickych bunik (MDP), které davaji vznik monocytum a spoleénym
prekurzorum dendritickych bunikyto spoleené prekurzory dendritickych bunik se nachazi v
kostni dgeni, kde senich nasledni vyvijplazmacytoidnidendritické buokypDC)a cirkulujici
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prekurzory konvenénich dendritickych bunik (BC). Z nichse nasledni vytvageji dva typy
dendritickych bunik (cDC1 a cDC2), které osidluji sekundarni lymfatické ord@Bly Dle
nejnovijSich poznatku se skupina lidskych dendritickych bunik dili na zakladi cytokinového
prostgedi do etygech subpopulaci. Jedna se o klasické, konveneni neboli myeloidni dendritické
buoky €DC), dermdlni nebo intersticialni dendritické buoky, Langerhansovy buoky a
plazmacytoidndendritické buoky (pDC). Na zékladi exprese povrchovych markeru se lidské
dendritické buoky dili do tgi zakladnich subpopulaci, a tBB&A1 (CD1¢), BDCA2
(CD303) a BDCA3 (CD141) dendritické buoky. Dnes je vSeobecni pgijimano, Ze lidské
BDCAl1 (CD1¢) dendritické buodky odpovidaji mysim CDI1lkeDC, BDCAZCD1lc
dendritické buoky jsou ekvivalentem mysich plaegioidnich dendritickych bunik a BDCA3
dendritické buodky jsou ekvivalentem mysSich CD8DC [32].

Jejich zakladni funkci je pgiprava antigenprdzentaci a naslednad prezentace
antigennich fragmentu naivnim T lymfocytum, coz vedsktkvaci tichto bunik. Nevyzralé
dendritické buoky, které vznikaji hematopoézou, migrigpzini dgeni a osidluji nelymfatické
tkani lidského organismu. Diky receptorum na svém povrphtziah do skupiny receptoru
rozpoznavajicich vzorce (z anglického ,pattern recognition receptors*; PRRppznavaji
ruzné struktury patogenu, které se nevyskytuji na saveich buokach. Mezi tyto receptory
dendritickych bunik patai Tellke receptory (TLR), lektinové receptory typu C (CLR) nebo
kyselinou retinovou indukovatelny gen | (RIGI). Dendritickymi buokami rozpoznavané
struktury se nazyvaji gatogenem asociované molekularni vzory (z anglického ,pathogen
associated molecular patte”; PAMPS). Tyto patogenni sloZky aktivuji receptory nebo spusti
internalizaci daného patogenu do nitra dendritické buoky. Takto aktivované dendritické buoky
migruji do lymfatickych uzlin, nasledni vyzravaji, ztrdci schopnost vychytavani hovyc
antigenu a stavaji senzch potentni APC diky povrchové expresi MHC glykoproteinu I. nebo
Il. tgidy shavazanymi peptidovymi fragmenty zpracovanych antigenu, aktivaénich molekul
CD40, CD80 a CD86, ale také tvorimnunostimulaénich cytokinu a chemokif84].

5.1.2.2 Aktivace a diferenciace T lymfocyd@astnicich sprotilatkové odpovidi

Lymfocyty, které aktivuji B lymfocyty kvorbi protilatek, patai do skupiny pomocnych
T lymfocytu (Th) a jsou charakterizovany mimo jiné povrchovou expresi znaku CDA4.
Do skupiny CD4 T lymfocytu patgi Thl a Th2 lymfocyty, Th17 lymfocyty, folikularni
pomocné T lymfocyty (1) a regulaeni T lymfocyty (TredB5]. Dendritické buoky hraji
ustgedni roli vegulaci proliferace naivnich CDZ lymfocytu. Spoleéni ®statnimi budkami
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se podili také na polarizaci naivnich CD# lymfocytu do jejich jednotlivych podtypu

v zavislosti na druhu stimulu, ktery vyvolal celou reakciakivaci a dalSi diferenciaci
naivnihoCD4" T lymfocytu do efektorovych podtypu je zapotaebi celkem 3 zakladnich signalu.
Prvnim zasadnim signalem je vazba TCR receptoru nai@in® T lymfocytu na cizorody
peptidovy fragmenhavazany ndMHC glykoproteinu Il. taidy na povrchu antigen prezentujici
buoky. Druhym kostimulaénim signalem je vazba molekuly CD28 na povehd

T lymfocytu smolekulou CD80 a CD86 na povrchu antigen prezentujicich bunik. Tgetim
signdlem jsou pak mezibuniené interakce a cytokinové signétjkroprostagedi probihajici
imunitni reakce, na kterém se podili dendritické buoky, ale i dalSi pgitomné buoky. Prvni dva
signaly jsou pro aktivaci naivnicBD4" T lymfocytu zasadni. | kdyZ schopnost poskytnuti
prvniho a druhého signalu neni vysadou samotnych dendritickych bunik, jsou tyto buoky éasto
nezbytné a postaéujici dktivaci naivnichCD4" T lymfocytu, protoZze maji jedineénou

schopnost migrovat tkani do lymfatickych uzlin nebo slezifig6].

Hlavni populaci dendritickych bunik, které migruji do lymfatickych uzlin a aktivuji
naivni CD4" T lymfocyty, jsou konvenéni (klasické) dendritické buolkypC) [34]. Tyto
dendritické buoky mohou byt dileny na rezidertBiC a migrujicicDC, pgiéemz oba tyto typy
jsou dale dileny na cDC1 a cDC2 dendritické buoky. MigrugbiC buoky se vyskytuji
zejména ve tkanich, odkud migruji pges lymfatické cévy do sekundarnich lymfatcgsiok
v klidovém stadiu organismu i pgipadi infekce. Rezidentni dendritické buoky se sice
vyskytuji pgevazni Wmfatickych uzlinach, ale zachovavaji si také jistou schopnost migrace
[36]. Lidské cDC1 dendritické buoky jsou definovany jako¥QD64'HLA-DR*CD141"
buoky a diky jejich schopnosti zkgizené prezentace antigenu (tedy vazbyldamzioe
patogenu na MHC glykoproteiny |. tgidy) se Ueéastni zejména aktivace cytotoxicky¢ch CD8
T lymfocytu a tim padem antivirové a protinaddorové imunibdpovidi. Prezentuji vSak
antigeny také CD4T lymfocytum, vklidovém stavu se podili zejména na tvorbi regulaénich
T lymfocytu a vobdobi zanitu pak aktivuji Thl mediovanou buniénou imunitni odpovii.
Lidské cDC2 dendritické buokgefinované jakoLinHLA-DR*CD1c¢'SIRP" se podileji
zejména na aktivaci naivnich CD# lymfocytu a jejich polarizaci na Th2, Th17, TregeuT
T lymfocyty dle podtypu tichto bunik a cytokinowé prostgedi.
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5.1.2.3 Th2 a &n lymfocytarni populace jsou zasadni pomocné T lymfaagastnicise

protilatkové odpovidi

Populace lidskych pomocnych CD®lymfocytu byla nejprve rozélenina na Thl a Th2
podtypy dle ruznych cytokinovych profilu, které tyto buoky produkov@y]. Nasledni
seukazalo, Ze hlavnimi cytokiny Th2 lymfocytu jsou-4l,. IL-5 a IL-13 a pgedpokladalo se,

Zese tim padem jedna o hlavni pomocné T lymfocyty, které aktivuji B lymfoctyigrki
protilatek. Poeatkem druhého desetileti tohoto stoleti byla vSak objevena nova subpopulace
pomocnych T lymfocytu produkujicich 44, které byly dle mista svého vyskytiBvbunienych
folikulech sekundarnich lymfatickych organu nazvany jako folikularni pomocné T lymfocyty
(TrH). Tyto buoky jsou charakterizovany povrchovou expresi chemokinového receptoru

CXCRY5, ktery jim umozouje homing do oblasti folikulu sekundarnich lymfatickych organa.

Th2 buniena populace se podili na aktivaci imuhibnisysténu v boji proti
parazitarnim infekcina jedum, ale zaroveo se podili tak& procesu hojeni ran. Dysregulace
této fyziologické imunitni odpovidi vede fozvoji alergickych onemocnini. Th2 lymfocyty
produkuji cytokiny Il-4, IL-5 a IL-13, které se Géastni akumulace eozinofilisti zanitu
aspousti produkci IgE protilatek B lymfocyty a hlenu epitelidlnimi buokgssi. Timto
buokam chybi exprese chemokinového receptoru CX@R&idiZ mohou na rozdil odrT
lymfocytu vykonavat své efektorové funkce pgimmisti zanitu. Signaly pochazejici od APC
vedouci kdiferenciaci naivnichCD4" T lymfocytu do Th2 subtypu nejsou jesti zcela
objasniny. Hlavnimi cytokiny, které spousti expresi klieového transkripeniho faktoru
prodiferenciaci Th2 lymfocytu GATA3 [39], jsou IL-2 a IL-4 [40] Nicméni zdoj tvorby IL-

4 zustava nejasny. Neexistuji dukazy o tom, Ze by lhrodukovaly samotné dendritické
buoky, nicméni jeho tvorba byla zjiStina u Zailu, NK T lymfocytu, !'$ T lymfocytu
apwgirozenych lymfoidnich bunild1]. Do jaké miry se vSak tyto buoky podili na diferenciaci
Th2 lymfocytu neni zcela jasné. DalSi studie ukazaly,cywkin IL-13 produkovany
pgirozenymi lymfoidnimi buokami typu 2 (ILR) je zasadni ke spustini migrace CD1tbC

do lymfatickych uzlin, kde se odehrava diferenciace naivdibd" T lymfocytu do podoby

Th2 lymfocytu[42]. Dle poslednich vyzkumu se zda byt pravdipodobné, Ze klasické konvenéni
dendritické buoky typu 2 (cDC2) jsou hlavnim podtypem dendritickych bunik, které se podili
na rozvoji Th2 imunitni odpovidi. Langerhansovy buoky mohou za ureitych okolnosti vyvoj
Th2 lymfocytu podporovat, zatimco cDC1 a pDC dendritické buoky diferenciaci do Th2
lymfocytu inhibuji[41].
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Folikularni pomocné T lymfocyty @) jsou specialnim podtypem pomocnyCb4*
T lymfocytu, které hraji zasadni rolirezvoji B-buniené imunitni odpovidi. Vyskytuji se
v B bunienych folikulechsekundarnich lymfatickych orgarmurozviji protilatkovou imunitni
odpovii ve smyslu aktivace reakci zarodeéného centra a diferenciace B lymfocytu do podoby
pamisovych B lymfocytu a plazmatickych bunié3]. Tyto buoky na svém povrchu exprimuji
stimulaéni molekuly CD40L a tvogi cytokiny-4La IL-21, které dodavaji B lymfocytum
v zarodeenych centrech lymfatickych uztigjenproliferaéni signaly, ale umozouji také @i
pgeziti. Tvorba & lymfocytu znaivnich CD4" T lymfocytu nastava ypgipadi vhodného
cytokinového prostgedi za pgitomnostbJLUL-12 a IL21, zatimco IE2 jejich diferenciaci
tlumi [44]. Tento cytokin totiz suprimuje aktivitu hlavniho transkripenilatdru Bcl-6
prostgednictvim upregulace STATS5 a Blihpkteré snizuji expresi B@ [45, 46]. Tento
transkripeni faktor totiz exkluzivni spousti diferenciaaivnich CD4 T lymfocytu do podoby
Trn bunik, a nikoli ostatnich subtypd’fil, Th2 nebo T17 lynafcytu) [45]. Diferenciace #
bunik je nikolikastupoovy proces, bihem kterého se uplatouji kromi dendritickych buni tak
B lymfocyty. Dendritické buoky hraji svou roli v rozvojird bunik bihem prvnich tgi dni
po antigenni stimulaci, ale dale jiz samotné nestadgdrkeni Zivotaschopnosti a kompletni
funkce tichto bunik. Jsou zodpovidné za zvySeni exprese CXCR& bunik, a tim za jejich
nasmirovani do lymfatickych folikulu sekundarnich lymfatickych organu, kde se setkavaji
s B lymfocyty [47] které jsounezbytné pro jejich finalni diferenciacirdlymfocyty na svém
povrchu exprimuji kromi transkripeniho faktoru Bgltakéinducibilni kostimulaéni protein
(ICOS), receptor programované buniené smrt{PD-1) a chemokinovy receptor CXCRS5.
Pravi ligand tohoto receptoru CXCL13 umoZouje homings Tymfocytu do oblasti
B-bunienych folikultu[43].

K aktivaci naivnihaCD4" T lymfocytu je vZzdy zapotaebi nejmémiou signalu. Vazba
TCR receptoru naivniho T lymfocytu na cizorody peptidovy fragnegptimovany naMHC
glykoproteinu 1l. taidy na povrchAPC pgedstavuje prvni signal potgebny pro aktivaci a dalSi
diferenciaci naivrdh T lymfocytu. Druhym signalem je vazba molekuly CD28 na povrchu
T lymfocytu smolekulou CD80 a CD86 na povrchu APE?Z vede wreitém cytokinovém
prostgedi a pgitomnosti dalSich faktoru popsanych vgkévici adiferenciaci naivrdh
T lymfocytu do podoby F+ pomocnych T lymfocytu.
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5.1.2.4 Reakce zarodeeného centra (germinalni reakce)

Naivni konveneni B lymfocyty se vyskytujiklidovém stadi v periferni krvi nebo
v sekundarnich lymfatickych organech a éekaji na setkanfigenem. Jakmile svym BCR
receptorem navazi antigennativni podobi, internalizuji ho a intracelularni pgipravi
k prezentaci na svém povrchu na MHC glykoproteinech 1l. tgidy spold@stimulaenimi
molekulami CD80 a CD86. Nasledni migruji do sekundarnich lymfatickych organu, protoze
ke své aktivaci a diferenciaci do pini vyzralych efektorovych B lymfocytu potzeliglik
dalSich kostimulaénich signalu a uréité cytokinové prostgedi. Terminalni kroky jejich
diferenciace probihaji ve specializovanych oblastech sekundarnich lymfatickych organu, kter

se oznaeuji jako germinalni neboli zarodeena centra (GC).

Germinalni centra byla poprvé popsana Waltherem Flemmingemev1884 jako
mikroanatomické oblasti sekundarnich lymfatickyctorganech, které obsahovaly dilici
sebuoky. Puvodni se myslelo, Ze se jedna o misto vzniku novych lymfocytu, ale éasem bylo
zjistino, Ze se germinalni centwytvagi pouze vdpovidi na antigenngtimuly a jsou mistem
klonalni expanze B lymfocytu bihem-dependentni protilatkové odpovidi. Zarodeéna centra
jsou organizovana do dvou oblasti, kterym se gika svitla zona a tmava zéna. Mezi timito
oblastmi seB lymfocyty neustale pohybuji, dokud nedosahnou vysoké afinity pro cilovy
antigen [48] Zarodeénda centra jsou tvogena samotnymi B lymfocytgpevidi na Bclé
expresi [49]. IL21 pgedstavuje hlavni cytokin, ktery je zodpovidny za maximalni tvorbu
audrZzovani zarodeenych cent&0, 51]. Jakmile seB lymfocyty, které byly aktivovany
antigenem, dostanou do sekundarnich lymfatickych organu, pohybuji se smicenréni
mezi Biymfocytarni a Flymfocytarni oblasti, kde dochazi ke kontaktu mezi B lymfocyfya
lymfocyty, které byly aktivovany stejnym antigenem. Pomoacadyimfocyty rozpoznaji tento
antigen na MHC glykoproteinech Il. tgidy na povrchu B lymfocytu, coz pgedstavuje prvni signal
pro aktivaci B lymfocytunasledovanyinterakd receptoru CD40 na povrchu B lymfocytu
s ligandem tohoto recepto@D40L na povrchu aktivovanéia lymfocytu. Signalizace pges
receptor CD40 je esencialni pro dalsi faze protilatkové odpovidi, jako je afinitni maturace
aizotypovy pgesmyK52]. Po této aktivaci se B lymfocyty pgesouvaji do vnijSich easti
lymfatickych folikult, kde se intenzivni dili, vytvageji extrafolikularni oblasti a diferencuji
sedo protilatky tvogiciclplazmablastu a nasledplazmatickych bunik. Mnoho mich vSak
zahyne apoptézou in sif63]. Variabilni oblasti takto produkovanych protilatek jsou vitSinou
nemutované jsou ve tgidi IgM. Nicmeéni tyto protilatky pgedstavuji dulezitou slozku rychlé

humoralniobranyschopnosti tivodnifazi bojeproti patogenum. E&st z puvodaktivovanych
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B lymfocytu se vSak vraci zpit do priméarnich folikult, kde intenzivni proliferuji a tvogi
zarodeena centra, kde dochazidrihé vini tvorby plazmatickych bunik. B lymfocyty

v zarodeéenych centrech vytrvale migruji mezi svitlou a tmavou zénou. Antigen specifické
B lymfocyty se voblasti tmavé zony rychle dili a probihaji u nich somatické hypermutace
(SHM). Jednéa se o nahodné mutace variabilnich oblasti tizkych i lehkych getizcu. SHM jsou
zahajeny pomoci enzymu aktivaci indukované deaminazy (AID). Tento enzym ma obrovsky
mutaeni potencial, jelikoz frekven&+HM BCR receptorje az milionkrat vyssi nez frekvence
spontanni mutageneze. Tyto ndhodné mutace mohou apspkdze B lymfocytu nebo tvorbi

BCR receptoru 8iZ8i, stejnou nebo vysSi afinitou pivodnimu antigenu. Nasledni

B lymfocyty po ukoneeni faze SHM migruji do svitlé zény zarodeeného centra, kidédgro
antigenni selekce a izotypovy pgesmyk (CSR). Interagujpad®ci svych BCR receptoru
sfolikularnimi dendritickymi buokami, které na svém povrchu exprimuji dané antigeny
B lymfocyty tyto antigenyinternalizujiaintracelularni zpracuji, pgieemz je nasledystavi

na svém povrchu na MHC glykoproteinech Il. tgidy pro jejich rozpoznani pomoci antigen
specifickych Ex lymfocytu. Mira afinity BCR receptoru pro dany antigen pravdipodobni
pozitivni koreluje smnoZstvim internalizovaného antigenu a tim padem mirésledné
pomoci od Fx lymfocytu [53]. Klony B lymfocytu mohou dopadnout étygmi ruznymi zpusoby
dle sily BCR signélu (antigenni afinity) a velikosti pomoci agh lymfocytu: nizka afinita
anepgitomnogtomoci od Fx lymfocytu vede Kjejich apoptéze; stgedni afinita a mala mira
pomoci od F+ lymfocytu vede Kvorbi dlouze zijicich pamisovych B lymfocytu; vyssi afinita

a mira pomoci od /A lymfocytu vede kdalSimu kolu SHM ve tmaveé zoni; vysoka uroveo
afinity a kvalitni pomoc od A lymfocytu vede Idiferenciaci do podoby dlouze Zijicich
plazmatickych bunik[54]. Obecni se da gici, Ze pgezivaji a dale se diferencuji pouze ty
B lymfocyty, u kterych se vytvogi BCR receptoryrgitou mirouafinity vuei puvodnimu
antigenu. East tichto B lymfocytll se potom vraci do tmavé zony sekundarnich lymfhatickyc
organu a probihaji u nich dalsi kola SHM. Druha east tichto B lymfocytu opousti zarodeena

centra jako pamisové buoky nebo plazmatické bufdgj.

Vyzravani B lymfocytu je kompletni po izotypovém pgesmyku, ktedkam umozouje
produkci jednotlivych imunoglobulinovych tgidoZz mini efektorové funkce vytvogenych
specifickych protilatekVysledkem tichto procesu je vytvogeni sady BCR receptoru, které
pgedstavuji antigenem selektovany BCR repeji@qrBihem izotypového pgesmyku dochazi
k deleéni rekombinaci genu konstantni oblasti kodthilgiM a IgD a expresi ruznych nasledni

se vyskytujicich genu ostatnich konstantnich domén (IgG1, IgG2, IgG3, IgG4, IgAl, IgA2 a
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IgE) [56]. Po rozpoznani antigenu gedy naivni IgM‘IgD* B lymfocyty pgemiou;ji tak,

aby byly schopny tvogit ostatni imunoglobulinové tgidy (IgG, IgA a dgfe)ich podtaidy
(lgG1-4, IgA 1-2)diky rekombinacim genu konstantni easti tizkych getibnesSni znalosti
tykajici se izotypového pgesmyku jsou vSak interpolovamalyzy B lymfocytu, které byly
paivedeny do faze izotypového pgesnigktitro. Pgesny prubih tohoto biologického procesu
vedouciho kzotypovému pgesmyku realnizwém organismu zustava zatim nepoznan.
Puvodni semyslelo, Ze se tento dij odehrava bihem vyzravani B lymfocygemminalnim

centru a je spojen luniénym dilenim a SHM.Dle nejnovijSich vyzkumu se zd& byt
pravdipodobné, Zse izotypovy pgesmyk dije jesti pged vstupem bunik do zarodeeného centra
[57]. Puvodni paradigma rozvoje protilatkové odpovidika, Zze vySSi frekvenc8HM

B lymfocytu v GC vedouci k ustanoveniyssi afinity BCR receptoriasmiguje dalSi vyvoj

B lymfocytu spiSe dpodobyplazmablastinez pamisovych B lymfocytdi58, 59]. King a kol.

vSak prokazali, Zeotypovi pgesmyknuté pamisove B lymfocyty maji srovnatelnou frekvenci
SHM jako plazmablastycoz neodpovida vyse uvedenym pgedstavam o tom, Ze B lymfocyty
GC svyssi afinitou svych BCR receptoru se pgednostni pgemiouji do podoby plazmablastu
produkujicich protilatky, zatimco nizce afinitni klony B lymfocytu tvogi pamisovy
kompartment [59]King et al. také dale prokazali, Ze izotypovi pgesmyknuté B lymfocyty GC
maji na rozdil od IgM B lymfocytt genovou expresi odpovidajici zvySené schopnosti
signalizace cestojejich BCR receptoru a vyssi schopnost udrZzet &€\a ziskat Ibunienou
pomoc, aby u nich mohlo dojit dalsim kolumSHM a afinitni maturacg56]. Je tedy
pravdipodobné, Ze selekeni mechanismy zaloZené na protilatkach se lisi dle nasledného vyvoje
B lymfocytu do faze plazmablashebo pamisovych B lymfocytu a zavisi na procesech, které

se odehravaji dgive bihem procesu maturace B lymf¢sgju Pokud se izotypovy pgesmyk

ve <Kuteenosti objevuje pged vstupem B lymfocytu do zarodeénych cE&iigr

tak by schopnost B lymfocytu ziskat vysokou afinitu mohla byt uréovana tim, jak dopadne
specificky kontrolni bod izotypového pgesmyku ve stadiu pged vstupem do germinalniho centra
[56].

Plazmatické buokypgedstavuji koneéné vyvojové stadium konvenenich B lymfocytu,
které produkuje protilatky. Plazmatické buoky, které opustily zarodeéna centra, migruji
dokostni dgeni, kde pgezivaji po mnoho let. Tyto plazmatické budky se liSi oddgytum
zarodeenych center a pamisovych B lymfocytu afinitou BCR receptantigenu, ktera je
u plazmatickych bunik vyS8Si porovnani statnimi B lymfocyty[58, 60] TakZe dalSi

vyvojovy osud B lymfocytu pravdipodobni zavisi na afiniti jejich BCR recept@@ieemz
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B lymfocyty s vysokou afinitou BCR receptorudenému antigenu se pgemiouji do stadia
plazmatickych bunik. To méa pravdipodobni za cil udrzovat nejvysSi moznou kvalitu protilatek
pro dlouhodobou ochranu organismu [53]. Vzhledertorku, Ze poloéas cirkulujicich
protilatek je nikolik dni az tydnu, udrZzovani populace specifickych plazmatickych bunik je

zasadni pro existenci protilatkové imunitni odpovidi.

Schopnost tvogit ruzné tgidy protilatek diky izotypovému pgesmyku, které se od sebe
odliSuji svymi funkenimi vlastnostmi, je zasadni pro obranyschopnost vuei ruznym druhum
patogenu. Poruchy tomto procesu v3ak deu krozvoji ruznych onemocnini spojenych
simunitni dysregulaci, jako jsou autoimunitni nebo alergickd onemocnini,-&pBdiovana

onemocnini, hypetgE syndromy a dal§61].
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6 Imunoglobuliny a jejich fyziologické!alvybrané!patologickélaspekty

Imunoglobuliny pgedstavuji slozité proteinové molekuly, které fakooralni slozky
adaptivniho imunitniho systému hraji Ustgedni rptiopojeni mechanismu vrozené a adaptivni
imunitni odpovidi. O jejich existenci vime jiz vice nez 130 let. JiZ v roce 1890 popsaligoprv
v Nimecku von Behring a Kitasato pgitomnost latekrw élovika, které jsou schopny
neutralizovat diftericky toxoid[62]. Tato latka byla puvodni nazvana ,Antikorper®,
cozodpovida dneSnimu anglickému oznaeeni ,antibody* neboli protilatka. Nasledni byla
pojmenovana také latka, kter4d vyvolava tvorbu protilatek jaldntisomatogen +
Immunkorperbildner, 2ehoz bylo odvozeno anglické oznaéeni ,antibody generating
substances”, tedy zkraceni antigenrate 1939 Tiselius a Kabgbprvé separovali sérum
elektroforépu a ziskalikromi albuminog, alfa-globulino¥ abeta-globulinoe takégama-

globulinovou frakci kterou tvogi pravi lidské imunoglobulif§3].

6.1 lzotypylimunoglobulin%

Imunoglobuliny se vyskytuji piti zakladnich tgidach nebatiatypech (IgG, IgM, IgA,
IgE a IgD),pgieéemz tgida IgG a IgA je dale elenina na podtgidy (GgAl#2). Asi 75 %
imunoglobulinu krevniho séra je tvogeno imunoglobuliny ve tgidi IgG, 15 % ve tgidi 1&#, 10
ve tgidi IgM a zbyvajici malé mnozstvi je tvogeno imunoglobuliny ve tgidi IgD a IgE. Jednotlivé
taidy imunoglobulinu jsou tvogeny souborem specifickych protilatek namigenych proti
konkrétni antigenni determinanti neboli epitopu jednotlivych antigenu. Protilatky maji dvi
zakladni funkce, které se odvijd jejich lokalizace. Povrchovi vazané imunoglobuliny slouzi
jako receptory pro antigen, coz vedaktivaci signalizaénichrdh anaslednduniené aktivaci.
Solubilni efektorové protilatkyposkytuji obranu organismu obecni tgemi zékladnimi
mechanismy, mezi které patgi neutralizace antigenu znemozoujici vstup do hostitelské buoky,
opsonizace antigenu podilejici se na usnadnini procesu fagocytdzy a aktivace meachanism
vedoucich Kyze patogenu (aktivace pgirozenych zabijeeu nebo komplementového systému).
Jednotlivé protilatkové tgidy serdmci tichto reakci uplatouji ruzniJednotlivé izotypy
imunoglobulinu se vzajemni odliSuji svymi Fc doménami, které ovlivouji specifické funkce
piti zakladnich protilatkovych tgid, kam patgi zejméehopnost aktivace komplementu,

fagocytoa, cytotoxicit zavisla na protilatkaamebouvoloovani prozanitlivych cytokin{64].
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Pgedstava o klasickém fungovani protilatek spoéiva ve vazbi protilatky na pgislusny
artigen za vzniku imunokomplexu, coz vedalivaci mechanismu vrozeného imunitniho
systému. Nicméni protilatky maji celou gadu dalSich neklasickych funkci, které souviseji
sdestrukci ruznych patogenu diky katalytické aktiviti a kofaktorovym aéinkum, pusobi jako
agonisté nebo antagonisté ruznych receptoru, kontroluji bakterialni diverzitu stgeva a podobni.
Tyto Siroké mechanismy Geinku jsou umozniny existenci znaeni rozsahlého protilatkového
repertoaru, ale takpgitomnostiuznych typu protilatek, které setile vytvageji (antigen
specifické, pgirozené, polyreaktivni, Siroce neutralizujici, homofilni, bispecifiekin
katalytické)[65]. Nikteré izotypy imunoglobuline uplatouji zejménasekreeni podobi, jiné
zase vazané na membranackinssouvisi také ruzna sérova koncentrace jednotlivych izotypu

imunoglobulinu, coz odpovida jejich odliSnym fyziologickym funkcim.

6.2 Imunoglobuliny!ve!t'id#!IgE

Imunoglobuliny ve tgidi IgE pgedstavuji unikatni imunoglobulinové izotymjrezsi
sérovou koncentraci, které se jako souéast humoralniho adaptivmiimitniho systému
uplatouji vaktivaci vrozeného bunieného imunitniho systému (zejménafibiaa mastocytu).
Sérova koncentrace IgE imunoglobulinu je pgiblibn®00®#0,0002 g/l, coz jepaiblizni
0 étygi az pit gadméni, neZodpovida koncentra@statnich imunoglobulinovych tgj66].
Sekreeni IgE protilatky maji nejkratsérovy poloéage vSech imunoglobulinovych izotypu,
ktery eini asi 2 dnj67]. NicméniIgE protilatky navazané na vysokoafinitnigteptorech pro
IgE (Fe&RI) na povrchu bunik nesoucich tento receptor maji relativni dlouhy poloéas rozpadu,
ktery je podobni jako u IgG imunoglobulinu pgiblizni 3 tydi®g]. Funkce IgE protilatek jsou
zprostgedkovany pomoci vazby tichto protilatek na jejich recgptampatai vysokoafinitni

receptory pro IgE (RZRI) anizkoafinitni receptory pro IgE (Fc&RII; CDZ8Y].

Receptory F&RI se vyskytuji pgedevSim na mastocyteclzafilch, nachazi se také
na eozinofilech, neutrofilech, plazmacytoidnich dendritickych budkach, monocytech
amakrofazich, trombocytech, ale vyskytuji se také na buokach hladkych svalu dychacich cest,
bronchialniho epitelu a stgevnich epitelidlnich bufél®]. Mastocyty a bazofily jsou
aktivovany po navazani multivalentniho antigenu na specifické IgE protilatky navdzané na
povrchu bazofilu nebo mastocytu na Fc&RI receptorech, coz vedehkému uvolnini
preformovanych mediatoru (jako je histamin nebo proteazyjvarki novi syntetizovanych

lipidovych mediatoru, cytokinu a chemokifiZ0]. Tato reakce je fyziologicky namigena proti
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parazitarnim infekcim. Pro aktivaci mastocytu je tgeba pgemostirllQID receptoru,
pgiéemz nmastocytech muze byt jednu chvili navdzano 368000 specifickych IgE
protilatek namigenych proti ruznym antigenum. Tomu by odpovidal také fakt, Ze pro aktivaci
lidskych mastocytu je potgeba pgemostini pgiblizni 0,3 % specifickych IgE profiéiek
Nicméni naslednéaktivace mastocytu ve smyslu jejich degranulace a tvorby cytokinu nebo
chemokinu je zavisla na poédlktivovanych receptoru na povrchu mastodyt2]. Napgiklad
lymfokiny Ueastnici se alergické reakce (napgikiadocyty atrahujici protein, MCP-1) jsou

silni produkovany pgi nizké koncentraci antigenu nebo pgi nizkém poétu Fc&RI receptoru
snavazanym |g, zatimco interleukiny regulujici tuto reakci (napgiklad1@) jsou
produkovany paiysokém poéetu Fc&RI receptomiaarazanym IgEE72]. Receptory R&RII byly
poprvé objeveny na B lymfocytechjsou exprimovany na nikolika dalSich typech bunik,
veetni ruznychAPC, ale také bunik respiraenimebogastrointestinalniho epitelu. Vazba IgE
protilatek naFc&RII(CD23) na B lymfocytech vede na jednu stranu k regldgtcimediované
buniené odpovidi wWusledku sniZzeni moznosti vazby tichto protilatek na aktiv&e&iRI
receptory, ale na druhou stranu vazba imunokomplexu EyEigenem usnadouje antigenni
prezentaci prostgednictvim dendritickych burj#3]. Bylo prokazano, Ze solubilni IgE
protilatky se vazi prefereneni nac&RI receptory, zatimco imunokomplexy IgE protilatek

snavazanym antigenem se vazi pgevazmiiadR|l receptory74].

| kdyZ elevace celkovych imunoglobulinu ve tgidi pgivazinejéastiji kromi jiného
parazitni onemocnini nebo atopické stavy, byva také vyrazem dysregulace funkce imunitniho
systému u celé gady onemocnini patgicich do skupiny vrozenych poruch imunitniho systému.
Proto je tgeba vdmci diferencialni diagnostiky atopickych stavu u diti pomyslet také na vzacné
vrozené poruchy imunitniho systémRro usnadnini diferencialni diagnostikklinicky
systéemuysme se wasipraci zamigili na pgehlednou sumarizaci klinickych a laboratornich
parametru jednotlivych onemocnini patgicich do skupiny vrozenych poruch imunitniho
systému, které jsou charakterizované neonatalni erytrodermii, tizkou atopickou dermatitidou
nebo elevaci sérové koncentrace celkovych IgE imunoglobulinu. Tato onemocninibybhou
tim padem wvivodu mylni povaZzovana za prosty tizky atopicky stav. Dle nejnovijsi IUIS
syndromy (HIES). Jedn& se o klasicky Jobuv syndrom (zpusobeny mutaci veddrtéti ke
funkce preeinu kddované genem STAT3 didinou autozomalni dominantni), dale PGM3

deficienci (zpusobenou mutaci genu PGM3 didinou autozomalni recesivni) a Comeluv
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Nethertonuv syndrom (zpusobeny mutaci genu SPINE&yémni zvySeni koncentrace
celkovych IgE imunoglobulinu doprovazi pomirni nedavno popsané vrozené poruchy
imunitniho systému, a to onemocnini zpusobené mutaci vedouci ke ztrati funkce proteinu
kodovanéo genem CARD11 didinou autozomalni dominantni a deficigmoiteinu ZNF341
zpusobeou mutaci genu ZNF341 didinou autozomalni recesivni. Variabilni sérové
koncentrace IgE imunoglobulinu se vyskytuji u ruznych dalSich onemocnini ze skupiny poruch
vrozeného imunitniho systému nebomoralnth, buniénych ei kombinovanychdefeki
adaptivni imunity. Neonatalni erytrodermie je jednimilizickych pgiznaku Omennova
syndromu patgiciho mezi onemocnini ze skupiny tizkych kombinovanych imunodeficienci
(SCID), kompletniho diGeorgova syndromu, ichtyosis vulgaris nebo Corriéédliartonova
syndromu. Tizka atopicka derniatia se vyskytuje u pacientdobovym syndromem, ZNF341
deficienci, PGM3 deficienci, Wiskottowatdrichovym syndromem, DOCKS8 deficienci

a pacientu sX-vazanou imunitni polyendokrinopatii a enteropatii vazanou na X chromozom
(IPEX syndrom). YYamci pgehledu jednotlivych vySe uvedenych diagn6z jsme také navrhli
zakladni diferenciélni diagnostické postugeré mohou napomoci klinickym Iékagum odlisit

zda se jedn& o prosty atopicky stav nebo o pacieratazenou poruchou funkce imunitniho
systému. Easna diagnostika tichto onemocnini je totiz zasadrigikiadni 1é&bu dalsi péei

umozoujici pgeziti a zvySeni kvality Zivota paciemtazenymi poruchami imunitniho systému.

ANNEX'|
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6.3 Imunoglobuliny!ve!t'id#!lgD

IgD imunoglobulinytvogi vsérudruhou nejménizastoupenou tgidu imunoglobulinu
Sérova koncentrace IgD imunoglobulinu vykazuje znaénou variabilitu, proto neni snadné
jednoznaeni uréitnormalni séroou koncentraci tohoto imunoglobulinuDle nikolika

publikovanych praci seSaksérova koncentrace IgD poloamlav intervalu 0,005#0,240 g/l
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[75]. Secenovany IgD se tvogi namci adaptivni imunitni odpovidi nésledni po IgM
imunoglobulinech [76].Jeho pgitomnost byla poprvé popséarseru vroce 1965. Teprve
pozdiji bylo zjistino, Ze je membranovi vazany imunoglobuligD souéasni exprimovan

s imunoglobulinem IgM jako receptoamovrchu naivnich B lymfocyt[y 7]. Pgitomnost IgD
imunoglobulinu je fylogeneticky zakonzervovana jiz od imunitniho systému ryb,
cozbezpochyby vypovida o jeho podstatné roiimunitnich reakcich organismu. Pgesto
vSechno vSak zaéaly byt jeho specifické funkce objasoovany teprve nedavno, pgieemz role

povrchovych IgD imunoglobulinu zustava i nadaiezcela jasna

Solubilni IgD imunoglobulin je tvogeigD*IgM™ plazmatickymi buokami, které
vznikaji ze sliznienich B lymfocytu, které prosly izotypovym pgesmykégiMzna IgD [78].
Tento proces se odehravdymfoepitelialnich organech sliznice dychacich cest a traviciho
systému. Lidské IghDgM- plazmatické buoky netvogi IgD pouze ve sliznicich, ale dostavaji se
také do systémove cirkulace, aby osidlily stgedni ucho, slzné, slinné a prsni Zlazy. Zajimave je,
ze kizotypovému pgesmykulgM do IgD nedochazi systémovych lymfoidnich tkanich, ale
vyskytuje se ve sliznienich oblastech, které jsou pod tlakem antigenu pochazejiezcluchu
nebo potravy [79]Pai vyvoji B lymfocytu dochazi nejdgiveXpresi IgM imunoglobulinu jako
soueasti BCR receptoru, pgieemz exprese IgD se poprvé objevuje po migBabympfecytu
do periferie ve stadiu tranzientnich B lymfocytu. Sestgih do podoby IgD je kriticky zavisly
napgitomnosti proteinu ZFP3]80]. U vyzralych naivnich B lymfocytu pgesahuje mnozstvi
povrchovi navazanych IgD imunoglobulinu IgM ashkiZovani jeho exprese dochazi az
porozpoznani antigenu B lymfocytenNikteré B lymfocyty se wnavaznosti na éasnou
expozici solubilnim antigenum pgemiouji do stadia plazmatickych bunik tvogicich IgD
protilatky[81]. Solubilni IgD protilatky rozpoznavaji komenzalni mikroorganismy respiraéniho
a gastrointestinalniho traktpatogeny i potravinové antigeny. Ukéazalo se, ze IgD protilatky
sevazi na myeloidni efektorové buoky, jako jsou bazofily nebo mastocyty pges receptor, ktery
se skladda molekuly CD44 a galectinu-9 (Gal-9) [81F0 vazbi specifickych IgD protilatek
na tend receptor a navazani antigenu na jejich vazebna mista doch#tivdci bazofilu
vesmyslu sekrece cytokinu {4, IL-5 a IL-13, coZz m& za néasledek zvySenou produkci
protilatek ve tgidi IgG1 a IgE diky aktivaci B lymfocytu prostgednictvimbithi2ené imunitni
odpovidi [81]. Na druhou stranu vSak navazané IgD protilatky na povrchu bazofilu nebo
mastocytu snizuji jejich degranulaci zprostgedkovanou pomoci IgE profi&tgkTento
proces se muze podilet na udrzovani sliznieni homeostazy a imunitni odpovidi ve spolupréaci

se sekreénimi IgA a IgG protilatkami.
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V naSi ambulanci se nam podagilo nahodni zachytit pacienta, jehoz jedna polovina
naivnich vyzralych B lymfocytu exprimovala na svém povrchu IgD, pgieéemZ druh& polovina
tichto bunik nikoli. Jednalo se o &hodny nalez, ktery byl zjiStin pgi podrobném vySetgeni
lymfocytarnich subpopulaciperiferni krve pacienta metodou prutokové cytometriémci
vstupniho imunologického vySetgdbiivodem tohoto vySetgeni doyevostranné zvitSeni
lymfatickych uzlin ¥aislech, které si pacient sam nahmatal. Histologické vySetgeni prokazalo
granulomatézni mykotickou lymfadenopadiinejistymi znaky, které by mohly odpovidat
aspergilové infekci. Vzhledemmgjasnosti nalezu byldoplnina biopsie druhé uzliny, ktera
v dobi prvniho vySetgeni u nas nebyla jedtiidpozici.Vzhledem ke zjistiné anomalii ohledni
exprese IgD na Buniéném povrchu byly lymfocyty toho pacienta dale zkoumany. Bylo
zjistino, Zeza timto fenotypem stéla heterozygotni nonsense mutgaeipro tizky getizec
delta (IGHD). Jednalo se konkrétni o ¢.368G>A mutadiGHD exonu 1. Tato heterggotni
mutace vedlge zmini tryptofanu (TGG) na stop kodon (TAG). JelikoZ se tato nonsenseemutac
(p.W123X) nachazv exau 1, tato alela neumozouje vznik funkéni IgD molekuly. To vede
ke ztrati membranoveé exprese IgD u pgiblizni 50 % naivnich B lymfocytu u vSech nositelu této
mutace.Pgi vySetgeni ostatnich dostupnych élenu rodiny pacienta bylo zjistino, Ze stejna
mutace se vyskytovalaké u matky pacienta, sestry matky pacienta a dideeka pacienta
zmatéiny strany.Tato mutace naopakebyla zjiStinau otce pacienta babieky pacienta
zmateiny strany, ktegi vykazovali povrchovou expresi IgD na B lymfocytech drawnate
skontrolnimi osobami. Tato mutacnebyla doposughublikovana \elektronické databazi
Ensemhl proto se jednalo o prvni popsani této mutace vedouci poruSe tvorby IgD
imunoglobulint. Nésledny vyzkum vyznamu této mutace byl zamigen na zjistini iole/ivo
povrchovych IgD imunoglobulint B-buniéné homeostaze a protilatkové odpovidi. VSichni
pacienti stouto heterozygotni mutaci genu IGHD mili normalni poéety B lymfocytu
a koncentraci sérovych imunoglobulinu. Klinicky nemili pgiznaky svideici proodedicienci
nebo imunodysregulaci. Polovina naivnich vyzralych B lymfocytu tichto pacientu exprimovala
IgD (IgD*) a druh& polovina nikoli (IgD. Obi tyto dvi skupiny B lymfocytt vSak mily stejny
imunofenotyp az na snizenou expresi CD79b u skupinydgich vyzralych B lymfocytu.
Nicméni obi dvi skupiny naivnich vyzrélych B lymfocytu mily nezéavisle na expresiimwé
molekuly IgD srovnatelnou replikaeni historii, stejnou kapacitu diferenciace do plazmatickych
bunik po stimulaci in vitro a izotypovi pgesmyknuté pamisové B lymfocyty oz
podobnou uUrove@&HM B lymfocyty, kterym chybila exprese membranovi vazaného IgD,
setedy normalni vyvijely az do stadia pamisovych B lymfocytu. To by mohlo znarbeitost,
se IgD mohlo uplatoovat spiSemodulaci Bbuniéné odpovidi na konkrétni antigenyyvoj
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klinického stavu pacientaapakovanym histologickym vySetgenim lymfadenopatie nakonec
u nij vedl ke stanoveni diagnémpdularniho Hodgkinova lymfomupsedominanci lymfocytu
(NLPHL), ktery byl Uspisni zaléeen chemoterapii, radioterapii a biologickou lIéébou. Pacient

je vsouéasné dobi kemisi zakladniho onemocnini.
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6.4 Imunoglobuliny!ve!t'id#!lgM

Imunoglobuliny ve tgidigM byly poprvé popsany koce 1939, kdyz byla poprvé
uréena molekulovd hmotnost protilatek tvogenych nikterymi zvigaty a élovikeipovidi
naoekovani proti pneumokokovi. Vzhledenvisoké molekulové hmotnosti (pgiblizni 990
kDa) byly tyto velké molekuly oznaéeny jakemakroglobuliny [82] Nasledni byly tyto
protilatky vroce 1964 pgejmenovany Svitovou zdravotnickou organizaci (WHO) na IgM
protilatky odkazujici na puvodni oznaeeni ,makroglobulin“. DalSim vyzkumem bylo zjistino,
Ze sekreéeni IgM imunoglobuliny pgedstavuji multifunkéni evoluéni konzervované protilatky,
které jsou velmi dulezité pro udrZzeni tkadové homeostazy, stejni tak pro rozvoj pini protektivni
humoralni odpovidi na patogeny. Poloéas rozpadu IgM je velmi kratky a eirfli &sirs[83].
Sérova koncentrace IgM imunoglobulinu je pgiblizni @B#y/l, coz je éini tgetim nejvice

zastoupenym izotypem imunoglobulinséru.

Imunoglobliny ve tgidi IgM pgedstavuji evoluéni vysoce konzervovany
imunoglobulinovy izotyp, ktery je soueasti povrchového antigenniho receptoru B lymfocytu
(BCR). IgM je vubec prvnim typem protilatky tvogengntogenetickém vyvoji a je také prvni
protilatkou uvoloovanou wdpovidi na setkani se pmatogenem. Od ostatnich
imunoglobulinovych izotypu se strukturalni odliSuji, protoZzeekreéni podobi se vyskytuji
ve formi pentameru a chybi jim flexibilni pantové obl§&4]. Jednotlivé monomery IgM jsou

spojeny do pdoby pentameru pomoci spojovaciho getizegefize) [84] Tato pentamerni
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struktura vyznamni zvySuje aviditu vazby této protilatky na antigemelpadi absence
Jwgetizce agreguji monomery IgM do podoby hexameru, které vazi komplementovy systém
jesti efektivniji nez pentamery IgNB4]. Nicméni o fyziologické funkci hexameru IgM je dnes
znamo jen velmi malo. Celou dobu se myslelo, Ze hlavni efeldarfankci protilatek ve tagidi

IgM je specificka vazba na antigen a nasledni aktivace komplementové kaskady klasickou
cestou aktivace komplementu. Dle poslednich vyzkumu se ukazalo, Ze IgM pentamer neni
tvogen symetrickou strukturou vazby piti monomeru IgM, ale tvogi asymetricky pentagon, ktery
obsahuje jeden velky prostor mezi dvima monomery [§5]. V tomto prostoru se vyskytuje
navazany sérovy protein ,inhibitor apoptézy makrofagu“ (AIM/CD5L). Takze IgM
pravdipodobni neslouzi pouze jako efektorova protilatka, ale také transportér pro dalsi

efektorovy proteirj85].

Pentamerni IgM se muzZe vazat na polymerni imunoglobulinovy recéplgR)
poesvuj Jgetizec, ktery urychluje transport IgM protilatek pges epitel do lumen sliznienich
tkani[86]. Ukazalo se, Zzeblast lamina propria lidského gastrointestinalniho traktu obsahuje
signifikantni mnoZstvi IgM plazmatickych bunik. Sekreéni IgM spoleeni se sekreénim IgA
ovlivouje stgevni mikrobiélni diverzitu diky vazbi na komenzalni bakterie a jejich ukotveni
ve vrstu hlenu [87]. Neni vSak zatim zcela jasné, jak se funkéni odliSuje vazba IgM a IgA
protilatek na soueasti mikrobioty a jaké jsou zjevni druhovi specifické rozdily tichto procesu.
Nicméni pgitomnost sekreeniho IgM zéasti vysvitluje fakt, proe pacienti se sIgAD, ktegi
z podstaty svého onemocnini netvogi nejvice zastoupené slizniéni protdétxigli IgA, maji

vitSinou pomirni chudou klinickou symptomatolodig8].

Sekreeni IgM protilatky se gadi do dvou zakladnich typu podle svého puvodu, zpusobu
regulace gjich produkce a celkové funkce, a to na pgirozené IgM protilatky a imunitni
indukované IgM protilatky. Zatimco pgirozené IgM protilatky jsou tvogeny konstitutivni
bezantigenni stimulace, imunitni indukované IgM protilatky vznikajdisledku pusobeni

vyvolavajiciho einitele (tkhdového poskozeni nebo infekce).

Pgirozené IgM protilatky, sekretované pgevazel B lymfocyty, tvogi skupinu
cirkulujicich protilatek, které reagujiasitoantigeny, ale také patogeny, odstraduji apoptotické
a jiné buniéné zbytky a iniciuji silnou imunitni odpov[B9]. Zakladni vlastnosti pgirozenych
IgM protilatek je jejich polyreaktivita a zaroved schopnost vazby na nikteré&pélantigeny
patogennich mikroorganismu (napg. ruzné epitopy fosfolipidu, sacharidu, ssDNA, dsDNA,
oxidovanych LDL éastic a ruznych dalSich PAMPSs). Tato vlastnost pgirozenych IgM protilatek

jim dava evolueni vyhodu, ktera je pravdipodobni duvodem, proe se pravi IgM protilatky
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(a ne 1gG nebo IgA protilatky) vyskytuji u vSech obratlof@®]. Nizka afinita vazby
pwgirozenych IgM protilatek na antigen je vyvazena vyssi aviditou teoreticky 10 rdas$tup
vazeb pentamerniho sekreéniho IgM. Pgirozené IgM protilatky se na jednu stranu vazi
naautoantigeny a umozouji tak navozeni homeostazy prevenci rozvoje zanitu a tkadového
poskozeni. Na druhou stranypm®ipadi chronického nebo silného zanitu se mohou pgi poruseni
endotelu cév dostavat do tkani, kde se dale podileji na rozvoji zanétkddovem postizeni

[89].

Imunitni indukované IgM protilatky, vznikajici po stimulaci zejména konvenénich
B-2 B lymfocytu patogennimi agens, zesiluji tuto easnou pasivni linitngddiované imunitni
odpovidi a reguluji naslednou IgG tvorbu. Podle poslednich vyzkumu se totiz ukéazalo,
Zeimunitni indukované IgM protilatky nejsou dulezité pouzéwodni fazi boje organismu
proti infekci, kde se uplatouje zejména jejich schopnost aktivace komplementu. U eastné
pamieovych B lymfocytu, které prosly reakci germinalnim centru, totiz nedochazi
k izotypovému pgesmyku a zustavajpawmisové podobi nachystané dalSi produkci IgM
protilatek po opitovném setkaniamtigenem [91]coZz by mohlo ukazovat na dalSi dulezité
efektorové funkce IgM protilatek vychazejicivazby na jejich receptory. Napgiklad
nedostateéna tvorba IgM protilatek se muze podilet na rozvoji autoimunitni reakce
vlastnim antigenurff2]. Sekreeni IgM protilatky hraji také dulezitou roliozvoji maximalni
IgG imunitni odpovidi[89]. Aékoli je tento fenomén IghtvySované IgG produkce znam
uzmnoho let a uplatoujse zejména pgi indukci imunitni odpovidi pgi omezeném mnozstvi

vyvolavajiciho antigenu, pgesny mechanismus toto jevu neni zatim ol2Z95).

Rozdilné efekty sekreéniho IgM v proceseelvozeni homeostazy éi imunitni obrany
jsou zpusobeny diky vazbi tichto protilatek na receptory na ruznych buokgubslgdni dobi
byly objeveny tgi Fc receptory pro IgM. Jedna se #$#-ceceptor (F#$ R), polymerni
imunoglobulinovy receptor (plgR) a $creceptor (F8R) [96]. Fe#/$ R je exprimovan
hematopoetickymi i nehematopoetickymi buokami a hraje duleZitou haimoralni imunitni
odpovidi (zejména v prozanitlivych funkcich-Bmfocytu marginalni zony sleziny pgi sepsi).
Hlavni funkci pIgR je transport dimerniho IgA a polymerniho Ighrmina propria mucosae
pgegpitelialni bariéru na povrch sliznic. $®® byl objeven teprve nedavno a jeho fyziologicka

funkce neni jesti zcela objasnina6].

Bylo prokazano, Ze se u velmi malé easti populace vyskytuji velmi snétenéz
nemigitelné hladiny sérové koncentrace celkovych IgM imunoglobulinu. Tento stav se oznaéuje

jako selektivni deficit IgM a je gazen do skupiny pgevazni protilatkovych defsonejasnou
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patogeneza klinickym vyznamenRodle definice by pacientiddagnézou slgMD mili mit
opakovani prokdzané snizeni sérové koncentrace IgM (<0,2 g/l nebo <2 SD od prénové s
koncentrace IgM pro danou vikovou skupinu). Soueasni by mili mit ta@niZzenou
koncentracicelkovych IgG a IgA imunoglobulinégetni jejich podtgid, normalni odpovii

po antigenni stimlaci, absenci Touniéného deficitu a vylouéeni dalSich sekundarnich pgiéin
snizeni koncentrace IgM imunoglobulinu. Nicméni kohorty a pgipadové studie pacientu
publikovanych jako pacientu se slgMD ne vZdy tato kritéria zcela sgRvajd jsme se naSi

dalSi pracirozhodli publikovat klinicka a laboratorni data 17 pacientu se selektivnim deficitem
IgM sledovanych na Ustavu klinické imunologie a alergologie FN u sv. ABnyi\a FN

v Hradci Kralové. Vdatabazi PubMed jsme pomoci klieovych slovnich spojeni ,IgM
deficiency” a ,Selective IgM deficiency* vytgidili 32 publikovanych pracichkteeych byla
uvedena klinicka a laboratorni data celkem 81 pacientu se slgh jsme porovnalisalezy
naSich 17 pacientuesslgMD. U naSich pacientu jsme sledovali koncentraci celkovych
imunoglobulinu ve tgidi IgG a jeho podtaid, IgA, IgM a IgE, sérové koncentrace protilatek prot
tetanickému toxoidu, pneumokokovym polysacharidum a Haemojhilusnzae typu b,
izohemaglutininu, zastoupeni lymfocytarnich subpoputapiesi IgM na povrchu B lymfocytu

a tvorbu IgM protilatek B lymfocyty. Bylo zjiStino, Ze vitSina naSich a publikovapgcientu

se slgMD nila velmi nizké titry izohemaglutininu, zvySeni poétu tranzientnich B lymfocytu,
snizeni mnozstvi B lymfocytt marginalni zény a zvyseni poetl®CBNmfocytu. Dale jsme

u 10 pacientu se slgMD migili povrchovou expresi Igil B lymfocytech, kterou jsme
porovnavali spovrchovou expresi IgMa B lymfocytech 24 zdravych kontrol a nezjistili jsme
Zadny statisticky vyznamny rozdil mezi timito dvima skupinami. Podobné vysledkisisatie z
pai pozorovani rozdilu medianu itenzity fluorescence exprese IgM na povrchu
B lymfocytarnich subpopulaci (naivnich B lymfocytu, B lymfocytu marginalni zony, IgM onl
CD27'IgM*IgD" B lymfocytu, izotypovi pgeskmutych @mieovych B lymfocytt, CD®L

B lymfocytu a plamablastu). U 5 pacientuesdgMD byla také testovana-Bmfocytarni
produkce IgM po stimulaci PWM a SAC (8laaromyces cerevisiae Cowan |), pgieemz snizena
tvorba IgM protilatek byla zjiStina u 2 pacientu a zbyli 3 pacienti mili tvorbu IgM protilatek
srovnatelnou &ontrolnimi osobami. Nizka sérova koncentrace IgM byla u naSich pacientu
asociovana suznymi patologickymi stavy, nicméni neni zgejmé, jak je tato asociace vyznamna
a zda jsou imunopatologické stavpnmarnim nebo sekundarnim vztahu ke snizené sérové

koncentraci IgM imunoglobulinu.
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6.5 Imunoglobuliny!ve!t'id#!IgA

Imunoglobuliny ve tgidi IgA pgedstavuji skupinu protilatek, které jdeani
produkovany siejvyssi koncentraci. Bylo popsano sebihem jednoho dne tvogi pgiblizni 60
mg IgA imunoglobulinu na kilogram vahy lidského organisf®d]. Jeho pgevazna east
seuplatouje na sliznicich lidského organisnkteré maji povrch zhruba0® n? [98]. Jedna
setedy o imunoglobulinovou tgicdaredominantnizastoupenou na sliznicich, pgieéensgru
jsou IgA imunoglobulinyzastoupeny dle vySe koncentrace na druhém misti hned po IgG
imunoglobulinech.Normalni rozmezisérové koncentracecelkovych IgA imunoglobulinu
je paiblizni 0,8#4,5 g/l Skupina IgA imunoglobulinu je tvogena IgAl podtgidou, ktera
senachazi predominantni na sliznicich respiraéniho traktu, a IgA2 podtgidou imunoglobulinu,
ktera se vyskytuje pgevazni na sliznicich gastrointestinalniho trakgriNse nachazi pgiblizni
90 % IgAl a 10 % IgA2 podtypu IgA imunoglobulinu. Na sliznicich je rozlozeni podtagid IgA
vice vyrovnané, a to 40 % IgA1 a 60 % IgA2 podtypu IgA imunoglobyf8iL

Unikatni stavba tizkého getizce IgA imunoglobulinu umozouje tvorbu polymeru, coz
vede zejména tworbi dimerickych forem, ale nikdy také vitSich polymeru na slizniénim
povrchu. Obi formy IgA imunoglobulinu (sérova monomerni a sliznieni dimerni nebo
polymerni) jsou schopny neutralizovat a podilet se na odklizeni patogenu napgiklad
prostgednictvim svych Fc receptord#Rc (CD89) na fagocytarnich buokaf®9]. Nicmeéni
v posledni dobi se ukazalo, Ze IgA ggijistini slizniéni imunity kooperuje takélgM, 1gG a

IgD imunoglobuliny kzajistini maximalni sliznieni homeostazy a imur{ifg].

DalSim dukazem dysregulace funkce imunitniho systému je to, Ze pro niktera
onemocnini ze skupiny vrozenych poruch imunitniho systému je typickéa elevace celkovych IgA
imunoglobulint. Mezi tato onemocnini patgi kongenitalni trombocytopartieWiskottuv

Aldrichuv syndrom(WAS) nebo Xazana trombocytopeni€XLT), které jsou zpusobené
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poruchou tvorby Wiskottova-Aldrichova proteinu (WASpa¥idalSi praci jsme publikovali
raritni pgipad pacienta s WAS, jehoZ spravna diagnéza byla vzhleaémijgimu fenotypu
odhalena genetickym vySetgenim gibertalnim viku, tim padem neprodilal transplantaci
hematopoetickych krevnich bunik, jak je u tichto pacientu obvyklé, za to vSak lanigpysni
provedena transplantace ledviavodu IgA nefropatieVASpgedstavuje vzacnouvédzanou
vrozenou poruchu imunitniho systému, pro kterou je charakteristicka pgitomnost
trombocytopenie malymi destiekami doprovazené tendenci ke krvaceni, poruchou funkce
imunitniho systému manifestujici se zvySenou nachylnasiékkim a tizkym atopickym
ekzémem. Navic jsou tito pacienti nachylnij§o&voji autoimunitnich onemocnini a vzniku
lymfomu.Pokud tito pacientinepodstoupitransplantacihematopoetickych krevnich bunik,
umiraji vitSinou na komplikace zpusobengtracerebralnm krvacenm, tizkymi infekénimi
komplikacemi nebo lymfomyami vySetgenyapient s WA®Yyl od narozeni sledovanditské
nemocnicipro tizkou atopickou dermatitiduNa imunologické vySetgeni sedmn dostavil
poprvéaz v 16 letech. Bihem z&kladniho laboratorniho vySetgeni byla u nij novi nahodni
zachycenamimo jinétrombocytopenie salymi destiekami. Vzhledem ke svému klinickému
fenotypu byl pacient nasledni vySetgen genetidiggla u nij potvrzena mutacegenu pro WAS
protein. &dnalo se o sestgihovou mutaci 30 intron + 4, O7& CCC v exonu 11,
kterd pravdipodobni st& za klinickym fenotypem pacienta. Naslednou analyzou pomoci
Western blotlyla detekovana rezidualni aktivita WAS proteivehledem komu mil pacient
pravdipodobni mirnijSi klinicky fenotyp onemocnini a nebylo u nij po zjistini diagnozy
rozhodnuto o provedeni transplantace hematopoetickych krevnich Buglkletectse u nij
rozvinula IgA nefropatieToto onemocnini pgedstavuje eastou komplikaci pacieWwAS.

O pit let pozdiji u pacienta doslo &elhani ledvin. Pacient nastoupil do hemodialyzaéniho
programu. Po osmi misicich léeby hemodialyzaeni Iéeby podstoupil GspiSnou transplantaci
ledvin od kadaverozniho darce. Dle HLA typizace zde byla jen jedna nesldakuysu
(darce: B13, 14; pgijemce: B13, 62).t&/dobi také byla u nij zahjena substituéni
imunoglobulinova léeba, i kdyZz pacient nemil vyraznijSi pgiznaky imunodeficience.
Po transplantaci bylo pacienta pokraeovanopodavani imunoglobulinové substitueni léeby.
Vyrazni se mu zlepSily pgiznaky atopické dermatitidy, i kdyZ chronicka lichenifikace
pgetrvavala. Ve 35 letech doslo bohuzehkratu postiZeni transplantované ledvingodobi

IgA nefropatie a pacient musel po Sesti a pul letech nastoupit opit do hemodialyzaéniho
programu. Vdobi publikace naSeho sdileni byl pacientelativni stabilnim stavu, nemil
vyrazné pgiznaky imunodeficience a eekal na dalSiho vhodného darce |BilyvimaSich
tehdejSichznalosti se jednalo o prvni publikovany pgipad pacienta s diagnézou WAS,
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u kterého byla provedena transplantace ledviny, nedo§iortému odhojeni Stipoebo amrti

pacienta a Stip se podagilo udrzet nikolik nasledujicich let funkeni.

ANNEX IV
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6.6 Imunoglobuliny!ve!t'id#!lgG

Imunoglobuliny ve tgidi IgG pgedstavuji nejvice zastoupenou skupinu protikgak v
Normalni rozmez$érovékoncentraceelkovych IgG imunoglobulinu je pgiblizidi5#15,6 g/l
V 60. letech minulého stoleti byly popsany 4 podtgidy IgG imunoglobulinu (IgG1#IgG4),

jejichZ soubor tvogi skupinu celkovych IgG imunoglobulinu. By$gIni oznaéengodle jejich

s

e

se od sebe strukturalni i funkeni odliSuji, i kdyz jejich konstantni domeény vykazuji 95 %
sekveneni homologiKazda IgG podtagida je charakterizovana vlastnim tizkym getizcem, ktery
je kédovan odliSnymi geny. Geny pro jednotlivé IgG podtgidy jsaanstamni oblasti kddujici

tizké getizce imunoglobulinu segazeny nasledovni: 1gG3, 1gG1, 1gGRyG4 [100].
Strukturalni odliSnost jednotlivych podtgid IgG vede také k funkesddilum ve schopsti
aktivovat komplementovy systém klasickou cestou aktivace komplementu mezi jednotlivymi
podtgidami IgG (IgG3 > IgG1 > 1gG2 > IgG4), ale také rozdilum ve vazbi jednotlivych IgG
podtgid na Fc receptorjl01l]. VSechny Fegamma receptory (FR) patgi do stejné
imunoglobulinové superrodiny a pgedstavujiejdulezitij§i Fc receptory, které
zprostgedkovavaji fagocytozu opsonizovanych bakterii. Existuje nikolik druhu tichto
receptoru, které se od sebe liSi ve své afinpirdtilatkam vdusledku rozdilné molekularni
struktury. Jedna se o MRl (CD64), F¢RIIA a FARIIB (CD32), F¢RIIA (CD16A)

a FdRIIIB (CD16B). Obecni se d& gici, Ze na receptor Fc!RI se vazi IgG imunoglobuliny

svysSi afinitou nez na receptory Rl a Fd RIII [102].
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Komplexni biologicka funkcgednotlivych podtgid imunoglobulinu a jejich vzajemna
interakce a kooperace nensouéasnosti zcela objasnina, i kdyz nikteré dilei mechanismy jiz

znamy jsou.

6.6.1 Z&kladni charakteristika podtgid 1gG imunoglobulint

lgG1 podtgida imunoglobulinu pgedstavuje nejeastiji zastoupenou podiyEd
imunaglobulinuv séru, kde se vyskytujekoncentracpgiblizni4,9-11,4 g/l proto jsou zminy
v jeji sérové koncentracinejvice zodpovidné za zminy koncentrace celkovych IgG
imunoglobulinu.lgG1 ma poloeas rozpaduseu v pgiblizni 22 dni podobni jako 1gG2 nebo
IgG4 podtgida imunoglobulinde tvogenaejménars odpovidi na solubilni proteinové antigeny
a membranové proteinyAekoli lidsky imunitni systém dokaze teoreticky vytvaget biliony
ruznych protilatek diky procesurekombinace a SHMikazalo se, Ze kazdy elovik disponuje
pouze jednoduchym,i kdyz jedineenym repertoarem IgG1 protilatgR03]. Proteomicky
vyzkum Bondta et alukazal, Zze skoro dvi tgetiny vSech detekovanych cirkulujicich 1gG1
protilatek tvogilo tgicetejvice zastoupenych klorji03]. Tyto klonalniprotilatkove profily
byly jedineéné pro jednotliveySetgovanésoby Na jednu stranu byly stabilni po delSi dobu
sledovani,na druhou stranu se bylo jejich spektrum schopné adaptovat na patofyziologické

zminy organismynapg. sepsjL03].

lgG2 podtgida imunoglobulinpgedstavuje druhou nejvice zastoupenou podtgidu IgG
imunoglobulin se séromu koncentraicpgiblizni 1,5-6,4 g/l. Tato podtgida protilatek nas
chrani proti opouzdgenym bakterim a ma zasadninawyz v obranyschopnosti
proti polysacharidogm antigeum (napa-daemophilus influenzadleisseria meningitidieebo
Streptococcus pneumonjaeVykazuje také vySSi rezistenci nkikrobialnim protedzam
v dusledku unikatni struktury spodni éasti pantové ob[aéd]. IgG2 vaze jen slabi Clq
slozku komplementu, proto IgGaktivuje komplementovou kaskadu pges alternativni cestu
aktivace komplementu [105Fe vSech tgi typld R se 1IgG2 vaze pouze na!Ril a FdRIII.
lgG2 podtgida imunoglobulini vaZze C1q slozku komplementu jen velmi slabi, takZe
predominantni aktivuje komplementovy systém alternativni cestou aktivace komplementu
[106].

lgG3 podtgida imunoglobulinu se vyskytujsérové koncentraci pgibliz6i2-1,1 g/l.
Pgedstalje spoleeni $gG1 podtgidou hlavrprotilatky tvogené wdpovidi na proteinové
antigeny. IgG3 podtgida imunoglobulinu ma vSakparovnani statnimi podtgidami
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imunoglobulinu kratSbiologicky poloéas, kterye asi 7 dni107]. Duvodem je to, Ze IgG3
sena rozdil od ostatnich podtgid IgG nevaze na neon&@lréceptor [107]lgG3 podtgida
imunoglobulinu spoleeni KG1 podtgidou spoustive efektorové funkcevazbou na Fc
receptory a aktivddkomplementového systémbDle pokustuin vitro se zd4a, Ze se 1gG3 vaze
svySSi aviditou na lidské alveolarni makrofagy, coz by mohlo ukazovat na vyznam
specifickych IgG3 protilatek protilatkami zprostgedkované fagocytdd€8]. IgG3 podtaida
imunoglobulinupodobni jako IgGlvzniké pgi virovych infekch stim, Ze IgG3 protilatky
sevytvagi jako prvnfil09]. Zajimavosti je fakt, ze IlgG3 ma nejdelSi pantovou oblast ze vSech
podtgid IgG, ktera je tvogena asi 62 aminokyselinami, coz je asi etygnasobek poétaeminoky
tvogicich pantovou oblast 1gG110]. Fab fragmenty jsou od Fc fragntu IgG3 podtgidy
imunoglobulinu reléivni vzdalené, coz této molekule dava vitsi miru flexibility. Ze stejného
duvodu ma tato podtgidaperovnani sstatnimi podtgidami 1gG nejvyssi molekularni
hmotnost [100]Nicméni obecni se da gict, 24gG3 dominani odpovii se zda byt vzacna
[100].

lgG4 podtgida imunoglobulinu se vyskytujesérové koncentraci cda08-1,40 g/l.
lgG4 podtgida imunoglobulinwoginejméni zastoupenou podtgidu ze vSech IgG podteid. Jedna
se ozvlastni typ protilatek, které se svymi charakteristickymi vlastnostmi a funkcemi zcela
vymykaji klasické pgedstavi o fungovani protildtek ve smyslozanitlivého pusobeni
arozvoje imunitni odpovidi.Diky strukturalnim rozdilumFc oblasti se u nich nemohou
uplatoovat klasické Fdependentni efektorové mechanismy, proto jeji efektoroveé funkce zavisi
pgedevsim na Fadependentnich mechanismech. Mezi ni patgi napgiklad ovlivnini interakce
mezi dvima proteiny, coZ vede ke stimulaci nebo blokadi funkce receptoru nebo enzymu,
blokadi pgenosu signalu nebo znemozmmézibuniéné adhezg 11]. Vzhledem kvyrazné
flexibiliti jejich pantové oblasti dokazi vytvaget disulfidické mustky mdzima tizkymi
getizci, ale také xamci jednoho svéhtizkého getizcg112]. Jejich unikatni viastnos take
schopnostyminy Fab ramének (FAE; z anglického Fab arm exchaad)Fc interakce. FAE
umozouje kombinaci poloviny jedné protilatky (jednoho tizkého a lehkého getizce) a poloviny
druhé protilatky za vzniku bispecifické monovalentni protilatky, kter4 dokdZze pgemostit dva
antigeny [113]Diky schopnosti Fc-Fc interakce &gG4 protilatka dokaze vazat na protilatky
v8ech ostatnich 1gG podtgidle ne ostatnich izotypu imunoglobulindlento proces
pravdipodobni slouzi k odstradovani ostatnich podtgid IgG s pwusstrukturou [114].
Biologické funkcetéto zvlastni imunoglobulinové podtgidgjsou vsouéasnostsice zcela
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objasniry, ale pgedpoklada se jejich uplatnini zejmegmagulaci imunitni odpovidi.Tyto

protilatky jsou tvogeny gusledku dlouhodobé nebo silné antigenni stimylats].

Stvorbou 1gG4 podtgidy imunoglobulint souvisi také pomirni nedavno popsana
skupina onemocnini, které se oznaeuji jako lgGdciovana onemocnir(lgG4-RD).Cilem
dalSi naSi prace bylo upozornit na problematiku toho vzacného onemaejnménaklinické
onkology, ktegi se mohotirsto onemocninim x&mci diferencialni diagnostiky nadorového
postizenisetkat. Skupina IgGRD pgedstavuje imunitni podmininé patologické stavy, jejichz
podstatou je tvorbdibrdéznich a sklerotizujicich lozisekrivznych organech lidského tila,
cozvede korogredujicinu postiZzeni jejich funkce. Mezi nejeastiji postizesrgany patai
pankreas a velké slinné Zlazy, ale takéitgrbslmé Zzlazy, biliarni cgly, plice, ledviny,
retroperitoneum, aorta, meningy nebo Stitna zZlazakladnim diagnostickyriritériem je
typicky histologicky obraz, kam patgi zejména lehka az stgedni infiltrace goatarfflormni
fibr6za, obliterativni flebitida a infiltraty velkého mnozstvi IgGdlazmatickych bunik.

K diagndze muze pgispit i vySetgeni sérove koncentrace 1IgG4 imunoglobulinu, kterdldy se
dle diagnostickych kritérii pohybovat nad 1,35 g/l. Nicméni eéast pacietg®64RD ma
seérovou koncearaci IgG4 vnormi. Navic elevace koncentrace IgG4 podtgidy imunoglobulinu
se nuze vyskytovat také u jinych patologickych st&tergé jsou charakterizované pgitomnosti
chronické zanitlivé aktivity (nikterd respiraéni onemocnini, onemocnini zazivacihtutrak
autoimunitni a nadorovd onemocnini a dalSi patologické stavgpno ze &kladnth
diagnostickchuskalitéto skupiny onemocnipigedstavuje fakt, Ze tyto stavyznarazovacich
metodach velmi pgesvideivi imituji pokroeild nadorova onemocnini, coz éasto vede
kezbyteenémudstranini organu nebo jejich eastir&émci chirurgického geSeni suspektniho
nadorového bujeni ve spojenhistologickym odbirem. Mezi vyskytem Ig@gociovanych
onemocnini anadorovych onemocnini panuje pravdipodobni uréita souvislost, nicmeéni
do dnesni doby neni zcela jasné, zda se u pacidgtd4asociovanym onemocninim vyskytuje
vySSi frekvence nadorovych onemocnini nabpacientu s\ddorovymi onemocninimi vySsi
frekvence IgGasociovanych onemocninilicmént je jisté, Ze soubih obou onemocnini byva

pomirni easty.
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STANICZKOVA ZAMBO, T. SHATOKHINA, K. NOVOSADOVA a J. LITZMAN. IgG4
immunoglobulin subclass and related pathological conditions or how to effectively imitate
cancer disease. Klinicka Onkologie [online]. 2022, 35(1), 281. Dostupné
z: doi:10.48095/ccko202220

Document type: Article

Jak jiz bylo nastinino dgive, tak proces tvorby protilatetele své komplexiti

pgedstavuje velmi slozity proces ruznych na sebe navazujicich reakci, které jsou ovlivoovany

buokami vrozené i adaptivni imunity, cytokinovym prostgedim a lokalizaci rozvoje samotné

imunitni odpovidi. Kromi toho nemusi byt porucha tvorby protilatek jako takmdinou

patologii, ale muze se stat soueasti jesti slozitijSiho mechanismu celkové dysedigulae

imunitniho  systému. Prototypem heterogenniho onemocnini imunitniho systému,

u kterého se snoubi sniZeni koncentrace nikterych celkovych imunoglobulinu doprovazené

poruSenou protilatkovou odpovidio antigenni stimulaci spoleénicelou gadou dalSich
patologickych stavu odpovidajicich dysregufaokceimunitnihosystému, je bizna variabilni

imunodeficience (CVID).
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7 B#znalvariabilni'imunodeficience

Bizna variabilni imunodeficience (CVID) pgedstavuje nejeasBjgnptomatickou
vrozenou poruchtvorby protilateksincidenci asi 1:2®00 obyvatel [116]Poprvé bylo toto
onemocnini popsano roce 1954 u 3%tédospilé Zeny, pgieemz do té doby bylo pozorovano
snizeni koncentrace imunoglobulint pouze u chlapcu, ktegi vSak trpili pravdipquotodiji
popsanou Xrazanou Brutonovou agamaglobulinémilil7]. Oznaeeni tohoto onemocnini
(z anglického ,common variable immunodeficiencyylo poprvé pouZzito az koce 1971
komisi Svitové zdravotnické organizace (WHO), aby doSloddileni této skupiny
onemocnini od ostatnichte dobi jiZ vice klinicky popsanych onemocnimunitniho systému
a tich zmendelianskou didienosflL18]. Do eestinybyl nazev tohoto onemocnini pgelozen
ne zcelaSeastni jako ,biZzn& variabilnimunodeficience”. To totiz vyvolava mylny dojem,
Ze se jedna o bizné tudiz éasténemocniniPgiléhavijSim oznaéenim tohoto onemocnini by

bylo napgiklagobecné variabilni imunodeficience”, nicméni puvodni oznaéeni se jiz vZzilo.

7.1 Obecnalcharakteristikaldiagnézy!CVID

Toto onemocnini se manifestuje heterogennimi klinickymi pgiznaky, kterym dominuji
zejmeéna tizké a opakovaneé infekce, pgiéemz u nikterych pacientioseilpgidava cela gada
dalSich komplikaci vychazejicichdysregulace funkce imunitniho systému, jako je zvySeny
vyskyt autoimunitnich, autoinflamatornieiadorovych staviPgibliznidvi tgetiny pacientu
stimto onemocninim jsou diagnostikowarv dospilosti smaximem klinické manifestace
v obdobi druhé a tgeti dekady Zivota, zbyla toetkavditském nebo adolescentnim viku
[119]. Za poslednich nikolik desetileti byla publikovdna celd gada odbornych praci,
které sezabyvaji patogenezdohoto onemocnini. $ostupujicim poznanim se doslaviru,

Ze diagn6za CVID je tvogerskupinouonemocnini gpodobnym klinickym a laboratornim
fenotypem, ze které se postupem easu oddiluji samostatné diagmaakterizovadé novi
zjistinymi genetickymi defekty, kter&edou k rozvoji fenotypu CVIDNedavné studie také

upozornily na dulezity vliv epigenetickych modifikacfazvoji tohoto onemocnini.

V roce 2016 bylo odhadovano, Ze monogenni pgieina fenotypu CVID byla odhalena
uasi 2 10 % pgipadu tohottnemocnini[120], zatimco MetoSnim roce se jiz dle literatury
jedna o 2050 % pacientu s monogenni pgiéinou rozvoje fenotypu G12D]. Monogenni

genetické poruchy byly nalezeny na tgech buniénych Grovnich, a to na pdnchy
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v cytoplazmi a jadgfl16]. Mezi geny, jejichZ poruchy byly asociovanC¥ID fenotypem,
pataglCOS TNFRSF13RTACI), TNFRSF13GBAFF-R), TNFSF12TWEAK), CD19 CD8],
CR2 (CD21), MS4A1 (CD20), TNFRSF7(CD27), IL21, IL21R, LRBA CTLA4 PRKCD
PLC 2, NFKB1, NFKB2 PIK3CD GOF (APDS1)PIK3R1LOF (APDS2)Vav] Rac2 BLK,
IKZF1 (IKAROS), IRF2BP2 PTEN TNFSF13(APRIL), TRNT1 ATP6AP1 ARHGEF1,
SH3KBP1(CIN85),SEC61A1MOGSaCTNNBL1, FC!RIla, PKC", IP3, LCK, ZAP70, ERK,
CARMA1/CARD11, Bobl, STAT1, NEIL1, CD70, TTR3®, 120, 121].

Geneticlé mutace vedouci krozvoji klinického a laboratorniho CVID fenotypu
u zbylych pacientu zatim zustavaji neobjasnidytichto pacientu je proto diagnostika tohoto
onemocniniv souéasné dobi zaloZzena zejména na splnini diagnostickych kritérii, ktera byla
postupem éasu jiz nikolikrat modifikovani&lezi dnes nejpouzivanijsi diagnosticka kritéria
patai ICON diagnosticka kritériaraku 2016 a nejnovijSi ESID diagnosticka kritéaaoku
2019 [122, 123]A€ekoli se jednotliva diagnosticka kritéria od sebe svparametry vice ei
méni odliSuji, zakladem vSeattosudpublikovanych diagnostickych kritérii je vzdyprvni
gadi vylouéeni sekundarnich pgiein rozvoje hypogamaglobulif&?die 125]a pgitomnost

porusené protilatkovédpovidi po antigenni stimulaci.

7.2 Z&kladnilklinicka!manifestace pacient%!s!CVID

Pacienti s diagnézou CVID trpi klinickymi pgiznaky zpusobenymi na jedné strani
infekénimi komplikacemiv dusledku poruchytvorby prdilatek, a na strani druhé ruznou
eetnosti a zavaznosti dalSich rozmanityeinfekenichklinickych pgiznaku vychézejicich
z dysregulace funkce imunitniho systému, kam patgi zejména autoimunitni, lymfoproliferativni

a nadorova onemocnipl26].

Infekéni komplikace patgi mezi zakladni klinické manifestace u paciedWiDs
apostihuji zejména respiraéni a gastrointestinalni fek7]. VitSina pacientu sliagnézou
CVID trpi zejména na opakovarg zavaznéinfekce dychacichcest (otitidy, sinusitidy
apneumonie) zpusobenpgevazniopouzdgenymi patogenyStfeptococcus pneumonijae
Haemophilus influenza@ Neisseria meningitid)s ale také dalSimi bakteriemi (napgiklad
Moraxella catarrhalisneboStaphylococcusp.). Vrozvoji infekenich komplikaci se u pacientu
sCVID uplatouji také virya dalSi patogengnapgikladRhinovirus virus Herpes zostenebo
Mycoplasmaspecies Gastrointestinalni infekce se manifestuji nejeastiji ve formi akutnich
nebo chronickych prujmu. NejéastijSim patogene@igrdia lamblia ale takéCampylobacter
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jejuni neboSalmonellaspeciesZajimavosti jeaké fakt, Ze se u pacientlC¥ID nevyskytuje

vySSi prevalence infekapusobenéielicobacter pyloriv porovnani $iznou populac{116].

Az 90 % pacientu €VID je postizeno plicnimkomplikacemi tohotamnemocnini,
mezi které patgi nasledky prodilanych infekci, dalSi imunitni mediované komplikace nebo
nadorové procesyl28]. Mezi nejeastijSi postizeni plic u pacienttC¥ID patai rozvoj
bronchiektazii a intersticialniho plicniho postizeni. Bronchiektazie, vyskytujici se az u poloviny
pacientu CVID, pgedstavuji patologickou ireverzibilni dilataci bronchu a bronchiolu, ktera
serozviji vdusledku zanitlivé destrukce jejich stif§29]. V misti bronchiektazii dochazi
k opakovanym infekcim a zanitlivym reakcim, které déle poSkozuji nejen prudusky, ale i okolni
plicni tkao [130]. Asi 8 20 % pacientu €VID trpi na granulomatézrilymfocytarni
intersticialni plicni nemoc (GLILD)[131]. Jedna se o Kklinickyadiologicky-patologicky
definované intersticialni plicni postiZzeni, u kterého se nachazi kombinace pgitomnosti plicnich
granulomu a lymfoproliferace, kam patgi lymfocytarni intersticialni pneumonie, folikularni
bronchiolitida a lymfoidni hyperplazigd132]. GLILD je éasto doprovazena dalSimi
extrapulmonalnimi pgiznaky patmicido skupiny dysregulace funkce imunitniho systému,

jako je splenomegalie, autoimunitni cytopenie a zvySené riziko rozvoje lynift8ail

U vicenez étvrtiny pacientuGVID se vyskytuji ruzné autoimunitni komplikalde33],
které jsou vice nez sedmkgstijSinez vbizné populac{119]. Tato onemocnini mohou byt
také prvnim manifestnim pgiznakem imunodeficience pacientdiagn6zou CVID.
Mezi nejeastijSi autoimunitni komplikace patgi autoimunitni cytopenie (imunitni
trombocytopenickd purpura nebo hemolyticka anémie), ale dale se u nich vyskytuje
revmatoidni artritidauveitida,alopecie, autoimunitni postizeni Stitné Zlazy, systémovy lupus
erythematodes (SLEYyaskulitidy, antifosfolipidovy syndrom, psoriaza, roztrouSena skleréza,
lichen planus, vitiligo, diabetes mellitus I. typu, pernicidozni anémie, gakt gravis nebo

autoimunitni pankreatitidgd134].

Mezi dalSi klinické komplikace pacienttC¥/ID patai lymfoproliferativni onemocnini,
ktera se vyskytujpgiblizni u pitiny pacientu. Mezi ni se gadi lymfadenopatie, lymfoidni
hyperplazienebo lymfocyticky zanit lymfocytéza a gamapatiegle také lymfomy[135].

U pacientu se CVID se vyskytuji eastiji také dalSi nadorova onemocnini, pgieemz mezi
nejeastijSi anich patgi nadorova onemocnini Zaludkoadory kuze vyjma melanonia36].
Ukazalo se, Ze se nadorova onemocnini eagygkytovalau pacientu &«linickymi pgiznaky
odpovidajicimi imunitni dysregulaci (pgitomnost artritidy, atrofické gastritidy nebo

intersticialniho plicniho postizeni), na druhou stranu vyzkum tykajici se vysjeytatické
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predispozice kadorovym onemocninim nepginesitéto skupiny pacientdibné vysledky
[136].

PostiZeni gastrointestinalniho traldeu pacientu £VID manifestuje zejména jako
atrofick& gastritida, perniciézni anémie, chronicka enteropatie a kolitida, ktera pgipomina
nélezy u zanitlivych stgevnich onemocninich. VitSina pacien@VKD trpi na chronické
prujmy, které u vice nez polovinyraich mohou vésaz kmalabsorpci [137]Mezi nejéastijsi
histopatologické nélezy patai vilozni atrofipeatomnostanitlivych lymfocytarnch infiltratu
[138]. PostiZzeni gastrointestinalniho traktu easto imituje celiakii, ale bezlepkovéa dosteaov
pgipadi nepgindSi pacientum zZadny klinicky bef&89]. Znaena heterogenita a neznamy
mechanismus vedoucirkzvoji CVID enteropatie a tim padem nemoznost efektivni |éé&tioy

skupiny komplik&i zvySujemorbiditu a mortalitu tichto pacientu.

Vyzkum na polipatogenez&to diagnozy stéle intenzivni probihd a zamiguje se kromi
detekce novych kandidatnich genu také na zminy vrozené i adaptivni imunity, které by

dokazaly vysvitlitpatogeneziozvoje klinického fenotypu CVID u vitSiny tichto pacientu.

7.3 Vybrané!laboratorni!patologické!nalezy!ulpacient%!s!Qw

JelikoZz puvodnibylo na diagnézu CVID nahlizeno jakwa imunodeficienci ve smyslu
snizené tvorby protilatek, dvodni vyzkum na tomto poli byl vinovan zejména zakladnim
parametrum adaptivhd imunitniho systémuDo dneSni doby byly popsany nejruznijsi
patologické zminy poét a funkce Blymfocytarnich nebo dAymfocytarnich subpopulaci
u tichto pacientuV souéasnosti popsageénetické defekty u pacientiC¥/1D fenotypem jsou
spjaty sprocesy maturace, aktivace a pgezivani B lymfodwiitace vgenech kodujicich
receptory a aktivaeni nebo kostimulaeni molekuly ovlivouji také fuiklgmfocytu a jsou
spojeny suznou tizi klinické manifestace zakladniho onemocnimlicméni u pgiblizni
poloviny pacientu €VID zustava pgieina jejich klinického fenotypu neodhalena. Proto
vyzkum poetu a funkce jejich lymfocytarnich subpopulaci muze pgispibh&leni spoleenych
zakonitosti a tim nasmirovakimoZznému odhaleni pgieiny tohoto stavu. Zajimavosti zustava
fakt, Ze aékoli se jedna o jednuklinicky nejvyznamnijSich poruch tvorby protilatek
v dospilém viku, tak u vitSiny pacientu GVID fenotypem nachdzime normalni poéty
B lymfocytu vperiferni krvi. Méni pozornosti bylo donedavna vinovano moznym defektum
vrozené imunitni odpovidi, které by vSak mohly pomoci vysvitlit heterogenitu klinického

fenotypu pacientu €VID.
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Obecni nejvyznamnijSim limitujicim faktorem témig vSech studii zabyvajicich
se slelovani zmin parametru imunitniho systému u paciem@Y je easto pomirni maly
poéet pacientu, ktegi jsou navicdmnci své zakladni diagnozy znaeni heterogenni, zejména
cose tyée fenotypu. To muze byt také duvodem easto protichudnych vysledku vyzkumu
nikterych imunologickych parametru u tichto pacienMinaSich studiich jsme se zabyvali
nikterymi aspekty vrozené i adaptivni imunity pacientt\dD ve snaze o zlepSediagnostiky

nebo pgispini kdhaleni nikterych aspektu patogeneze tohoto onemocnini.

7.3.1 Ueastni s&komplementoy systém patogeneze CVID?

Jednu ze zakladnich humoralnich slozek vrozeného imunitniho systému pgedstavuje
komplementovy systém, pgieemz jeho vliv na patogenezi CVID neni jesti zcela objagnén. Je
se 0 vysoceakonzervovanou eastozeného imunitniho systému, ktera se skladésiz40
plazmatickychproteinu apovrchov vazanych regulaénich proteinu. | kdy@mplementovy
systém patgi mezi mechanismy vrozeného imunitniho systému, hraje zasadni roli také
vimunitni odpovidi mediované mechanismy adaptivithunity. Aktivace laskady
komplementovych proteintnuze byt dilena do tgi zékladnich fazi. Nejprve doch&aizki
molekul na mikrobialni povrchy, coz velieastartovani aktivace komplementového systému
Nasledni se vytvagi C3 a C5 konvertazy, které spousti Stipeni C3 a C5 slozky komplementu
nakonkrétni Stipné produktyVyslednym krokem je tvorba membranu atakujiciho komplexu
(MAC), coz vede Kinalnimu vytvogeni porumembrani cilové buokya tim kjeji osmotické
lyze. Komplementoy systéem muze byt aktivovan tgemi zakladnimi cestami, mezi které patgi
klasicka, alternativni a lektinova cesta aktivace komplemefiasicka cesta je spoustina
vazbou Clqg slozky komplementu na imunokomplex. Pgi alternativni cesti dochéazi
k samovolnému Stipeni slozky C3. Lektinova cesta aktivace komplementu je spoustina

pgesnandzu vazajidektin (MBL) [140].

MBL pgedstavuje cirkulujici extracelularni protein, kterypjedukovan jaternimi
buokami[141]. Nachazi sevSaktaké vmisti probihajiciho zanitlivého procesa podili se
naodstracovani Sirokého mnoZstvi patogennich mikroorganiddii. Po vazbi na MBL
receptor aktivuje komplementovy systém, zprostgedkawds@nizaci a nasledni fagocytdzu
UmoZzouje také uvolnini prozanitlivych cytokinu monocytl, Uéastni seodklizeni
apoptotickych bunik, ovlivouje produkci reaktivnich metabolitu kyshiewtrofily, ale vaze se
také na nadorové buoky, které zabiji mechanmsnWBL-dependentni buniéni mediované
cytotoxicity [141] Bylo prokazéano, ze genetické polgrfismy v genuMBL2vedou ke snizeni
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sérovékoncentrace MBLZatimco deficit slozek klasické nebo alternativni drahy aktivace
komplementu je vzacny, deficit MBL charakterizovany sérovou koncemitati<0,5 'g/ml

je vnormalni populaci naopak pomirni éastyostihujeprumirni 5#30 % svitové populace
[142], pgieemz jeho vyskyt je popisovapgiblizni 5" 15 % kavkazské popula¢®43], 25 %
euroasijské populadé44] a 50 60 % obyvatesubsaharské obla$fi45].

| kdyZ vitSina pacientu deficitem MBL byva asymptomaticka, nikteré pacienty tento
deficit predisponuje kysSi frekvenci respiraénich infekci nebo muze byt spsjervojem
zavaznych infekenich komplikaca to zejména u pacientudalSimi porusenymi slozkami
vrozené imunitni odpovidiPlicni tkad sama o sobi MBL netvogi. Tato molekula se do plicni
tk&ni dostava zgejmi pgechodeikrevniho geeisti pai probihajicim zanitu. Tento protein byl
totiz detekovan wronchoalveolarni lavazi u pacientprseumonii, ale ne u pacientu bez plicni
infekce [146]. ého nedostateena pgitomnogligich muze byt spojena s prokazarnyssi
nachylnosti kespiraénim infekcim uwuikterych pacientu $MBL deficitem Ukézalo se,
Zesnizeni sérové koncentrace MBL predisponuje ditskou populapakovanym respiraénim
infekcim[147, 148].Studie Holdawayové et al. popsaladobny trend také v dospifgopulaci
[149], avSak Dahl et atuto asociacve své studinepotvrdili [150].Bylo prokazano, Z&1BL
hraje roli vimunitni obranyschopnosti proti infekci zpusobené opouzdgenymi bakteriemi
(napgiklad Streptococcus pneumonjaale také Staphylococcus aureusebo Neisseria
meningitidig, protoZze se vaze na jejich povrch a usnadouje fagocytézu a usmrceni tichto
bakterii neutrofily nebo makrofady51-153].MBL deficience zvySuje riziko umrti pacientu
se zavaznou pneumokokovou infeKA4]. Nicmeéni je tgeba mit na pamiti, Ze lektinova cesta
aktivace komplementise podili na komplemeislependentni obrani protStreptococcus
pneumoniae& porovnani klasickou cestou aktivace komplementu jen vyznamni mensi mirou
[154]. Deficit MBL muze mit také negativni vliv na prubih nikteryctalSichrespiraénich
onemocnini, jako je napgiklad priméarni ciliarni dyskingzs], cysticka fibor6zg156] nebo
chronicka obstrukeni plicni nemd&57]. Rozporuplnd data se tykaji vlivu této molekuly
narozvoj a tizi bronchiektazij158-160] nebo nachylnost kfekci zpusobenou puvodcem
Mycobacterium tuberculosifl61-166]. Obecni vSak nebylo prokadzano, Ze by deficit MBL

zvySoval mortalitu svych nosite[d50].

Ne zcela jednoznaena data ohledni vyznamu deficitu MBL u jinak imunokompetentni
populace nés pgivedla na myslenku klinického vyzkumu této patologie u pa€igiiu Broto
jsme se zamigili na to, zda se snizena tvorba MBL muze podilet na tizi klinickgieltpaiz

pacientu SCVID. Provedli jsmeanalyzu polymorfisnst MBL2 genu u celker@4 pacientu
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s CVID, pgiéemz 54rich pochazelo Wstavu klinické imunologie alergologie FN u sv. Anny
vBrni a LF MU a zbylych 40 pacientu Qddileni revmatologie &linické imunologie

z Freiburgu. Dale bylo vySetgenelkem 359 kontrolnich osob eeské narodnosti, aby mohla byt
ureena frekvence MBL2 genotypyeograficky odpovidajici kontrolni populaci. U celkem
66 pacientu €VID bylo kdispozici CT vySetgeni plicukeeni pgitomnosti bronchiektazii

a u 90 pacientu také funkeni spirometrické vySetgengddletického vySetgeni bylo zjistino,
Ze celkem 58 pacientu s CVID vykazovalo genotyp asociovemmgnélni sérovou koncentraci
MBL, 19 pacientu £VID milo genotyp asociovanyrszkymi hladinami MBL a u 17 pacientu
byl geneticky prokazan deficit MBL. Frekvence vySe popsanych dgobt@nomalii tykajici

se genu koédujiciho MBL bylatejna upacientu <CVID i vySetgené kontrolni populace.

U pacientu ggenotypem, ktery je predisponoval ke snizené tvorbi MBL, byla zjiStina zvySena
frekvence bronchiektazii, plicni fibrézy a respiraéni insuficience. Nicméncelou gadu
klinickych a laboratornich nalezu pacientu €CVID nemil genotyp spojeny se sniZzenou
tvorbou MBL statistickyyznamnwliv. Jednalo se @ik pgi rozvoji klinickych pgiznaku, vik
vdobi diagn6zy, poéet pneumonii pastahovenim diagndzy, koncentramunoglobulinu
vetgidi 1gG, IgA nebo IgM pged zapoeetim imunoglobulinové substituéni léeby, rozvoj
emfyzému, abnormalityplicnich funkcich, pgitomnost prujmu, granulomu, lymfadenopatie,
splenomegalie, frekvenicifekci respiraéniho traktu nebo poeaetibiotickychkur. NaSestudie

byla pravdipodobni prvnim publikovanym vyzkumem, ktery prokazal asociaci MBL dedicienc
srozvojem bronchiektazii pacientu CVID. Kromi toho se zda byt pravdipodobné,
Ze nedostateent&vorba MBL by mohla pacienty s CVID predisponoakie k roz\oji plicni
fibrézy a respiraéni insuficienc&ladruhou stranu se ukazalo, Ze nedostateéna tvorba MBL

by nemila mit vlivna rozvojdalSich komplika€souvisejici $outo diagnézou.

ANNEX VI

LITZMAN, J., T. FREIBERGER, B. GRIMBACHER, B. GATHMANN, U. SALZER, T.
PAVLIK, J. VLCEK, V. POSTRANECKA, Z. TRAVNICKOVA a V. THON.Mannose-
binding lectin gene polymorphic variants predispose to the development of
bronchopulmonary complications but have no influence on other clinical and laboratory
symptoms or signs of common variable immunodeficiencyClinical and Experimental
Immunology [online]. 2008, 153(3), 32330. ISSN 0009104. Dostupné
z: doi:10.1111/j.1365-2249.2008.03700.x

Document Type: Article; IF = 2,853
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7.3.2 Mohly by se také neutrofilni granulocyty Uéastnit rozvoje CVID?

Neutrofily tvogi zakladni buniénou sloZzku vrozeného imunitniho systélejch
vyznam odrézZi také mnoZstvi tichto bunikperiferni krvi, kdy tvogi pgiblizni 500 %
lidskych cirkulujicich leukocytu. Neutrofilyznikaji vkostni dgeni a jsou rychle uvoloovany
do periferni cirkulace, odkud jsou schopny se dostat do mista infekce nebo zanitu pomoci
leukocytarni adhezivni kaskad$67]. Tam se podileji na odstradovani patogenu a tvorbi
ruznych mediatoru, které reguluji vrozen@aaptini imunitni odpovii [168]. Neutrofily jsou
obvykle kratce zijici buoky, které v cirkulaci pgezivaji nikolik hodin a po vycestovani do tkani
nikolik dni. Povykonani svyclefektorovychfunkciv misti zanitu nakonec hynou apopt6zou
a jsou odstraoovany makrofagy bez zavislosti na cytokinovém mikroprddi@@dOdstranini
navenek neporuSenych neutrofilu fagocytézou je dulezité pro zamezeni uvolnini jejich
cytotoxického obsahu do extracelularniho prostgedi, ke kterému by dudipadi, Ze by
buoky zahynuly nekrozou. Zkraceni Zivotaschopnosti neutrofillu diky jejich zvySentapop

vSak muZze zpusobit zvySenou nachylnost organismu k zavaznym a opakovanym infekcim.

Na povrchu lidskych neutrofilu se konstitutivni nachazi molekuly CD11b, CD15, CD16
a CD33, a to bez zavislosti na buniené lokalizaci, stupni aktivace nebo aktualni fazi
onemocnini170]. Molekula CD11b patgi do rodiny integrinu a nachazi se na povrchu Sirokého
spektra leukocytu (kromi neutrofilu také monocytu, makrofagu, NK bunik a dalSich). Tato
molekula napomaha adhezi neutrofilu na aktivovany endotel a spolesaiekulou CD18
umoZzouje vycestovani leukocytu do tkéiapedézou[1l71]. Molekula CD15 (Lewis Xx)
sevyskytuje na lidskych myeloidnich buodkach a zprostgedkovava adhezi neutrofilu
k dendritickym budkam. Mechanismus exprese této molekuly zustava neobjdstZh
Molekula CD16 (v pgipadi neutrofilu Fc!RIIIb) pgedstavuje Fc receptor pro IgG, ktery
seleastni degranulace neutrofilu. Molekula CDPatgi mezi sialoadheziny, vykazuje
lektinovou aktivitu a zprostgedkovava mezibuniené interakce vazbou na rezidua kyseliny

sialové ruznych glykoproteinu ei glykolipidu.

Neutrofily disponuji celou gadou efektorovych mechanismu, mezi které se gadi
fagocytdéza, produkce reaktivnich metabolitu kysliku, proteaz a tvorba neutrofilnich
extraceluarnich siti (NETs)168]. Ve své cytoplazmi obsahuji mnozstvi intracelularnich
granuli a vezikul, které se dostavaji na buniény povrch neutrpblstupnou exocytézou
po jeho stimulaci prozanitlivymi cytokiny. Mezi zakladni granula neutrofil@tgiazurofilni
(primarni), specificka (sekundéarni) Zelatinazova (terciarni) a sekreéni granuldl173].

Poaktivaci neutrofill dochazi nejprvedkocytdéze a uvolnini obsahu ze sekreénich granuli,
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nasledni pak Zelatindzovych a specifickych granuli. Azurofilni granula se podili na tvorbi
fagolysoomu uvnitg neutrofil174]. Obsahuji antibakteridlni proteiny (myeloperoxidazu,
azurocidin nebo heparin vazajici protein) a proteazy, které degraduji proteirgelkexérai
matrix. Proteazy se dalpodileji na aktivaci a inaktivaci bunienych receptortieastni
seprocesu nitrobuniénéhmzkladuvedoucich mimo jiné lodstranini patogenu (neutrofilni
elastaa, katepsin G a proteinaz3). Specifika granula obsahuji antibakterialni proteiny
(laktoferin, neutrofilni Zelatinazou asociovany lipokalin, katelicidin a lysozym) a proteazy
(kolagendzu a dalsi). Zelatinazova granula obsahuji antibakterialni proteiny (lysozym)
aproteazy (Zelatindzu aleukolysin). Sekreéni granula neobsahuji velké mnozstvi
antibakterialnich proteinu nebo proteaz, ale nachazi se zde antimikrobialni protein azurocidin
[175], ktery se uvolouje meutrofill veasné i pozdni fajejich aktivace [176]Kromi toho
obsahujikomplementové receptory r@ceptory, které jsou dulezité pro migraci neutrofilu
Jedna se o chemotakticky receptor préohinylmethionyl-leucin-fenylalanin (fMLP), CD14
receptor pro bakterialni lipopolysacharid (LP&)ejmeéni etyagi komplementoveé receptory
(C1gR, CR1, CR3 a CR4), které se spohimsi dostavaji také na povrch neutrofpp@i jeho
degranulaci. Paty komplementovy receptor C5aR se vyskytuje na povrchu neutrofilu

konstitutivni.

Cilem dalSi studie bylo ukazat, zda pacief@\D vykazuji zvySersgystéemove hladiny
markeru aktivace granulocytu a zda jsou tyto hladiny dale ovlivnitelné pomoci intravendzni
imunoglobulinové substituéni léefiy1G). VySetgovanou skupinu tvogilo celkem 46 pacientu
S CVID a kontrolni skupinu pak 44 zdravych ostlpacientu sCVID i kontrolnich osob byly
zmigeny poety neutrofilu. Pomoci metody ELISA byly u obou vySetgovanych skugikutmimo
infekci zmigeny sérové hladiny elastazy a myeloperoxidazy, jejichz sérova konceataice
mezi aktivaéni znamky granulocytu. Navic u 24 paciel@¥IB byly aktivaeni markery
zmigeny pged aplikaci IVIG a dale za 1 hodinu po aplikaci IVIG. Plazmatické hladiny elastazy
a myeloperoxidazy byly signifikantni vy3Si ve skupini pacie@W vporovnani kontrolni
skupinou. Sérové hladiny elastazy se navic jesti zvySily u paci€\iDspo aplikaci IVIG.
Absolutni poety neutrofilu byly statisticky signifikantni vy3Si ve skupinieptic sCVID
v porovnani skontrolnimi osobami. Plazmatické hladiny elastazymyeloperoxidazyyly
signifikantni vySsi ve skupini pacientu@VID vporovnani plazmatickymi hladinami elastazy
a myeloperoxidazyskupiry kontrolnich osob Statisticky signifikantni vySSi hodnoty
plazmatickych koncentraci neutrofilni elastazy a myeloperoxidazy byly pozorovany

u 21pacientu LCVID a soueasnpgitomnowsplenomegaliiv porovnani 1 pacienty s CVID
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bez splenomegalie. Zadné rozdilylazmatické koncentraci elastazy a myeloperoxidazy nebyly
patrné u pacientu €VID a pgitomnosti nebo nepgitomnosti bronchiektézii. Pacienti bez dalSich
komplikaci patgicich diagn6ze CVID vykazovali niz8i plazmatické koncentrace
myeloperoxidazy porovnani pacienty s CVID dalSimi komplikacemi patgicimdlagnoze
CVID. Pacienti s CVID &nteropatii mili vySSi hladiny myeloperoxidazy nez pacienti bez této
komplikace.Zadné rozdily plazmatické koncentraci myeloperoxidazy nebyly patrné mezi
skupinami pacientu ggitomnosti nebo nepgitomnosti dalSich klinickych znaku (lymfocytické
infiltraty, autoimunitni onemocnini)Zadné rozdily nebyly patrnéjednotlivych skupinach
ohledni sérové koncentrace plazmatické elastzje bylo sledovano, jaky mé na plazmatické
koncentrace elastazy a myeloperoxidazy vliv imunoglobulinova substitueni léeba. Sérové
hladiny elastazy se zvysSily u pacientQ\8iD po aplikaci imunoglobulinové substitueni 1éeby.
NebylvSakrozdil vtom, zda byla imunoglobulinova substituéni Iééba podavana intravendzni
nebo subkutanni. In vitro stimulace pIné krve 13 pacier@VHED pomoci IVIG \terapeuticky
relevantni davcepo dobu 2 hodin vedla dignifikantnimu zvySeni plazmatické koncentrace
elastazy porovnani sestimulovanou krvi. Tyto vysledky ukazuji, Ze CVID je asociovana
schronickou granulocytarni aktivaci, ktera je dale potencovana pomoci IVIG |éeby. ZvySena
korcentrace elastazy a myeloperoxidazytegy muze podilet na komorbiditach u pacientu

s CVID.

ANNEX VII

LITZMAN, Jiri, Zita CHOVANCOVA, Petr BEJDAK, Marek LITZMAN, Zdenek HEL a
Marcela VLKOVA. Common variable immunodeficiency patients display elevated plasma
levels of granulocyte activation markers elastase and myeloperoxidaskternational
Journal of Immunopathology and Pharmacology [online]. 2019, 33, 2058738419843381.
ISSN 03946320. Dostupné zi0i:10.1177/2058738419843381

Document Type: Article; IF = 2,209

Puvodni se pgedpokladalo, Ze populace neutrofilnich granulocytu ligiskgm
organismu tvogena homogenni skupinou bunik. Postupem éasu se vSak ukazalo, Zze vykazuje
znaénou morfologickou, fenotypovou a funkeni heterogghitd]. Spostupujicim poznanim
doslo také ke zmini souéasného pohledu na funkci tichto bunik. Dnes je stéle jasnijsi,
Zeantimikrobialni aktivita neutrofilu spoéivajici odstradovani patogenuramci vrozené

imunitni odpovidi neni zdaleka jejich jedinou funkci. Neutrofily jgotiz schopné vyznamni
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regulovat také adaptivni imunitni odpovif167]. Populace lidskych neutrofilu je tvogena
pginejmensim dvima zakladnimi odliSnymi buniénymi fenotypy, a tontzutrofily s vysokou
denzitou (z anglického ,high density neutrophils“DNs) a neutrofily siizkou denzitou

(z anglického ,low density neutrophils“; LDN$177]. HDNs pgedstavuji klasickou populaci
neutrofilu, kterd pgevazuje u zdravych osob bez chronickych onemocnini. LDNs pgh po
izolovany popsany woce 1986 jako buokkteré byly identifikovany \ymfocytarnim prstenci

mezi mononuklearnimi buokami po gradientové centrifugaci periferni krve ziskané od pacientu
se systémovym autoimunitnim onemocninjhY8]. Nasledni se ukazalo, Ze se tyto buoky
vyskytuji také u pacientursiznymi vitSinou chronickymi onemocninimi. Skupinu LDNSs tvogi
gada odlisSnych neutrofilu (s prozanitlivymi nebo protizanitlivymi vlastnostmi, nezralymi

i vyzralymi formami), které se vyskytuji za ruznych patologickych sfav@]. Oba tyto typy
neutrofilnich subpopulaci se statisticky vyznamni nelifiélce pgeZivani nebo ve schopnosti
fagocytdzy, ale sniZzena denzita neutrofilu koreluje se jejich zvySenou odpovidavosti na fMLP,

zamezenim Sigeni bakterii a zvySenou kapacitou snizéyaifdcytarni prolifeaci [179].

Vzhledem kySe uvedenym faktum jsme seasledujici studii zamigili na to, zda
fenotyp neutrofilu pacientu s CVID muZe ovlivoovat aktivitu jejich T lymfoEgotypova
afunkéni charakteristika plazmatickych markerpopulaci neutrofilu bka provedena u 46
pacientu SCVID a 44 kontrolnich osol/Sichni pacienti £VID byli Iéeeni bui intravendzni
(25 pacientu) nebo subkutanni (21 pacientu) imunoglobulinovou substitueni |E&wienti
s CVID mili zvySeny absolutni poéet neutrofilu a snizdsolutnipoéet lymfocytu porovnani
skontrolnimi osobami Pacienti s diagn6zoQVID vykazovali statisticky signifikantni
zvySenou plazmatickou hladilpokalinu asociovanéhozelatinazou neutrofilu (NGALktery
je markerem aktivace a degranulaoeutrofilu. K vylouéeni vlivu zvySeného absolutniho poétu
neutrofill u pacientu €VID na zvySenou plazmatickou koncentraci NGAhonovnani
skontrolnimi osobami byla provedepgepoéet koncentrace NGAL na absolutni poeet
neutrofill, pgieemz statisticka signifikance zvySeni plazmatické koncentrateuN@éientu
sCVID zustala \porovnani skontrolnimi osobami zachovana. Podobnych vysledku bylo
dosazeno po vylouéeni pacienthoginotami CRP>10 mg/ltakZze zazvySenim plazmatické
koncentrace NGAL u pacienfiCVID nestoji pouze systémova imunitni aktivace. U pacientu
s CVID jsmedale prokazali zvySenou expresi povrchového markeru neutrofilu CD11b
a PDL1 a sniZzeni exprese povrchové markeru CD62L, CD16 a Cb8Orovnani
skontrolnimi osobami, coz odpovida fenotypu aktivovanych neutrofilu se supresivnimi
vlastnostmi. Naruhou stranu exprese znaku CD11a, CD87, HRRR, CD10, CXCR4 a CD54
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se mezi obima sledovanymi skupinami statisticky vyznamni neliSila. Fenotypova analyza T
lymfocytu pacientt €VID ukazala zvySenou expresi fna CD4 i CD8" T lymfocytech

v porovnani skontrolnimi osobami, nicméni nebyla prokazana statisticky vyznamna korelace
mezi expresi znaku PDL na neutrofilech a PD-1 na lymfocytech u pacientu®VID. Dgive

bylo prokazano, ze CD116D16'CD62L%™ neutrofily vykazuji imunosupresivni vlastnosti.
Proto jsme nasledni zkoumali schopnost neutrofilu pacie@VKD suprimovat Tauniénou
aktivitu in vitro. Pokud byly T lymfocyty pacientu s CVID inkubovany spokeg@atolognimi
neutrofily, d&lo ke sniZzeni exprese aktivaéniho znaku CD25 u populacé Th4nfocytu.
Neutrofily pacientu €VID tedy aktivni snizuji Punienou aktivaci a tvorbu IFN
prostgednictvim produkce reaktivnich kyslikovych radikalu. Navic byla u paci@wDs
prokdzana zvySena frekvennoeutrofilu snizkou denzitou a granulocytarnich myeloidnich
supresorovych bunikLDNs/G-MDSCs).Poeet tichto bunik také koreloval se sniZzenim
odpovidavosti T lymfocytu. VnijSi stimulace plné kpeenoci LPS napodobovala nikteré, ale

ne vSechny fenotypové zminy pozorované na neutrofilech paci€Mi{Dsa vedla kvorbi
populace neutrofilu 8DN fenotypem. Tato data ukazuji na to, Ze neutrofily pacieGNIB

jsou aktivovaneé a silni snizuji-Bunienou aktivitu. Zamigeni se na MD$SIB/ mohlo znamenat

novou potencialni Iéeebnou strategii u pacien@h\D.

ANNEX VIII

VLKOVA Marcela, Zita CHOVANCOVA, Jana NECHVATALOVA, Ashley Nicole
CONNELLY, Marcus Darrell DAVIS, Peter SLANINA, Lucie TRAVNICKOVA, Marek
LITZMAN, Tereza GRYMOVA, Premysl SOUCEK, Tomas FREIBERGER, Jiri LITZMAN a
Zdenek HEL Neutrophil and Granulocytic Myeloid-Derived Suppressor Cell-Mediated T
Cell Suppression Significantly Contributes to Immune Dysregulation in Common
Variable Immunodeficiency Disorders.Journal of Immunology [online]. 2019, 202(1),-93
104. ISSN 0022767. Dostupné zdoi:10.4049/jimmunol.1800102
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7.3.3 Jaldje Groveo tvorby protilatek u pacienttiC¥ID?

PoruSenéa schopnost nebo neschopnost tvogit protilatky po antigennicsfieneldnou
z nevyznamnijSich charakteristik pacient€@¥ID. Klinickym pozorovani tichto pacientu bylo
prokdzano, zéncidence a rekurence jejichfekenich komplikaci nekorelujerairou snizeni

sérové koncentrace celkovych IgG imunoglobuliale spiSesmirou zachovani schopnosti
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ureité tvorby specifickych protilateld 33, 180].Uk&zalo se, Ze uréita east pacientd\dD

je schopnajisté protilatkové tvorby, ktera je vSak vzdgyznamni snizena oproti bizné
imunokompetentni populaci. Nicméni po nikolika tydnech az misicich po odeznini
antigenniho stimulu dochazidpitovnému sniZzeni koncentrace protilatek nikdy az pod hranici
dolniho referenéniho rozmezi. Druh& éast pacientu nevytvogi po ansitjieutaciprotilatky
prakticky zadnél pges celou gadu studii, které se zabyvaji protilatkovou odpovidi u pacientu
sCVID, existuje pouze malo publikovanych praci zabyvajicich se vztahem mezi mirou
protilatkové odpovidi po vakcinaci a zagazenim pacienta dle pouzivanychk@élfikaénich
schémat.

V dalSi nasi studii jsme se zamigili na vyzkworby protilateku pacientu CVID
po antigenni stimulaci proteinovym i polysacharidovym antigenem pgimo na B lymfocytarni
arovni, neboe nepginsanoveni protilatkové tvorby u pacientC¥ID zaléeenych substituéni
imunaylobulinovou léebou ze séra metodou ELISA neni mé&meentrace protilatek séru
pacientu s CVIDje totiz zkreslena jejich pasivnim podavanim pomoci imunoglobulinove
substitueni Iéeby. Wasi studii jsme vySetgovpdnakprodukci protilatekna B-lymfaytarni
arovni pomoci ELISPOT eseje po vakcinaci proteinovym a polysacharidovym antigéarem,
jsme se soustgedili na detekci pgitonmnplstzmablastu \periferni krvi po vakcinaci.
V avodnich pokusech ohledni dynamiky tvorby protilatek proti tetanickéoxoidu
a pneumokokovym polysacharidum u kontrolnich osob bylo prokazéano, ze pgesni 7. den
po oekovani je optimalni pro stanoveni produkce tvorby protilatek ve tgidi 19G, IgA a IgM
metodou ELISPOT na Bmfocytarni arovnizperiferni krve, coz korespondovalo takeé
speakem zvySeni poétu pieablastu \periferni krvi po oékovani migenyprutokovou
cytometrii. Nasledni by skupina37 pacientu £€VID a 80 kontrolnich osob vakcinowan
tetanickym toxoidenfAlteana) a 23+alentni nekonjugovanou polysacharidovou vakcinou
(Pneumo-23)Pged vakcinaci a 7. den po vakcinagazmigena produkce protilatek metodou
ELISPOT po separaanononuklearnictbunik a byly detekovany zminy B-lymfocytarnich
subpopulacich veetni zmin pogilazmalastuv periferni krvi. U kontrolnich osob jsme 7. den
po vakcinaci prokazali tvorbu spottBLISPOT eseji (SFC¥oz odpovidalo produkci IgG, IgA
i IgM protilatek proti tetanickému toxoidu i pneumokokovym polysacharidum. Navic jsme
detekovali statistickyyznamné zvySeni poétu plazmablagiariferni krvi7. den po vakcinaci
metodou prutokové cytometrie, coz odpakddcirkulujicim B lymfocytum produkujicim
protilatky. AvSak u pacientuGVID se nélez liSil. Celkem 30 pacient@¥€ID netvogilo zadné

SFC po vakcinaci proteinovym i polysacharidovym antigenem a zbylych 7 paci@uiDs

59



MUDr. Zita Chovancova, Ph.D.
Vybrané klinické a laboratorni aspekty nemaligrpchuch tvorby protilatek dospilém viku

milo jen slabou odpovii vporovnaniskontrolni skupinou. Navic u pacienttC¥ID nebylo
detekovano zvyseni poétu plazmablasperiferni krvi po vakcinaci metodou prutokové
cytometrie VSichni tito, az na jednoho pacientanggitelnouodpovidi po antigenni stimulaci,
patgili do skupiny Il dle Freiburské klasifikace a skupnyB dle klasifikace EUROclass.
V tichto skupinach jsou zagazeni obecni CVID pacisrttmig normalnim poétem izotypovi
pgesmyknutych pamisovycHyBnfocytu, ktegsou charakterizovani mirnijSimi komplikacemi
tohoto onemocnini porovnanis ostatnimi skupinamNaSe vysledkygispivaji kpotvrzeni
teorie, Ze se u pacientu®/ID vyskytuje porucha terminélni diferenciaci B lymfocytu
dostadia plamablastu produkujicich protilatky. Navic detekce poétwnpddlastu 7. den
po oekovanimuze slouzit jako pomocny diagnosticky marker odpovidi na vakcirraonei
diagnostického procesu pged zavedenim léeby, ale také ke sledovani protilatkové odpovidi

u pacientu na imunoglobulinové substituéeni [éebi.

ANNEX IX

CHOVANCOVA, Zita, Marcela VLKOVA, Jiri LITZMAN, Jindrich LOKAJ a Vojtech
THON. Antibody forming cells and plasmablasts in peripheral blood in CVID patients
after vaccination. Vaccine [online]. 2011, 29(24), 4142150. ISSN 0264+10X. Dostupné
z: doi:10.1016/j.vaccine.2011.03.087
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8 Diskuze

VSechny protilatky didském organismu se dili do piti zakladnich td@G, IgA, IgM,
IgD a IgE).Mezi nejvice zastoupené tgidy imunoglobulimeéru patgi prvni tginich. Bylo
popsano, Ze sérové koncentrace 1gG a IgM imunoglobulinu jsou vySSi ypdeosmnani snuzi,
zatimco u tichbyva naopak vy3Si sérova koncentrace IgA imunoglobyl®l]. Zatimco
sérova koncentrace IgG a IgA protilatek sekem zvySuje, sérové koncentrace IgM zustavaji
svikem stabilni[181]. Zbylé dvi tgidy imunoglobulintigD a IgE)se vyskytuji vséru vnizké
koncentraci azejména IgE imunoglabiny se vyskytuji pgevazni membranovi vazané
podobi. Ruznasérova koncentraceimunoglobulinu tedy odrédzi jejich odliSnyvyskyt
Vv organismuco se tyee jejich pgitomnosti v pgev&btmé nebanembranovivazané podobi
predilekenim vyskytu yednotlivych tkadoovych éi cirkulaenich kompartmentech organismu
nebo dynamice jejich tvorby v souvislostiegsovym hlediskem setkani se organismu
santigenem. To vSesouvisi srozdilnou funkci jednotlivych izotypu imunoglobulinu

v obranych reakcich organismu

ny

ZvySeni nebo sniZzeni koncentrace jednotlivych tlid a podt!id imunoglobusiatnze
vyskytovat u r"znych jinych v#tSinou chronickych patologickych staRikladem mohou byt

dnes jeSti ne zcela objasninéminy v distribuci IgG podtgid doprovazejicich nikteré
patologické stavyV posledni dobi se vSak zvySuje poeet studii, které se zabyvaji sledovanim
rozdilu vzastoupeni IgG podtgid u nejruznijSich diagn6z véetni specifickych autoprotilatek
v jednotlivych 1gG podtgidacMapgiklad Engelhartova et al. zkoumali rozloZeni koncentrace
podtaid IgG populaci a jejich vztah #iagnostikovanym onemocninim jednotlivych pacientu.

Z 12 323 vySetgenych pacientu zjistili izolovanou elevaci jedné z podtgid IgG unt@d® z
[182]. 1zolovana elevace IgG1l byla statisticky signifikantni asociovamepstitidou C
amonoklonalni gamapatii (véetni monoklonalni gamapatie nejasného vyznamu
amnohoeetného myelomu), statistické vyznamnosti se blizila také asociace elevace 1gG1
seSLE. Izolovana elevace 1gG2 byla statisticky signifikantni asociovangethyroidismem

a syndromem drazdivého traeniku. Revmatoidni artritida byla asociovarlawanou elevaci

IgG1 nebo IgG3. Izolovana elevace IgG4 byla statisticky signifikantni asociovéslékii,
aspirinem exeerbovanym respiraénim onemocninim (AERD), nazalnimi polypy a eozinofilii.

A potvrdila se také jiz deive publikovana data, Ze izolovana elevace 1gG4 podtaidy
imunoglobulint je asociovanaasitoimunitni pankreatitidou, ktera se dnes gadi do skupiny

onemocnini oznaeovanych jako lg&@4ociovana onemocnifil82]. Ve skupini pacientu
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sizolovanou elevaci IgG2 podtgidy imunoglobulinu se prokazal také vysSi poeet pacientu
sautoimunitni pankreatitidou, cadpovida zvazované roli elevace podtgidy 1gG2 jako dalSiho
ze serologickych markeru Ig@ksociovanych onemocninj183]. Tento typ vzacného
onemocnini muze postihnout jakykoli organ lidského tila, pgieéemdbvazovacich metodach
easto imituje pokroeilé nadorové onemocnini. Na tuto skuteenost by ndifhei diferencialni
diagnostiky myslet také radiologové a onkologové, na coz jsme chtili upozornit ta& v
praci [184]. DalSi studie se zabyvaji distribuci 1gG podtgid u pacientu se systémovymi
autoimunitnimi onemocninimi. Dle studie Zhanga et al. se u pacieatitosnunitnimi
onemocninimi vyskytovala zvySena sérova koncentrace IgGl a/nebo 1gG3 podtgidy
imunoglobulinu[185]. Nadruhou stranu IgG2 sérova koncentrace byla signifikantni nizSi
u pacientu grimarnim Sjogrenovym syndromem (pSSLE a systémovouwsklerodermii
(SSc). Pouze 6,34 % pacientawgoimunitnim onemocninim milo sérovou koncentraci IgG4

> 1,35 g/l, coz nebylo statisticky signifikantnperovnani se zdravymi osobafii85]. Jiné
vysledky pginesly dalSi studie. Dle studie Lina et al. bylo prokadzapacienti se SLE maji
signifikantni zvySené koncentrace IgG1, 1gG2 a IgG3 podtgidy imunoglobufpagiovnani

s kontrolnimi osobami, zatimco hladina IgG4 podtgidy imunoglobulint byla mezi timito dvima
skupinami srovnatelnfl86]. Podobny profilkoncentracepodtgid IgG bypozorovan take u
pacientu se pSS, az na statisticky vyznamné snizeni IgG4 podtgidy imunoglopoliounani
skontrolnimi osobami[187]. Zeng et al. sledovali zastoupeni podtgid 1gG tvogicich
antinuklearni protilatky (ANA) u pacientu se SLBp@psali, Ze tito pacienti mili statisticky
signifikantni zvySenou sérovou koncentraci celkovych IgG imunoglobulinu, ale také vSech IgG
podtaid. Navic bylo zjiStino, Ze kozntenalni postiZeni bylo u pacientu se SLE asociovano
zejména ANA autoprotilatkami ve tgidi 1gG1 a IgG4, zatimco kloubni postizeni bylo

asociovano zejmenafaNA autoprotilatkami vegidi IgG3[188].

Také zminy sérové koncentrace IgA imunoglobulinu mohou provazet celou gadu
onemocnini. Polyklonalni zvySeni koncentrdgé imunoglobulint bylo popséano u tizkych
alkoholiku [189] a dale pacientu diabetem melliterma metabolickym syndromerfi90].
Nasérovou koncentraci celkovych IgA imunoglobulind mily nejvyssi vliv abdominalni
obezita, hypdriglyceridémie a hyperglykémid181]. ZvySena sérova koncentrace IgA
sevyskytuje také u HenoeBchonleinovypurpury nebo IgA nefropatie. Pgitomnost zvySené
koncentrace sérovych IgA imunoglobulinu muze byt varovnym signalem pgitomnosti nikterych
vrozenych poruch funkce imunitniho systému, chronickych autoimunitnich onemocnini nebo

zanitlivych stgevnich onemocninil91]. Bylo popsano, Ze zvySena koncentrace IgA

62



MUDr. Zita Chovancova, Ph.D.
Vybrané klinické a laboratorni aspekty nemaligrpchuch tvorby protilatek dospilém viku

imunoglobulinu doprovazela celé gady pacien@lonormality zubu u ektodermalni dysplazie,
postizeni plic u dyskeratosis congenita, diabetd®EX syndromy autoimunitni projevy

u autoimunitniho lymfoproliferativnino syndromu (ALPS) a gastrointestinalni pgiznaky
u deficience mevalonat kinagyper-lgD syndromu) [191]Detekce elevace celkovych IgA
imunoglobulinu mohlo Yomto pgipadi pgispit diagndze tichto onemocnini. Podobni tomu
mohlo byt u nasSeho pi@nta sWiskottovymAldrichovym syndromem. Tato diagndza je také
spojena levaci sérové koncentrace IgA imunoglobulinu. Aékoli byva tato diagndza vitSinou
odhalena vaném ditstvi, wgipadi mirnijSiho fenotypu tohoto onemocnini muze zustat
neodhalenaaz do rané dospilostiJednalo se prvni publikovany pgipad pacientéosto
diagnézouransplantovaného pro IgA nefropatii, u nihoz nedostgdhlému odhojeni Stipu a
jeho funkci se podagilo udrzet nikolik IEt92]. Pgipad naSeho pacienta dava nadiji dalSim
pacientum snirnijSim klinickym fenotypem tohoto onemocnini, Ze je u nich provedeni
transplantace ledvin mozné a %ei pges svuj imunodeficit dokaZzou vyrovnat s ureitou

redukovanou mirou imunosupresivni léeby.

Jistou zdhadou i pges veSkerou soueasmoued poznanizustavafunkce IgD
imunoglobulintJejich tvorba jéylogeneticky zachovana, coz svidgiges jejich velmi nizkou
sérovou koncentracd jejich nezanedbatelné funkdd lidi bylo IgD vsekreéni podobi
detekovano \irkulaci, vnazofaryngealnim hlenu, slinach nebo slzach a dale ve vazané formi
na povrchu bazofill, mastocytu a monocyi®é]. Tyto solubilni IgD protilatky se vazi na
komenzalni mikroorganismy respiraéniho a gastrointestinalniho trakte, také
napotravinové antigeny a patogerDiky schopnosti vazby na sliznieni mastocyty, bazofily
apravdipodobni také fagocytujici buoky se sekreéni IgD protilatky mohou podilet
na odstradoovani biznych antigenu prostgedi veetni alef§éhue zajimavé, Ze také IgE muze
vykazovat podobné funkce, coz by mohlo znamenat, Ze IgD protilatky kooperuji ve svych
efektorovych funkcich protilatkami ve tgidi Igg79]. Tato spoluprace by mohla znamenat
soutiz o vazbu antigenu na IgD nebo IgE protilatky navdzané na povrchu bazofilu nebo
mastocytu, pgieemz vazba na IgD povede spiggutaci degranulace tichto bunik, zatimco
vazba pges IgE j&jich aktivaci [79] Nicméni kpgesnému objasnini tichto mechanismu
je potgeba dalSich studd.protektivni roli IgD imunoglobulinu svidéaké niktera dalSi data
Napgiklad mnozstvi plazmatickych bunik vylueujicich IgD se kompenzatorni zvySuje
u pacientu se selektivnim deficitem Ig293]. Koncentrace IgD se zvySuje takéé&ru pacientu
srespiraenimi infekcemi a chronickym plicnim zanit¢h®4]. Koncentrace soluiniho IgD

imunoglobulinu a poéet IgITD19'CD38" 9" plazmablastu byl zvySennazalni tkani pacientl
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schronickou sinusitidou bez nosnich polydd95]. KrozSigeni poznani funkce IgD
imunoglobulinu pgispila i naSe prace tykajici se ndhodni zachyceného pacientapjeoia
naivnich vyzralych B lymfocytu vykazovala poruchu expreg2ng svém povrchu. komuto
fenotypu vedlanami novi popsandeterozygotni nonsense mutacgenukédujiciholGHD

[196]. Co se tyee vyznamu funkce membranovi vazaného IgD imunoglobulinu bylo vSak
paekvapujici, ze se funkeni tyto dvi populace B lymfocytu neliSingplikaéni historii,
schopnosti diferenciace do plazmatickych bunik a pgitomnosti SHM. B lymfocyty
bezpovrchové exprese IgD molekuly se normalni vyvijely az do stadia pamisovych
B lymfocytu. Vzhledem komu se zda byt pravdipodobné, Ze by se IgD mohlo uplatoovat spise
v modulaci odpovidi B lymfocytu na antigen. Nicménbkjasnini tohoto pgedpokladu je taeba

dalSich vyzkumu.

Zminy koncentrace celkovych imunoglobulinu ve tgidi IgE se vyskytuji také u celé
gady patologickych stavu. ZvySeni sérové koncentrace celkovych IgE imunoglobulinu
senevyskytuje pouze u parazitarnich onemocnini nebo atopickych stavu, ale provazi takeé
niktera dalSi infekéni onemocnini (napgikiafitkci zpusobenou virem HIV, cytomegalovirem
nebo virem EpsteiBarrové, daleMlycobacterium tuberculosis Mycobacteriunleprae nebo
kandidiazy), vybrana zanitlivd onemocnini (eozinofilni granulomat6zoolgangiitidou,
Kawasakiho nebo Kimurovu chorobunadorova onemocnini (Hodgkinuv lymfom, Sézaryho
chorobu nebo IgE myelom) nebo dalSi onemocnini (cystickou fibrozu, nefroticky syndrom,
bulézni pemfigoid a dalsi). Kromi toho se elevace celkovych IgE imunoglobulinu muze
vyskytovat jako vyraz dysregulace funkce imunitniho systému u celé gady vrozenych poruch
funkce imunitniho systému. Proto jsme sea$i praci jsme se zamigili na pgehled vrozenych
poruch imunitniho systému, u kterych se vyskytuji znamky atopického stavu (elevace
celkovych IgE imunoglobulinu, neonatalni erytrodermie nebo tizka atopicka dermatitida),
jehoz cilem bylo usnadnini diferencialni diagnostiky tichto vzacnych onemocnini, které
mohou byt povazovany za pouhy tizky atopicky stg®7]. Zatimco dgive byl zajem odborné
vegejnosti fokusovarzejména na patologii spojenou se zvySenou koncentraci IgE
imunoglobulinu, nedavné prospektivni a retrospektivni studie ukazaly, Ze také nizké sérové
koncentrace IgE imunoglobulinu pginaSeji zdravotni komplikace. Dle recentni retrospektivni
studie zamigen@éa klinické parametry pacientu charakterizovanych velmi nizkou koncentraci
IgE imunoglobulinu (<2,5 kU/l) a zaroved normalni sérovou koncentraci ostatnich
imunoglobulinovych tgid bylo zjiStino, Ze tito pacienti mili vysSi frekvenci celé gadygmitdk

i neinfekenich komplikac[198]. Asi tgetina tichto pacientu trpila na opakované infekce
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hornich dychacich cest, bronchiektazie, nijaky typ autoimunitniho nebo maligniho onemocnini
snejvyssim zastoupenim ndfodgkinskych lymfomu[198]. Zajimavé je zjistini,ze velmi

nizké sérové hladiny IgE jsou asociovany se zvySenym rizikem rozvoje nadorového bujeni
[199]. Pro zvySenou nachylnostnkalignim onemocninim neni pravdipodobni dulezita pouze
snizend sérova koncentrace IgE imunoglobulinu, ale také nedostateéné mnozstvi tkaoovi
vazanych IgE protilatek. Bylo prokdzano, Ze pacientiizkou sérovou hladou IgE
imunoglobulini a nizkym mnozZstvim bunieni vazaného IgE mili vySSi riziko rozvoje
nadorového bujeni porovnani gacienty siizkou sérovou hladinu IgE imunoglobulinu,
alenorméalnim mnozstvim buniéni vazaného I§E99]. Detekce velmi nizkych koncentraci

IgE protilatek by se v budoucnosti mohla stat jednimzych biomarkeru zvySené nachylnosti

k rozvoji maligniho bujenf200]. Nicmeéni je potgeba dalSich prospektivnich studii ke zjistini
pro lepSi charakterizaci pacientu se selektivnim deficitem IgE a rozhodnuti o tom, zda ma byt
tento stav zagazen mezi ostatni vrozené poruchy tvorby protilatek. Zajimavosti také je,
Zei autoprotilatky se vyskytuji ve tgidi IgPgitomnost tichto autoprotilatek byla popsana u
celé gady chronickych a autoimunitnich onemocnini, jak&L&, chronicka spontanni
urtikarie, bulézni pemfigoid, smiSena choroba pojiva, roztrouSsena skler6za, -Graves
Basedowova choroba, Hashimotova thyreoiditida, pSS,, S8ematoidni artritida a
autoimunitni uveitidg201]. V patogeneze tichto onemocnini se tedy také zgejmi uplatouji
buoky nesouci na svém povrcRo&RI receptory, kam patgi zejménadfity a mastocyty, ale

také eozinofily, plazmacytoidni dendritické buoky a Langerhansovy buoky. Této premise
odpovida také fakt, ze Iééba namigena proti IgE imunoglobulinum se zda byt Géinna také u
tichto onemocnini [201]. Bihem poslednich desetileti byla popsana také pgitomnost
autoprotilatek namigenych prigE ve tgidi I9G i IgE a jejich receptoru ve tgidi I§ZB1].

ZvySeni nebo snizené koncentrace jednotlivych imunoglobulinovych tlidajee
podkladem rozvoje r"znych klinickych fenotyp”, které definuji jednotliva onemogh#
Zajimavym faktem zustavd, Ze dysregulace koncentrace jednotlivych tgid a podtagid
imunoglobulinu je spjata s pomirni velmi Sirokym rozpitim klinické zavaznosti stavu, které
jsou touto dysregulaci definovargikladem stojicim na obou stranach tohoto rozpiti mohou
byt dvi diagn6zy ze skupiny vrozenych poruch tvorby protilatek, a to sigMD a CVID.

Absence pgitomnosti IgM protilatekseru u osob nasledni zagazenych do skupiny
pacientu se slgMD byva vitSinou nahodnym nalezem. Toto onemocnini ze skupiny pgevazni
protilatkovych deficienci sejasnolpatogeneza klinickym vyznamem byl@oprvépopsano

Hobbsem et al. vroce 1966 dvou chlapcu, ktegi prodilali fulminantni meningokokovou
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septikémii a wvamci toho byla u nich zjiStina také velmi nizka koncentrace celkovych IgM
imunoglobulinu[202]. Zda se, Ze pravy selektivni deficit IgM je velmi vza¢ag3]. O jeho
otazné klinické relevanci vypovida také fakt, Ze toto onemocnini nebylo zagazeno ani do
posledniho aktualizovaného pgehledu zndmych vrozenych poruch imunity (IUIS klasifikace)
[3]. K obohaceni poznatku u této diagn6ze pwispila i naSe prace tykajici se klinickych
alaboratornich parametruly pacientu se slgMD, protozZe prace tykajici se popisu klinickych

a laboratornich parametru vitSi kohorty pacientu se sigMii2ratuge stéale chy[f05]. V nasi

kohorti pacientu se slgMD jsme prokazali, th® pacienti maji povrchovou expresi IgM na

B lymfocytech srovnatelnou kontrolnimi osobami. Také jsme nezaznamenali rozdil

v povrchové expresi IgM u jednotlivych-IBmfocytarnich subpopulacich. Testovani produkce
IgM protilatek B lymfocyty u pacientuessigMD po stimulaci Bymfocytarnimi mitogeny
prokézalo sniZzeni tvorby u 2@ a srovnatelnou tvorbu IgM protilateksntrolnimi osobami

u 60 % znich. Bylo také prokazano, Ze nizka sérova koncentrace IgM byla u naSich pacientu
asociovanasruznymi patologickymi stavy, jako jsou autoimunitni a alergickda onemocnini
[206]. Neni ovSem jasné, jak je tato asociace vyznamnd a zda jsou imunopatologické stavy

v primarnim nebo sekundarnim vztahu ke sniZzené sérové koncentraci IgM imunoglobulinu

Na druhou stranwsniZzena tvorba imunoglobulinu ve tgidi IgG, ktera se vyskytuje
upacientu CVID, je obvykle spjata s vyraznou imunodeficitni klinickou manifestaci
asociovanou eastodalSimi imunodysregulaénimi pgiznakjagndéza CVID dnes sdruzuje
pacienty sheterogennim klinickym a podobnym laboratornim fenotypem, ze které se postupni
oddiluji samostatné nosologickée jednotky, u kterych je odhalena geneticka pgiéina tohoto stavu.
| kdyZz vyzkum na tomto poli poslednich desetiletich pokroéil, stadle u nejméni poloviny
pacientu SCVID neni znama pgieina rozvoje jejich klinického a laboratorniho fenotypu.
Nicmeéni jednou ze zékladnich skuteénosti, ktera bez pocbylwouje tizi jejich klinické
manifestace, jemira jejich porusenéprotilatkové odpovidi po antigenni stimulacilUroveo
protilatkové odpovidi seotiz mezi jednotlivymi pacienty liSiZatimco absence protilatkové
odpovidi na polysacharidové antigeny by se mila vyskytovat prakticky u vSech pacientu
sCVID, muZze u nich byt patrné zachovani proteinové protilatkové odp¢2a}i Napgiklad
Al-Herz a kolektiv dle své studie na 4 prospektivni sledovanych pacienteetilDs ukazali,
Zeschopnost tvorby protilatek proti polysacharidovym antigenum u pacientu s CVID vymizela
dagive nez schopnost tvorby protilatek proti proteinovym antigg@2@mGoldackerova et al.
sledovali protilatkovou odpovii u 21 CVID pacientu na substitueni imunoglobulinové 1éébi

po vakcinaci proteinovym a polysacharidovym antigenem ze séra metodou ELISA. Prokazali
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pozitivni vakcinaeni odpovii u témig etvrtiny pacienttC¥ID po oékovani Tdependentnim
antigenemale také&émig pitiny pacientu €VID po oekovani Tindependentnim antigenem
[207]. Také vysledky dalSich studii ukazuji na znaénou heterogenitu protilatkové odpovidi
u pacientu s CVID, ktera je u jedné éastiich slaba a u druhé éasthichzcela chybi. Navic
proobi skupiny je typické, Ze pacienti®VID nejsou schopni udrzet pamisovou imunitni
odpovii po delSi easové obdobiporovnani smunokompetentnimi kontrolnimi osobami.
Napgiklad Zhan et al. prokazali, ze se u zdravych kontrolnich osob po oekovéani sezonni
neadjuvantni trivalentni vakcinou proti chgipce vyskytuje populace specifickych IgM
pamieovych Blymfocytu, zatimco u pacientu GVID dochézi jen knirnému
nesignifikantnimu zvySeni poetu tichto bunik. U poloviny zviEetgovanych CVID pacientu

a vSech 9 kontrolnich osob doslo po oekovani proti chgipce ke zvySeni poétu specifickych IgG
tvogicich pamisovych Bymfocytu, zatimco druhd polovina CVID pacientu p@itomné
nemila. Nikdo zCVID pacientu nevytvogil IgA pamieové B lymfocyty, zatimco vice nez
polovina kontrolnich osob ano. Za 4 misice po oekovani specifickariBena pamisova
odpovii u kontrolnich osob poklesla, pgieemZ u CVID pacientu zcela vymiz98].
Cavaliere et al. zjiSeovali specifickou IgA a IgM protilatkovou odpovii u 125 pacien@A4D

po vakcinaci 23ralentni polysacharidovou vakcinou pradfitreptococcus pneumoniae
(lgA a IgM anti-PCP)[209]. Tvorba protilatek IgAanti-PCP a/nebo IgM anti-PCP
sevyskytovala u minoritniho poétu pacientC¥ID, ktegi mili menSi incidenci respiraenich
komplikaci. Pacienti €VID, ktegi neodpovidili na vakcinaci tvorbou aftCP protilatek, mili
zvySenou incidenci pneumoniibaonchiekazii [209]. K podobnym zavirum dosla i italska
skupina, kterd vySetgovala tvorbu IgA protilatek proti vSem 23 pneumokokovym
polysacharidum ve tgidi IgA, a to u 74 pacientu s CVID naoékovanyehal@Btni
polysacharidovou vakcinou protbtreptococcus pneumoniadPacienti, ktegi netvogili

IgA anti-PCP protilatky nebo nedokazali udrzet tvorbu protilatek po oekovaase, mili
zvySené riziko komorbidit a Spatnou prognézu vyvoje jejich zdravotniho stavu. Detekce IgA
anti-PCP protilatek po oékovani polysacharidovou pneumokokovou vakcinou by se mohlo stat
prognostickym markerem vyvoje klinického stavu pacien@v/¢#D [210]. SancheRamon et

al. provedli multicentrickou studii, Kmci které naoéekovali kromi jiného 22 dospilych
pacientu SCVID polysacharidovou akcinou protiStreptococcus pneumoniaeSalmonella
typhi. V této studii bylo prokazano, Ze zjiSeovani protilatkové odpovidi proti polysacharidovym
antigenum detekci tvorby protilatek po antigenni stimulaci vakcinou Typhim Vi je klinicky
relevantni a umozouje diagnostikovat porusenou protiladtkovou odpovii po antigenni stimulaci

u pacientu s CVIO211]. Podobné vysledky pginesla i studie tykajici se oékovani vakcinou
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proti Streptococcus pneumoniaa Salmonella typhiu 28 pacientu ditské populace
sopakovanymi respiraenimi infekcemi, ktegi mili snizené koncentrace protilatek proti obima
patogenum pged vakcing212]. Poeet diti snamnézou pneumonie a potgebou intravenozni
antibiotické 1éeby byl statisticky signifikantni vySSi skupini diti, které neodpovidily
tvorbou protilatek po oekovani vakcinou Typhim[212]. Pacienti £VID mohou odpovidat
také na podani mRNA vakciny proti viru S&ev-2, i kdyZ vZzdy méni nez imunokompetentni
populace. Napgiklad Jalil et al. publikovali kazuistiku pacientiBVi® bez zavedené
imunoglobulinové substitueni |éeby, kterdAminulosti odpovidila tvorbou protilatek
naproteinovou, ale nikoli polysacharidovou vakcinaci, pgieéemz vytvogila protilatky
povakcinaci BNT162b2 mRNA vakcinol213]. Salinasova et al. publikovali data ohledni
oekovani 41 pacientu GVID pomoci BNT162b2 mRNA vakciny namigené proti spike
proteinu viru Sars-Cov-2 [214Celkem 20 % pacientuGVID si bylo schopno vytvogit
protilatky proti spike proteinu viru SaGov-2 ve tgidi IgG a IgA[214]. V prospektivni
multicentrické studii tykajici se 505 pacientivrezenou poruchou imunitniho systému,
které se Ueastnilo také 212 pacien@\D, byla zjiSeovana B lymfocytarni a lymfocytarni
odpovii pacientu na vakcinaci 2 davkami mRNA vakciny 1271®ti viru Sars-Cov-2 [215].
Zatimco prumirny titr specifickych IgG ar8ars-Cov2 protilatek einil pr&kontrolni skupinu
3503 BAU/mL (95 % CI, 30983961), u pacientu €VID byl titr protilatek statisticky
vyznamni snizen (345.4 BAU/mL; 95 % CI, 240496.1; P <0.0001) [215Fkupina pacientu
sCVID vykazovala také nizSi specifickoulfmfocytarni odpovii anizSi produkci IFN!

v porovnani «ontrolnimi osobamj215]. Kromi klasické odpovidi navakcinaci existujtaké
dalSi dukazy o ureité mige protilatkové tvorby u nikterych pacieféinasypem CVID.
Napgiklad opakovani bylo prokazano, Zze pacier@V#D majici vramci své diagndzy
nemigitelné koncentrace celkovych IgA imunoglobulinu odpovidajici v podstati definici
sIgAD (IgA <0,07 g/l), jsou schopni produkovat IgG algi® protilatky [216-219]. SvySe
uvedenymi fakty koreluji také vysledky naSi studie tykajici se protilatkové odpovidi
poantigenni stimulaci proteinovym i polysacharidovym antigenem sledované pgimo
na Bdymfocytarni arovni Z vySetgenych 37 pacientu s CVéBlkem?7 pacientu vykazovalo
slabou protilatkovou odpovii worovnani skontrolnimi osobami. Navic jsme prokazali,
Zestanoveni poétu panablastu 7. den po oekovanperiferni krvi muze slouzit jako novy
diagnosticky marker onemocnir@VID [220]. Nepgitomnost penablastu \periferni krvi
poantigenni stimulaci by moal znamenat poruchuterminélni diferenciaci B lymfocytu

do st&dia bunik produkujicich protilatky/itSina studiitotiz ukazala, Ze témig 90 % pacientu
sCVID ma normalni poétgelkovychB lymfocytu vperiferni krvi[221, 222].
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Kromi Sirokého spektra popsanych defektu tykajici se adaptivniho imungg#tému
se v patogeneze CVIInuZe uplatoovat takgorusena funkce nikterych vrozenych slozek
imunitniho systému. Pgikladem muzZedygregulace funkce komplementového systému, ktera
se muze podilet na zvySené nachylnostifekcim, ale také zvysené frekvenci autoimunitnich
onemocnini tichto pacientu. Vzhledemglastému postiZzeni plicni tkani u pacientu s CVID byl
zvazovan také vliv tvorby MBL na patogenezi tohoto onemocnini. Ve studii na 31 pacientech
SCVID byla prokazana asociace mezi strukturalnimi mutackfBL2 genu a zvySenou
frekvenci tizkych respiraénich infekci u pacientu CE23]. Studie Fevanga et al. ukazala
v ramci vySetgeni 71 pacientC¥ID, Ze u pacientu se sérovou koncentraci MBL <0,5 'g/ml
byla zvySena frekvence infekci dolnich dychacich cest a bronchiektazii, zatimco u pacientu
sMBL hladinami >4,0 'g/ml byla frekvence tichto respiraénich onemocnini snizena
v porovnani $iznou populaci224]. Ve studii tykajici se 163 pacientu s CVID bylo popsano,
autoimunitnich onemocnini u pacientu s CV|ER5]. Kromi toho bylo recentni \kohorti
29 pacientu €£VID popsano, Ze se u niclporovnani «kontrolnimi osobami vyskytuje snizena
plazmaticka koncentrace MBasociované serinové proteinazy MASP ktera Stipi
komplementové sl C4 a C2, a MBlasociovaného proteinu Map4R26]. Navic
kombinace nizkych sérovych koncentraci IgA a souéasni MBL byla asocioy@itosnosti
bronchiektazii, snizeni plicnich funkci a zhorSeni abnormalit na HRCT snimcich plic tichto
pacienttf227]. Tekeé vnasi studii jsme prokazali, Ze deficience MBL je asociovana s rozvojem
bronchiektazii u pacientuGVID. Navicsezda byt pravdipodobné, Ze porusena tvorba MBL
by mohla vést u pacientu®VID k rozvoji plicni fibrézy a respiraeni insuficience. Nicméni
dle vysledku nasi studie se zda byt pravdipodobné, Ze porucha tvorby MBL by nemilarmit vl

na rozvoj dalSich komplikaci asociovanyc@¥ID [228].

Ukazalo se, Ze patogeneze CVID by mohly hrat dulezitou roli také neutrofilni
granulocyty. Pacienti €VID trpi easto na bronchiektazie, u kterych se pgedpoklada
patogeneticky vliv neutrofil([229]. Tyto buoky obsahuji prozanitlivou proteadzu elastazu,
pgieemzZ bylo prokazano, Ze mnoZstvi elastdzy koreltijg plicniho postizeni a podili
se ngprogresi bronchiektazjR30]. Také cytokinovy profil pacientuGVID charakterizovany
zvySenou sérovou koncentraci cytokinu asociovanych s monocytomakrofagovou
agranulocytarni buniénou linii podporuje pgitomnost chronické granulocytarni aktivace
utichto pacientu[231]. Také whledem kvySe uvedenym skuteénostem se pgi vyzkumu

patogeneze rozvoje fenotypu CVID dostavaji do popgedi neutrofily a ovlivnini jejich funkce
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pomoci imunoglobulinové substitueni |éeby. Jiz dgive bylo prokazano, Ze substituéeni
imunoglobulinova |ééba muze regulovat aktivitu neutrof282-234]. Studie Prezza et al.

na 22 pacientech GVID prokazala, Ze tito pacienti na dlouhodobé imunoglobulinové
substitueni |éébi maji snizeni uvoloovani elastamgutrofilu, ale normélni expresi molekul
CXCR1, CD66b a CD11c na neutrofilech, neporuSenou schopnost fagocytézy a normalni
sekreci IL-8 [232] Navic po aplikaci IVIG dd§ k rychlému sniZeni sérovych koncentraci
IL-8, sniZzeni exprese jeho receptoru CXCR1 a sniZeni uvoloovani neutrofilni e[28&zy
Aplikace IVIG vSak nemila vliv na fagocytozu neutrofilu a expresi receptoru CD66b a CD11c
[232]. Dale bylo prokdzano, Zpodavani imunoglobulinové substituéni terapie zpusobuje
degranulaci neutrofilti233]. Kté dochazi dusledku pgimé interakce mezi protilatkami
aneutrofily pges F®Il receptory. Uk&zalo se, Ze za ni byly zodpovidné zejména polymerni
adimerni 1gG protilatky pgitomnétichto preparatech, které postupni vznikaji pgi delSi
easovém odstupu mezi odbirem biologického materialu a jeho finalnim medicinském pouzitim
[233]. Pozdiji bylo zkoumano, zda podobnym zmindm dochéazi také pgi aplikaci
imunoglobulinové substitueni 1éébg vivo [234]. Pgitom se ukazalo, Ze neutrofily jsou
pravdipodobni aktivovany nepgimo prostgednictvim makrofagu, a Ze mira jejich aktivace zavisi
na mnozstvi pgitomnych IgG dimef234]. Degranulace neutrofilu by se mohla podilet
narozvoji nezadoucich Geinku po podani imunoglobulinové substitueni [€akg.vysledky
naseho vyzkumu ukazaly, Ze pacienti s CVID vykazuji chronickou granulocytarni aktivaci,
o které vypovida zvySena koncentrace elastdzy a myeloperoxidsesutichto pacientu.
Chronicka granulocytarni aktivace je déle prohloubena podavanim imunoglobulinové
substitueni [€éebf235]. ZvySené koncentrace elastazy a myeloperoxidazy se tedy muze podilet

na komorbiditach u pacientu&VID.

Bylo prokazano, ze CVID pacienti maji mimo jiné zvySenou serovou koncentraci
cytokinu souvisejicich shronickou aktivaci monocytarnich a granulocytarnich bunienych linii
(G-CSF, CXCL-10/IP-10L- 1R antagonistu, TN#, IL-10, IL-12, CCL-2/MCP-1 a eotaxinu)
[231]. VnasSi studii jsme prokazali, ze neutrofily pacient@\dD vykazuji odchylny profil
povrchovych molekul yporovnani sontrolni populacj236]. Neutrofily pacientu £VID maji
snizenou povrchovou expresi znaku CD16, CD62L a CD80 a zvySenou povrchovou expresi
znaku CD11b a PI1. Jiz dgive bylo prokazano, ze Ci9Mé CD62L°" neutrofily snizuji
T-buniénou aktivac{237, 238]. Vnasi studii jsme prokazali, Ze neutrofily pacienfQ\dD
aktivni snizuji aktivaci a produkci IFN CD8" T lymfocyty diky tvorbi reaktivnich metabolitu

kysliku a easteeni pges RID/PD-1 regulaeni cestu. Na sniZzené odpovidavosti T lymfocytu
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u pacientu <VID se muze dale podilet zvySené zastoupeni $BNMIDSCsbunik. Poéet

tichto bunik také koreloval se snizenim aktivity T lymfocytu. Vysledky nasSeho vyzkumu
painesly zcela novy pohled na mechanismy sniZeni funkce imunitniho systému u CVID pacientu
a potenciélni dalSich imunodeficienci nebo zanitlivych onemocnini. Prokazali jsme,
Zeneutrofily pacientu €VID vykazuji aktivovany fenotyp a silni suprimuji-Buniénou
aktivitu. Neni zatim jasné, zda se rozdily ve fenotypu pacie@¥IB pgimo podileji
naporusené protilatkové odpovidi u tichto pacientu. Nicméni ovlivnini funkce MDSC bunik

by mohlo znamenat novou potencialni Iéeebnou strategii u pacieiDs

9 Zav#r

Niw s

Pgitomnost polyklonalnich protilatelamigenych proti ruznym antigenum vnijSiho
i vniteniho prostgegigedstavuje zasadni nastroj obranyschopnasgtiZzovani homeostazy
fungovani lidského organismuProces jejich tvorbypgedstavuje sloZity getizec udalosti
poéinajici prvotnim setkanim s#éozekimunitniho systému antigenema koneici tvorbou
protilatek ruznych izotypovych tgid nesoucich specifiekéktorové charakteristiky.
Tento proces je ovlivoovan celou gadou humoralnich a bunienych faktoru vrozené i adaptivni
imunity. | kdyZz jsmev kontextu dneSniho poznani vyznamni pokroéili ohledmalosti
mechaismu procesu tvorby protilatek, stalSak nejsou vSechny jeho aspekty objasniny.
Jednou zZnoznosti, jak se zpitni vracet fiyziologii tvorby protilatek je vyzkum zamigeny
naporuchy tvorby protilatek, jejichz pochopeni nam umopmiblizit se poznani celého
procesu ktery k jejich tvorbi vede. U celé gady onemocnini charakterizovanych poruchou
tvorby protiladtek se uplatouje také ruzna mira dysregulace imunitniho systému. Jednim
z prototypovych onemocnini tohoto druhu je diagn6za CWBRhledem kpuvodnimupohledu
na diagnézu CVID jako protilatkového imunodeficitoyl vyzkum byl zamigen zejména
napoety a funkeni charakteristiggjich B a T lymfocytu.Nicméni posledni dobou s#ostava
do popgedi také vyzkum mechanismu vrozeného imunitniho systému, pejgtiZzeni muze
nemalou mirou pgispit kozvoji patogeneze CVIDVyzkum na poli patogeneze tohoto
onemocnini muze pginést dulezité informassSé&obecnému poznardékladnich mechanismu
protilatkové imunitni odpovidi.Diky tomu také doch&zi k postupagravi paradigmat
fungovani imunitniho systémuUréitou limitaci tichto vyzkumu na lidské populac

vSak zustava fakt, ze jeetického duvodu vitSinou mozné vySetgovat imunologické humoralni
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a buniené parametry pouzeperiferni krve nebo buniénych kultim vitro, coz nam nikdy
zcela neodpovi na to, co se dije pgimo uvnitg naSeho orga@stikou toho pak musime

opatrni zachazesinformacemi, které se nam podagi ziskat.
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1 | RATIONALE AND SEARCH STRATEGY

Abstract

The 2017 International Union of Immunological Societies (IUIS) classification recog-
nizes 3 hyperIgE syndromes (HIES), including the prototypic Jos syndrome (auto-
somal dominant STAT3loss of function) and autosomal recessive PGM3 and
SPINK5 syndromes. Early diagnosis of PID can direct lifsaving or transformational
interventions; however, it remains challenging owing to the rarity of these condi-
tions. This can result in diagnostic delay and worsen prognosis. Within increasing
access toeclinical exomeZ testing, clinicians need to be aware of the implication and
rationale for genetic testing, including the benefits and limitations of current thera-
pies. Extreme elevation of serum IgE has been associated with a growing number of
PID syndromes including the novel CARD11 and ZNF341 deficiencies. Variable ele-
vations in IgE are associated with defects in innate, humoral, cellular and combined
immunodeficiency syndromes. Barrier compromise can closely phenocopy these
conditions. The aim of this article was to update readers on recent developments at
this important interface between allergy and immunodeficiency, highlighting key
clinical scenarios which should draw attention to possible immunodeficiency associ-
ated with extreme elevation of IgE, and outline initial laboratory assessment and
management.

elevation of IgE levels ten times the upper limit of normal has been
used to define the prototypic hyper IgE syndrome (HIES). Jdb syn-

Half a century has passed since IgE was recognized as the circulating fac-
tor responsible for triggering allergic reactions? Its discovery was ham-
pered by its extremely low plasma concentrations, several logarithms
lower than other immunoglobulin classes? A similar challenge exists for
the clinician and patient in diagnosing primary immune deficiency, where
rarity mandates *To diagnose PID, you must first think of FID

The adult range for total serum IgE is typically cited as below
100 140 IU/mL2® but varies with age* and ethnicity.> Extreme

drome is a triad of elevated IgE, recurrent skin boils and cysforming

lung infections.® The NIH scoring systeni has been modified and
validated® to aid recognition and diagnosis of this autosomal domi-
nant condition; however, it has limited relevance to other PID asso-
ciated conditions with extreme elevation of IgE. These include
severe combined immunodeficiency (SCID) and other defects in
T cell development, where early recognition is lifesaving. There is a
wide differential diagnosis for elevated IgE (Table 1). Following a

2122 | © 2018 EAACI and John Wiley and Sons AS.
Published by John Wiley and Sons Ltd.
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recent article highlighting medical diagnoses associated with elevated
IgE over 1000 IU/mL in a tertiary referral hospital, where the preva-
lence of primary immunodeficiency was<1%2 we set out to identify
distinctive clinical features where pretest probability is sufficient to
sthink of PIDZ

We searched OVID MEDLINE for reports in English available up
to 13 2 18 for conditions where IgE values exceeded 1000 IUmL, in
line with the value used within the hyper IgE syndrome screening
tool developed by Woellner et al,? using the search termseprimary
immune/immunodeficiency,Z *PID,Z and <hyper OR elevatedZ and
*IgEZ or «Immunoglobulin EZ to identify PID syndromes and associ-
ated clinical conditions associated with IgE> 1000 IU/mL (Tables 1
and 2). Following expert panel review, we identified five key scenar-
ios which should raise suspicion of rare disease, initial strategies to
facilitate safe diagnosis, and management. Scenarios |V highlight
presentations which should trigger consideration of primary immun-
odeficiency. Appreciation of allergy as a manifestation of immun-
odysregulation should also trigger consideration of specialist
allergology input for these patients and scenario V considers the rel-
ative burden of allergy associated with different disorders. Together
these observations provide valuable insights into the pathogenesis of
atopy and allergy and serve as a reminder that the finding of an
extremely elevated serum IgE remains relevant. Common themes
include defects in T cell receptor signalling, autoimmunity and over-
lap with connective tissue disease. This can be viewed in addition to
well known warning signs of PID, such as family history of severe
recurrent infections, consanguinity or unexplained death?

2 | I: NEONATAL ERYTHRODERMA
Erythroderma is a medical emergency defined as inflammatory skin
disorder affecting more than 90% of the body surface!® Although
uncommon in children, erythroderma may be the clinical presenta-
tion of a wide range of acquired and inherited diseases, including
infections, inflammatory skin diseases, inborn errors of metabolism,
ichthyoses, drug hypersensitivity reactions and congenital immunod-
eficiencies. Onset within the first month of life often heralds an
underlying monogenetic cause'’ Rapid diagnostic assessment in

TABLE 1 Differential diagnosis of elevated IgE

Disease Group
Atopic disease
Parasitic infection
Viral infection
Malignancy

Lung diseases

Primary immunodeficiencies

Allergy s~ 2 —WILEY————

parallel with supportive measures is vital to differentiate infective or
iatrogenic causes (e.g drug related), and direct appropriate treatment.
Skin biopsy with H&E and immunohistochemistry are invaluable in
differentiating the underlying cause° enabling nature of dermal
inflammatory infiltrate to be determined alongside characteristic epi-
dermal changes. Typical features may not develop until after
6 weeks of age!? In this setting, demonstration of exaggerated total
IgE alongside eosinophilia can help narrow the differential diagnosis
(Figure 1) and should prompt consideration of atypical presentations
of severe combined immunodeficiency (SCID) with Omenn syn-
drome. This is characterized by earlyonset diffuse exudative ery-
throderma, alopecia, lymphadenopathy, hepatosplenomegaly, chronic
persistent diarrhoea, failure to thrive with hypereosinophilia and
serum IgE levels reported in excess of 10 000 IUmLX® Omenn syn-
drome was first described in association with hypomorphic muta-
tions in RAG1 and RAG2; however, mutations in other SCID genes
are now recognized. ADASCID appears particularly associated with
elevated IgE levels* Bone marrow transplantation in this setting is
a medical emergency and is lifesaving.

An Omenn like syndrome can also be the first manifestation of
complete DiGeorge syndrome and may be accompanied by hypocal-
caemic tetany, cardiac and palatal defects. Thoracic imaging may
demonstrate thymic absence. Complete DiGeorge syndrome repre-
sents 1.5% of patients with 22g11 deletions and may present with
an Omenn like syndrome. Thymic transplant is successful in restoring
peripheral lymphocyte function, but immunosuppression may be
required to prevent graft rejection and post transplant autoimmu-
nity. %

Barrier defects also manifest with severe early onset of cuta-
neous features in association with failure to thrive, infection and
extreme elevation of serum IgE. The commonest keratinization disor-
der, ichthyosis vulgaris, is caused by lossf function mutations in
filaggrin (FLG). Null mutations are now recognized as the most com-
mon genetic risk factor for development of atopic sensitization;
however, their penetrance is incomplete’® Comél Netherton syn-
drome (CNS) is a distinctive congenital ichthyosis syndrome, caused
by highly penetrant autosomal recessive mutations in the serine pro-
tease inhibitor gene Kazaltype 5 (SPINK5) which plays a central role
in preserving skin barrier integrity. The initial presentation of CNS is

Examples

Atopic dermatitis, allergic asthma, allergic rhiniti€onjunctivitis

Helminths (e.g Ascaris, Enterobius, Schistosoma, Strongyloides)

Human immunodeficiency virus (HIV)

Hodgkin and Non Hodgkin lymphoma, Sézary disease, IgE multiple myeloma
Allergic bronchopulmonary aspergillosis (ABPA), Chronic eosinophilic pneumonia

IUIS recognized hypeltgE syndromes

€ Autosomal dominant loss-of-function STAT3
€ Autosomal recessive PGM3 deficiency

€ Autosomal recessive SPINK5S deficiency
See Table 2
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with early onset generalized rash that develops into severe ichthyo-

sis}” Characteristic bamboo hair frichorrhexis invaginath is often
t_18

V: Allergy

present.® CNS presents at the interface of PID, with impaired vac-
cine responses, particularly to polysaccharide Tcell independent vac-
cines. Prognosis is poor, with up to 20% mortality at one year.
Laboratory testing shows hypoalbuminaemia and electrolyte imbal-
ances due to skin failure, enteropathy, with a resulting failure to

thrive. Conventional supportive therapy should include allergy con-

gastrointestinal

Inflammatory
disease

Autoimmunity

1V:

trol and skin care (emollients, topical steroids, calcineurin inhibitors,
retinoic acid and antibiotics) alongside nutritional and electrolyte
support. These can improve but may not normalize skin fully (Fig-
ure 2). Assessment of Tdependent and Tindependent vaccination
responses may support trial of immunoglobulin replacement therapy
(IGRT), which has been associated with remarkable clinical beneff
Anti TNF  therapy and omalizumab have also been used with bene-
fit in small series in CNS!®2° Recognition of CNS within the 1UIS

PID classification of HIES® raises the question whether other barrier

1ll: Syndromic features

defects may be associated with immune deficiency. Olmsted syn-
drome is caused by constitutive activating mutations of TRPV3 and
is characterized by mutilating palmoplantar keratoderma, dermal
infections, eosinophilia and gross elevation of Ig2* Desmoglein 1
deficiency has been recognized as a rare autosomal recessive disor-

Il Infantile eczema

and recurrent

Bacterial and fungal
infections (invasive).
Atopic dermatitis not
prominent.

infections
Often asymptomatic

der associated with severe dermatitis, multiple allergies and meta-
bolic wasting (SAM) syndrome. Erythroderma manifests within the
first weeks of life and may be complicated by recurrent life threaten-

ing infections, notably respiratory and skin. Food allergy and ele-
vated IgE follow barrier dysfunction and enhanced systemic Th2
response??

I: Erythroderma

Section

3 | 1I: INFANTILE ECZEMA AND
RECURRENT INFECTIONS

Inheritance
XL
AR

Eczematous lesions are the second most common cutaneous presen-
tation of PID after infections.>® Recognition is challenging as atopic
dermatitis (AD) affects up to 20% of populations from developed
countries, typically manifesting during childhood after 2 months of
age?* Individuals with severe AD often show greatly increased IgE
levels and eosinophilia and are at risk of suprainfection with S. au-
reus Herpes simplesor Molluscum contagiosurf> Detailed exploration
of the timing and nature of dermatitis can be informative. In a case
series of patients with clinical diagnoses of HIES, 8 of 43 were born

phosphate (NADPH) oxidase

components’®

with a rash; 81% had developed the rash within the first 35 days of

Defects of nicotinamide dinucleotide
Impaired mucosalbarrier defence®?

Functional defect

life.?® STAT3LOF mutations were subsequently confirmed in these
patients (personal communication, B Grimbacher).

Patients with severe AD appear highly enriched for underlying
PID, with Aghamohammadi et af’ identifying six of 75 patients

Genetic defect
CYBB gp91
NCF1
(p67phox),
(p22phox),
and NCF4
(p40phox))
«CGDZ

Selective IgA
deficiency

(p47phox),
CYBA

NCF2

through a combination of history, clinical and laboratory findings;
ideally, molecular confirmation should be performed to support diag-
nosis (outlined Figure 3). Dermatitis is also a common presenting
feature of some autoimmune disorders, such as the immunodysregu-

defects of
phagocyte
disorders

lation, polyendrocrinopathy and enteropathy Xlinked (IPEX) syn-

PID defect associated with IgE > 1000 1U/mL

Altered
process
Congenital
Polygenic

« 7 denotes presentation is not reported or observed in case reportgseries.

2pathway defects may overlap in practice.

TABLE 2 (Continued)

drome?® These observations underline the importance of eliciting a
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personal or family history of recurrent infections in patients with
dermatitis, as recognition of a PID disorder can provide additional or
curative therapeutic options.

The nature of dermatitis can also aid diagnosis. The prototypic
hyper IgE syndrome, Jols syndrome (STAT3 loss of function), is
characterized by recurrent staphylococcal skin abscesses, chronic
mucocutaneous candidiasis and pneumonia. In addition to early
onset, skin findings distinguishing it from atopic dermatitis include
distinctive thickened texture of the facial skin, retroauricular fissures,
and severe folliculitis of the axillae and groin. Chronic mucocuta-
neous candidiasis may also be presert® Although defective neu-
trophil chemotaxis has been describec?® aspiration of ecoldZ
abscesses often reveals frank pus® Analysis of the skin microbiome
for patients with STAT3 HIES reveals a distinctive microbiome to
healthy individuals, with bacterial and fungal species such a€lostrid-
ium and Serratia marcescens, Candida, and AspergifiuShe signifi-
cance of early diagnosis follows recurrent sinopulmonary infections
by encapsulated bacteria and Staphylococcus Aureus observed
within the first year of life. These often lead to pneumatocele forma-
tion, creating a focus for subsequent opportunistic pathogens (Fig-
ure 4).

Early instigation of prophylactic antistaphylococcal and

Erythroderma

Onset < 1 month

Clinical examination

Initial investigations:

Full Blood Count

Calcium & Parathyroid Hormone
Albumin, Glucose.

Serum electrophoresis

Serum IgG, IgA, IgM, IgE.

Chest Radiograph

Extreme elevation IgE

Normal IgE

e

Allergy: ~ 2-WILEY——

antifungal agents is recommended to reduce risk of cutaneous and

sinopulmonary bacterial infections, alongside topical antiseptics*
Variable specific antibody production is seen, and patients may
require immunoglobulin replacement.

The molecular cause of Jobs syndrome was elucidated in 2007
as autosomal dominant mutations in STAT3 causing loss of func-
tion.®2 This is integral for a number of immunological processes
including differentiation of IL 17/22 producing Th17 effector T cells,
which in humans play a key role in controlling infections due to
extracellular fungi3® ZNF341 deficiency has recently been identified
as an autosomal recessive cause of this phenotype, highlighting a
role for this transcription factor in modulating STAT3 nuclear
localization and transcription3*3® STAT3 deficiency is amenable to
allogeneic haematopoietic transplantation, although longerterm fol-
low up is required to establish the degree of phenotype reversal
given the wider functions regulated by STAT3®, as discussed in
section IlI.

Autosomal recessive phosphoglucomutase 3 (PGM3) deficiency
was described in 2015, linking defective glycosylation with multisys-
tem involvement some replicating features of STAT3HIES2” Neuro-
logical symptoms in early infancy are distinctive additions to an

Consider other causes
Congenital infection
Drug reaction
Metabolic disorders
Mastocytosis

Psoriasis

| Comel netherton syndrome
SAM syndrome

\ J \

Omenn syndrome
graft vs host disease
atypical 22q11ds

General care
Nutrition, thermal and
electrolyte support
Skin care

Confirmatory testing

—

Skin biopsy: absence of dys-
keratosis with prominent
dermal blood vessels.

Molecular genetics:
Exome panel

Urgent assessment for bone marrow transplantation

General care

Pathogen avoidance
Immunoglobulin replacement
Prompt or prophylactic antibiotics

Skin biopsy:

Predominant lymphocyte infiltrate in Omenn
Syndrome with eosinophilia, dyskeratosis and basal
vacuolation. May be nonspecific before 6 weeks.

Molecular genetics:
TREC enumeration

VB distribution or spectratyping
Exome panel

FIGURE 1 Approach to child with erythroderma: considering PID related differential diagnosis
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infective and atopic phenotype. These include developmental delay,
psychomotor retardation, hypotonia, ataxia, dysarthria, sensorineural
hearing loss and myoclonus. Skeletal abnormalities may resemble
those of STAT3HIES patients®’ Leukocytoclastic vasculitis is a dis-
tinguishing feature but is not universally present. Defective glycosy-
lation may also compromise antibody function due to aberrant post
translational modification. PGM3 deficiency patients display suscepti-
bility to bacteria, fungal and viral infections, representing an overlap
between STAT3 and DOCKS (as described below) patterns of infec-
tion.®® Pneumatocoeles have been considered pathognomonic for
STAT3HIES; however, they are now recognized to accompany other
PIDs including PGM3deficiency.*®

When severe eczema is associated with recurrent viral infections,
combined immunodeficiency syndromes should also be considered®
DOCK8 and WAS protein both play a critical role in the initiation of
T cell receptor. driven actin polymerization and interact via a com-
plex also involving WIPZ° integrin regulator talin®* and Arp2/3 com-
plex*2 The integrity of the actin cytoskeleton is important for T cell
migration into tissues, defence against pathogens, with defects in
epithelial immunosurveillance contributing to viral persistence and
increased rates of haematological and dermatological malignhanc}?
Weak TCR signalling during Tcell activation has been associated
with a skew towards the development of T helper type 2 cells (Th2
cells)* suggesting its status as a default differentiation pathway
partly underlying the features of atopy in these patients.

DOCKS deficiency is inherited in an autosomal recessive fashion,
and suspicion should be raised where there is a background of con-
sanguinity. It shares many clinical features with STATHIES, includ-
ing eosinophilia, staphylococcal skin and respiratory infections.
Whilst survival until the sixth decade is common for individuals with
STAT3HIES, median survival in DOCKS is typically only 20 years
despite prophylactic antimicrobials and immunoglobulin replace-

ment.*®

This places emphasis on early diagnosis to direct potentially
curative allogeneic bone marrow transplantation, ideally prior to

development of end organ damage or disability?®

FIGURE 2 Comel Netherton syndrome.
Photographs obtained by TM with parental
consent and subject assent

WASp deficiency, which results in the Xlinked WAS, shares
clinical features of viral skin infections, recurrent sinopulmonary
infections, eczema, elevated serum IgE levels, food allergies and an
increased risk for malignancy and autoimmune diseases. Early suspi-
cion of Wiskott Aldrich syndrome should be raised by the triad of
eczema within the first weeks of life, thrombocytopenia with small
platelets (<6 fL) and recurrent infections; however, the complete
triad is present in only one third of cases?” Skewed Xinactivation
can result in symptomatic females?® The eczema resembles classi-
cal AD, but may be more severe and combined with serosan-
guinous crusting, petechiae and purpurd?® Encapsulated bacteria
account for most infective episodes, but Pneumocystis jirovecior
disseminated herpes simplex and varicella viral infections are also
prominent. Malignancies, typically EBVpositive B cell lymphoma
and leukaemia, are commor! Homozygous defects in a compo-
nent of the Arp2/3 complex have been described in a child with
combined immunodeficiency, mild bleeding tendency, elevated IgE
and multiple allergies??

The recent landmark description of hypomorphic mutations in
CARD11 as a novel autosomal dominant cause of hypetgE, associ-
ated with AD and variable skin and lung infective phenotype, high-
lights the potential for personalized therapy through molecular
diagnosis. CARD11 has also been identified as a risk locus for AEP
The mutation causes a dominantnegative effect, disrupting the
CARD11 Bcl2 MALT1
MALT1 insufficiency associated with chronically elevated IgE is also

(CBM) signalosome. Autosomal recessive
reported.>* Exploration of the molecular pathway highlights glu-
tamine signalling via the CBMmTOR pathway as a key driver to
polarization of naive T cells to a Thi17 fate®?; loss of CARD11
results in a Th2 bias, which can be ameliorated in vitro by glutamine
supplementation*°

Randomized clinical trials of glutamine supplementations in very
low birthweight infants have demonstrated a reduced incidence of
atopic dermatitis in the first year of life. > Future evaluation of diet-
ary glutamine supplementation in atopic individuals (including with
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FIGURE 3 Approach to child with severe eczema and possible PIDrelated diagnosis

CARD11 mutations) is suggested to assess whether this simple diet-  dermatitis, urticaria and diarrhoea in two paediatric patients;

ary manoeuvre can lead to real benefit in vivo. however, serum IgE was only elevated in one® Consequently, it
Among PIDs associated with IgE elevation and eczema in s difficult to separate mechanistic links to incidental background

childhood, autosomal recessive mutations in nonreceptor tyrosine atopy.

kinase 2 (Tyk2) have classically been labelled as a HIES, based

on the initial case description of patients who suffered from

AD%*; however, the subsequently identified patients have failed 4 | 11l: SYNDROMIC APPEARANCE OR

to recapitulate the atopic phenotype.®® Similar observations have =~ CONNECTIVE TISSUE DISORDER

been made for mammalian sterile 20like one deficiency, a rare

form of combined immunodeficiency, where high IgE levels were A hallmark of STAT3HIES is its multisystem nature, encompassing

found only in three of 10 patients described to date.>® Recessive a range of dental, craniofacial, musculoskeletal and vascular abnor-

defects in the cytoskeletal regulator CARMIL2 manifest with der- malities that represent nonimmunological complications of the

matitis and combined immunodeficiency, but only two of seven dominant negative STAT3 mutation® (Figure 5). These features

patients had IgE >1000 IU/mL5" A novel somatic STAT5b gain of may be absent early in life, and their manifestation can have sig-

function has been associated with nonclonal eosinophilia, atopic  nificant implications beyond diagnosis. Minimal trauma fractures
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occur in over half of patients; fracture risk is disproportionate to
the degree of osteopenia, suggesting conventional measures for
improving bone density via inhibition of osteoclastogenesis may
be ineffective.®® Screening of adult STAT3deficient patients with
multimodal angiography demonstrated arterial abnormalities of
peripheral and brain circulations in 84% and coronary arteries in
50%.5° These represent a hidden and potentially devastating com-
plication of this disorder and should be considered in the diagnos-
tic assessment of patients®*

A connective tissue and atopic phenotype with variable eleva-
tion of IgE are also observed in LoeysDietz syndrome (LDS).
Here, autosomal dominant mutations in the transforming growth
factor  (TGF ) receptor pathway are associated with a Marfan
like syndrome and familial thoracic aortic aneurysms. Affected indi-
viduals have a high prevalence of allergic presentations, including
asthma, food allergy, allergic rhinitis, atopic eczema and eosinophi-
lic gastrointestinal disease®® The molecular link between nonim-
munological connective tissue phenotypes and allergic diseases has
recently been revealed by description of ERBIN deficiency.
ERBB2interacting protein (ERBIN) is integral for STAT3mediated
downregulation of TGF signalling. Loss of ERBIN favours regulatory
T cell (Treg) and Th2 polarization, recapitulating the allergic and con-
nective tissue phenotypes of LDS and STATZHIES®® Homozygous
mutation of IL6ST (encoding GP130) has recently been described in a
patient presenting with eczema, recurrent infections, bronchiectasis,
high IgE, defective Bcell memory. They showed an impaired
acute phase response, as well as skeletal abnormalities including
craniosynostosis. GP130 acts as the common subunit for cytokine
receptor for multiple cytokines, and deficiency leads to blunting of
interleukin 6 (IL 6), IL11, IL 27 and oncostatin M signalling®® It is
intriguing to note case reports of craniosynostosis in association with
HIES, prior to description of many of these gene&®; consequently, the
true incidence of these mutations is likely underreported due to their

novelty.

5 | IV:AUTOIMMUNITY

The presence of autoimmunity in association with elevated IgE is a
hallmark of several primary immunodeficiencies. Principal among
these are two dysregulation syndromes: IPEX and ALPS (autoim-
mune lymphoproliferative syndrome), which serve as paradigms for
defects of central and peripheral tolerance. Prevalence of autoim-
mune complications in these select PIDs is summarized in Table 3,
with patients commonly developing multiple autoimmune complica-

tions.

First described in 1982 by Powell et al®® IPEX is caused by a
defect in the FOXP3gene, which is vital for development and func-
tion of thymic committed T regs. Symptoms appear during the first
months of life and are characterized by potentially life threatening
enteropathy presenting as intractable diarrhoea and eczema of vari-
able severity. Patients develop earlyonset autoimmune disorders,
typically type 1 diabetes, autoimmune thyroiditis or nephritis.®”

PA ERECT

FIGURE 4 Chest radiograph and computed tomography (CT)
images of right upper lobe pneumatocele in a STATHIES patient,
developing by age 19 following recurrent pneumonias

Aside from elevated IgE, detailed immunological profiling in IPEX
demonstrates normal lymphocyte numbers and immunoglobulins, but
absent CD4'CD25"FOXP3" Tregs®® Molecular diagnosis is con-
firmed by identification of FOXP3 mutations, although homozygous
mutations in CD25 may phenocopy IPEX®® Treatment relies on
immunosuppression as a bridge to HSCT. Gene therapy to produce
Treg like cells from IPEX patient CD4" lymphocytes may hold pro-
mise.

ALPS is caused by heritable defects in lymphocyte apoptosis
(sincludingZ Fas, Fadigand, caspase8, caspasel0O, or undefined),
resulting in failure of lymphocyte negative selection leading to the
survival of autoreactive T and B cells. Elevated serum IgE levels and
eosinophilia are observed in 16%25% of patients with ALPS, likely
caused by antigenindependent maturation of IgE producing class
switched plasma cells’”® Clinically this manifests with chronic nonma-
lignant lymphadenopathy, splenomegaly and autoimmunity in partic-
ular cytopenias (autoimmune haemolytic anaemia, thrombocytopenia,
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FIGURE 5 Diagram showing syndromic
features of AD HIES.

Courtesy of Cardiff University Medical
lllustration Department

neutropenia). There is an increased risk of haematologic malignancies,
in particular lymphoma’* Laboratory findings of an elevated popula-
tion of double negative (CD4 8 ) TCRalphahbeta cells and elevated
serum vitamin B, should alert clinicians to the possibility of ALPS.
Treatment options include corticosteroids and highdose intravenous
immunoglobulins, as well as immunosuppressive and immunomodula-
tory agents, such as rituximab, mycophenolate mofetil, calcineurin
inhibitors or sirolimus.

Rates of autoimmune complications are also increased in both
WAS and DOCKS, affecting almost 26%72% of patients WAS"> "3
and 13% of DOCKS8 patients*® Typically this manifests in the form
of a vasculitis or an autoimmune haemolytic anaemia (AIHAY®
Patients with the milder X linked thrombocytopenia may also
develop autoimmunity over time, notably IgA nephropathy.”* Early
haematopoietic stem cell transplantation has become the standard of
care for children with these disorders. In WAS at least, the level of
donor chimerism is a powerful predictor of post HSCT autoimmunity,
malignancy or thrombocytopenia.”® This is an important outcome to

Allergy s~ 2 —WILEY————

Autosomal Dominant STAT3-Loss of Function

Vascular: Aneurysms and ectasia.

Facial dysmorphism: Coarse features,
asymmetry, broad nasal root, hypertelorism,
prognathism. Retained primary dentition,
high-arched palate

Infective:

Bacterial: Sinopulmonary and cutaneous:
staphylococcus aureus, streptococcal pneu-
moniae, haemophilus, klebsiella.

Fungal: Chronic mucocutaneous candidiasis,
pneumocystitis jiroveci.

Viral: VZV reactivation.

Pneumatocoele formation and secondary
infection with pseudomonas aeringosa,

ot o X ~ atypical mycobacteria or aspergillus.
""( T \ ]
p rd
‘ : Gl dysmotility, reflux,
eosinophilic oesophagitis.
Musculoskeletal: Scoliosis, minimal impact
fractures, osteopenia, joint hyperflexibility.
P L‘\

consider for future gene therapy trials, where full chimerism may be
difficult to achieve.

Conditions including inflammatory bowel disease or discoid lupus
may accompany neutrophil function defects such as chronic granulo-
matous disease (CGD). Case series linking CGD with marked eleva-
tions of IgE and sensitization to Aspergillusspecies highlight overlap
and possible confusion with allergic bronchopulmonary aspergillosis
(ABPA). The use of steroid monotherapy fors ABPAZ in undiagnosed
HIES or CGD cases has led to invasive disease and mortality.

6 | V: ALLERGIC MANIFESTATIONS OF PID
Elevation of serum total IgE is characteristic but not specific for allergic
diseases. Total levels at birth correlate poorly to future allergy”;
however, elevation in young children is associated with subsequent
development of allergen specific IgE and allergic disease, particularly res-
piratory.”® Misdiagnosis of PID as allergy is well described and may be
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complicated by co occurrence of allergy as a manifestation’’ Compar-
ison of sensitization patterns shows marked differences between
patients with DOCK8, STAT3 or AD£° Allergic symptoms and skin prick
test results correlate well with specific IgE results in DOCK8 and AD
patients®® and can be useful in directing dietary exclusiorf® In an inter-
national review of 136 cases, over 70% of DOCKS8 patients had clinical
symptoms of allergy, with food related anaphylaxis in 16%. Drug allergy,
asthma and rhinitis were also observed'® Food allergy in DOCK8 HIES
patients can persist even following HSCT despite full donor chimerisnf?
Multiple allergies are reported in the limited published series of PGM3
HIESZ” whilst WAS patients and murine models frequently develop IgE
mediated reactions to common environmental and food allergens>

In contrast, STAT3HIES patients show remarkably similar speci-
fic IgE values and skin prick testing to healthy individuals despite
extremely high total IgE levels® The lifetime frequency and severity
of food allergies for STAT3HIES remain higher than reported by
healthy controls but is greatly diminished relative to atopic controls
with similar IgE&*

One explanation for this apparent paradox is the profound impair-
ment of mast cell degranulation associated with STAT3 loss of func-
tion.®* Physiochemical analysis of the skin barrier in STATHIES and
AD individuals suggests an additional explanation: dermal integrity
remains remarkably preserved in STATHIES®® In contrast to atopic
dermatitis patients, transepidermal water loss (TEWL) and stratum
corneum thymic stromal lymphopoietin (TSLP) were equivalent to
healthy controls in STAT3HIES®® This is in line with the observation
that topically applied JAK inhibitors ameliorate eczema, acting through
suppression of STAT3 signalling to enhance filaggrin expressioff
Assessment of TEWL presents a useful bedside tool to risk stratify
babies at risk of future atopic dermatitis®” and can direct more aggres-
sive supportive therapy.

Discordance between total IgE and allergic symptoms is not exclu-
sive to STAT3HIES. Mutations within innate immune signalling path-
ways including IRAK4 and MyD88 have been described in association
with a hyper IgE like syndrome. In a case series of 48 IRAK4 patients
and 12 MyD@88 patients, none of these patients were reported to suf-
fer from allergic asthma, whilst chronic eczematous skin disease was
reported only in one patient.®®
IgE are detectable in a subset of patients with MyD88 and IRAK4
deficiencies®® and disruption of effector responses might also con-

However, a variety of allergen specific

tribute. Similarly, despite elevated circulating IgE levels and eosinophi-
lia in a subset of patients with ALPS, the prevalence of allergic
diseases does not appear increase® This subset of patients is note-

worthy, however, as they represent a distinct subgroup of ALPS
patients with higher mortality from infectious complications. %

Allergic diseases may be the first anébr only clinical manifesta-
tion of selective IgA deficiency, sIgAD. This is the commonest
humoral immunodeficiency, with a prevalence in Europeans of
roughly 1:600.°* IgA deficiency is frequently asymptomatic and may
be underreported. First identified by Buckley, it can be associated
with elevation of serum IgE (range 33800 IU/mL)%? Diagnosis can
only be made after 4th year of life and is defined by undetectable
serum IgA levels €0.07 g/L), normal serum IgG and IgM on at least

TABLE 3 Common autoimmune complications of IPEX, ALPS,
DOCK8 and WASP deficiency

Disease Prevalence
IPEXE? 90%
Autoimmune enteropathy 92%
Type 1 diabetes 49%
Autoimmune cytopenia 31%
Autoimmune thyroiditis 20%
Autoimmune hepatitis 6%
Others: including adrenal

insufficiency, pemphigoid,

psoriasis, alopecia, nephritis, arthritis
ALPS % 61%
Autoimmune haemolytic anaemia 52%
Autoimmune thrombocytopenia 26%
Autoimmune neutropenia 8%
Vasculitis 4%
Autoimmune hepatitis 3%
Autoimmune nephritis 2%
Other: uveitis, pancreatitis
WAS deficiency’? 72%
Autoimmune haemolytic anaemia 36%
Autoimmune thrombocytopenia 33%
Autoimmune neutropenia 25%
Skin vasculitis 22%
Intestinal bowel disease 9%
Cerebral vasculitis 7%
Nepbhritis 4%
DOCKS8 deficiency*® 13%
Vasculitis 6%
Autoimmune haemolytic anaemia 3.7%
Autoimmune nephritis 0.7%
Others: Systemic lupus 4.4%

erythematosus, arthritis,
autoimmune thyroiditis

two determinations, normal IgG antibody response to vaccinations,
and exclusion of secondary causes of hypogammaglobulinaemia and
T cell defects® Up to 50% of sIgAD patients are recognized after
an allergologic evaluation®® The most common allergic features are
conjunctivitis, rhinitis, urticaria, eczema, food allergy and asthm&>®
Patients with IgA deficiency may also present severe anaphylaxis
when receiving IgA containing blood products, possibly due to anti
IgA 1gG or IgE antibodies’’

7 | DIAGNOSTIC AND THERAPEUTIC
OUTLOOKS

The therapeutic approach for many HIESassociated PID following
diagnosis is much brighter, reflecting initiation of appropriate antimi-
crobial therapies, IGRT and consideration of HSCT. Early diagnosis
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remains challenging as current diagnostic scoring systems, such as
the NIH Score? are reliant on emergence of sufficient immunological,
infective and anatomical features. This signature may not emerge
until irreversible damage has occurred. Judicious access teclinical
exomesZ promises earlier and clinically impactful diagnosiS® and we
highlight 5 clinical settings to trigger consideration of further investi-
gation or referral. The monogenetic PID disorders continue to reveal
molecular mechanisms underpinning our understanding of tolerance
and immunity. Targeted therapeutic strategies are in development for
Comel Netherton syndrome, including protein replacement, tissue
kallikrein inhibitors or using of autologous grafts of genetically cor-
rected patient keratinocytes.®® If successful, these promise to reveal
whether restoration of barrier function can prevent development of
the associated immunodeficiency. Whilst the role of barrier compro-
mise in environmental allergen sensitization is well established, we
are now recognizing the additional importance of the microbiota's
ability to drive autoimmunity. In murine models of Omenn's syn-
drome, marked dysbiosis and translocation of gut commensals across
the mucosal lining is associated with local inflammation, and systemic
autoimmunity. Treatment with oral broad spectrum antibiotics nor-
malized serum hyperlgE and ameliorated systemic autoimmunity:°
Confirmation in human states are required; however, the implications
are manifold. The interaction between the microbiota, barrier and
mucosal immune system likely represents a modifiable factor con-
tributing to the enteropathy seen in other PIDs associated with
immune dysregulation and enteropathy, but potentially also the
extreme rise in IgE described with graftvs host disease following
HSCT®! Normalization of the microbiota from the skewed popula-
tions observed in many HIESPID may be an important means to
optimize therapies and might explain the decline of IgE levels
observed in some adults with STAT3HIES? Restoration of epithelial
defence is an attractive avenue. Chaperone modulators can amelio-
rate certain genotypes of cystic fibrosis, and this approach appears
suitable for STAT3HIES!®? This could be an important adjunct to
HSCT, given the wide range of extrahaematological manifestations.
Translation of current therapies such as dupilumab, a monoclonal
anti IL 4R antibody, offers «off the shelfZ options. Meanwhile, the
potential for a dietary intervention guided by detailed characteriza-
tion of molecular pathways revealed by CARD11 hints at wider impli-
cations for atopy sufferers. International collaborative efforts to
standardize reporting, such as the USIDNET and ESID registry, are
therefore vital to further characterize the true phenotypes of the
expanding range of conditions and longterm outcomes of these
emerging therapeutic options. Together this will help raise awareness
and improve treatment for not only monogenic PID and may inform
molecularly guided treatments for a much wider range of conditions.
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Absence of Surface IgD Does Not Impair Naive B Cell
Homeostasis or Memory B Cell Formation inIGHD
Haploinsufbcient Humans

Jana Nechvatalova,* Sophinus J. W. Bartol‘,";1 Zita Chovancova,* Louis Boon/
Marcela Vlkova,** and Menno C. van Zelnf*t

Surface IgD is coexpressed with IgM on naive mature B cells. Still, the role of surface IgD remains enigmatic even 50 y after its
initial discovery. In this study, we examined the in vivo role of surface IgD in human B cell homeostasis and Ab responses in four
individuals with heterozygous nonsense mutations ilGHD. All IGHD heterozygous individuals had normal numbers of B cells
and serum Igs and did not show signs of immunodebciency or immune dysregulation. I§@nd IgD? naive mature B cells were
present in equal numbers and showed similar immunophenotypes, except for decreased expression of CD79b in the?lgiDbset.
Furthermore, both IgD * and IgD? naive mature B cells had normal replication histories and similar capacities to differentiate into
plasma cells upon in vitro stimulation, and Ig classbswitched memory B cells showed similar levels of somatic hypermutations.
Thus, human B cells lacking IgD expression develop normally and generate immunological memory in vivo, suggesting that
surface IgD might function more restrictedly in regulating of B cell activation to specibc antigenic structures. The Journal of
Immunology, 2018, 201: 1928D1935.

precursor development in bone marrow, each developingn progenitor B cells, either with the surrogate L chains as pre-BCR

B cell creates an Ig molecule with unique specibcity throughon pre-BlII cells, or together with a rearranged Ig L chain on
genomic reassembly of elements in their Ig loci (1). This results inimmature B cells as BCR. IgM is Prst expressed as pre-BCR
the expression of a receptor with the IgM isotype, which is crucial(m chain with surrogate L chains) by pre-B cells. IgD expres-
for naive B cell survival and activation of the cell in response to asion is Prst upregulated after migration to the periphery at the
specibc Ag (2, 3). In addition to IgM, circulating naive B cells transitional B cell stage, and splicing to IgD is critically dependent
coexpress a receptor with the 1gD isotype, resulting from alterna-on Zinc-bPnger protein ZFP318 (16, 17). In mature naive B cells,
tive splicing of the exons encoding the variable domain @ C the levels of IgD exceed that of IgM and are downregulated after
constant regions encoding exons (4D6). IgM function has beeAg recognition (18, 19).
extensively studied, and even though IgD coexpression is highly Surface IgD has been implicated in regulation of tolerance
conserved in jawed vertebrates (7), the biological role of surfacénduction or anergy versus Ag responses. Activation of AgD
IgD remains enigmatic even 50 y after its initial discovery (8, 9). immature B cells was found to result in tolerance induction or

IgD was brst described in 1965 by Rowe et al. (10, 11) as serurapoptosis, whereas similar Ag doses activated'lgiture B cells

Ig prior to the identibcation of coexpression with IgM on the (20). In contrast,@belhart et al. (21) recently showed using
in vitro models that the large Rexible hinge region of IgD prevents
low-valent Ags from triggering downstream signaling and B cell
*Department of Clinical Inmunology and Allergology, St. AnneOs University activation. Furthermore, IgD exhibits reduced sensing of endog-
o v, S . o oo Sebgoment o . €1OUS AGS (22). This would suggest that the presence of IgD on
nology, Erasmus MC, University Medal Center, 3015CN Rotterdam, the mature B cells functions to inhibit responses to potential non-
Netherlands;*Bioceros, 3584CM Utrechtthe Netherlands; andDepartment complexed autoantigens. In addition, high levels of IgD expres-

of Immunology and Pathology, Central Clinical School, Monash University and ; : : ; ; ; ;
The Alfred Hospital, Melbourne, Victoria 3004, Australia sion in comparison with IgM are associated with anergy in both
human and mouse B cells (23, 24).

ORCIDs: 0000-0003-0634-005XJ.N.); 0000-0003-2122-7784M.V.); 0000-0003- . .
4161-1919M.C.v.Z.). In terms of immune responses, IgM and IgD appear to function

very similarly: both activate the same downstream signaling cas-

S urface-expressed Igs are the hallmark of B cells. Duringsurface of B cells (12D15). The IgM isotype is already expressed
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cades, and both can mediate B cell activation, deletion, or anergy 3

w

N
o
N

Address correspondence and reprint requests to Dr. Menno C. van Zelm, Departmepésponses toT ceIIDdependent and independent Ags (26928) Sti”N

of Immunology and Pathology, Central Clinical School, Monash University, Level 6 . X ! ) . . _
Burnet Centre, 89 Commercial Road, Meurne, VIC 3004, Australia. E-mail ~ afPnity maturation is slightly delayed in the primary immune

address: menno.vanzelm@monash.edu response of B cells expressing IgD only (26), and it has been
The online version of this article contains supplemental material. suggested in one study that the signal transduction differs quali-
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immune responses, but its function in B cell in vivo immunity
Copyright 2018 by The American Association of Immunologists, Inc. 0022-1767/18/$35.00remains unclear and prompted us to investigate this in vivo.
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In this report, we studied the in vivo function of surface IgD on established control cell line U698 DBO1 (Invivoscribe) containing one
human B cells in four individuals from one family who carried het- coding and one signal joint per genome was used to correct for minor
erozygous germline nonsense mutations inlGED gene. Detailed differences in efpciency of both real-time quantitative PCR assays.
clinical, molecular, and cellular analyses of the family were per-Restriction enzymebbased assayl@iiD allele usage

formed and included direct comparison of the B cells expressing th?g classbswitched cells have delet&HD from the functionallGH allele,

wild type IGHD allele and those using tH&HD mutant allele. and only the nonfunctiondlGHD allele can be amplibed by PCR. Because
the nonsense mutation in exon 1IG&HD disrupts an Mscl restriction site
Materials and Methods (59TGGCCA-3), exon 1 from IGHD was ampliped with a FAM-labeled

Patient forward primer from the DNA of puribed CDI8D38"MgA* and CD19
auents CD38"™|gG" memory B cells from heterozygous IGHD-debcient individu-
This family came to our attention when the index patient (IGHD6; Table 1) &lS- The PCR products were digested with Mscl (New England Biolabs) and
was referred to the Department of Immunology and Allergology of the St.fun on the ABI Prism 3130x. The relative amounts of uncut (mutaGeD
AnneOs University Hospital in Brno on the basis of having enlarged in¥ere compared with those in granulocytes that each carryltst alleles.
guinal and axillar lymph nodes. Histological examination proved gran-An increase in undigested product would suggest more frequent usage of the
ulomatous mycotic lymphadenitis. Later, he was diagnosed with nodulaild type IGHD allele in the g classBswitched cells. DNA from healthy
lymphocyte-predominant Hodgkin lymphoma (clinical stage Il A). Five controls was used as a positive control for complete digestion with Mscl.

other members of the family (father; mother; and aunt, grandmother, ami it | Il diff tiati f ibed naive B cell
grandfather from motherOs side) underwent extensive immunological e N vitro plasma cell ditfferentiation ot punbed naive & cells

aminations after informed consent was obtained and according to thyp* and Ig? naive B cells were puribed and cultured with combinations
guideline of the local medical ethics committee. They had no clinical of anti-igM F(alf),, anti-CD40 agonist, CpG ODN2006, and IL-21 as de-
manifestation of recurrent infection and/or malignancy. The aunt sufferedscriped previously (37, 38). Cells were harvested after a 6-d culture for
from celiac disease and Turner syndrome. TagMan-based quantitative RT-PCR on a StepOnePlus (Applied Biosystems).

. . . . Target gene expression levels were determined in freshly isolated and
Flow cytometric immunophenotyping and puribcation of cultured cells with intron-spanning primes and Ruorogenic probes
B cells from human blood (Supplemental Table 1) and expressed relative to A control gene

All peripheral blood samples were obtained with informed consent and(sg)' Al quantitative RT-PCR reactions were performed in duplicate.
according to the guidelines of the Medical Ethics Committee of ErasmusSeroIogy
MC and the Institutional Review Board of St. AnneOs University Hospital.
Absolute counts of blood CD3T cells, CD16/56" NK cells, and  Using a nephelometric method, we determined the levels of CRP, IgG, IgA,
CD19" B cells were obtained with a diagnostic lyse-no-wash protocol. ForigM, and 1gG subclasses (IMMAGE 800 Immunochemistry System; Beck-
detailed 11-color Bow cytometry, RBCs were lysed with JOH prior to man Coulter) as well as IgD, IgE, and IgA subclasses (Behring Nephelometer
incubation of 1 million nucleated cells for 15 min at room temperature in all, Siemens, Marburg, Germany). ELISA was used for the determination of
total volume of 100m (Abs listed in Supplemental Table I). After prep- the following speciPc Abs: antibextranuclear Ags (ENA; ENA screen; BL
aration, cells were measured on a four-laser LSRFortessa Row cytomet@iagnostika GmbH, Mainz, Germany), antiDthyroid peroxidase (anti-TPO),
(BD Biosciences) using standardized settings (30). Data were analyzednti-thyroglobulin, antibtissue transglutaminase 1gG and IgA, and rheuma-

with FACSDiva software V8.0 (BD Biosciences). toid factor (all from AESKU.DIAGNOSTICS, Wendelsheim, Germany).
. . . . IndirectimmunoRuorescence was used to detect anti-nuclear Abs (HEp-2 kit;
DNA isolation andiGHD mutation analysis Euroimmun, Ltpeck, Germany), antibneutrophil cytoplasmic Abs (gran-

|u|ocytes [EOH]; Euroimmun), antibgastric parietal cells (anti-GPC), anti-
reticulin, and antibsmooth muscle Abs (autoantibodies RL/RK/RS Kit;
ORGENTEC, Mainz, Germany). Ab titers to common bacterial pathogens
tyere evaluated by serological determination of 19G antibpneumococcal
capsular polysaccharide (23 serotypes), &ta#mophilus inRuenzaand
antibtetanus toxoid Ab levels (VaccZyme IgG Enzyme Immunoassay Kit;
Binding Site, Birmingham, U.K.).

DNA was isolated from post-Ficoll-Paque granulocytes and sorted B cel
subsets with the GenElute Mammalian Genomic DNA Miniprep kit
(Sigma-Aldrich). All eightIGHD-encoding exons including splice sites
(reference sequence NG_001019) were PCR amplibped (Supplemen
Table 1l) from granulocyte DNA and sequenced on an ABI Prism
3130xI Ruorescence sequencer (Applied Biosystems).

Sequence analysis of complé@&H gene rearrangements

IgD* and Ig¥ naive mature B cells (CDT&yM*CD27 CD3&"™) were - _ _ .
single-cell sorted into 96-well PCR plates containingif lysis solution ~ Statistical analysezs were performed with the MannBWhithegst, paired
(0.53 PBS containing 10 mM DTT, 8 U of RNasin [Promega], and 0.4 U Studentt test, orx” test as indicated in detail in the bgure legends. Any
of 5339RNase Inhibitor [Eppendorf]) and immediately frozen on dry ice. P values, 0.05 were considered statistically signibcant.
RNA from single cells was reverse-transcribed in the original 96-well plate
in 12.5m reactions containing 100 U of Superscript Il RT (Life Tech- Results
Qggﬁsz);ogfg ;nr'(ri'rgf/grzsfpl:isn'qne% F()QTS?::S-S)IH the leader sequerl@H | yantibcation of a family with heterozygous nonsense

IgA and IgG transcripts were amplibed from the cDNA of post-Ficoll Mutations inlGHD

mononuclear cells by using the san®HV subgroupbspecibc forward ag part of the diagnostic workup, blood B cells were studied by

primers in combination with a&or Cg consensus reverse primer (32, 34). A . . - .
The usage of V, D, and J genes, as well as the junctional regions Wa§0W cytometric immunophenotyping in a patient with nodular

analyzed using the international ImMunoGeneTics information systemlymphocyte-predominant Hodgkin lymphoma (index case; IGHDS).
(http:/Mmww.imgt.org/) (35). IgG and IgA subclasses were identiped usingPeripheral blood B cells appeared polyclonal with a normialltg

Statistical analyses
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the germline sequence of the&H locus (NG_001019). ratio. However, the patient carried an abnormally large population
Replication history analysis using thedeleting of IgM-expressing B cells that lacked IgD expression (31.2% of
recombination excision circles assay B cells; Fig. 1A). These cells were phenotypically diverse, with the

majority being CD38™CD27 (naive) and smaller fractions being

The replication history of sorted IgDand Igl¥ transitional (CD19 ; i . im,
CD27 1gM-CD38Y and naive mature (CDIED27 Igm-CD3ghm  Sither CD38'CD27 (transitional) or CD38™CD27" (memory).

B cell subsets was determined with tkeleleting recombination excision ~B€cause about half of the CD2GM* naive B cell compartment
circles (KREC) assay as described previously (36). BrieBy, the amounts ovas Ig» , we hypothesized that these cells used@H allele with
coding and signal joints of thisK-deleting rearrangement were measured a germline mutation in thEGHD-encoding exons. To study whether
by real-time quantitative PCR in DNA from sorted B cell populations on this abnormal population was inborn, blood from the patient®s

an ABI Prism 7000 (Applied Biosystems). Signal joints, but not coding . . L
joints, are diluted 2-fold with every cell division (36). To measure the family members was immunophenotyped. The patientOs mother,

number of cell divisions undergone by each population, we calculated thénaternal aunt, and grandfather carried an abnormally large fraction
ratio between the number of coding joints and signal joints. The previouslyof B cells that were IgMigD? CD27, btting with a monoallelic
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FIGURE 1. Identibcation of heterozygous IgD debciendy) Large fractions of IgM-expressing B cells lack surface IgD in four individuals from one
family. Red events denote CD2yD? B cells; all other CD19 B cell events are indicated in blueB) Detection of a heterozygous G A mutation in all

four individuals with large IgD-negative B cell population€) Family tree. Half-blled symbols denote known carriers of the mutation; squares denote mal
family members; circles denote female family membebsadE) The ¢.368G A mutation inIGHD exon 1 results in a premature stop codon (p.W123X)
in the brst Ig constant domain (denoted by *). The underlined gt repres@sfdie site of exon 1. IgL, Ig L chain.

inheritance. Sequence analysis of t&HD gene revealed that all bacterial pathogens were normal in the three IGHD carriers that
four affected individuals carried the same heterozygous G to Awere tested (Table Il). Because nationwide vaccination of children
mutation in exon 1 (Fig. 1B, 1C; Supplemental Fig. 1). This het-againstH. inBuenzaeB and Streptococcus pneumoniaeas in-
erozygous ¢.368GA mutation results in mutation of a tryptophan troduced in the Czech Republic after the year 2000, the positive S
(TGG) to a stop codon (TAG). Because the nonsense mutatiotiters to the latter ref3ect responses to previous infections. Reac- &
(p-W123X) is already in exon 1, this allele will not give rise to a tivity analysis to a large panel of 13 autoantigens revealed the 3
functional 1gD molecule (Fig. 1D), resulting in the lack of IgD presence of anti-TPO autoantibodies in the grandmother, anti- &
membrane expression in50% of naive B cells in all affected in- GPC in the mother, and anti-ENA in the father. The grandfather, 7§,
dividuals. The ¢.368G A mutation was not present in the unaf- aunt, and index patient, who are all carriers of IB&ID mutation, Q
fected father and grandmaother, or in the healthy control, and has natere negative for all tested autoantibodies. N
been reported in Ensembl (current as of August 2018). Flow cytometric analysis revealed normal numbers of blood B cells

in all individuals except for the gralfather. This reduction resulted

from low numbers in both the naive and memory B cell subsets
Extensive clinical and immunological workup was performed on (Table Il). Naive and memory B cells were normally present in the

all six included family members. Except for the index patient other individuals, except for low numbers of CORM IgD"
(Hodgkin lymphoma), only the affected aunt had a history of marginal-zoneblike B cells in carriers of th&8HD mutation. To

celiac disease and Turner syndrome. Besides reduced serum IgBtudy if Ag-experienced B cells showed normal signs of molecular
heterozygous IGHD-debcient individuals carried mostly normalmaturation in thdGHD mutation carriers, IgA and 1gG transcripts
serum Ig levels (Table 1). Specibc Ab levels against commonwere amplibed from PBMC without discrimination of origin from
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Table I. Basic and immunological characteristics of all family members

Index (Carrier) Father Mother (Carrier)  Aunt (Carrier)  Grandmother  Grandfather (Carrier) Normal Values

Gender M M F F F M

Age (y) 21 49 56 63 86 88

Blood cells (cellsil)

Lymphocytes 1080 1361 1852 1290 2860 856 100002800
CD3' T cells 615.8 1048.7 1403.7 1007.2 1924.3 623.3 70002100
CD4" T cells 302.4 698.4 678 472.4 962.2 372.1 300D1400
CDS8' T cells 270 328.2 662.5 475.4 877.5 228.8 200D900
CD19" B cells 172.8 100.1 156.2 111.3 416.3 37.9 100BD500
CD16/CD56 NK cells 280.8 179.7 252.3 152.2 460.6 234.4 90b600

Ig serum levels (g/)

IgG 7.83 10.4 8.75 9.24 14.8 9.7 7.51D15.6
lgG1 4.62 5.12 4.8% 3.94 5.91 6.41 4.9p11.4
1gG2 2.95 4.82 412 4.5 8.32 3.46 1.5b6.4
1gG3 0.225 0.245 0.366 0.421 0.407 0.203 0.2b1.1
1gG4 0.295 1.78 <0.07 0.26 1.92 0.291 0.08b1.4

IgA 1.36 2.62 1.58 2.84 4.86 1.88 0.82D4.53
IgA1 1.20 2.19 1.27 2.25 3.90 1.46 0.58b2.63
IgA2 0.317 0.489 0.315 0.767 0.737 0.723 0.12b1.41

IgM 0.385 1.25 0.931 0.271 0.41% 0.579 0.46D3.04

IgD (U/ml) <4.6° 35.7 58 6.7 35.1 <4.6° 0.19D158

IgE (IU/ml) 22 48 , 17 , 17 , 17 22 0D100

CRP (mgl/l) 3.8 5.05 2.15 2.94 16.6 3.03 0b8

Autoantibodies Negative Anti-ENA  Anti-GPC® Negative Anti-TPA Negative

Only positive tests for autoantibodies are indicated.
aSupranormal values.

®Subnormal values.

“Dunnette et al. (44).

CRP, C-reactive protein; F, female; M, male.

the IGHD wild type or mutant allele. Sequence analysis revealed thevhether defective IgD expression affected B cell generation or

presence of multiple unique clones that nearly all contained somatibomeostasis of naive B cells, we brst analyzed the frequencies of

hypermutations (SHM). The mutation levels in IgA transcripts weretransitional and naive mature B cells expressing IgD. In unaffected

slightly higher, and in IgG transcripts, they were similar to those ofcontrols, nearly all naive B cells in blood coexpress IgM and IgD

unaffected controls (Fig. 2). All IgA and IgG subclasses were presentFig. 3A), whereas in théGHD carriers, only 48.4% of B cells do

in carriers of the IGHD mutation with slightly but signibcantly re- (Fig. 3A). These equal frequencies of Ig@and Igz* fractions

duced fractions of IgA2 and IgG1 in the carriers. indicate that there is no selective advantage to the presence of IgD
In conclusion, humoral immunity appears to be normal in car-in the generation of new B cells (transitional) or homeostasis of

riers of thel GHD mutation with no overt signs of autoimmunity or naive mature B cells.

immunodebciency. Naive B cells express IgM and IgD alsegnative splice variants (4).

To study the effect of théGHD nonsense mutation on IgM and IgD

transcript levels, Igb and IgF¥ naive mature B cells were isolated

from blood of three IGHD heterozygous individuals. As the index

In normal human B cell development, IgD expression starts frompatient had started treatmenttiwvirituximab, we could not obtain

the transition of immature to mature B cells and coincides with thesufpcient cells from him. IgM tracspts were equally present between

migration from bone marrow to the periphery (40, 41). To study subsets, whereas IgD transcripts were reduced by almost 2-fold in

Molecular and immunophenotypic characteristics of
IgD? naive B cells

Table Il. Immune response characteristics of all family members
Index Mother Aunt Grandfather Normal
(Carrier) Father (Carrier) (Carrier) Grandmother (Carrier) Values
B cell subsets (cellsd)
CD38"CD27 transitional 24.0 25 5.0 4.1 3.0 12 3D50
CD27IgM™ naive mature 113.7 57 104.2 87.8 230.2 26%4 57D447
CD27'1gD*IgM* memory 1.2 20.5 6.4 1.9 12.9 0.? 9p88
CD27'IgM*IgD? (IgM only) 1.2 6.6 45 1.3 25 o7 1933
CD27'19G* memory ND 2.8 8.0 2.6 25.0 0.9 5P59
CD27'IgA* memory ND 7.1 7.9 5.2 30.5 &8 2D35
CD27 1gG+ memory ND 0.3 1.0 0.7 1.4 0.2 1D46
CD27 IgA* memory ND 0.3 0.6 0.9 1.0 0.2 0.4b25
CD38"CD27" plasma cells 2.1 04 0.2 0.? 1.2 o.f 193
cD21°vCcD3go" 6.2 2.8 95 2.6 8.0 4.3 4p11
1gG titers to common bacterial pathogens
Anti-tetanus (IU/ml) 3.0 ND 0.31 0.20 ND ND . 012
Anti-PCP (mg/l) 32.1 ND 30.0 423 ND ND . 15.4
Anti-HIB (mg/l) 6.5 ND 0.14 0.42 ND ND 0.09917.7

35P95 percentiles for B cell subsets (45, 46).
®Subnormal values.
HIB, H. inRuenzadd; PCP, pneumococcal capsular polysaccharide.
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FIGURE 2. Molecular analysis of B cell memoryAj Schematic representation of the Ig constant gene regions in the H@hblocus. 8) Distribution

of IgA and IgG subclass use in switched transcripts of healthy controts §) andIGHD carriers = 3). Total numbers of analyzed sequences are
indicated in the center of each plot. Differences in the distributions were statistically analyzed withtéis¢. *p, 0.05. ) IGHV mutation frequencies in
distinct IgA and IgG subclasses. Column heights indicate the median values, with error bars showing the interquartile range. Statistical signibcanc
calculated with the MannBWhitndy test. *p, 0.05, ***p, 0.001.

as

IlgD® B cells (Fig. 3B). ConsequentlygM surface expression was B cells, we designed a restriction enzyme assay to discriminate
similar between both subsets ¢Fi3C). Importantly, surface CD79b PCR products derived from the wild type or the mutant allele and
expression levels were reduced in fgm cells. Thus, thelGHD applied this to genomic DNA thavas isolated from puribed IgG
nonsense mutation does not seem to affect IgM transcript and proteand IgA memory B cell subsets. These cells have deleted the IgD
levels. However, mutadGHD transcript levels were reduced, and the coding exons from their functionally rearrangi&H locus, and
lack of IgD surface expression resulted in a decrease in the totainy amplibedGHD DNA would be derived from the nonfunc-
number of B cell receptors on the surface of naive mature B cells. tional allele. Puribed IgA- and IgG-switched B cells from all
To further study the homeostasis of naive B cells, DNA wasthree carriers tested contained equal numbers of mutated and
isolated from IgD and IgD? transitional and naive mature wild type IgD alleles (Fig. 4A). Thus, in vivo memory B cell
B cells for analysis of their replication history with the KREC formation had occurred equally from IgDand IgD»¥ naive
assay (36). Similar to unaffected controls, the Tgand IgD»* B cells.
B cells fromIGHD heterozygous individuals did not show pro-  In addition to quantitative analysis of memory B cell formation
liferation of transitional B ce and on average showed up to two from IgD" and Igl¥ naive B cells, we devised a strategy to trace
cell divisions in naive mature B cells (Fig. 3D). Furthermore, the origin of IgA and IgG transcripts from tH&HD wild type or
both IgD" and IgD* naive mature B cells showed normal ex- mutant alleles. FirsiGH transcripts were sequenced from single-
pression of BAFF receptor (BAFF-R) and TACI, and lacked sorted IgD and Igl¥ naive B cells to identiffiGHV genes that
expression of CD95 (Fig. 3E). Finally, complet&H gene  were polymorphic between the mutant and wild type alleles of
rearrangements were sequenced from DNA of puribed igimi three IGHD heterozygous individuals (Supplemental Table III).
IgD? naive mature B cells to detaine the length of comple- Subsequently, we designated the IgA and IgG transcripts that used
mentarity determining regioCDR)3 as a measure for Ig rep- these 11 alleles into those derived fro@HD wild type and
ertoire selection. Igb and Igl¥ naive mature B cells showed IGHD mutant alleles. IgA transcripts froGHD wild type alleles
similar average CDR3 sizes and ranges, and these were naind IgG transcripts frotGHD mutant alleles carried higher SHM
different from those of unrelated controls (Fig. 3F) (42). Thus, frequencies than those of controls (Fig. 4B).
the absence of IgD on naive B cells does not affect their phe- Finally, we studied plasma cell differentiation from naive B cells
notype or cell numbers or impair homeostatic proliferation and,in the presence or absence of IgD. Naive mature B cells fRD
consequently, does not impair their generation and homeostasiteterozygous individuals were sort-puribed and stimulated in vitro
with anti-lgM and anti-CD40 agonist or CpG to mimic T cell
dependent and T cell independent secondary stimulation. After
6 d of culture, IgD and IgD’* B cells expressed similar levels of
The individuals with heterozygouksHD mutations carried Ig  activation-induced cytidine deaminase, which was undetectable in
classbswitched memory B cells. To study whether these weranstimulated cells, as well as transcription factors IRF4 and XBP1
derived equally from IgD-expressing and IgD-debcient naive(Fig. 4C).

AUuY AS N 991UDOWBN @m)ﬂed 1e/B.10° jounwiwil: mmmy/:dnuuol) papeojumoq

2202 ‘0S aung uo eUAOUIUY| BYSIexaT auig A

B cell memory and plasma cell differentiation in
absence of IgD


http://www.jimmunol.org/lookup/suppl/doi:10.4049/jimmunol.1800767/-/DCSupplemental
http://www.jimmunol.org/

The Journal of Immunology 1933

A CD19+IgM+ B cells B
%1 transitional o qlransitional  naive mature ¢ 159 107
3100] seee ooy 2 o
w o ° 8 o 84
' 2 &, 210 £
—_ - ° —_—
%” 8 é . (>]<.> 64 o
(ol S 60 ° . ) . © -
(@] ‘S i - o qc, 4
403 > 5] o ¢
of ® S5 S
o ] 24
naive 5 20 % (ID 4
(=) = =
me}]ture 100 10 10° -0 y ' y ¥ 0 T T 0 ! '
CcD27 control carrier control carrier IgD+ IgD- IgD+ IgD-
C D s, - , o
transitional naive mature g
2] S
O 3- o
9 2 B . . 2
€ S S 2 - 5]
3 8 © v o o
&) =14 . . . =
© H . . o o
O -age e el g_
. T e =
{7 g
T T T T T T T =
° ctrl IgD+ IgD- ctrl IgD+ IgD- %
E F s, p=0.39 S
1 A § 3
I ‘ S
( | 8 201 2
2 | 2 | 2 @ >
c I' c | c | 1) o
2 3 | 2 f z o
o [ o I o ]
1 [\ | A S
| | f | / =g : a,r
77“3 \‘1‘67* BETZ 108 - 0 10 l’ 10t 10° 0 = 10° T 10° 0 { | | b | 'D g-lx)
controls gD+ gD-
CD95 BAFF-R TACI (n=104) (n=70) (n=56) S
. . . . . >
FIGURE 3. Effects of IgD debciency on naive B cell$\)(Frequencies of transitional and naive mature B cells that express I§BHD heterozygous %

individuals and unaffected control8)(IGHM andIGHD transcript levels in sort-puribed Igland Igl¥ naive mature B cells frotiGHD heterozygous
individuals as determined by TagMan-based quantitative PCRgl and CD79b surface expression levels on Tgblue lines) and IgB (red lines) naive
mature B cells as determined by Row cytometry. COXells were used as control (gray lined)) Replication histories of transitional and naive mature
B cells from as determined with the KREC assay (36). Values from control (ctrl) populations were determined previously (43). Differences between Ig
and IgD' cells fromIGHD heterozygous individuals and those of controls were statistically analyzed with the MannDWhiastyE) Surface expression

aJUd0Wa

levels of CD95, BAFF-R, and TACI on naive B cells as determined by Bow cytometry @der(details]. §) IgH-CDR3 lengths derived from nucleotide 5,
sequence analysis of uniql@®H gene rearrangements of puribed fgihd IgI¥ naive mature B cells diGHD heterozygotes. Data from unrelated controls ;
were generated previously (42). Statistics: MannBWhitddgst. Red lines inA), (B), (D), and §) represent median values. 3
<

<

In conclusion, the Igh and Igx® naive B cell in heterozygous at the expense of splicing todX(27, 28). This is recapitulated %’
IGHD-debcient individuals show equal homeostasis and are simin zfp318mutant mice in which the B cells are impaired in the @
ilarly capable of differentiation into memory and plasma cells. splicing of VDJ, to IGHD and express 3-fold more surface IgM §
(16). ThelGHD p.W123X mutation did result in reduced IgD &

Discussion transcript levels. Because this was not compensated by increased%
In this study, we described four members from one family with IgM transcript, this is likely a postsplicing effect of transcript <
heterozygous nonsense mutationd@HD. Despite half of their  instability due to the premature stop codon. %
B cells lacking IgD expression and reduced serum IgD levels, The expression of surface lg is crucial for B cell survival. Invivo 2

these individuals did not display overt clinical or immunological ablation of surface Ig from mouse B cells was found to result in &
defects, nor did they display defective IgG responses to polysacdpregulation of surface Fas (CD95), which rendered these cells S
charide and protein Ags. Our detailed analysis showed that theusceptible to T cellbmediated killing (2). Although B cell survival &
lack of functional IgD did not impair B cell generation, homeo- can be directly affected by surface Ig levels, we did not bnd ev- 3
stasis, or differentiation into memory B cells and plasma cells. idence for this in IgD-debcient B cells. Transitional and naive w
The expression of IgM was not affected in transitional and naivemature B cells in the foutGHD heterozygous individuals were
mature B cells that used the IgD mutant allele. As a result, thesequally composed of Igband Igz? B cells. Furthermore, neither
cells carried fewer surface Ig molecules than IgD-expressingCD95 expression levels nor the replication histories were in-
B cells. In the early 1990s, two IgD-debcient mouse modelscreased, thereby excluding compensatory proliferation. Thus, the
were generated (27, 28). The IgD-debcient B cells in these modelabsence of IgD and the lower levels of surface Ig did not appear to
showed increased surface IgM levels, resulting in near-normaffect in vivo human naive B cell homeostasis. This contrasts with
total surface Ig. Although the lack of compensation by increasedorevious observations from mice heterozygous for the previously
IgM in the human IgD-debcient B cells could ref3ect a differencementioned IGHD-debcient alleles (27, 28), as these carried
in species, it is more likely that the difference results from the 2 times more B cells expressing the wild type IgD allele than
introduced mutations. IgD transcript levels in B cells from mutant B cells expressing the IgD mutant allele. In contra$p318null
mice were strongly reduced, most likely because of increased cells that lack IgD expression have increased surface IgM
splicing of the rearranged VBJexon to the brst @ coding exon  levels, and these are present in normal numbers in the blood and

2eoz o
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was calculated with the MannBWhitnBytest; **p, 0.01. C) Gene expression levels 81D, IRF4, andXBP1following 6-d culture of puribed Igband
IgD? naive B cells following stimulation with anti-lgM and CD40 or CpG. Expression was quantibed relathRi tdata are expressed as the méasD.
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spleen (16). Still, population of peripheral lymphoid compart- Binding of polyvalent Ags to surface IgD normally activated the
ments byzfp318debcient B cells has not been tested in a com-cells and did not result in an overresponse. These Pndings support;
petitive setting with wild type B cells. Thus, it is possible that it is a function of IgD to limit rather than enhance certain types of
not the absence of IgD but the overexpression of IgM that mightresponses. This could be important in suppression of responses tom
impair naive B cell survival in IgD-debcient murine B cells. More autoantigens. However, we did not bnd evidence of enhanced &
recently, mice with an lle81Lys mutation ilghd have been de- autoimmunity in our patients. Following testing of 13 types of
scribed. Cells expressing this allele have low levels of surface IgDautoantibodies, only two out of foulGHD heterozygous indi-
without altered IgM expression, and these are outcompeted by Igiduals were positive for one each. Hence, loss of surface IgD
wild type cells. It remains unclear if low expression of the mutant does not directly lead to overt autoimmunity. However, to estab-
allele affects any of these processes or if there is a species difish whether IgD has a function in regulating autoreactivity, more
ference in the role of IgD between human and mouse. Irrespectivendividuals would need to be studied.
of this, our studies demonstrate that the lack of surface IgD does The lack of functional impairments in human B cells expressing
not impair homeostasis of naive B cells in humans. a defectivelGHD allele was not expected because surface IgD
On top of normal naive B cell homeostasis, we did not Pndexpression is highly conserved in jawed vertebrates (7). Poten-
evidence of impaired memory B cell or plasma cell formation from tially, IgD affects Ig repertoire selection in developing B cells. As
IgD-debcient B cells either. IgA and 1IgG memory B cells were IgD is not expressed in pre-B or immature B cells in bone marrow
equally derived from naive B cells expressii@HD wild type and  (41), it potentially only affects peripheral selection from the
mutant alleles and carried similar levels of SHM. Furthermore,transitional to the naive mature cell stage (33). We did not bnd
IgD* and IgD¥ naive B cells were equally efbcient in differenti- evidence of increased autoreactivity based on IgH-CDR3 lengths.
ation into plasma cells following stimulation with anti-CD40 ag- However, more specibc changes in the Ig repertoire could be
onist or CpG. IgD-debcient mice showed mostly normal humoralpresent that have not been picked up by our studies.
immunity as well (27, 28). Still, in heterozygous mutant mice, IflgD does not confer a general advantage for homeostasis or Ag
specibc IgG1 generated following immunization with a protein Ag responses of naive B cells, what would be the function of surface
was predominantly produced by cells expressing the IgD wild typelgD? We were not able to study the complete absence of IgD
allele. We were not able to detect IgG variants in t&#D car- in vivo, as we did not bnd an individual with biallelic IgD mu-
riers, preventing the analysis of Ag-specibc responses of &gl tations. Therefore, in all our study subjects, debcits of IgD-debcient
IgD? B cells. Possibly, lgD-debcient B cells respond differently to B cells to specibc Ags could have been obscured by IgD-expressing
specibc types of Ags (e.g., polyvalent Ags [see below]) (21). Still,B cells.
this will be restricted to a relatively small amount of Ags, as we In conclusion, in the absence of surface IgD, human B cells are
did not observe selective involvement of IgD wild type alleles in normally produced and capable of Ag-dependent maturation that is
Ag-experienced B cells in vivo. not outcompeted by IgDB cells as assessed in our assays. Rather
Structurally, IgD differs mostly from IgM by the presence of a than affecting the OwiringO of B cell differentiation and matura-
large hinge region8belhart et al. (21) recently demonstrated that tion, surface IgD might have a more specibc role in modulating
the hinge region makes IgD nonresponsive to monovalent Agstesponses to Ag based on their structural organization.
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Abstract showed very low or undetectable production of IgM after
PurposePrimary selective IgM deficiency (slgMD) is a pri- stimulation. A majority of the patients had normal antibody
mary immunodeficiency with unclear pathogenesis and a loproduction to protein and polysaccharide antigens, basic lym-
number of published cases. phocyte subset counts, and expression of surface IgM mole-
MethodsWe reviewed clinical and laboratory manifestationsules on B cells.
of 17 slgMD patients. Serum IgM, IgG, and its subclassesonclusionsLow IgM levels are associated with various im-
IgA, IgE, antibodies against tetanus toxoid, pneumococcahunopathological disorders; however, pathogenic mecha-
polysaccharides andaemophilus influenzae type b nisms leading to decreased IgM serum level in selective IgM
isohemagglutinins, and T and B lymphocyte subsets, expregeficiency remain unclear. Moreover, it is difficult to elucidate
sions of IgM on B cells and B lymphocyte production of IgM how strong these associations are and if these immunopatho-
were compared with previously reported case reports and@yical conditions are primary or secondary.
small series of patients, which included 81 subjects in total.
ResultsWe found that some patients in our cohort (OC) an&eywords Selective IgM deficiencyprimary
published cases (PC) had increased IgE levels (OC 7/15; R@munodeficiency infections- autoimmunity- allergy
21/37), decreased IgG4 levels (OC 5/14), very low titers of
isohemagglutinins (OC 8/8; PC 18/21), increased transitional
B cell counts (OC 8/9), decreased marginal zone B cell countstroduction
(OC 8/9), and increased 2% B cell counts (OC 7/9).
Compared with the PC (20/20), only two of five OC patientymmunoglobulin M (IgM) is the firstimmunoglobulin isotype
expressed on the cell surface of immature B cells during B
lymphocyte lineage differentiation and represents the first an-
*  Zita Chovancova tibody that is produced during an immune response after ini-
zita.chovancova@fnusa.cz tial antigen encountet]. Circulating human polyclonal IgM

is present in plasma at a concentration between approximately
Department of Clinical Immunology and Allergy, St. Aime 0.5and 2.0 g/I_ in healthy gdult;, with_a.half—life ofabout 5 df';\ys
University Hospital in Brno, Pekarska 53, [2]. Polyreactivity, antimicrobial activity, and housekeeping
65691 Brno, Czech Republic functions, such as the capacity to promote the removal of
Faculty of Medicine, Masaryk University, Bro, Czech Republic apOP_tOtiC cells, b?|0ng amon.g'the key proper.ties of GM][
Charles University in Prague School of Medicine and University anary SEIGFtlve IgM de,fI_CIenCy (SIgMD) is thought to be
Hospital, Institute of Clinical Immunology and Allergology, Hradec @ rare primary immunodeficiency disease (PID). The preva-

Kralove, Czech Republic lence ranges from 0.03 to 3.80% in various studie(. Itis
4 Transfusion and Tissue Department, University Hospital Bmo, ~ characterized by low serum level of IgM (<0.20 g/l or <2
Brno, Czech Republic standard deviations below the age-adjusted mean) and normal
5 Department of Immunology, Motol University Hospital, IgG and IgA levels; however, the IgE levels can be increased
Prague, Czech Republic [17]. The definition of sigMD based on IgM levels remains
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problematic compared to selective IgA deficiency (slgAD), inmmunodeficiencies that are accompanied by decreased levels
which immeasurable level of IgA (<0.07 g/l) is a criterion forof IgM was considered an exclusion criterion.

the diagnosis. In some previously published cases of patients Patients charts were analyzed regarding clinical manifes-
with sIgMD, the IgM levels are just slightly below IgM refer- tations, and laboratory data was retrieved and evaluated for
ence ranges. This could explain the discrepancies in clinicaérum levels of IgG, IgG subclasses, IgA, IgM, and IgE im-
and laboratory parameters reported among studies. No genetianoglobulins, antibody titers against tetanus toxoid (anti-
or molecular defects have been established yet. The clinicRET), pneumococcal polysaharides (ati-PPS) and
features of these patients are variable. Although upper resplaemophilus influenzae type@nti-HIB), isohemagglutinin
ratory tract infections, e.g., rhinitis, otitis media, and sinusitigH) levels, T and B cell lymphocyte subsets, expression of
were among the most common clinical symptoms found ifgM on B cell surfaces and B lymphocyte production of IgM.
slgMD patients, they also presented with various other man-

ifestations (e.g., sepsis, meningitis, and anaphylaxishaboratory Investigation

Nevertheless, some of the patients are asymptordfic |

Goldstein et al. described the clinical features of adult anlhe serum immunoglobulin concentrations were measured by
pediatric patients with sigMD in two review studiés 12]. nephelometry. Autoantibody concentrations against extract-
Upper respiratory tract infections were among the most conable nuclear antigen, tissuertsglutaminase, cardiolipin,
mon clinical symptoms accompanied with autoimmune disdouble-stranded DNAthyroglobulin thyroid peroxidase,
eases and allergies. The course of the disease was asymptand rheumatoid factor were determined with enzyme-linked
atic in only 3% of slgMD patient$[ 12]. On the other hand, immunosorbent assay (ELISA). Autoantibodies against gas-
only a few series that are primarily focused on the laboratoryic parietal cells, smooth musclegutrophil cytoplasm
parameters of sigMD patients have been published to date.rmitochondria, endomysium, basal glomerular membrane,
our study, we focused on previously reported cases of patier#gad double-stranded DNA and antinuclear antibodies were
with slgMD that contained their laboratory parameters, andetermined by indirect immunofluorescence. Nephelometry
we present the clinical and laboratory data of our cohort of 1Was used to evaluate rheumatoid factor. Anti-TET, anti-PPS,
adult patients with sigMD. and anti-HIB antibodies were measured with ELISA assays
(Vacczym& Immunoassay Kitshe Binding Site Group Ltd
Birmingham UK).

Plasma anti-A and anti-B isohemagglutinins were investi-
gated with a saline agglutination tube test with incubation to
gemonstrate IgM activity. Red blood cells, which possess the
Forresponding antigen Al and/or B, were used for reactivity
strength grading.

Immunophenotyping of lymphocyte subpopulations was
performed with the Cytomix FC500 five-color cytometer
(Beckman Coulter MiamFL, USA. Lymphocyte subsets,
including T lymphocytes (CD3, helper T lymphocytes
(Th; CD3"CD4"%), cytotoxic T lymphocytes (Tc;
CD3'CD8"), B lymphocytes (CD19, and natural killer cells
t(_NK; CD16'/CD56"), were identified using the following
monoclonal antibodies (mAbs): fluorescein isothiocyanate
(FITC) anti-CD45, phycoerythrin (PE) anti-CD4,
phycoerythrin-Texas red X (ECD) anti-CD8, r-
)ﬁhycoerythrin-cyanine 5 (PC5) anti-CD3, PE-anti-CD56,
ECD-anti-CD19 Cyto-Stat tetraCHROMEBeckman
Coulter, Miami, FL, USA) and PE-anti-CD1Br{munotech
Patient Characteristics Marseille France.

B cell subpopulations, including CD'21 B cells (21low;
The study group consisted of 17 patients, 9 males aged b@D21°"CD38°%), naive B cells (NA; IgMCD27 ), margin-
tween 22 and 70 years with a mean age of 43.8 years at thkzone B cells (MZ; IgMCD27"), switched memory B cells
time of diagnosis and 8 females aged between 36 and 66 yed&M; IgM CD27"), and plasmablasts (PB;
with a mean age of 52.6 years at the time of diagnosis. ACD27""*CD38*"), were identified using the following
patients met the diagnostic criteria for primary sigdpDThe  mAbs: Krome Orange (KO) anti-CD45, PE-anti-CD24, r-
presence of any other well-defined primary or secondamphycoerythrin-cyanine 7 (PC7) anti-CD19, allophycocyanin

Methods

We examined the clinical and immunological features of 1
adult patients with slgMD (referred to the Department o
Clinical Immunology and Allergy of St. Aniw University
Hospital in Brno and the Institute of Clinical Immunology
and Allergy of Charles University Hospital in Hradec
Kralove from 1995 to 2015).

In a PubMed literature search using the keywddd
deficiency andBSelective IgM deficien¢y32 papers contain-
ing laboratory data of the included patients were identified.

The study was approved by the institutional ethics commi
tee of St. Annis University Hospital in Brno and University
Hospital of Charles University in Hradec Kralove. Informed
consents were obtained from the slgMD patients for anon
mous publication of their data.
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(APC) Alexa Fluor 750-conjugated anti-CD3Beckman observed. No increased incidence of infections was recorded
Coulter, Marseille, Francg brilliant violet 421 (BV421) an- in one third of the patients (6/17; 35%) (Tafje
ti-CD27, FITC-anti-IgD, peridinin chlorophyll (PerCP) Cy5.5  Allergic disorders included allergic rhinitis (8/17; 47%),
anti-lgM (Biolegend San DiegpUSA), and APC-anti-CD21 drug allergy (5/17; 29%), bronchial asthma (3/17; 18%), atop-
(BD PharmingenSan JoseCA, USA. The reference values ic dermatitis (2/17; 12%), urticaria (2/17; 12%), and bee sting
published by Morbach et alL§] were used. allergy (1/17; 6%). No clinical symptoms related to allergic
T cell subpopulations, including naive (CD45RA) anddisorders were registered in three patients (3/17; 18%).
memory (CD45R0) CD2%and CDS8 T cells, were identified Autoimmune manifestations included Sjogeesyndrome
using the following mAbs: KO-anti-CD45, PC7-anti-CD3, (3/17; 18%), systemic lupus erythematosus (2/17; 12%),
APC Alexa Fluor A700-conjugated anti-CD8, PE-anti-thyreopathy (1/17; 6%), and alopecia (1/17; 6%). One patient
CD45RA, ECD-anti-CD45R0OBeckman Coulter, Marseille, suffered from rectal adenocarcinoma, one patient from
Francg, and pacific blue (PB) anti-CDZ4xkbio Prague  basalioma and melanoma, and patient no. 9 developed
Czech Republjc thymoma and Godd syndrome 8 years after the sigMD di-
IgM production was measured with an ELISA assay after agnosis was established (Tabje
10-day incubation of peripheral blood mononuclear celf (10
PBMCs/well) with pokeweed mitogen (PWM) at three con-treatment No prophylactic antibiotic treatment or immuno-
centrations (2.0, 0.2, and 0.03/ml) andStaphylococcus  gjopulin substitution was required in our patients except for
aureusCowan | (SAC) at a concentration 1:1000 andpatient no. 9 in whom immunoglobulin replacement therapy
1:10,000. The reference ranges used in this article are ti§/|G) was initiated because of the transition of sigMD into
reference ranges of a local laboratory. Goods syndrome. The treatment of all allergic disorders of
the patients did not diverge from standard approaches.
Statistical Analysis
Clinical Outcome and Mortality Two of our patients died
The two-sided ManAWhitney U test was applied, anp-  during the observation period; one aged 71 years of rectal
values 0.05 were considered as statistically significant. ltarcinoma, and the second one aged 76 years of undetermined
not otherwise indicated, the results are expressed as th&son.
mean * SD. In a female patient no. 9, sigMD was diagnosed at the age
of 51 years. Remarkably, a gradual decrease in IgG and IgA
was observed at age of 54 years. Finally, her IgA dropped to

Results 0.14 g/l, and her 1gG dropped to 1.99 g/, which led to the

IVIG administration initiation. At the age of 59 years, Gsod
Our sigMD Patient Cohort syndrome was diagnosed due to the discovery of thymoma.
Clinical Findings Laboratory Findings

Age at Time of DiagnosisThe mean age at the time of sigMD Serum Immunoglobulin LevelsWithin our 17 sigMD pa-
diagnosis was 47.9 + 15.3 years (TableThe onset time tients, 6 had undetectable levels of serum IgM (<0.05 g/I) and
could not be precisely determined because more than one thirtihad IgM levels that ranged from 0.05t0 0.19 g/I. The serum
of the patients were asymptomatic with respect to infectiorievels of IgG and IgA were 11.89 + 5.04 and 2.97 + 1.93 g/,
(6/17). The low IgM level findings in these patients wererespectively. Nearly half of the patients (7/15) had increased
incidental (Tablédl). levels of IgE (1222110 IU/mI). The IgG subclass concentra-
tions (IgG—-gG,) were evaluated in 14 of 17 slgMD patients;
Clinical Course of the Diseaséncreased susceptibility to half of the patients had normal levels (TakJeOne patient
infections, especially involving recurrent upper respiratory’ad reduced lggevels; one patient had reduced jd&vels,
tract infections (i.e.,3 per year; 9/17; 53%){, pneumonia and one patient had reduced lg&hd I9G levels. Five pa-
(3/17; 18%), urinary tract infections (3/17; 18%), sinusitidients had reduced or unmeasurable levels of (g&ble2).
(2/17; 12%), otitis media (2/17; 12%), meningitis (2/17;
12%), recurrent colpitis (2/17; 12%), and furunculosis (2/17Antibody Levels The anti-TET, anti-PPS, and anti-HIB 1gG
12%), was the most common clinical manifestation in ouantibody levels were evaluated in 11 of 17 patients. All of
patients. Other infectious complications in individual patientthem had protective levels of antibodies except patient no. 5,
included typhoid, erysipelas, and hepatitis B. Except two epvho had decreased anti-PPS IgG antibody levels (8.1,
isodes of meningitis, no life-threatening infections were>15.5 mg/l).
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After excluding the patients with proven autoimmune dis- B lymphocyte subpopulations were analyzed in nine pa-
ease (patient nos. 6, 7, 8, and 15), positive antinuclear autodients (Fig.1). We found that eight out of nine patients had
tibodies were observed in 5 of remaining 14 patients (Bble increased transitional B cell frequencies and absolute counts
No other autoantibodies were detected during the follow-upompared with the reference rangé]]
period. The patients had variable naive B cell counts; two patients

We performed ABO blood group testing by measuringhad increased frequencies as well as absolute counts; three
isohemagglutinin titers (anti-A and anti-B antibodies in IgMpatients had normal frequencies but decreased absolute
class) in nine patients. One patient had the AB blood grougpunts; two patients had normal frequencies and increased
the remaining patients had low but detectable titers of thabsolute counts, and two patients had increased frequencies
corresponding isohemagglutinins in the IgM class. In threbut decreased absolute counts. Regarding marginal zone B
patients, the IgM anti-A isohemagglutinin titer value was 2Zells, out of nine patients, six had decreased absolute numbers
(reference ranges: anti-A32). In six patients, the IgM anti-B and percentages, two had decreased percentages but normal
isohemagglutinin titer value ranged from 2 to 16 (referencabsolute counts, and one had both increased absolute counts
ranges: anti-B 8) (Table3). and frequency. Regarding'?1B cells, out of nine patients,

seven had increased and two had normal percentages; out of
seven patients, three had increased and one had decreased
Lymphocyte SubsetsThe lymphocyte subsets were deter-absolute counts. The numbers of switched memory B cells
mined in 11 patients. The absolute numbers and frequenciasd plasmablasts were variable (Eig, b).
of the total T cells, Th and Tc cells, NK cells, and B cells were The T lymphocyte differentiation stages were analyzed
within the reference ranges in all investigated patients, exceipt nine patients (Fig2). The absolute numbers and per-
patient no. 9, who had a decreased Th cell percentage, patieehtages of CD4naive T cells (Fig2a, b) were compara-
no. 8, who had a decreased B cell percentage, and three p¢e with the reference range in healthy populatid§].[
tients (nos. 3, 7, and 8), who had decreased absolute B chlbst of the patients had decreased absolute numbers of
numbers. Moreover, patient no. 8 had a decreased absolut€€®4" memory T cells; nevertheless, the frequency of these
cell count and B cell frequency (data not shown). cells was normal in nearly all of the investigated patients

Table 2 Immunoglobulin —
concentrations and autoantibody N/S/A IgM  1gG 119G, 1gG;  1gGs  1gG, IgA  IgE  Autoantibodies
presence in our sigMD patient (on @y @) @) @y @) (@h (@

cohort

1/M/35  <0.05 941 9.00 2.23 0.77 0.30 2.29 157  ANA

2/MI76 017 1134 7.32 2.45 0.31 052 273 32 Negative
3/M/71 0.05 8.03 5.23 3.06 1.29 032 252 157  Negative
4/M/33  <0.05 1340 8.90 3.66 0.92 0.62 3.59 393 ANA

5/F/59 <0.05 813 541 1.02 0.30 017 813 2110 Negative
6/F/73 012 1180 6.26 3.10 030 <0.07 6.33 171 ANA, Sm/RNP
TIFT7 0.18 1120 6.81 2.61 0.20 025 521 <20 ANA

8/F/78 <0.05 3030 2794 1.60 0.70 0.07 177 41 ANA, RF, anti-SSA,
anti-SSB, anti-GPC

9/F/I68  <0.05 8.08 354 1.88 1.04 <0.08 0.63 <35 Negative
10/M/57 <0.05 1350 8.80 5.70 0.71 <0.07 3.30 26 Negative
11/M/36 0.16 10.00 n.d. n.d. n.d. nd. 118 nd. ANA
12/M/39 0.17 9.59 n.d. n.d. n.d. n.d. 1.45 n.d. Negative
13/F/42 0.14 950 nud. n.d. n.d. nd. 253 100 ANA
14/M/44 0.19 1330 9.10 242 0.24 2,02 3.07 1121 Negative

15/F/71 0.16 15.00 12.00 2.67 0.20 <0.07 3.27 4 ANA, anti-SSA,
anti-ULRNP, anti-TG

16/M/79 0.19 850 3.40 5.04 0.45 026 1.72 18 Negative
17/F/38 0.07 1110 7.00 3.32 0.46 043 0.82 122 ANA

Reference ranges: IgM (0:4504), 1gG (7.5%15.6 g/l), IgG (4.90-11.40 g/l), 19G (1.506-6.40 g/l), 1IgG (0.20-
1.104g/l), IgG (0.08-1.40 g/l), IgA (0.824.53 g/l), IgA (0.58-2.63 g/l), IgA (0.12-1.41 g/l), IgE (6100 1U/ml)
N/S/Anumber/sex/ag®) male,F female ANAantinuclear antibodieRF rheumatoid factognti-GPCantibod-

ies against gastric parietal ceflsfi-TGanti-thyroglobulin antibodieSm/RNRantibodies against Smith antigen/
ribonucleoproteinanti-U1 RNPantibodies against U1 ribonucleoprotein
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Table 3 Isohemagglutinin levels in our slgMD patient cohort |gM Surface Expressior“gM surface expression was mea-
N/S/A Blood group Anti-A IgM Anti-B IgM sured in 10 patients and compared with 24 healthy donors
(HDs). We found no significant difference in the B cell surface

1/M/35 A x 1 IgM expression between the patients and HDs (BigThe
3/IM/71 A x 2 range of B cells bearing IgM on their surface was 70.8 + 8.4%
4/M/33 B 2 X in the HD group and 80.2 + 9.5% in the patient group.
6/FI73 B 2 x Additionally, we did not observe any significant difference
7IFIT7 A x 2 in the median fluorescence intensity (MdFI) of the IgM ex-
8IFI78 AB x x pression on the transitional, naive, marginal zone, IgM only
9/F/68 0 2 8 (CD27'IgM"IgD ), switched memory, CDZY' B cells, and
13/F/42 A 4 plasmablasts (data not shown).

15/F/71 A x 16

IgM Production Testing of B lymphocyte IgM production

Reference ranges: anti-A32, anti-B 8 was performed in five patients (nos. 1, 3, 7, 8, and 9)

N/S/Anumber/se_x/agel,l male,F female |H isohemagglutining).d not (Table4). After stimulation with PWM and SAC, the IgM

done, x not applicable production was comparable tbe HDs in three patients
(nos. 1, 3, and 7) and decreased in two patients (nos. 8 and 9).

(Fig. 2a, b). Majority of the patients had normal absolute

CD8" naive T cell counts and increased absolute TD8Previously Reported sigMD Patients

memory T cell counts while displaying increased percent-

age of both naive and memory CDB cells (Fig.2c, d) A cohort of 81 slgMD patients was derived from relevant

[16]. articles. Serum IgM concentrations were available for 65 of
Fig. 1 Absolute countsd) and a
percentagesy of B cell 4001 400 4001 4001 4001 4001
subpopulationsTR 100 ] 100 100 10 100
(CD24CD38™ transitional B _ 1007 100 100 10 100
cells),NA(CD2;!gM*+na'|'ve B 7 s00.]
cells),MZ (CD27'1gM™ marginal 8 | | | | |
zone B cells)SM(CD27'IgM" g 8 o @ M o % e
switched memory B cellsfB = @
(CD27"**CD38™** S 604 w0l O eod 601 6 604
plasmablasts), 21’ e =
(CD21°"CD38°" CD21°" B 5 ©
cells).Dotted linesn the graph £ 407 “ ® ] “ ]
represent reference rangég 2 Oo 100 OQ_ ® © ° ©
(1.0-3.6 %; 13/ul of blood),NA 204 O 204 204... © 2| 204
(58.0-72.1 %; 112169/l of - ©a® To® —.0:% e
blood),MZ (13.4-21.4 %; 09, Bo Py ®
22-54 Jul of blood), SM 0ty — o —PB— o —6=— ol —e— o —F—
(9.2-18.9 %; 1840 /pl of blood), TR NA Mz SM PB 21low
PB (0.6-1.6 %; 2-6/pl of blood),
21" (1.8-4.7 %; 4-11 pl of b 100- 100 4 100+ 100 100 100~
blood) [L3. The relative numbers
of B cell subpopulations are )
shown as the mean + SD. 804 ol ©® ol so 104 so
O 10—+
2 604 60 -] : 60 60 8 60
8
m
© 6
X 40 40 - 404 40 40
o) 4
20 20 20 ® 20 8(} L .. 204
o ®® —e0- 2 ©
9 Bgs- 0o® -t s
0 Q 0 ; oL Bg® ¢ 0 0g® ol

TR NA Mz SM PB 21low
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Fig. 2 Absolute counts and a b
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these patients; 15 had undetectable IgM levels (<0.05 g/l); 2tti-B isohemagglutinin titer range was32 in 15/18 pa-
had IgM levels between 0.05 and 0.20 g/I; 21 had IgM levelsents, and 3/18 had natural isohemagglutinins present without
between 0.21 and 0.39 g/I. IgE concentration data were avad-detailed specification (Talhe.
able for 37 of these patients; 21 patients had increased IgE The lymphocyte populations were reviewed for 47 previ-
levels (1248900 IU/ml) B, 17-42]. ously reported patients. Not all the subsets were measured for
The level of antibodies against protein and polysaccharidal the patients; nevertheless, the sigMD patients had normal
antigens was available for 20 out of 81 patients. Protectiveercentages of CD3T cells (mean 74.7 + 9.5%; 685%),
levels against TET, PPS, and diphtheria toxoid were observ&D4" cells (40.8 + 14.3%; 28&67%), CD8 cells
in 11/14, 4/7, and 5/9 patients, respectively. The responses(@l.1 + 13.6%; 1839%), NK cells (9.8 + 5.2%;-81%),
other vaccine against bacterial or viral antigens are shown &nd B cells (12.6 + 6.8%-89%) [B, 17-19, 22, 25, 26, 28,
Tableb. 29, 32, 33, 35, 37, 38, 40-42].
Isohemagglutinin titers were determined in 21 out of 81 B lymphocyte subpopulations were analyzed individually
patients. Low but detectable anti-A or anti-B antibody titersn three patientsl[D, 26, 38] and in cohorts of 16, 29, and 20
were observed in 18/21 patients. Specifically, the anti-A anslgMD patients 43-45]. The cell numbers were variable.
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100+ significantly increased transitional B cells (CHg$24")
and decreased IgM only (CD2gM*IgD ) and switched
% C (CD27'IgM 1gD ) and non-switched (CD2/lgM*IgD™)
80+ Y3 S ~ BN memory B cells44]. Additionally, in a cohort of 20 patients,

'&' - Louis et al. described significant increase of C&21gM
’00 memory B cells, Breg cells, and CD8 Treg cells and signifi-
604 ® P - cant decrease of germinal center B cells, CXOR8ve, and
memory B cells45].

Cell proliferation after mitogen stimulation (PWM, phyto-
hemagglutinin or concanavalin A) was measured in 23 out of
81 patients. T lymphocytes proliferated normally after mito-
gen stimulation in 17/23 patients, but the proliferative re-
sponse was impaired or diminished in 6/23 patients
20 (Table7). B cell mitogen stimulation by SAC was performed
in 6/23 patients resulting in low response in all of them
(Table7).

0 . . Data regarding IgM surface expression were available for

HD slgMD 27 out of 81 patients. Surface IgM was present on B cells in

normal levels in 21/27 patients, and the expression was de-
creased in 6 patients; however, in 3 of these patients, it was
normalized after a 7-day incubation with PWM (Table

PWM-induced immunoglobulin production by PBMCs

Belgemen et al. observed normal naive and marginal zone@er a 7-day culture period was measured in 20 out of 81
cell frequencies but a decreased frequency of switched mefatients. All of them had very low or undetectable IgM pro-

ory B cells B8] Low levels of switched memory B cells were duction after stimulation, although IgG and IgA immunoglob-

also described in a patient in a study conducted by Saini et allin production was normal or nearly normal (Table

along with a decreased frequency of marginal zone B cells

[10]. A patientin a case report by Ideura et al. had an increased _

frequency of naive B cells, decreased frequency of marginBlISCUSSIONn

zone B cells, and normal frequency of switched memory B

cells p6]. Cipe et al. also observed decreased marginal zone®imary sigMD was first described by Hobbs et al. in 1966 in
cell levels in a cohort of 16 patiens. Recently, in a cohort  two boys who suffered from fulminant meningococcal septi-

of 29 patients, Mensen et al. described that these patients Hgmia and also had very low levels of Igk¥]. Increased
susceptibility to infections is indeed the most common mani-

festation of slgMD §, 8, 44]. This may be explained by the
Table 4 IgM concentration (g/l) after 10-day stimulation with PWM  ¢gle of IgM in primary antibody responses, which cannot be
and SAC completely compensated for by other immunoglobulins
No. PWM SAC [47-49]. The critical role of IgM in response against bacterial
or viral infections was repeatedly demonstrated. For example,
20 g/ml 0.2 g/ml 0.02 g/ml 1:1000 1:10,000 sgjyble IgM (sIgM)-deficient mice were unable to eradicate
bacterial infections caused by cecal ligation and punectdfe [

40+

IgM+ cells: % of CD19+ cells
4

HD (healthy donors), sigMD (patients with sigMD)
Fig. 3 1gM surface expression on CD1B cells

P 1 176 1564 2023 1289 1037 d thev disolaved sianifi v reduced vi I bil
P 3 280 201 18 106 3326 in t(;ay isp a?/e signi |canty;e l_Jc;]e _\llguscear%rg:ea il-
P 7 175 198 58 20 289 ity and survival rates compare. .Wlt wi .—t.ype mi ][.
P B 1 n 6 0 0 Moreover, the presence of specific neutralizing IgM antibod-
P9 1 1 28 6 128 ies early in the course of Nile virus infection limited viremia
and prevented dissemination into the central nervous system
HD 1 47 234 782 3962 5333 o . :
[51]. IgM antibodies enhanced the primary antibody response
HD 2 86 110 557 103 68 L .
to sheep erythrocyte§7], and deficiency in secretory IgM
HD 3 228 151 116 176 139 . .
HD 4 200 180 - 240 10 resulted in delayed maturation of response to T cell-dependent
antigens$3. Furthermore, it was shown that IgM antibodies
HD 5 383 461 554 52 404

might attenuate the infectious consequences of a lack of other

P patient,HD healthy donor,PWM pokeweed mitogenSAC ~ immunoglobulin isotypes in patients with hyper-IgM syn-
Saccharomyces cerevisi@ewan | drome and polyvalent IgG replacement therapy might not
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Table 5 Antibody levels against protein and polysaccharide antigens in the reviewed sigMD patients

N/S/A Anti-TET response  Anti-PPS response Anti-DPT response  Other vaccination response Ref.
(1U/ml) (' g/ml) (IU/ml)
58/F/15 Adequate 1/6 Adequate n.d. 24
61/M/49 Adequate Adequate n.d. n.d. 25[
64/>M/6 Adequate (6.31) 5/12 Adequate (0.740) n.d. 29 [
65/F/14 Adequate (>3) 8/12 Adequate (>7.000) n.d. 21 [
66/F/15 Adequate 1/6 Adequate n.d. 29[
68/M/58 n.d. n.d. Inadequate (0.065) n.d. 30[
71M/11 n.d. Inadequate n.d. n.d. 37
73/F/16 n.d. n.d. n.d. Adequate response to rubella, HSV, EBV VCA [34
(IgG, IgA but not IgM), EBV EA-DR (IgG)
74/F/59 Adequate (0.5) n.d. n.d. Inadequate response to rubella (IgG < 5 IU/ml) 39 [
78/M/13 Adequate n.d. Adequate Adequate response to measles, mumps, rubediasper L0
80/M/6.5 n.d. Adequate n.d. Adequate response to poliovirus 39 [
1/FI3 Inadequate n.d. n.d. Inadequate resporisedoli [18
2/M/9 Inadequate n.d. n.d. Inadequate responge ¢oli [18
25/F/12 Adequate n.d. Inadequate Inadequate respoBséyfahi [42]
63/M/10 n.d. n.d. n.d. Adequate response to rubella and CMV 27 [
69/M/52 Adequate n.d. Inadequate n.d. 34
70/M/41 Adequate n.d. Inadequate n.d. 34
75/M/65 Inadequate n.d. n.d. n.d. 36[
76/M/72 Adequate n.d. n.d. n.d. 34
81/M/21 n.d. n.d. n.d. Adequate response to vaccinia and variola 39 [
Impaired specific antibody response to pneumococcal antigens in 5 out of 11 studied p&6P6) 8]

N/S/Anumber/sex/agenti-DPTantibodies against diphtheria toxditGVherpes simplex virugBVEpsteirBarr virus CMV cytomegalovirug:. coli
Escherichia coliS. typhi Salmonella typHtA-DRantigen diffused/restrictedCAviral capsid antigen, n.d. not done

Table 6 Isohemagglutinin levels

in the reviewed sigMD patients ~ N/S/A Blood group Isohemagglutinins Reference ranges
Anti-A Anti-B

1/F/3 n.d. x 8 n.m. 18

2/M/9 n.d. 16 X n.m. 19
10/M/65 A Rh+ 0 X n.m. 33
58/F/15 n.d. Isohemagglutinins 16 -4 24
60/M/3 B Rh+ 1 X >10 17
64/M/6 n.d. 16 8 164 [21]
66/F/15 n.d. 16 464 [21]
69/M/52 A x 4 n.m. 81
70/M/41 0 16 4 n.m. 31
71/M/11 0 16 4 n.m. 32
73/F/16 0 Rh+ 4 2 >32 3
75/M/65 B Rh 0 X n.m. Bel
76/IM/72 A Rh+ X Very weak n.m. 36
77/M/60 n.d. Present Present n.m. 34[
78/M/13 n.d. Isohemagglutinins >128 n.m. 100
79/M/16 0 Rh+ 32 2 n.m. 31
80/M/6.5 B Rh+ 2 x >10 39
81/M/21 B 16 X n.m. 39
25/F/12 B Rh+ <2 X n.m. 12
59/F/3.5 n.d. 2 x >10 0
72/M/6 n.d. X 1 5640 22

N/S/Anumber/sex/agé) male,F female,n.d not done, x not applicabla,m.not mentioned
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o — >
o S8 zl 3 fully compensate for IgM deficienc$4]. On the other hand,
3 ”'(:; while prevalence of bronchiectasis was higher in patients with
_gg low levels of IgA (<0.8 g/I) and IgM (<0.5 g/l) in addition to
25 %'E IgG deficiency (<5.0 g/l), the difference in bronchiectasis
§ 4 S 4 prevalence between patients with normal IgA or IgM and
= g § § patients with normal IgA and IgM was not statistically signif-
IS % % 2 'é icant 5. In addition, low IgG and IgA but not IgM were
g Téu g 52 shown to be associated with increased risk of pneumonia and
S < 8 xS bronchiectasis in a long-term follow-up of large cohort of
= f’ 2 % 2 patients with common variable immunodeficiens§] [
S o ¢ °g An increased frequency of autoimmune diseases is mark-
g E’ § = § % edly associated with sigMIbf]; however, this association
- § g remains unclear. Recently, secreted polyclonal IgM was
5 ?_E»U shown to prevent autoantibody formation by facilitating nor-
E @ % mal B cell development and enforcing negative selection of
8 é § autoreactive B cellSB]. Moreover, secreted IgM (including
- % g E IgM autoantibodies) may lessen the severity of the autoim-
§ EE 2 mune pathology associated with IgG autoantibodi€h |
e -%‘g g slgM/antigen immunocpmplexgs promote a neggtlve feed-
E = S é % Ibackdloc?p fordB cell act|vat|orr11' vr:a CD22 rff:beptto: |nB glyﬁ?n|
S = =570 igand-dependent manner, which may contribute to B cell tol-
é % %%E erance §¢0]. In contrast, increased IgM levels can also be
= @ 2Eg associated with autoimmunit§, 62]. In human PIDs char-
% % ) %g é acterized by elevated IgM levels and impaired B lymphocytes
» [a = ESE switching to IgG-producing cells, autoimmune disorders may
% T B develop £8]. Mice with activation-induced cytidine deami-
2 %% nase defects, that prevent class switch recombination, develop
B3 Y hyper-IgM-like syndromes associated with autoimmune dis-
%’@ § eases3, 64]. Nevertheless, the role of IgM in association
i é % é— With autk())immune ollis'a%ses :jemtaln; udr_ch@%FQS]._An asso- t
= 49 5 ciation between slg and atopic disorders is prominent;
é %:3' § 8 however, the mechanism through which the low IgM levels
g %% § would cause Thl to Th2 response shift remains unclear. In
% = i g addition, since the pathogenesis of silgMD is obscure, it may
3 ? 2 é. be even possible that the low IgM levels are secondary to
g % g8 atopy rather than the reverse.
g S g -ég % The available data on lymphocyte subpopulations in larger
E s c s gé slgMD cohorts is insufficient and often contradictory.
03_ g IS) Regarding marginal zone B cells, reduced numbis2p,
§ > § 38, 43, 44], normal numbersi4, 45|, as well as the expansion
IS E § § of the marginal zone B cell compartment in mice deficient for
g ® % § £ secreted IgM were described]. Gupta et al. regt_antly de_—
o 50 s i scribed that adults with slgMD displayed significantly in-
% o Ei}é creased CDZ1", IgM memory B cell, B regulatory, and
., §\g 58 s CD8 regulatory T cell levels and a significant decrease in
°o g-g sl 225 germinal center B cells and CXCR8aive and memory B
2 C—E _ 2Z 3 = gg cells 45]. Our results confirmed the increased®?B cell
Tl es g EE | 32%x= levels, which is a feature typical for some other PIDs and
2| s¢ 5 5®B | ££8 autoimmune conditiong{]. The plasmablast numbers were
2l a2 z = T 3L .
] §6 2 normal f5], which corresponds to the normal IgG and IgA
- 92 ;: ?%‘i levels in slgMD patients. The increase of transm_onal B. cells
2 s s <22 described in the Mensen et al. cohort was confirmed in our
e R 8 TEG study @4]. We observed variable levels of switched memory
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B cells; however, previous publications predominantly repoftresence of a selective defect in patient B cells during B cell
a decrease in this populatioR6] 38, 43-45]. Overall, the maturation into IgM-producing cells. Overall, our understand-
results concerning B cell levels in patients with sigMD areng of T or B cell$ function in patients with sigMD is limited
ambiguous. Larger studies might clarify association with ceby low number of studies based on small number of patients.
tain B cell subpopulation abnormalities, such asin CVII;[  In vitro studies have not produced consistent results, which
however, the real clinical value is probably limited. might be attributed to variable pathogenesis of sigMD and/or
Naive B cells, transitional B cells, marginal zone B cellsdifferences in in vivo and in vitro conditions of IgM produc-
IgM only B cells, and IgM plasmablasts belong to a group of tion. Although B cells or T cellsintrinsic defects were sug-
membrane IgM-expressing cells. It seems that the frequenggsted to play role in pathogenesis of sigMB, P3, 28, 33,
of IgM-expressing B cells within the total B cell population is40, 41, 74, 75|, the key problem may be within IgM secretory
not diminished in patients with sigMD compared with HDsprocess because patients produce normal amounts of other
[18, 23, 28, 34, 36, 4042, 44] although a few studies de- immunoglobulin isotypes and majority of them have normal
scribed decreased surface IgM expressl@nZ9, 33. The  surface IgM expression.
loss of serum IgM was not accompanied by diminution in
membrane IgM expression in mouse mode®. In contrast
to Mensen et al. observations of significantly decreased mer@onclusions
brane IgM expression on IgM-expressing B cells, IgM only
memory B cells, marginal zone-like B cells, andIn summary, the underlying mechanism of slgMD remains
IgM*CD27 IgD memory B cells44], we found no statisti- elusive. The clinical presentation and laboratory parameters
cally significant change compared with HDs. The presence o&nge from asymptomatic individuals to patients affected with
normal circulating B cell numbers with surface IgM suggests severe infections, suggesting that the cause of low or unde-
defect in the terminal differentiation of immature B lympho-tectable production of IgM may vary among patients. The
cytes into IgM-secreting plasma cell8[23, 36, 72-74]. treatment is only symptomatic; prophylactic antibiotic treat-
A small number of studies showed a failure of B and T celment is usually not necessary. We advocate that all sigMD
cooperation in IgM production. Functional studies showegatients should undergo regular immunological evaluation to
that co-cultivation of patient B and T cells in the presence dfmit the risk of unrecognized transformation into other, more
PWM led to absent or markedly decreased IgM productiosevere primary immunodeficiency.
[18, 23,28, 34, 41]. Concurrently, the IgG and IgA production
was normal 23, 28, 41] or impaired [L8, 34] under the same Acknowledgements This work was supported by grant 15-28541A
conditions described previously. Some studies showed norndg™ the €zech Ministry of Health.
production of IgM when the patient T cells were co-culture . ) )
with normal B cells 28, 34, 41], while others showed im- dcomp"ance with Ethical Standards
paired IgM production8, 23. When patient B cells were  confict of Interest  The authors declare that they have no confiict of
co-cultured with normal T cells, the IgM production increasethterest.
or reached normal level&§, 41]. When irradiated patient T
cells were added to patient B cells, IgM production was sufEthical Approval All procedures performed in studies involving hu-
ficient [23, 28]. Furthermore, Inoue et al. observed that in_maq pgrticipants were iln accordance with thg ethical standards of the
) . institutional and/or national research committee and with the 1964
creased T cell numbers in culture led to increased IgG a Isinki Declaration and its later amendments or comparable ethical
IgA but not IgM productionZ8]. Moreover, when patient B standards.
cells were stimulated with SAC and IL-6, they produced a
significant amount of IgG and IgA under the same conditions.
Recently, Mensen et al. showed a decrease in numbers of IgiReferences
producing antibody-secreting B cells in two out of six patients
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haematopoietic stem cell transplantation (HSCT) in
infancy or childhood, patients with WAS die of intracere-
Wiskott-Aldrich syndrome (WAS) is a rare, X-linked pri- bral bleeding, severe infections or lymphoma. Only in a
mary immunodepPciency disorder [1] caused by mutationsminority of cases with a mild clinical course do patients
in the WAS protein WASH gene [2]. The WAS protein is  survive into adulthood without HSCT.
exclusively expressed in haematopoietic cells and is a key Autoimmune diseases are frequent complications in
regulator of actin polymerization [3,4]. patients with WAS, the most common being autoimmune
The clinical manifestations in patients wtWASPmuta- haemolytic anaemia [7,8]. Renal disease, a common com-
tions are highly variable and depend on the type of geneplication in WASP debciency, is observed in-2%0% of
mutation [5]. The majority of patients suffer from classical all cases [8,9] and includes membranoproliferative glomer-
WAS, characterized by a triad of small-platelet thrombocy-ulonephritis, interstitial nephritis and I1gA nephropathy
topenia with bleeding tendency, recurrent infections and(IgAN) [10,11]. All of these renal diseases may progress to
severe eczema, with an increased risk of autoimmune disorchronic renal failure requiring renal transplantation, which
ders and lymphoid malignancies. Patients with X-linked may be difbcult and disfavoured by transplant surgeons
thrombocytopenia, a milder variant of WAS, suffer pre- due to established immunodepbciency in patients with
dominantly from thrombocytopenia [6]. If not treated with  WAS. Therefore, only a few cases of kidney transplantation

Introduction
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have been reported in the literature FI4] with low suc- At 17 years, mild haematuria and proteinuria were
cess rates. observed. A renal biopsy performed at 21 years showed

Here, we report a patient with &/ASPmutation who  IgAN, but no treatment was necessary. However, at
suffered from severe atopic eczema and mild thrombocyto26 years, the patient developed end-stage renal failure
penia without bleeding tendency and only a mildly [urea: 18.3 mmol/l and serum creatinine (SCr): 34®ol/
increased occurrence of infections who developed IgAN] with anaemia and hypertension. Intravenous immuno-
and consequently underwent renal transplantation, whichglobulin (IVIG) replacement (250 mg/kg/month) was initi-
was successful. ated at 27 years, even though the patient did not suffer
from a markedly increased frequency of infections. Hae-
modialysis was also initiated.

Eight months after haemodialysis was initiated, the
The patient was referred for immunological investigation patient underwent kidney transplantation from a deceased
at the age of 16 years because of severe eczema tlanor. There was only one mismatch in the B locus (donor:
began in his brst month of life and an incidental Pnding B13, 14 and recipient: B13, 62); no special induction therapy
of thrombocytopenia with small platelets (Table 1). He was used. The patientOs primary immunosuppression regi-
suffered from a slightly increased frequency of mild, men consisted of mycophenolate mofetil (1.0 g/day), taper-
recurrent respiratory tract infections without severe oring to 0.5 g/day on day60; 10 mg/kg of cyclosporine A
life-threatening complications. The immunological inves- (CyA), tapering to a target 2-h postdose (C2) concentration
tigation revealed the typical picture of patients with WAS of 1300 ng/ml 20% for 23 months, 1100 ng/ml 20%
(Table 1). Mutation analysis ofWASP showed a splice for 46 months and 900 ng/ml 20% for 6-7 months after
site mutation (¥ intron + 4, CTC to CCC) in exon 11, transplantation; and intravenous methylprednisolone doses
which was highly likely to be disease-causing. Subsequenf 500, 250, 125 and 40 mg on days 1, 2, 3 and 4, respec-
Western blot analysis revealed residual expression dively, followed by 30 mg of prednisone on day 5, decreas-
WASP ing to 5 mg/day on day90. Because the patient developed

Case report

Table 1. Typical laboratory bPndings in patients with WiskotAldrich syndrome and laboratory bndings in the current patient.

At the time of 6.5 years 3 years after
Typical laboratory At the time CRF biopsy- 1 month 3 yearsa after RT GF waiting
Laboratory investigation Pndings in patients  of diagnosis conbrmed before RT fter RT (good (recurrence for the
(reference ranges) with WAS (16 years) IgAN (26 years) (27 years) graft function) of IgAN) second RT
19G (7.51-15.60 g/l) Within a normal 10.6 9.0 9.12* 10.90* 7.16* 12.00*
range

IgA (0.82-4.53 g/l) Increased 6.4 10.30 6.56 10.30 6.79 6.19

IgM (0.46-3.04 g/l) Decreased 0.28 0.18 0.10 0.16 0.14 0.18

IgE (6-100 1U/ml) Increased 644 2660 n.d. 1190 1210 594

CD3" (0.90-2.80 9 10° 1) NA 0.90 0.66 1.00 4.02 1.01 0.96
CD3'CD4" (0.40-1.40 9 10° I NA n.d. 0.49 0.77 1.07 0.59 0.39
CD3'CD8" (0.20-0.90 9 10° I NA n.d. 0.15 0.22 2.78 0.32 0.48
CD19" (0.1-0.59 10°1) NA n.d. 0.15 0.16 0.13 n.d. 0.07
CD16'/56" (0.09-0.60 9 10° Iy NA n.d. 0.38 0.39 0.13 n.d. 0.10
IgG anti-TETX0.120 1U/ml) NA 0.170r 0.115t 0.100t n.d. n.d. n.d.
IgG anti-PPSX15.4 mg/l) NA 16.5t 99.31 87.2t n.d. n.d. n.d.
1gG anti-HIB (0.0917.7 mg/l) NA 0.013t 0.703t 0.182t n.d. n.d. n.d.
PLT (156400 9 10%1) Decreased 34 30 50 82 49 51

MPV (7.80-11.00 R) Decreased 6.5 7.9 8.80 8.50 8.20 8.20

Urea (1.70-8.30 mmol/l) NA 5.4 18.3 9.00 9.40 22.20 20.40
Serum creatinine (44115 | mol/l) NA 72 349 434 109 309 728

CD3", T lymphocytes; CD3CD4", helper and regulatory T lymphocytes; COTD8", cytotoxic T lymphocytes; CD19, B lymphocytes; CD18/56%, NK

cells; anti-TET, antibodies against tetanus toxoid; anti-PPS, antibodies against pneumococcal polysaccharides; anti-HIB, antibodies kigaimstphi-

lus inBuenzae type bPLT, platelets; MPV, mean platelet volume; GFR, glomerular Pltration rate; IVIG, intravenous immunoglobulin; CRF, chronic renal
failure; RT, renal transplantation; WAS, WiskotAldrich syndrome; IgAN, IgA nephropathy; GF, graft failure; NA, not applicable; n.d., not deter-

mined.

*The patient was on IVIG treatment at a dose of 250 mg/kg/month.

1The patient was vaccinated only against tetanus toxoid within regular immunization schedule in the Czech Republic.
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cyclosporine gingival hyperplasia 7 months after transplancefotaxime with metronidazole. This therapy led to com-
tation, CyA was switched to tacrolimus, with a target levelplete interruption of the immunosuppressive treatment.

of 461 g/l. The postoperative course was uncomplicated At the time that this case report was completed, 10 years
with good graft function; at discharge on day 28, the had elapsed since the brst transplantation. The patient was
patientOs SCr level was 148ol/l and the glomerular bltra- 38 years of age, was in a relatively stable state, did not have
tion rate (GFR) was 0.940 ml/s. Despite normal clinicalsignibPcant immunodebciency symptoms and was waiting
practice in immunocompetent patients, the administration for a second suitable donor.

of prednisone was terminated 18 months after transplanta-

tion. At that time, the patient had stable renal function (SCr
1141 mol/l, GFR 1.450 ml/s).

In the subsequent post-transplantation period, the Several renal diseases may lead to renal failure in patients
patient continued with IVIG treatment (250 mg/kg/ with WAS; IgA nephropathy has been diagnosed in a
month) and his atopic eczema markedly improved, majority of these cases [15]. In addition to our case, 10
although chronic lichenibcation persisted. During this sta-cases of WAS/X-linked thrombocytopenia (XLT) with
ble period, his immunosuppression regime consisted of ta-biopsy-conbPrmed nephropathy were previously described
crolimus and mycophenolate mofetil. He did not suffer [10]. To our knowledge, we describe the brst case of suc-
from an increased frequency of respiratory tract infections;cessful renal transplantation without serious complications
facial herpes zoster at the age of 32 was successfully treataeer 6.5 years of good kidney graft function in a patient
with oral acyclovir. Also at 32 years of age, warm-typewith aWASpmutation and biopsy-proven IgAN.
autoimmune haemolytic anaemia was successfully treated Renal transplantation is complex in patients with WAS
with methylprednisolone therapy, tapering from a dose ofdue to the underlying immunodebciency and the increased
32 mg to 4 mg by stepping down the dose every 2 daysisk of lymphoma [12]. Therefore, only a few cases of renal
This 6.5-year-long post-transplantation period was transplantation have been reported (Table 2). The brst three
uneventful, enabling the patient to work at a part-time job. reported transplantations were performed in the 1990s,

At the age of 35, the patient suffered from oedema of hisvhen the standard triple-therapy protocol used for trans-
lower extremities. A graft biopsy showed a relapse of IgANblantation consisted of azathioprine (2.0 mg/kg), CyA
(treated by 250 mg pulse dosing intravenous methylpred{5.0 mg/kg) and prednisone (0.5 mg/kg) [16]. The immu-
nisolone for 3 days followed by increase in oral methylpred-nosuppressive treatment in patients described by Webb
nisolone to 16 mg/day for 2 weeks without clinical effect). et al.[14] and Meisel®t al.[13] was reduced in comparison
A rapid decrease in graft function over 3 months led to re-with that used in immunocompetent patients, but Fischer
initiation of the haemodialysis programme 6.5 years afteret al.[12] used standard doses of this triple immunosup-
transplantation. One year later, the patient was hospitalizegressive therapy. The higher, standard doses could be the
in the neurosurgery department for an otogenic brain reason for the fatal outcome in the latter patient, who had
abscess caused Pgeudomonas aeruginoda condition  complications from multiple infections and lymphoid
was successfully treated with stereotactic puncture andhalignancy 3 months after transplantation (Table 2).

Discussion

Table 2. Three previously reported cases of renal transplantation in patients with WAS.

Immunosuppression

Patient Biopsy Type of RT AZA CyA MPD Outcome References

46-year-old MesPGN  One haplotype matched; 1.0 mg/kg 5.0 mg/kg 0.5 mg/kg No rejection; death [14]

man deceased donor (C0: 100-150 ng/ml) 35 months after RT

(probable cardiac cause)

33-year-old MPGN Deceased donor 1.0 mg/kg 8.0 mg/kg 0.3 mg/kg BPCR on day 26 after RT [13]

man (CO0: 250-375 ng/ml)
41-year-old n.d. One Haplotype matched; 2.0 mg/kg  (CO0: 200-250 ng/ml) 0.5 mg/kg BPCR on day 76 after RT; [12]

man (brother living related donor multiple infectious

IgAN) complications and
lymphoid

malignancy; death
3 months after RT

AZA, azathioprine; CyA, cyclosporine A; MPD, methylprednisolone; MesPGN, mesangioproliferative glomerulonephritis; MPGN, membranoprolifera-
tive glomerulonephritis; CO, trough level; BPCR, biopsy-proven cellular rejection; RT, renal transplantation; n.d., not determined.
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Because azathioprine was replaced with mycophenolate2
mofetil in combination with CyA or tacrolimus and pred-
nisone as the standard protocol at the end of the 1990s

[17,18], our patient was treated with a standard dose of 3.

mycophenolate mofetil, prednisone and CyA, which was
switched to a standard dose of tacrolimus. In our patient,
steroid therapy was interrupted 18 months after transplan-
tation to decrease the risk of infectious complications.

Patients with WAS/XLT were recently shown to produce
aberrant galactose-debcient IgA, which can participate in
development of IgAN [19]. Furthermore, HSCT amelio-
rated IgAN and causes decrease in aberrant IgA in the
serum of patient with WAS [20]. Nevertheless, HSCT was
not indicated in our patient because of mild clinical course
of the disease.

Unlike our case, all three previously reported WAS trans- -
plant patients had strong family histories of WAS disease,
and the clinical features typical for these patients were well

expressed. Although he has\@ASPmutation, our patient 8.

likely suffers from a mild clinical form of WAS, particularly
regarding infectious complications, which could explain his
uneventful post-transplant period.

In conclusion, our case of successful renal transplanta- 9.

tion reinforces the fact that renal transplantation is possible

in patients with WAS, especially those with a milder clinical 10.

form of the disease, regardless of possible complications.
These patients may tolerate appropriately reduced chronic

immunosuppressive treatment. 11.
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Podt ida imunoglobulin 1gG4 a s ni souvisejici
patologické stavy aneb jak U inn imitovat

nadorové onemocn ni

IgG4 immunoglobulin subclass and related pathological conditions

or how to effectively imitate cancer disease

Chovancova 2, Filipensky P. Rotnaglova S. Staniczkova Zambad*).Shatokhina ¥,

Novosadova K, Litzman J.
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Souhrn

VychodiskaigG4 tvo i nejmén zastoupenou podt idu imunoglobulin G (IgG) a od ostatnich
protilatek se odliSuji svymi zvlasStnimi viastnostniikdy jejich funkce v imunitni odpov di
neni zcela jasna, uplat uji se zejména v regulaci imunitni odpov. &§G4 je tvo en v d sledku
chronické nebo silné antigenni stimulace, p i em v takové situaci se stava dominantn tvo e-
nou podt idou 1gG IgG4 hraji kli ovou roli v imunitni toleranci u alergii a nadoiTolerogenni
potencial IgG4 se uplat uje v 1é b alergickych onemocn ni pomoci alergenové imunoterapie,
zarove se vSak také podili na navozeni imunologické tolerance v mikroprost edi nador, co
podporuje nadorovou progresi S IgG4 souvisi pom rn nedavno popsané skupiny patelo
gickych stav. Krom IgG4-autoimunitnich onemocn ni se jedné zejména o IgG4-asociovana
onemocn ni (IgG4-related disease — IgG4-RDg¢dna se o skupinu imunitn podmin nych
onemocn ni, u kterych dochazi k tvorb bréznich a sklerotizujicich lo isek v r znych orga
nech lidského tla, co vede k postupnému posti eni jejich funkcéMezi nej ast ji posti ené
organy pat i pankreas a velké slinné lazy, piem dalSimi posti enymi organy byvaji orbity
a slzné lazy, biliarni cesty, plice, ledviny, retroperitoneum, aorta, meningy a Stitna. Mdeai
zcela jasné, zda se u t chto pacient vyskytuji nadorovd onemocn ni s vySSi frekvenci oproti
b né populaci, nicmén vztah mezi IgG4 a nadorovymi onemocn nimi mé jest jinou rovinu
IgG4-RD toti velmi asto v zobrazovacich metodach impojfijako pokro ila nadorova one
mocn ni, proto by se na jejich existenci m lo myslet také v diferencialni diagnostice malignich
stav . Cil:Cilem tohoto sd leni je zvysit pov domi klinickych onkolog o diagnéze 1gG4-aso-
ciovanych onemocn ni, kterd& mohou svym obrazem imitovat naddorova onemocn ni r znych
organ v lidském tle. Proto je pot eba na n pomyslet také v diferenciélni diagnostice malig-
nich onemocn ni.

Kli ova slova
IgG4 — IgG4-asociovana choroba — imunoregulace — diferencialni diagnostika — malignita
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Summary

Background:1gG4 is the least represented subclass of human imunnoglobulines G (IgG) in serum and di ers from other antibodies by its unique
biological properties Although its function in the immune response is not entirely clear, it is mainly involved in the regulation of the immune
response It is formed as a result of chronic or strong antigenic stimulation; in such a case, it becomes a predominantly formed IgG subclass
1gG4 play a key role in the immune tolerance in allergies and tum®he tolerogenic potential of IgG4 is used in the treatment of allergic diseases
using the allergen immunotherapy; at the same time, it is also involved in inducing the immunological tolerance in the microenvironment of
tumors, which promotes tumor progressiarThe increase of serum IgG4 is associated with relatively recently described groups of diskases
addition to the 1gG4-autoimmune diseases, it is mainly connected with IgG4-associated diseases (IgG4-RD) where various organs of the human
body are a ected by the formation of brous and sclerosing deposits in this group of the immune-mediated diseases, which leads to specic
organ dysfunction The most commonly a ected organs include the pancreas and large salivary glands; moreover, the orbits and lacrimal glands,
the biliary tract, the lungs, the kidneys, the retroperitoneum, the aorta, the meninges, and the thyroid gland may also be a.éttedot en-

tirely clear whether these patients have a higher prevalence of cancer than the general population; however, there is also another relationship
between 1gG4 and cancetgG4-RD very often imitate advanced cancer in medical imaging techniques, so its existence should also be considered
in the di erential diagnosis of malignanciedPurposeThe aim of this article is to draw attention of clinical oncologists to the issue of IgG4-asso-
ciated diseases group which can mimic cancer condition in various organs in the human .bdurefore, it is necessary to bear them in mind in

the di erential diagnosis of malignant diseases

Key words
1gG4 — IgG4-related disease — immunoregulation — di erential diagnosis — malignancy

Uvod Vztah mezi IgG4 a naddorovymi onemoc- -RD ma v dob diagn6zy posti eny vice
Imunoglobuliny ve tid IgG tvoi sod nnimi ma jest dalSi rovinu. IgG4-aso ne jeden organ [10]. Nap . u pacient
bor ty podtid (IgG1-1gG4), z nich ciované onemocn ni toti v zobrazova s IgG4-asociovanou pankreatitidou by
IgG4 jsou z hlediska koncentrace v sérucich metodach velmi asto imponuje vaji asto posti eny také submandibu
nebo plazm nejmén zastoupenou jako pokro ilé nadorové onemocn ni, larni slinné lazy. To m e pomoci pe
podt idou [1]. Od ostatnich protilatek proto by se na jeho existenci mlo my mysSlet p ednostn na diagn6zu IgG4-RD
i podt id 1gG se odliSuji zvlastnimi vlast- slet také v diferenciélni diagnostice ma- a uSet it pacienta invazivni pankreatek

nostmi, které se vymykaji obecné p ed lignich stav . tomie v d sledku podez eni na nador
stav o funkci protilatek jako t ch, které pankreatu [10].

sm uji a rozvijeji imunitni odpov ve IgG4-asociované onemocn ni S postupujicimi znalostmi o tomto
smyslu jeji aktivace. Funkce 1gG4 v imu-(lgG4-RD) onemocn ni byla samostatna organov
nitni odpov di sice neni v sou asné Oznaeni IgG4-RD zahrnuje skupinu specifick& diagnosticka kritéria dopl
dob jeSt zcela objasn na, nicmén imunitn podmin nych onemocn ni nna v roce 2011 o vSeobecna zevrubna

svou roli hraji v patogenezi nebo Ié b asociovanych s broin amaci, jejim na- diagnostick& kritéria 1gG4-RD [11]. Nic
alergickych, autoimunitnich i nadore sledkem je tvorba bréznich a skleroti mén praktické zkuSenosti s jejich pou
vych onemocn ni. Pomrn nedavno zujicichloisektém vjakémkoliorganu ivanim v nasledujicich letech p inesly
byla v souvislosti s touto podt idou imu- lidského tla [5]. Poprvé byla u pacienta t kosti v podob ne v dy snadného
noglobulin popséana nova nozologick4 s autoimunitni pankreatitidou popsana provedeni bioptického vy3et eni n kte-
jednotka s nazvem IgG4-asociované zvySena koncentrace IgG4 v Japonskurych posti enych tkani, problematiky
onemocn ni (IgG4-related disease — vroce 2001 [6]. Od té doby se za aly ob- senzitivity a speci city v ,cut o “ hladi
IgG4-RD), sdru ujici jednotlivd onemoc- jevovat v literatu e kazuistiky popisujici nach 1gG4 sv d icich pro tuto diagnézu,
n ni s odpovidajicim charakterem po posti eni r znych organ lidského tla  ale také obti e s barvenim IgG4 v bio-
sti eni jednotlivych organ, které jsou doprovazena elevaci sérové koncent tickych materidlech. Proto byla tato
klasicky vedeny jako samostatné cho race IgG4 s podobnym histologickym kritéria v roce 2020 p epracovana do
roby [2]. Do pop edi klinického zajmu se nalezem. Tato onemocn ni pak byla po- podoby revidovanych zevrubnych dia-
v posledni dob dostava také problema- stupn za azena pod nové ozna eni tzv. gnostickych kritérii, kter4 se skladaji
tika IgG4-autoimunitnich onemocn ni  IlgG4-asociovaného onemocn nitédb. 1). z ti hlavnich asti tvo enych typickymi
(lgG4-autoimmune diseases — Ig64 | kdy toto onemocn ni m e postih -  klinickymi a radiologickymi znaky, sé
-AID) [3]. Tolerogenni potencial IgG4 senout teoreticky jakykoli organ, nejas rologickymi a patologickymi znaky
uplat uje v I1é b alergickych onemoc- tji byva zasa en pankreas a velké slinné (tab.2) [12]. U pacient s pravd podob-
n ni pomoci alergenové imunoterapie, lazy (submandibularni, sublingualni nou nebo mo nou diagn6zou IgG4-RD
na druhé stran se podili na navozeni nebo paroticka) [7,8]. DalSimi asto po je nutné zam it se na jednotliva orga
imunologické tolerance v mikropre st enymi organy jsou slzné lazy, plice, nov speci cka diagnosticka kritéria, je-
st edi nador , co podporuje nadorovou ledviny, retroperitoneum a aorta, me jich spln ni umo ni de nitivni stano -
progresi a umo uje §i eni nadorovych ningy a titna laza, ale i orbita nebo Iu- veni diagnézy IgG4-RD (taB). V ramci
bun k do okolnich tkani a organ [4]. ové cesty [9]. Asi 60 % pacient s IgG4- diferencialni diagnostiky t chto one
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~
Tab. 1. P ehled vyskytu IgG4-asociovanych onemocn ni.

Posti eny organ IgG4-asociované onemocn ni P vodni ozna eni

hypofyza IgG4-asociovana hypofyzitida autoimunitni hypofyzitida

oko IgG4-asociované o ni onemocn ni Mikuliczova choroba

IgG4-asociovana dakryoadenitida
IgG4-asociovany pseudotumor
IgG4-asociovana orbitalni myozitida
slinné lazy IgG4-asociovana sialoadenitida Mikuliczova choroba
IgG4-asociovana parotitida

IgG4-asociované posti eni submandibularni lazy Mikuliczova choroba
Kuttner v tumor

dura mater IgG4-asociovana pachymeningitida hypertro ck& pachymeningitida
stitna laza IgG4-asociovana thyroiditida Riedelova thyroiditida

aorta IgG4-asociovand aortitidafteritida zan tlivé aneuryzma aorty

srdce IgG4-asociovana perikarditida

mediastinum IgG4-asociovana mediastinitida brozni mediastinitida

plice IgG4-asociovana pleuritida

prsni lazy IgG4-asociovana mastitida

gastrointestinalni trakt IgG4-asociovana pankreatitida autoimunitni pankreatitida (I. typu)

IgG4-asociovana sklerozujici cholangitida
IgG4-asociované cholecystitida

ledviny IgG4-asociované posti eni ledvin tubulointersticialni nefritida
retroperitoneum IgG4-asociovana retroperitonedlni bréza Ormondova choroba
prostata IgG4-asociovana prostatitida

k e IgG4-asociované ko ni onemocn ni ko ni pseudolymfom

Tab. 2. Revidovana zevrubnda diagnosticka kritéria IlgG4-asociovanych onemocn ni.

Klinick& a radiologicka diagnostickd kritéria
tv jednom nebo vice organech se nachazi typicky otok, hmota nebo noduly
tpokud je posti en jen jeden organ, nemusi byt p itomno zv tSeni lymfatickych uzlin
Sérologicka diagnosticka kritéria
tsérova koncentrace 1gG4 je > 1,35 greferen ni rozmezi 0,08 1,4 d})
Patologicka diagnosticka kritéria
tpozitivita dvou ze t i nasledujicich patologickych kritérii
1) denzni lymfocytarni in ltrace a in ltrace plazmatickymi bu kami s brézou

2) pom r IgG4 plazmatickych bun k/IgG4 bun k > 40 % a po et IgG#plazmatickych bun k > 10 na jedno zorné pole p i nej-
v t8im zv tSeni

3) typicka tka ova broza (zejména storiformni bréza a obliterativni ebitida)
Diagnéza
tde nitivni (spin ni bod 1, 2 a 3)
tpravd podobné (spin ni bod 1 a 3)
tmo na (spln ni bod 1 a 2)
V p ipad pravd podobné a mo né diagnézy IgG4-RD se p istupuje k diagnostice podle platnych organov speci ckych dia-
gnostickych kritérii pro IgG4-asociovanou autoimunitni pankreatitidu [71], sklerozujici cholangitidu [72] a retroperitonedlni b-
rézu [73], dale IgG4-asociované posti eni slznych a slinnych laz [74], ledvin [75], 0 i [76] a respira niho traktu [77].
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Tab. 3. Diferencialni diagnostika zvySené koncentrace IgG4.

Respira ni
onemocn ni

Onemocn ni
za ivaciho traktu

Autoimunitn{
onemocn ni

Nadorova

onemocn ni pankreatu

DalSi onemocn ni

bronchiektazie, chronicka rhinosinusitida, astma bronchiale, idiopaticka plicni bréza, sarkoid6za, chronicka
pleuritida, emfyzém, brotizujici mediastinitida, hypersenzitivni pneumonitida, rekurentni pneumonie

posti eni lu ovych cest (zU eni lu ovych cest nebo konkrement ve Iu ovych cestach), posti eni pan-
kreatu (pankreatitida, pankreatické cysty, insu cience pankreatu), cirhdza a posti eni jater

vaskulitidy (granulomatéza s polyangiitidou, Churg v-Straussové syndrom, polyarteritis nodosa), revma-
toidni artritida, dermatopolymyozitida, primarni sklerozujici cholangitida, pemphigus vulgaris, Crohnova
choroba, ulcerézni kolitida, Hashimotova thyreoiditida

maligni melanom, cholangiokarcinom, nadory pankreatu, intraduktalni papilarni mucinézni neoplazie

atopické dermatitida, lakt6zové intolerance, neuro bromatdza, psoriaza, Castlemanova choroba

mocn ni je v dy nutné vylou it nejd ive
infek ni zan tlivé stavy, maligni one
mocn ni (solidni tumory nebo maligni
lymfomy) a dalSi, p edevSim autoimu
nitni onemocn ni (nap . Sjégren v syn
drom, primarni sklerozujici cholangitidu,
multicentrickou Castlemanovu chorobu,
granulomat6zu s polyangiitidou, sar
koid6zu nebo eozino Ini granulomat6zu
s polyangiitidou). Je nutné té vylou
it sekundarni formy retroperitonealni
brézy, ktera se m e rozvinout v d -
sledku nadorovych onemocn ni, infekci,

krok nebo u ivani n kterych 1é iv [13].

p iznaky pati ty z d sledku obstrukce
(nap . obstruk ni loutenka z mechanic-
kého atlaku pankreatu nebo Iu ovych
cest i obstruk ni uropatie p i retroperi-
tonealni broze). Nespeci cké p iznaky,
jako je Gnava nebo bolest kloub , na
stupuji v tSinou mirn a pozvoln, pi-
em febrilie nebyvaji typickym pF
znakem [15]. U pacient s posti enim
v hrudni oblasti se m e objevit kaSel,
dusnost a bolesti na hrudi. Lymfadero
patie byva v tSinou symetricka, vyskytu-

rucha tvorby slz i porucha vizu nebo
diplopie [18].

Zakladnim diagnostickym kritériem je
typicky histologicky obraz, kam pat i ze-
jména lehka a stedni in ltrace eozino-

ly, storiformni bréza, obliterativni e-
bitida a in Itraty velkého mno stvi IgG4
plazmatickych bun k [19]. K diagnéze
IgG4-RD m e pispt stanoveni sé
rové koncentrace 1gG4, ktera by se mla
dle diagnostickych kritérii pohybovat
nad 1,35 gl Tato hodnota mé& dle vel

jici se ve vice oblastech, jako je krk, axilykych kohortovych studii senzitivitu asi
traumat, radioterapie, chirurgickych za plicni hily a mediastinum. Lymfatické uz- 97 % a speci cita se bli i k 80 % [12,20].

liny byvaji mirn zv tSené, dob e ohrani-

V roce 2019 byla vydana také kritéria ené a v tSinou akumuluji udeoxyglu-

Americké revmatologické spole nosti
(diagnostické kritéria ACRULAR IgG4

kézu (FDG) na PEJT. Kardialni posti eni
p edstavuje pseudotumory koronarnich

Obecn plati, e im vice organ je timto
onemocn nim posti eno, tim vySsi bude
pravd podobnost zvySené koncentrace
IgG4 [10]. ZvySeni koncentrace IgG4 nad

-RD), ktera vSak ve snaze o dosa eni carterii, aneurysmata a perikardialni ztlu- 2,8 gl poméaha odliSit IgG4-asociované
nejvyssi speci city diagnostiky IgG4-RD St ni. Periaortitidafperiarteritida typicka

potla uji jeji senzitivitu [14]. Nicmén

pro 1gG4-RD posti eni se manifestuje

onemocn ni od ostatnich patologic
kych stav a umo uje p edpokladat

p ehlednost v diagnostice 1gG4-RD pro jako zbytn ni adventicie aorty, plicnich multiorgdnové posti eni [21]. Celkov
klinické léka e tato diagnosticka kritéria arterii nebo velkych cév s aneurysmatic- vzato vSak elevace sérové koncentrace
p inasi v tom, e pacienti s IgG4-RD jsou kym rozSi enim nebo bez nj [16]. U pa- 1gG4 p edstavuje v tSinou spiSe po

d leni dle posti enych organ do ty
zékladnich fenotyp . Jedna se o posti

cient s posti enim pankreatu se m e
rozvinout diabetes mellitus nebo hub

mocny ukazatel, proto e zvySeni koen
centrace 1gG4 v séru diagndézu jedno

eni slinivky b iSni, jater a lu ovych cest nuti v d sledku pankreatické exokrinni zna n nepotvrzuje, na druhou stranu

(31 %), retroperitonedlni brézu s aortiti-

dysfunkce [15]. V d sledku posti eni re-

jeji normalni koncentrace naopak sto

dou nebo bez ni (24 %), posti eni oblasti troperitonea se objevuji bolesti zad procentn nevyvraci (tab. 3). Nap . u pa-
hlavy a krku (24 %) a klasicky Mikulic nebo hydronefrotické posti eni ledvin.

z v syndrom (posti eni slznych, p ius

Krom toho se m e objevit také renalni

nich a submandibularnich laz) se systé- selhani v d sledku tubulointersticialni

movymi p iznaky (22 %) [14].
Onemocn ni jako takové nezp se
buje speci cké klinické p iznaky nebo
bolestivost. Klinickd manifestace vy

glomerulonefritidy [17]. P i posti eni
Stitné lazy se objevuji p iznaky hypo
thyreoidizmu, v p ipad poruchy hy

pofyzy pak hypopituitarizmu. Posti eni

chazi zejména z utlaku nebo poruchy mening se m e projevit obrnou hla-

funkce organ zp sobené p itomnosti
br6zni masy, p ip. zan tlivé odpov di

vovych nerv . P i dalSim posti eni v ob-
lasti hlavy se m e objevit ztrata sluchu

cient s adenokarcinomem pankreatu,
lymfomy nebo ANCA-asociovanymi
vaskulitidami m eme nachazet zvyse
nou sérovou koncentraci IgG4, zatimco
u pacient s histologicky potvrzenou
I[gG4-RD m e byt sérova koncentrace
[gG4 v norm [10]. Nicmén op tovna
elevace sérové koncentrace IgG4 u-pa
cient s pvodn zvySenou koncent-
raci IgG4 v dob diagnézy m e upozor-

organizmu. Mezi klinicky nejnapadn jSi nebo ichu, suchost v Gstech nebo po nit na mo ny relaps IgG4-asociovaného
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onemocn ni. Mezi dalSi pou ivané in
dikatory relapsu pat i koncentrace IgE
a eozino lie [22,23]. Zda se, e kombi

tivnich studii, které v sou asné dob ne-
jsou k dispozici.
Zake nou diagnostickou vyzvou to

oproti b né populaci, piem nejas -
tji bylo malignim onemocn nim po-
sti eni gastrointestinalniho traktu [40].

nace sérové koncentrace 1gG2 > 5,3 g/ hoto vzacného onemocn ni je beze Jedna skupina japonskych v dc sledo-

(referen ni rozmezi 1,5 6,4 dj) spole n

sporu skute nost, e makroskopicky

vala 158 pacient s diagnézou lgG4-RD

s elevaci IgG4 by se mohla stat novymnalez na zobrazovacich metodach a n - po dobu 12 let, kdy odhalili 34 malig
indikatorem 1gG4-RD [24]. Mezi dalSi sle-které klinické p iznaky tohoto one

dované potencialni biomarkery tohoto
onemocn ni pat i stanovovani koncent-
race solubilniho IL-2 receptoru odré ejici
T-bun nou aktivaci [25], zvySeni po tu
cirkulujicich plazmablast nebo pam-
ovych B lymfocyt [26].

Prvni linii 1é by t chto onemocn ni
jsou glukokortikoidy (v tSinou prednk
son v davce 0,5 1,0 mgkg/den). Uvodni
davka glukokortikoid by m la byt po-
nechana po dobu 2 4 tydn a néasledn
se pozvolna sni ovat. Celkov by Ié ba
glukokortikoidy m la trvat asi 36 m -
sic [27]. V druhé linii 1é by je pi ne
dostate ném efektu kortikoterapie
mo no vyu it také anti-CD20 monokle
nélni protilatku (rituximab) [15,27,28].
Lé ba touto monoklonalni protilatkou
vede k rychlému sni eni koncentrace
IgG4 a zlepSeni klinickych p iznak one-
mocn ni[29]. V p ipad nedostate ného
G inku monoterapie glukokortikoidy
nebo nemo nosti nasazeni B-bun né
deple ni Ié by je mo né vyu it n kte-
rého z klasickych chorobu modi kujicich
Ié iv (disease modifying antirevmatic
drugs — DMARDS), a to bu v monotera-
pii, nebo v kombinaci s glukokortikoidy.
Existuji vSak jen malé studie ohledn
pou iti konkrétnich DMARDs (mykofe
nolatu mofetilu, azathioprinu nebo me
totrexatu) u pacient s timto onemoe
n nim [30]. ZkuSenosti s touto 1é bou
jsou spiSe extrapolovany z 1é by au
toimunitnich onemocn ni. Dle nejne
v jSi metaanalyzy z Oxfordu se zd4, e
kombinovana |é ba glukokortikoidy
s imunosupresivy vede k vySSimu po tu
remisi, ni Simu po tu relaps a ma pe
dobny bezpe nostni pro | jako induk ni
terapie glukokortikoidy, imunosupre
sivy nebo rituximabem. Glukokortikoidy
v monoterapii vedou k vySSimu po tu re-
laps v porovnani s ostatnimi [é ebnymi
kombinacemi, rituximab vyznamn ji sni-
uje riziko relapsu onemocn ni v porov-
nani s kombinovanou terapii kortikoid
s imunosupresivy [31]. Nicmén k de ni-
tivnim zav r m je t eba v tSich prospek-

mocn ni mohou velmi sugestivh imk
tovat nadorové onemocn ni [32-37].

nich onemocn ni [41], a druha skupina
popsala vyskyt malignich onemocn ni
u 11 ze 106 pacient s 1gG4-RD do doby

Nap . dle britské studie bylo asi 39 % diagnézy IgG4-RD a 3,1 roku po stano

pacient diagnostikovano s IgG4-aso
ciovanym onemocn nim poté, co bylo
vzhledem k jejich klinickym poti im

a uvodnim vysSet enim (Ubytek na vaze,

veni diagnézy, co bylo v obou p ipa
dech vice ne v b né japonské popu
laci [42]. Také korejska skupina popsala
zvySeny vyskyt malignich onemocn ni

celkové nespecifické p iznaky, masa u pacient slgG4-RD oprotib né popu-

tkan v zobrazovacich metodach) p-
vodn uva ovano o malignim onemoc
n ni [38]. IgG4-asociované onemocn ni
bylo zpo atku myln pova ovano nap.
za nadorové posti eni nosnich dutin,
plic, pohrudnice, prsni tkan, lu niku,
lu ovod, slinivky b iSni, ledvin, mo o-
vod , prostaty a dalSich tkani a organ
(n které konkrétni p iklady jsou uve
deny v tab. 4).

Zatim z stava nejasné, zda jsou pa

laci, proto e malignitu prokazali u 12 ze
118 pacient s IgG4-RD, piem nejas-
t jSi typ nadorového posti eni p edsta
vovaly lymfomy [43]. Na druhou stranu
se dle pozorovani Hirana et al maligni
onemocn ni vyskytlo u 13 ze 113 [44]
a dle Inoueho et al u 13 z 235 sledova
nych pacient s IgG4-RD, co v obou p i-
padech odpovidalo o ekavané incidenci
malignich onemocn ni v japonské pe
pulaci [8,44]. Data ze Span Iského regis-

cienti s diagnézou IgG4-RD ve vysSimtru také nep inesla p esv d ivé d kazy

riziku rozvoje nadorového bujeni v po
rovnani s b nou populaci. V n kterych
studiich byl popsan zvySeny vyskyt ma
ligniho bujeni u pacient s IgG4-aso
ciovanym onemoch nim, jiné tuto sou

o zvySeném vyskytu malignich onemoc-
n ni u pacient s lgG4-RD [45].

Neni také jasné, zda prod lané maligni
onemocn ni zvysSuje riziko nasledného
rozvoje lgG4-asociovaného onemec

vislost neprokazaly. Na stranu vysSin ni. Tuto mo nost nazna uji vysledky

incidence nadoroveho bujeni u pacient

s IgG4-RD se stavi hned n kolik studii.

Prvni se zabyvala krom jiného vysky
tem malignich onemocn ni u 166 pa
cient s diagndzou IgG4-RD, kdy 17 pa
cient mlo diagnostikovano maligni
onemocn ni ji p ed stanovenim dia-
gnodzy 1gG4-RD a 9 pacient a po stano-
veni diagnozy 1gG4-RD, piem v této
skupin pacient byla celkov incidence
malignich onemocn ni 4,5x vySSi oproti
0 ekavanému vyskytu malignit ve stan
dardni populaci [39]. Prospektivni stu
die vyskytu malignich onemocn ni
u 587 inskych pacient s diagn6zou

jedné americké studie, kter4 se zabyvala
vyskytem malignit u 125 pacient s dia-
gnézou 1gG4-RD. Malignim onemocn
nim trp lo p ed stanovenim diagnézy
IgG4-RD 20 ze 125 pacient . Prevalence
malignity byla v této skupin 2,5x vyssi
ne o ekavana prevalence v dané po
pulaci a 3x vysSi ne u kontrol srovha
telnych v kem a pohlavim [46]. Dle au
tor studie tyto vysledky nazna uji, e
maligni onemocn ni mohou byt asocio-
vana s naslednym rozvojem 1gG4-aso
ciovaného onemocn ni.

Bylo také popsano, e u pacient
s anamnézou maligniho onemocn ni se

IgG4-RD trvajici asi 7 let odhalila 17-pa diagnéza IgG4-RD objevila v pozd jSim

cient s malignitami, piem tyi pa -
cienti prod lali nadorové onemocn ni

v ku a byla provazena zvySenou sérovou
koncentraci IgG4 v porovnani se skupi

p ed stanovenim diagnézy IgG4-RD nou pacient, kte i historii maligniho
a 13 pacient a poté. Pacienti s IgG4-RD onemocn ni nem li [47]. Zatim také

m li v rdmci sledované skupiny b hem
61,4 + 26,4 m sic sledovani 2,78x zvy-
Sené riziko rozvoje nadorového bujeni

nebyl popsan p ipad pacienta, u kterého
by se 1gG4-RD objevilo nasledn po pro-
d laném malignim procesu ve stejném
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Tab. 4. P iklady chybné diagnostiky IgG4-asociovaného onemocn ni — zam na za malignitu.
Posti eny Pacient Klinicka Zobrazovaci Diagnosticko- Suspektni  De nitivni 19gG4 Lit.
organ manifestace vySet eni terapeuticky zakrok diagndza diagnoza (a/)
nosni otok pravé tvae CT a MR paranazalnich nazalni biopsie nazélni IgG4-asociované 1,6 [78]
dutiny (71 let) amirna proptéza dutin (masa v pravém tumor  posti eni parana-
maxilarnim antru zasa- zalnich dutin
hujici do dutiny nosnf)
plice produktivni kasel CT plic (mnoho etné plicni biopsie karcinom IgG-asociované 2,06 [79]
(651let) s hemoptyzou plicni, spiSe plic posti eni plic
a vahovym solidni, opacity v .
Ubytkem mediastinalni a hilové
lymfadenopatie)
pohrud- M kaSel a bolesti CT hrudniku pleurdlni biopsie  pleuralni IgG4-asociovana 2,53 [80]
nice (65 let) hrudniho koSe p i (mnoho etné mezote- pleuritida
kasli pleurdlni ztlust ni liom
a lymfadenopatie)
prsni tk& bolest v levém CT hrudniku biopsie levé prsni  karcinom 1gG4-asociovana 8,82 [81]
(70 let) podpa i (mnoho etné noduly lazy prsu mastitida
s levostrannou v prsni tkani vlevo dle
lymfadenopatii CT)
lu nik M bolest v oblasti UzV a CT bicha biopsie lu niku karcinom 1gG4-asociovana 2,61 [82]
(57 let) pravého horniho (hypoechogenni masa lu niku cholecystitida
kvadrantu bicha v oblasti lu niku
trvajici posledni rok  siin Itraci jater)
lu ovody M nebolestivy CT vySet eni b icha hepatektomie cholangio- 1lgG4-asociovana7,23* [83]
(56 let) obstruk ni ikterus  (symetrické zesileni pravého laloku jater karcinom  sklerozujici
trvajici 2 tydny v oblasti ductus s extrahepatalni cholangitida
hepaticus communis) resekci lu ovod
a regionalni disekci
lymfatickych uzlin
slinivka M obstruk ni ikterus MR b icha (masa biopsie zmasy  karcinom 1gG4-asociovana 19,8 [34]
b isni (57 let) alymfadenopatie tkan v oblasti hlavy tkan v oblasti hlavy pankreatu pankreatitida
submandibularnich pankreatu) pankreatu
laz
ledviny bolesti v oblasti CT b icha (renalni levostranna karcinom 1gG4-asociovanal8,6* [35]
(54 let) levého boku a otok  panevni hmota nefroureteralni ledviny nefritida
o nich vi ek a hydronefréza levé cystektomie
ledviny)
mo ovody M levostranna UzV bicha laparoskopicka  karcinom 1gG4-asociovand9,13* [84]
(66 let) hydronefréza (bilateralni mirna  nefroureterektomie  ureteru nefritida
v d sledku zesileni hydronefréza) a uretritida
st ny mo ovodu
urachus M opakované infekce UzZV bicha parcialni karcinom lgG4-asociované2,27* [85]
(26 let) mo ového traktu (masa tkan nad cystektomie urachu posti eni urachu
mo ovym m chy em a umbilektomie
v oblasti urachu)
* Hodnoty sérové koncentrace 1gG4 byly zm eny a po opera nim odstran ni asti nebo celého organu posti eného IgG4-aso
ciovanou chorobou.
Lit — literatura, 1gG4 — sérova koncentrace 1IgG4 v dob diagnézy, M—mu, - ena

organu. Jsou vSak znamy p ipady, kdy -asociované onemocn ni [48]. Na dru  metodach souvisejici s IgG4-asocieva
se malignita objevila v organu, kde bylo hou stranu je t eba vzit v Gvahu také to, nym onemocn nim mohou byt pova o-

p edtim histologicky prokazano IgG4

e patologické zm ny v zobrazovacich vany za metastazy, co m e vést v ko
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Obr. 1. CT vySet eni b icha (koronarni ezy).
A) Tumordzn se sytici lo isko vt sném sousedstvi pravé ledviny a musculus psoas major velikosti cca 50 x 36 mm; B) prosak tukové
tkan v okoli; C) dalSi obdobn se sytici drobna lo iska s prosakem okolni tukové tkan p i kaudalnim pélu ledviny.

ne ném d sledku k poddiagnostikovani
této nozologické jednotky [49]. P ikka
dem imitace nadorového bujeni na zob-
razovacich metodach a také mo ného
rozvoje maligniho onemocn ni u pa
cienta s IgG4-asociovanym onemocn
nim je také nasledujici kazuistika.

Kazuistika pacienta
s IlgG4-asociovanou nefritidou
nasledovanou karcinomem prostaty

raty tukové tkdn a zmno enymi vice

etnymi uzlinami v okoli pravé ledviny,
v paraaortalni oblasti, mezenteriu a pe
ritoneu (obr.1). V ervnu 2019 pacient
podstoupil radikalni pravostrannou
nefrektomii a adrenalektomii. Nicmén

histologické vySet eni vylou ilo maligni

gnozu lgG4-asociovaného onemocn ni
(IlgG4 > 1,35d). V ramci doSet eni roz
sahu IgG-asociovaného onemocn ni
bylo provedeno PETT vySet eni, které
prokazalo nejmén ti metabolicky ak

tivni lo iska z vice lo isek v dutin b iSni,
metabolicky aktivni oblast levého la

posti eni ledviny. Jednalo se o ne zcela loku prostaty s podez enim na IgG4-aso-

charakteristicky histologicky obraz po
lymorfni, pravd podobn in amatorni
léze s multinodularnimi okrsky denzni

Pacient (mu, narozen 1956) byl na naSismiSené lymfoidni celulizace s dominu

imunologické ambulanci poprvé vyset
en v za i roku 2018. V tnoru tého roku
podstoupil preventivni kolonoskopické
vySet eni, b hem nj se nepodailo
pravd podobn z anatomickych piin
prohlédnout celé tlusté st evo. Proto bylo
indikovano do3et eni pomoci CT b icha,
kde bylo ndhodn zachyceno suspektni
tumordézni lo isko pravé ledviny. Pacient
byl odeslan na urologické odd leni naSi
nemocnice k dalSimu eSeni.

Kontrolni CT vySet eni b icha potvr
dilo p vodni nélez doprovazeny dalSimi
dv ma drobnymi perirenalnimi infilt

jici komponentou IgG/IgG4 plazmo
cyt, s vy3Sim podilem aktivovanych
makrofag , p im si eozinol a multi -
nuklearnich makrofag , dale s hypoce
lularnimi Useky brozy se sporadickou
reaktivni celulizaci (obr. 2).

Pro mo nou diagnézu IgG4-asociova
ného posti eni ledvin byl pacient ode
slan k nam na imunologické vyset eni,
které bylo provedeno v z4 i 2019, tedy
3 m sice po chirurgickém zékroku. Sé
rova koncentrace 1gG4 byla 2,91lg/
(normélni koncentrace 0,08-1,401y/
tedy spl ujici dalSi z kritérii pro dia-

ciovanou prostatitidu a levého varlete
a jistou mirnou aktivitu také ve sterno
klavilukarnim skloubenti, distalnim jicnu
a §titné laze.

Pacient byl odeslan na kontrolni
urologické vySeteni k doSeteni na
lezu na prostat . Koncentrace PSA byla
v norm (4,06 g/ ml; referen ni rozmezi
0-4,5 g/ml), nicmén po domluv s pa-
cientem byla provedena radikalni retro-
pubicka prostatektomie, z ni byl histolo-
gicky prokazan acinarni adenokarcinom
(Gleason 7 (3 + 4), grade group 2) sin |-
traci unilateraln vlevo ve ventralni i dor-
zalni asti laloku bez extraprostatické ex-
panze (obr. 3). U pacienta nebylo nutné
krom chirurgické intervence nasledn
indikovat dal$i onkologickou Ié bu.
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Obr. 2. Histologické vySet eni resekatu ledviny s okolni tukovou tkani s ndlezem znak typickych pro IgG4 asociované posti eni pe-
rirenalni oblasti.

A) Denzni smiSena zan tliva celulizace v perirendlni tukové tkani (HE, 10x); B) fokaln akcentovana plazmocytarni komponenta
v perirenalni tukové tkani s prokdzanou p itomnosti CD79a+ plazmocyt (IHC, 5x); C) denzni zan tliva celulizace perirenalni-tu
kové tkan s vyraznym podilem aktivovanych makrofag CD163+ (IHC, 5x); D) perirendlni tukova tka s lymfoplazmocytarni kom-
ponentu s extenzivni p itomnosti IgG4" plazmocyt (IHC, 5x).

HE — barveni hematoxilinem a eozinem, IHC — imunohistochemické barveni

s [ ey
A
LN

Acinarni adenokarcinom prostaty, Gleason skore 7 (3 + 4), grade group 2: p eva uji izolované nadorové lazky variabilni velikosti
(Gleason pattern 3) a Spatn formované a nazna en flazujici lazky (Gleason pattern 4 — erny rame ek). A) Zv tSeni 100x%; B) zv t-
Seni 200x.

IgG4-autoimunitni onemocn ni jejici se skupinu nozologickych jedro terizovana p itomnosti patogennich an-
(IgG4-AID) tek také IgG4-autoimunitni onemocn ni  tigen-speci ckych autoprotilatek 1gG4.
Krom IgG4-asociovanych onemocn ni  (IgG4-AID). Jedna se o pom rn novou Autoantigeny, proti kterym se autopre
(IgG4-RD) tvo i v posledni dob rozvi skupinu onemocn ni, ktera jsou charak- tilatky 1gG4 vytva i, se nachazi v celém
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organizmu, ale jsou akumulovany ve vymi funkcemi v porovnani s ostatnimi nitnich onemocn ni (revmatoidni ar
ty ech hlavnich organech (centralni podtidami IgG [52]. IgG4 jsou pova-o tritida, Sjogren v syndrom nebo
a periferni nervovy systém, k e, ledviny vany za imunologicky inertni, proto e vaskulitida) (tab. 3) [22]. Je vS8ak mo né,
a krevni ob h) [3]. Jedn& se o vzacné nedoka i indukovat zan tlivou odpo- e zvySeni koncentrace 1gG4 je v t chto
onemocn ni s prevalenci < 0,001-5 pi- v aktivaci bun k imunitniho systému  p ipadech spiSe vysledkem imunore
pad na 10000 obyvatel, ktera mivaji ob- nebo komplementu. Diky strukturdl gula ni snahy o navozeni homeostazy
vykle zava ny prb h, piem mohou nim rozdil m v Fc oblasti molekuly imu- ne primérnim patogenetickym princi
byt bez 1é by, nebo dokonce ip es |é bu noglobulinu se u nich toti nemohou pem [3]. Bylo toti zjiStno, e na imu
smrtelna. Do této skupiny onemocn ni uplat ovat klasické Fc-dependentni nomodula ni funkci IgG4 se podili je
pat i nap. pemphigus vulgaris a fo efektorové mechanizmy, kam pati ak jich vy3si a nita k vazb antigenu, ale
liaceus, myastenia gravis s pozitivitou tivace komplementu, interakce mezi také k jedinému inhibi nimu Fc recep
protilatek proti svalov specické tyro  Fc fragmentem protilatky a Fc recep toru (FcRIlb) v porovnani s ostatnimi
zinkinaze nebo tromboticka trombocy torem bun k imunitniho systému (ve  podt idami IgG. Sou asna vazba tohoto

topenicka purpura [3]. douci k fagocytéze nebo bun né cy inhibi niho receptoru s ostatnimi ak
totoxicit zavislé na protilatkach) i tiva nimi Fc receptory vede k regulaci

Jaka je role podt idy p emost ni transmembranovych pre  imunitni odpov di [55,56].

imunoglobulin 1gG4 v imunitni tein néasledované endocytézou a od

odpov di? stran nim antigen z bun ného po - 1gG4 a jeho kli ova role v imunitni

V 60. letech 20. stoleti byly popsany vrchu. IgG4 tak p sobi prost ednictvim toleranci u alergii a nador
ty i podtidy 1gG (IgG1 1gG4), které Fc-independentnich mechanizm, mezi Jednim ze zékladnich princip funkce
byly pojmenovany mimo jiné podle je které adime blokadu interakce mezi imunitniho systému je udr eni rovne
jich relativniho zastoupeni v lidském dv ma proteiny. To m e vést ke stimu-  vahy organizmu. Po fazi aktivace imunit-
séru (IgG1 — 61 %, 1gG2 — 32 %, 1gG3 laci receptor , blokdd funkce receptor  niho systému nastava fyziologicky jeho
4 % a lgG4 — 3 %) [50]. Normalni rozmezhebo enzym , blokad transdukce sig utlumeni, na kterém se podili humo
koncentrace 1gG v séru je 7,51 15,6lg/ nalu v signaliza nich drahach iznemo - ralni (nap . inhibi ni cytokiny IL-10 nebo
z toho 1gG4 tvoi 0,08 1,4 gl 1IgG1 se nni mezibun né adheze [3]. Protilaitky TGFH, ale i bun né slo ky imunity
tvo i v odpov di na solubilni protet 19gG4 vykazuji vyraznou exibilitu v pan- (nap. regulani T a B lymfocyty, den
nové antigeny a membranové pro tové oblasti, kterd jim umo uje nejen dritické bu ky, myeloidni supresorové
teiny, 19G2 v odpov di na bakterialni tvorbu disul dickych m stk mezit - buky, M2 makrofagy nebo p irozené
kapsularni polysacharidové antigeny kymi et zci, ale také v ramci jednoho je- lymfoidni bu ky typu 2) [57]. Chronicka
a 1gG3 p edstavuje hlavni prozan-t jicht kého etzce [53]. Specialni vlast- zan tliva aktivita je patogenetickym
livé protilatky. Naproti tomu biologické nosti IgG4 je také mo nost tzv. vym ny podkladem celé ady onemocn ni [58].
funkce 1gG4 jsou zatim popsany jen Fab ramének, kdy se jedna polovina mo- Mimo jiné zvySuje riziko rozvoje nadoro-
velmi mélo. Je znamo, e se tvoi v d lekuly IgG4 (jeden lehky at ky etzec) vého bujeni[59] a provazi také onemoc-
sledku dlouhodobé nebo silné anti spolu kombinuji za vzniku bispeci cké n nirozvijejici se naimunopatologickém
genni stimulace, piem vtakovém pi- monovalentni protilatky, ktera dokd e podklad asné p ecitliv losti medio -
pad se stavaji dominantn tvoenou pemostit dva antigeny [54]. To zarove vané protilatkami IgE [60]. Zatimco na
podt idou 1gG [3]. Koncentrace 1gG4 se znemo uje p emost ni antigennich  vozena imunologicka tolerance v mikro-
sni uje po Ié b monoklonalni proti- determinant na povrchu antigen aje prost edi nador podporuje nadorovou
latkou anti-CD20, ktera vede ke sni eni jich naslednou endocytozu, a stejn tak progresi a umo uje Si eni nadorovych
po tu B lymfocyt, ale ne plazmatickych tvorbu imunokomplex . 1gG4 tak brani  bun k do okolnich tkani a organ [61],
bun k, zatimco koncentrace ostatnich imunoprecipitaci, kterou zp sobuje na  rozvoj imunologické tolerance se vyu
podt id IgG nemusi byt zm n na [51]. vazani IgG1 na antigen. DalSi unikatni ivav1é b alergickych onemocn ni po-
To by mohlo znamenat, e B lymfocyty vlastnosti IgG4 je schopnost tzv. Fc-Fcmoci alergenové imunoterapie [62].
produkujici 1gG4 jsou aspo asten interakce. Protilatka 1gG4 je schopna V po ate ni fazi rozvoje nadorového
senzitivni k anti-CD20 terapii, proto e vazat se svym Fc fragmentem na Fc frag-bujeni maji mechanizmy vrozené i adap-
se nejedna o dlouho ijici plazmatické ment vSech ty podtid IgG, ale ne na tivni imunity svj vyznam, proto e do-
bu ky [51]. jiné tidy imunoglobulin . Tento pro- ké& i eliminovat aspo &st nadorovych
IgG4 se svymi vlastnostmi vymykaji ces pravd podobn sloui k odstrao- bunk. V dalSich fazich nadorového bu
p edstav o klasickém chovani protild vani ostatnich podt id IgG s poruSenou jeni vSak dochazi k nastaveni bun k imu-
tek. Molekula 1gG4 je charakterizovana strukturou [55]. nitniho systému do imunoregula niho
unikatnimi strukturalnimi vlastnosti Se zvySenou koncentraci 1IgG4 se m - fenotypu [63], proto e samotné nade
pantové oblasti, CH2 a CH3 domény, co eme setkat také u celé ady onemec rové bu ky jsou vyznamnym zdrojem
pravd podobn stoji za jejich odliSnymi  nni, nap. u posti eni luovych cest, IL-10, co usnad uje metastaticky pro
strukturalnimi vlastnostmi, vazebnou pankreatu, jater, plicniho posti eni, na ces [64]. Role B-bun né odpov di u na-
charakteristikou a sni enymi efektoro dor, infekci, ale také r znych autoima  dorovych onemocn ni sice neni jest
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zcela objasn na, nicmén in ltrace n&
dor B lymfocyty v oblastech s nade
rem asociovanych lymfoidnich struktur
je spojena s lepSi prognézou. Speci cké
protinadorové protilatky IlgG1 mohou
pomoci eliminovat nadorové bu ky.
K tomu dochazi prost ednictvim kla
sické cesty aktivace komplementu ve
douci k lyze bu ky zprost edkované
NK bu kami pomoci mechanizmu bu
n né cytotoxicity zavislé na protk
latkach nebo fagocyt6zy facilitované
protilatkami. Nicmén chronicka per
zistence antigenu spole n s predomi
nantn Th2 cytokinovym prost edim
(IL-4, IL-10 a vaskularni endotelovy ¢ s
tovy faktor) tvo enym zejména rezident-
nimi T-regula nimi bu kami (Treg) a zé&-
rove nadorovymi bu kami podporuje
izotypovy p esmyk do 1gG4. Takto vzni
kajici protilatky IgG4 jsou a nitn vyzra-
lejSi v porovnani s klonaln p ibuznymi
protildtkami 1gG1 nami enymi proti
stejnym nadorovym antigen m. Proto
mohou nasledn specifické protilatky
lgG1 a IgG4 soupe it 0 vazbu nadoro
vych antigen, piem IgG4 vit zi, co
ma dalSi konsekvence. IgG4 toti mohou
diky svym specialnim vlastnostem pro
chéazet vym nou Fab ramének s ostat
nimi 19G4, co vede ke vzniku funk n
monovalentnich bispeci ckych protila
tek nebo protilatek se zvySenou avidi
tou. Neschopnost 1gG4 vazat komple
ment nebo se vazat na Rreceptory
bun k imunitniho systému m e zp -
sobit blokadu vySe uvedenych mecha
nizm vedoucich za normalnich okal
nosti k zabiti cilové naddorov zm n né
bu ky [52]. T-regula ni lymfocyty tedy
spole n s protilatkami IgG4 mohou
negativn ovliv ovat imunitni odpo -
v v tom smyslu, e nadorovym bu -
kdm umo ni anik z imunitniho de
hledu. V sou asné dob neni jasné, zda
jsou s tumorem asociované protilatky
IgG4 nami eny proti nadorovym arti
gen m, ale nedavné studie tykajici se
melanom nebo glioblastom tomu
odpovidaji [55]. Celou tuto teorii 0 ne
gativnim vlivu 1I9G4 v protinadorové od-
pov di imunitniho systému podporuje
také skute nost, e zvySena koncentrace

ovych cest, pankreatu a aludku,
kolorektalni karcinom nebo maligni me-
lanom [65-68]. 1IgG4 také ovliv uji funkci
makrofag , které mimo jiné hraji d le i-
tou roli v protinadorové imunit. Mak
rofagy jsou nejhojn ji zastoupenymi
bu kami v mikroprost edi solidnich na
dor [69]. Bylo prokdzano, e M2a mak
rofagy se pod vlivem 1gG4 p em uji do
M2b-like tolerogenniho fenotypu a ne
gativn ovliv uji fagocytézu cilovych
bun k zavislou na protilatkach [70]. Pi
tomnost prozan tlivych M1 makrofag

v mikroprost edi nadoru je asociovano
s delSim p e ivanim pacient, zatimco
nizky pomr M1/M2a je asociovan se
Spatnou prognézou celé ady mySich
model maligniho bujeni, ale také u lid-

2. Kamisawa T, Funata N, Hayashi Y et al. A new clin
icopathological entity of IgG4-related autoimmune
disease. J Gastroenterol 2003; 38(10): 982-984. doi:
10.1007¢00535-003-1175-y.

3. Koneczny |. Update on 1gG4-mediated autoimmune
diseases: new insights and new family members. Au
toimmun Rev 2020; 19(10): 102646. doi: 101016/
trev.2020.102646.

4. Jensen-Jarolim E, Bax HJ, Bianchini R et al. AllergoOn
cology: opposite outcomes of immune tolerance i al
lergy and cancer. Allergy 2018; 73(2): 328-340. doi:
10.1111411.13311.

5. Mikulova S, Jilek D, Richter J. Nemoc asociovana s 1gG4:
Gvod, diagnostika, patogeneze; 1. ast. Alergie 2015; 17(1):
16-24.

6. Hamano H, Kawa S, Horiuchi A et al. High serum
IgG4 concentrations in patients with sclerosing-pan
creatitis. N Engl J Med 2001; 344(10): 732-738. doi:
10.1056NEJM200103083441005.

7. Wallace ZS, Deshpande V, Mattoo H et al. IgG4-related
disease: clinical and laboratory features in one hundred
twenty-five patients. Arthritis Rheumatol 2015; 67(9):
2466-2475. doi: 10.108&/39205.

8.Inoue D, Yoshida K, Yoneda N et al. IgG4-related disease:

skych malignit [52,69]. S tim souvisi také dataset of 235 consecutive patients. Medicine (Baltimore)

to, e p itomnost IgG4 navozuje M2-mi-
kroprost edi uvnit nadoru, co vede
k horSimu pr b hu nadorového one-
mocn ni, nicmén p esny mechanizmus
neni jest zcela objasn n [70].

Zavr

Podt ida imunoglobulin 1gG4 z stava

i v 21. stoleti pinejmenSim asten
op edena tajemstvim. | kdy znalosti
ohledn struktury a funkce t chto pro-
tilatek se postupn rozsi uji, jejich jasna
role v patogenezi r znych onemocn ni
a patologickych stav z stava nejasna.
Vicemén regula ni potencial protila
tek 1gG4 se pravd podobn negativn
uplat uje v rozvoji nadorovych onemaoc-
nni, piem na druhou stranu se vyu
iva k navozeni tolerance u alergickych
onemocn ni. P ikladem onemocn ni,
ktera maji nejasny patogeneticky vztah
k podtid imunoglobulin 1gG4, je
IgG4-asociované onemocn ni. P edsta
vuje imunitn podmin né onemocn ni
vyzna ujici se p itomnosti bréznich lo-
isek r znych organ lidského tla. Ta
mohou na zobrazovacich metodach
Uinn imitovat nadorové postieni,
proto je poteba v ramci diferencialni
diagnostiky nadorovych onemocn ni na
tuto vzacnou diagndzu pomyslet.
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Mannose-binding lectin gene polymorphic variants predispose

to the development of bronchopulmonary complications but have
no in"uence on other clinical and laboratory symptoms or signs
of common variable immunode“ciency
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Mannose-binding lectin (MBL), activating protein of the lectin pathway of the
complement system, is an important component of the non-specibc immune
response MBL2 gene polymorphisms, both in the coding and promoter
regions, lead to low or debcient serum MBL levels. Low serum MBL levels
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vator and calcium-modulating cyclophilin ligand interactor
(TACI), were documented in some patients [3], in the major-
Common variable immunode ciency (CVID) is a primary ity of affected people the genetic background is unknown.
hypogammaglobulinaemia affecting both sexes with clinical Factorsin uencing the clinical course and various laboratory
manifestation beginning at any age over 2 years [1]. Besidesabnormalities of CVID are still unknown in general. Pub-
frequent and complicated respiratory tract infections (RTI), lished studies of genetic polymorphisms have shown that the
the patients suffer frequently from other symptoms— vitamin D receptor and interleukin (IL)-6 allelic polymor-
diarrhoea, autoimmune diseases, splenomegaly, lymphaden-phisms were associated with immunophenotypic abnormali-
opathy and granuloma formation [2]. Although mutationsin  ties in CVID patients, and particular variants of TNF and
genes coding for inducible co-stimulator (ICOS), CD19, B IL-10 alleles conferred susceptibility to granulomatous forms
cell-activating factor of the tumour necrosis factor (TNF) of CVID [4,5], but probably other disease-modifying genes
family receptor (BAFF-R), and possibly transmembrane acti- are also involved.

Introduction

324 © 2008 The Author(s)
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Mannose-binding lectin (MBL) is an important compo-
nent of the innate humoral immune response. It binds to

MBL in CVID patients

general population, showing that MBL de ciency predis-
poses to mycoplasma infections in hypogammaglobuli-

polysaccharide groups on the surface of various microbes naemic patients [19]. None of these results were con rmed

activating the lectin complement pathway, which is indepen-
dent of previous antigen—antibody interaction. The gene
coding for MBL, designated &BL2,is located on chromo-

some 10. Various variants on exon 1 in uencing serum MBL

by additional studies.

In this study we have analysstBL2exon 1 and promoter
polymorphic markers in CVID patients from two immuno-
de ciency centres and correlated them with various clinical

levels have been described. A single nucleotide mutation in and laboratory parameters to assess to what exterilBie2

codon 54 leads to Gly Asp substitution (variantB), in
codon 57 Gly Glu (variantC) and in codon 52 Arg Cys
(variant D), while the normal, non-mutated allele is desig-
nated a#A [6]. Homozygosity in theA allele leads to normal

gene could be regarded as a disease-modifying gene in CVID.

Patients and methods

serum levels of MBL, while individuals heterozygous for one Ninety-four patients with CVID were included into the
of the polymorphic alleles have decreased levels of MBL, study: 51 females and 43 males aged 12—-82 years [mean 45-4,

reaching approximately one-tenth of the normal levels.
Homozygotes or compound heterozygotes for mutated

standard deviation (s.d3 14-7]. Fifty-four patients were
from the Department of Clinical Immunology and Allergol-

alleles have very low serum MBL levels, hardly detectable byogy in Brno and 40 from the Department of Rheumatology

conventional enzyme-linked immunosorbent assay [7],
although marked interindividual variation can be docu-
mented [8]. Also, polymorphisms in the promoter were
documented to lead to alteration of serum MBL level4.,
Y/XandP/Qpolymorphisms at positions550,- 221 and+4
were described. When iais position with the wild allele,
HYA, LYA and LXA haplotypes are associated with high,
low and de cient serum MBL levels respectively [9]. In
summary, in healthy individuals various combinations of
structural and promoter polymorphisms lead to a marked
variation of up to 1000-fold in MBL concentrations [6].
The importance of MBL in anti-microbial defence has

been documented by studies that showed increased occur-

rence of invasive infections caused3iyeptococcus pneumo-
niae[10] andNeisseria meningitidisl] in people with MBL
de ciency. MBL de ciency increases the probability of
attraction of human immunode ciency virus infection

and Clinical Immunology in Freiburg. None of them was
known to haveCOS(tested in 51 patients) oFNFRSF13C
(coding for BAFF-R; tested in six patients) mutations, while
the TNFRSF13Hcoding for TACI) mutation was docu-
mented in 10 of 87 patients tested.

Fifty-two patients ful lled the European Society for
Immunode ciencies diagnostic criteria for CVID [1]. In 42
patients, mainly those whose treatment was initiated before
the mid-1990s (the introduction of relevant tests in our
laboratories), diagnosis was made by low Ig levels, clinically
signi cant immunode ciency and exclusion of other causes
of hypogammaglobulinaemia.

Three hundred and fty-nine healthy donors of Czech
origin were used as control subjects for assessing the fre-
guency ofMBL2genotypes, as published previously [20].

The onset of the disease was de ned as the age when the
rst episode of pneumonia or a marked increase in the fre-

[12,13], and possibly also shortens survival of patients in the quency of RTI occurred. In patients without signi cant

acquired immune de ciency syndrome stage [12]. The fre-

quency of complications of hepatitis B infection is also asso-

ciated withMBL2 genotypes [14,15].

Data concerning the in uence of thBIBL2 genotype on
the CVID phenotype are limited. Mullighaet al [16] analy-
sedMBL2 polymorphisms in 163 CVID patients and 100
controls. They found that low MBL-producing alleles were
associated with earlier clinical manifestations of CVID. This
was most signi cant in patients with theXPA haplotype.
They also found that thtMBL2 +4 Q allele was associated
with autoimmune manifestation. Fevargg al. [17] found
that serum MBL concentrations correlated negatively with
the frequency of lower RTI and the presence of
bronchiectasis. Andersest al. [18] observed an increased
frequency of severe RTI before the initiation of immunoglo-
bulin (Ig) treatment in patients heterozygous fgiBL2exon
1 structural gene variant8/BL2 exon 1 polymorphic vari-
ants were found in 16 of 23 of the patients with various
forms of primary hypogammaglobulinaemia with a proven
mycoplasma infection compared with two-thirds in the

© 2008 The Author(s)

immunode ciency symptoms, the date of statement of a
CVID diagnosis was considered to be the beginning of the
disease.

The presence of bronchiectasis and lung brosis was
determined by high-resolution computerized tomography.
Data were available in 66 patients. Respiratory functions were
determined by spirometry; the data were available in 90
patients. Obstructive disease was graded as mild, moderate
and severe if forced expiratory volume in 1 s was 60-79%,
45-59% and<45% of the predicted value respectively.
Restrictive lung disease was graded as mild, moderate and
severe if vital capacity was 60—-79%, 45-59% ad&®% of
the predicted value, respedtly. Splenomegaly was de ned
by the length of the spleen over 11 cm on ultrasonography.

Serum Ig levels were measured by radial immunodiffu-
sion, turbidimetry or nephelometry, the method being
dependent upon the year of diagnosis of the patients. In the
case of ‘immeasurable’ Ig serum levels, a lower detection
limit was used for calculation. B lymphocyte subpopulations
were determined by ow cytometry, as published previously
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Table 1. Comparison of age at onset, age at diagnosis, diagnostic delay and number of pneumonias in patients with genotypes associated with normal

(N), low (L) and de cient (D) serum mannan-binding lectin levels.

De cient N versus N versus N+L
Normal (n =58) Low (h=19) (n=17) versud P-value L+D P-value versud P-value
Age at onset (years) 267 (13-7) 289 (17-2) 34.9 (15-8) 0-174* 0-122** 0-062**
Age at diagnosis (years) 329 (13-6) 359 (17-3) 384 (17-8) 0-460* 0-191** 0-240**
Diagnostic delay (years) 6-1 (7-6) 7-0 (8:0) 35 (4-4) 0-494* 0-866*** 0-304***
Pneumonias before diagnosis 1.5 (27) 1.6 (3:4) 0-76 (1-0) 0-758* 0-889*** 0-617***

The data are given as mean (standard deviation). *Kruskal-Wallis test was used for statistical evaluation; **t-test; ***Mann—Whitney test.

[21], and the patients were subdivided according to the
‘Freiburg classi cation’ [22].
The MBL2 genotype determination was performed by

test for two variables with more than two levels and Fisher’s
exact test in the case of two variables with binary outcome. A
standard level of statistical signi canee= 0-05 was used,

multiplex polymerase chain reaction (PCR), as described i.e. a P-value<0-05 was considered to be statistically

previously [20]. Brie y, the promoter polymorphisms were
detected using the double ampli cation refractory mutation
system method. Three separate amplications with

signi cant. However, because of multiple hypotheses testing,
standard Bonferroni correction was applied to tadevel
resulting in the appropriate critical value. The statistical

sequence-speci ¢ sense and anti-sense primers were carrieghackagetatistica (StatSoft, Inc., Tulsa, OK, USA), version

out to determineHY, LY and LX promoter haplotypes
respectively. The rst exoMBL2gene mutations were iden-
tied using the multiplex PCR method with sequence-
speci ¢ primers. One reaction with primers specic B C
andD alleles, and another reaction speci c to thallele in
codons 52, 54 and 57, were performed. A 4% MetaPhor

7, was used.

This study was approved by the Ethics Commission of the
Centre for Cardiovascular Surgery and Transplantation in
Brno. All patients and donors gave their written consent
prior to genetic analysis.

agarose gel electrophoresis was used to discriminate PCﬁQesults

products of 128, 135 and 143 base pairs. All reactions

included internal control of ampli cation. Assignment of

Fifty-eight CVID patients had genotypes associated with

haplotypes was based on the strong linkage disequilibrium normal MBL levels, 19 patients had genotypes associated

between the promoter variants and the rst exon alleles, and
the existence of the frequent haplotypdSA, LYA HYD,
LYB LYC and LXA All suspected.YD haplotypes were
conrmed by a separate long-chain PCR reaction with
sequence-speci ¢ primers.

HYA/HYA HYA/LYA HYA/LXA LYA/LYAand LYA/LXA

with low MBL levels and 17 patients exhibited genotypes
associated with de cient MBL levels.

The frequency ofMBL2 genotype groups leading to
normal, low and de cient MBL production in the general
Czech population [20] and CVID patients did not show any
signi cant differences (Spearman’s test, data not shown),

genotypes were considered to be associated with normalsuch as frequency of determined alleles or patients having at

levels of serum MBL; the patients with this genotype were
labelled as ‘normal’ (N). Patients withYA/HYD, HYA/LYB
HYA/LYG HYA/LYD, LYA/HYD LYA/LYB LYA/LYG LYA/
LYD and LXA/LXA genotypes were considered to have low
serum MBL levels forming the group ‘low’ (L), whiléY D/
HYD, HYD/LYB HYD/LYG HYD/LYD, LYB/LYBLYB/LYC
LYB/LYD LYC/LYD LYD/LYD LXA/HYD, LXA/LYB LXA/
LYCandLXA/LYDgenotype holders were considered to have
de cient MBL levels (the ‘de cient’ group: D).

Statistical analysis

Testing the difference in two continuous variables was per-
formed using either the two-tailed-test or the Mann—
Whitney test according to normality of data, which was

least one of the determined alleles (Fisher's exact test, data
not shown).

State before CVID diagnosis

On comparing age at onset, age at diagnosis and the number
of pneumonias before diagnosis, no signi cant differences
were observed (see Table 1). There were no differences in
serum IgG, IgA and IgM levels before the diagnosis compar-
ing N versus+D and N+L versu® groups (Mann—Whitney
test, data not shown).

B cell analysis

There were no differences in numbers of patients with B cells

assessed by the Kolmogorov—Smirnov test. In the case of< 1% of peripheral lymphocytes (six in normal, four in low
more than two variables tested, the Kruskal-Wallis test was and two in de cient groupsP = 0-278, Spearman’s test). In
used. Categorical variables were analysed using the appro76 patients in whom B cells werel% of peripheral lym-
priate test for the contingency tables, i.e. using Spearman’sphocytes the Freiburg classi cation was used, but no signi -
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Table 2. Presence of lung abnormalities on computed tomography scan. The results were available for only 66 patients. Generalized bronchiectases were
de ned as bronchiectases in more than three lung lobes. The results ottt ef bronchiectasis, the extent of brosis and the extent of emphysema
are given as no/localized/generalized.

Normal Low De cient N versus N versus N+L versus

(n=43) (n=13) (n=10) L versu® P-value L+D P-value D P-value
Presence of bronchiectasis 15 10 5 0-009* 0-022** 0-999**
Extent of bronchiectasis 28/10/5 3/5/5 5/3/2 0-006* 0-013* 0-768*
Presence of brosis 12 8 3 0-037* 0-102** 0-999**
Extent of brosis 31/10/2 5/6/2 712/1 0-048* 0-091* 0-800*
Presence of emphysema 7 2 2 0-959* 0-999** 0-668**
Extent of emphysema 36/4/3 11/0/2 8/2/0 0-913* 0-893* 0-870*

*Spearman’s test; **Fisher’s exact test. N, normal; L, low; D, de cient serum mannan-binding lectin levels.

cant differences in the frequency of groups la, Ib and 11 [22] Table 4; no differences in the frequency of RTI or of antibi-
were observedq= 0-894 for all groups, Spearman’s test).  otic courses in the subgroups of CVID patients were
observed. There was no difference in the number of patients
with X-ray-proven pneumonia after the initiation of Ig treat-
ment (nine in the N group, four in the L group, ve in the D
The association d¥IBL2genotype groups with the presence group) in all three groups of patients (Spearman’s test,
of bronchiectasis, lung brosis and emphysema is shown in P=0-414), not even when the groups were merged€ksus
Table 2; as can be seen, the presence of bronchiectasis and+D: P=0-227, N-L versu®: P=0-216, Fisher’s exact test).
lung brosis was linked to defectivdBL2genotype groups.  There was also no difference in the number of patients who
On assessing lung function tests (see Table 3), no relationwere on permanent or seasonal antibiotic prophylaxis (eight

Lung abnormalities

between restrictive and obstructive diseaseMBi.2geno- patients in group N, three patients in group L and one
type groups was observed, while respiratory insuf ciency patientin group D; Spearman’s test for all groups: 0-547,
was associated mildly with the presence of defedliB&2 Fisher’s exact test for ersug+D: P=0-760, N-L versu®:
genotype groups. P=0-688). No signi cant difference was observed compar-

ing patients with more than ve infections in 1 year prior to
inclusion into the study (four of 49 patients in group N,
three of 18 patients in group L, one of 15 patients in group D;
The number of RTI and antibiotic courses in our patients Spearman’s test for all groups= 0-421, Fisher’s exact test: N
during 1 year prior to inclusion into this study is given in  versus+D: P=0-708, N-L versu®: P=0-999).

Respiratory tract infections

Table 3. Lung function abnormalities in patients with common variable immunode ciency. The results are given as normal/mild/moderate/severe in
the degree of obstructive disease and degree of restrictive disease lines (see Patients and methods; 90 patients evaluated) and no/fpahgal/global i
respiratory insuf ciency degree line (88 patients evaluated).

N versus N versus N+L versus
Normal Low De cient versud P-value L+D P-value D P-value

Obstructive disease 29 5 8 0-132* 0-277** 0-789**
Degree of obstructive disease 27/18/8/3 13/2/2/1 8/3/5/0 0-274* 0-408* 0-620*
Restrictive disease 8 3 2 0-859* 0-999** 0-999**
Degree of restrictive disease 48/7/1/0 15/2/1/0 14/2/0/0 0-869* 0-904* 0-783*
Respiratory insuf ciency 3 4 3 0-029* 0-041** 0-380**
Degree of respiratory insuf ciency 51/2/1 14/4/0 13/2/1 0-034* 0-033* 0-291*

*Spearman'’s test; **Fisher’s exact test. N, normal; L, low; D, de cient serum mannan-binding lectin levels.

Table 4. Number of respiratory tract infections (RTI) and antibiotic (ATB) courses during 1 year prior to inclusion into the study in subgroups of
common variable immunode ciency patients. Suf cient data were available in 83 patients. The data are given as mean (standard deviation).

Normal Low De cient N versug versus N versus+D N+L versus

(n=50) (n=18) (n=15) D P-value* P-value** D P-value**
No of RTI infections 2:4 (2:1) 3:3(2:6) 2:6 (1-5) 0-541 0-576 0-810
No. of ATB courses 1.6 (1-8) 1-8(2:6) 1.5(1-3) 0-761 0-655 0-901

*Kruskal-Wallis test; **Mann—-Whitney test. N, normal; L, low; D, de cient serum mannan-binding lectin levels.
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Table 5. Presence of splenomegaly, lymphadenopathy, autoimmune phenomena, granulomas and chronic diarrhoea in 94 patients with common
variable immunode ciency. N/L/D means positivity in the patients with genotypes associated with normal/low/de cient mannan-binding lectin levels
respectively.

N versud N versus N+L versus
N/L/D versud P-value L+D P-value D P-value
Splenomegaly 32/10/9 0-956* 0-999** 0-792**
Lymphadenopathy 45/11/16 0-561* 0-999** 0-106**
Autoimmune phenomena 15/5/6 0-658* 0-636** 0-551**
Granuloma 2/1/1 0-652* 0-635** 0-556**
Chronic diarrhoea 6/3/3 0-413* 0-629** 0-546**

*Spearman'’s test; **Fisher’s exact test.

supported by the observation th&tiBL2 non-A variants
were associated with increased otitis media episodes at the
The frequency of splenomegaly, lymphadenopathy, autoim- age of 12—24 months, but not later [27]. The age span men-
mune phenomena, granuloma and chronic diarrhoea in tioned is the life period when maternally derived antibodies
CVID patients is given in Table 5. There were no signi cant have waned, but adequate adaptive immunity is not yet
differences between the groups studied. developed. On the other hand, Aittonierat al.[28] could

not document any in uence of serum MBL levels on the
clinical state of IgA-de cient individuals.

Our study con rmed the previous observation [17] that
We have analysed the relation of the polymorphic variants of in CVID patients low MBL levels were associated with the
MBL2determined with the presence of subsequent clinical or presence of bronchiectasis; also, the presence of brosis was
laboratory data: presence of pneumonia after initiation of Iy associated with the presence of defective genotypes. Inter-
treatment, chronic diarrhoea, presence of bronchiectasis, estingly, observations in CVID patients are, to our knowl-
brosis, emphysema, respiratory insuf ciency, obstructive edge, the rst described associations of MBL de ciency
lung disease, restrictive lung disease, chronic diarrhoea,with bronchiectasis development. Although the numbers of
granuloma formation, autoimmune phenomena, splenom- patients in the evaluated groups were too low to draw any
egaly and lymphadenopathy; more than ve infections in 1 unequivocal conclusions, it seems that it is predominantly
year prior to inclusioninto the study. Fisher's testwas used for the decrease in serum MBL level (in both patients from the
statistical analysis. Only the presence of autoimmune phe- L and D groups) that predisposed to bronchiectasis or
nomena in patients negative for allede(present in ve of brosis development. On the other hand, patients with
eightA- patients, compared with 21 of 86+ patients, Fisher's ~ MBL-de cient genotypes did not have higher proneness to
test:P = 0-035), and chronic diarrhoea for variabt(present the mentioned complications than the patients with low
in ve of 17 D+ patients and in seven of 73- patients, MBL-producing genotypes.

P =0-038) exceeddrl< 0-05 but, because of multiple testing, The association oMBL2 genotype groups with respira-
only the resultanP-values< 0-002 should be considered sta- tory insuf ciency was also observed in our study, but this
tistically signi cant. result could be questioned because of the low number of
patients in whom respiratory insuf ciency was present. On
the other hand, we could not prove any in uence of MBL
status on the frequency of infections of patients under Ig
The extensive variability of CVID stimulates searching not treatment documented previously by others [17], or the fre-
only for causative genes, but also for genes modifying the quency of antibiotic courses in CVID patients. Comparing
clinical course of the affected individual. One such disease-our study and the above-mentioned studies, we have
modifying gene in CVID might bé/IBL2 Previous studies  recorded all RTI in our patients, while in the above-
have shown that MBL de ciency has only a minor, if any, mentioned study only lower RTI were documented [17]. As
in uence on the morbidity or mortality of otherwise healthy = many of our patients were treated many years ago, we could
people [23], but that it becomes symptomatic if other notevaluate the number of lower RTI prior to Ig treatment,
defence barrier(s) is/are disturbed, the best example which was shown to be increased in patients heterozygous
being granulocytopenia during or after cytostatic treatment for structural polymorphisms associated with low MBL pro-
[24,25] or cystic brosis [26]. duction [18]. However, when evaluating the number of

Much less clear is the association of MBL de ciency with pneumonias before making a CVID diagnosis, we could not
various types of Ig production disturbances. A possible document any difference among patients from different
importance of MBL in patients with antibody de cienciesis MBL2 genotype groups.

Other clinical indicators

Particular genetic variant analysis

Discussion
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Unlike the study by Mulligharet al.[16], we could not insuf ciency. On the other hand, we could not document
conrm the earlier clinical manifestation of CVID in any in uence ofMBL2genotypes on the frequency of acute
patients with defectivBIBL2genotypes. Another study from  RTI, extrapulmonary manifestation or various laboratory
Norway also showed no effect of MBL levels on the age of parameters. It is supposed that various other disease-
clinical manifestation of CVID[17]. Surprisingly, our data modifying genes and their mutual interactions as well as
showed an even later (although not signi cant) manifesta- interactions with environmental factors must be involved in
tion of CVID in patients with low and mainly de cient  the variability of the disease.

MBL-producing genotypes. It is necessary to mention that
the retrospective determinations of the onset of immunode-
ciency symptoms, even when conducted by experienced Acknowledgements
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Abstract

Common variable immunodeficiency disorders (CVIDs) represent a group of primary immunodeficiency diseases
characterized by hypogammaglobulinemia and dysfunctional immune response to invading pathogens. Previous studie:
have indicated that CVID is associated with microbial translocation and systemic myeloid cell activation.

The goal of this study was to determine whether patients with CVID display elevated systemic levels of markers of
granulocyte activation and whether the levels are further influenced by intravenous immunoglobulin (IVIg) infusions. The
plasma levels of granulocyte activation markers elastase and myeloperoxidase were determined using enzyme-linked
immunosorbent assay (ELISA) in 46 CVID patients and 44 healthy controls. All CVID patients were in a stable state
with no apparent acute infection. In addition, granulocyte activation markers’ plasma levels in 24 CVID patients were
determined prior to and 1 h following 1VIg administration. Neutrophil elastase and myeloperoxidase plasma levels were
significantly higher in CVID patients than in healthy controls. Systemic elastase levels were further increased following
IVIg administration. In vitro stimulation of 13 CVID patients’ whole blood using IVIg in a therapeutically relevant dose for
2h resulted in a significant increase in plasma elastase levels compared to unstimulated blood. The data presented here
indicate that CVID is associated with chronic granulocytic activation which is further exacerbated by administering 1VIg.
Increased myeloperoxidase and elastase levels may contribute to associated comorbidities in CVID patients.
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Neutrophil elastase and myeloperoxidase are Splenomegaly was defined as a spleen
stored in large quantities in the neutrophils’ azurotength 11 cm in ultrasonography. Bronchiectasis
philic granules and are released into extracellulavas determined by high-resolution computed
space following neutrophil activation. The releaséomography (HRCT). The clinical phenotypes
of elastase, a serine proteinase with broad substratere defined as described in Chapel éf 8-cell
specificity, results in damage to host tissue in @henotypes were determined according to Wehr
wide range of inflammatory conditioA®leutrophil et al16 (EUROclass).
elastase plasma levels were shown to be increased
in_ patients with pneumon?af‘,inflamm_atory bowel plasma neutrophil elastase and
disease, angl preeclampsm.Syste_mlc Ie_vels of_ myeloperoxidase determination
myeloperoxidase are elevated in patients with
acute coronary syndroniepelvic inflammatory The blood was collected in an acute infection—free
diseasé,and rheumatic arthrit. period. In 24 patients on IVIg treatment (aged 22—

CVID was shown to be associated with an altere§2 years), elastase and myeloperoxidase plasma
neutrophil phenotype characterized by decreasdévels were determined prior to and 1h after the
expression of surface markers CD15, CD11b, angompletion of IVIg infusiort*

CD161° CVID patients display elevated systemic Human elastase and myeloperoxidase plasma
cytokine levels associated with granulocytelevels were determined by enzyme-linked immuno
macrophage lineage activatirDecreased reactive sorbent assay (ELISA), according to the manufac
oxygen species (ROS) production of granulocytetdrer’s protocol (Hycult Biotech, Plymouth Meeting,
pretreated with toll-like receptor (TLR) 1/2 and TLR PA, USA). The samples were collected into ethylen
4 agonists after stimulating with N-formylmethionyl- ediaminetetraacetic acid (EDTA)-containing tubes
leucyl-phenylalanine (fMLP) was documented,-sug(S-Monovette; Sarstedt, Nimbrecht, Germany) and
gesting disturbed granulocytic function in CVID placed on ice. Within 20 min, the plasma was sepa
patientsl® However, no significant difference in rated by centrifugation for 15min at 15009 at 4°C.
granulocytic oxidative burst activity following stim Without disturbing the buffy coat, the plasma was
ulation with opsonizeéEscherichia colior phorbol-  transferred into a polypropylene tube and centri
myristate-acetate (PMA) was observed in CVIDfuged again for 15min at 15009 at 4°C. All plasma
patients compared to healthy don®rs? samples were stored at 20°C.

The goal of this study was to determine whether
the levels of granulocyte activation markers releasegh vitro stimulation of blood with [VIg

from azurophilic granules are altered in patients

with CVID and whether they are affected by thef‘tOtzl of 13hCVI[;lpatie_nfts’ \évho:)e blood was col-
infusion of intravenous immunoglobulin (IVIg). ected into three heparinized tubes (S-quovette)
at room temperature. Plasma from the first tube

_ was collected as described above. The second tube
Materials and methods was incubated in a water bath at 37°C with gentle
Study participants mixing every 30 min; after 2h, plasma was col-

] _ lected. In the third tube, 10% IVIg at a dose of
The study was approveo! by the Medical Ethicg 7 mg/mL of heparinized blood (IVIg concentra-
Committee of St. Anne’s University Hospital. yjon adequate to the concentration in blood after
Informed consent was obtained from all participant$fsion of 400 mg IgG/kg) was added. The subse-
prior to inclusion in the study. A total of 46 CVID 4 ent procedure was identical to the one in tube

patients (25 females, 21 males; median age: 43 mber 2. Plasma elastase levels were determined
range: 22-82years) were recruited. All patients fulys described above.

filled the International Consensus Document (ICON)
diagnostic criteria for CVID. The control group I .
consisted of 44 healthy donors (23 females, 21 male§,1"itIStICal analysis

median age: 41, range: 19-78years). The contr@he results were analyzed using the Mann—Whitney
persons were recruited mainly from the hospitafank-sum test, Wilcoxon signed-rank test, and
employees and their relatives, not suffering from @nalysis of variance (ANOVA) test as appropriate
known immunodeficiency or autoimmune disease. using Stata and GraphPad Prism 5 statistical
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packages. The results are presented as medidififerences were observed between patients with

(5th—95th centile). (n=7) and without (n=39) lymphocytic infiltra
tion, and with (n=9) and without (n=37) auteim
Results mune disorders. No patient suffered from lymphoid

_ malignancy. No significant differences were
Plasma elastase and myeloperoxidase levels observed in plasma elastase levels.

Basic clinical and laboratory characteristics of the 1"€ ANOVA test did not show any significant
CVID patients are shown in Table 1. The absolutdifférence in elastasé € 0.35) and myeloperoxi-
number of neutrophils was higher in CVID patientsdase PZO-_OG) plasmq levels comparing patient
than that in the healthy controls (3.4®/L (1.8— 9roups defined according to EUROcIaSs.

6.8) vs 2.7 1(/L (1.8-4.4);P=0.02). The CVID

patients displayed significantly higher neutrophilEffect of administering 1VIg on plasma

elastase (100.5ug/L; (55.8-184.0) vs 66.9pg/lneutrophil elastase and myeloperoxidase levels
(42.2-99.6); P 0.001) and myeloperoxidase o . -
(28.2ug/L (15.2-56.6) vs 14.1ug/L (8_4_19_7);Adm|nlste_rlng IVig _resulted in a significant
P 0.001: analyzed by Mann—Whitney test) plasméncrease in neutrophil elastase plasma levels 1h

levels than the healthy controls (Figure 1). The difafter freatment R=0.001; Wilcoxon signed-rank

ference remained significant after the CVID patient§est Figure 2). Atrend toward increased myeloper-

with C-reactive protein (CRP) higher than 10 mg/LOX|dase levels was observed; however, the effect

(n=7) were excluded from the analysis (elastascg'd not reach §tat|st]cal s_|gn|f|candé:(O.17)_. No
89.2 ng/L (54.8-162.1P=0.04; myeloperoxidase: adverse reaction to infusion was observed in any of
275ug/L (12.1-55.9)P 0.001). No significant "€ Participants.

differences were observed between patients treated

with IVIg (n=25) versus subcutaneous immuno The in vitro effect of IVIg on elastase release

globulin (SClg; n=21) R=0.2 for elastase and 14 eyaluate the potential activation effect of IVIg
P=0.1 for myeloperoxidase). Compared to healthyy, cviD neutrophils, whole heparinized blood

controls, the levels of granulocytic markers werg a5 stimulated with IVIg. As shown in Figure 3
significantly higherin both I\_/Ig(elastase: 110.4ug/Lo K cultivation of patients’ blood at 37°C leads to
(55.8-162.1); myeloperoxidase: 26.5ug/L (12.14p increase in the elastase concentration in plasma
44.7)) and SClg (elastase: 83.1ug/L (56.5-191.9% 74 505 (37.2%6-273.3%). Stimulating whole
myeloperoxidase: 29.5ug/L (17.1-62.5)) recipient$)jood from CVID patients with IVIg leads to an
(@ll P 0.001; analyzed by Mann-Whitney test).  ihcrease in plasma elastase levels by 104.0%
Significantly elevated neutrophil elastase anc_{56.2%_301_3%)_ The difference between the
myeloperoxidase plasma levels were observed ipcrease with and without IVIg was statistically

patients with splenomegaly (n=21) than patient§jgpificant P=0.017; Wilcoxon signed-rank test;
without splenomegaly (n=24) (elastase: 114.9 “gl'Figure 3).

(54.8-162.1) vs 76.4ug/L (56.5-156.9)=0.005;
myeloperoxidase: 35.2 ug/L (12.1-56.6) vs 26.5 ug/lD. :
(15.8-55)P=0.02). No significant differences were “'SCUSSION
observed between patients with (n=19) and withourhe presented data, together with previously pub-
(n=26) bronchiectasis. lished observations, are indicative of an ongoing
Using clinical phenotype classificatidn, chronic granulocytic activation in CVID patients.
patients classified as “no disease-related compliThe cause of activation of granulocytes in CVID
cations” (n=28) displayed a lower plasma myeremains unclear. However, the data are consistent
loperoxidase concentration (26.9 pg/L (15.2-55.9)ith a potential role of translocation of microbial
than patients with other complications of CVID products from the intestinal lumen into the sys-
(n=18) (40.1pg/L (12.1-71.7); P=0.007). temic circulation. Microbial translocation is
Patients with enteropathy (n=8) had higher myeobserved in various pathological conditions includ-
loperoxidase levels (42.9ug/L (12.1-71.7)) tharing HIV-1 infection, inflammatory bowel disease,
patients without this complication (n=38) and hepatitis B and C infectiok&!8 Bacterial and
(27.3 pg/L (15.2-55.9)P=0.006). No significant fungal products’ translocation results in systemic
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Figure 1. Plasma myeloperoxidase (MPO) and elastase levels in all CVID patients, patients on intravenous immunoglobulin (1VIg)
and subcutaneous immunoglobulin (SCIg) treatments and healthy control donors.

NS: non-significant.

Horizontal lines indicate median values; Mann-Whitney rank-sum test was used for statistical evaluation.
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Figure 2. Plasma myeloperoxidase (MPO) and elastase levels before and 1h after intravenous immunoglobulin infusion in CVID

patients.
Wilcoxon signed-rank test was used for statistical evaluation.

immune activatiod” We and others have previ- In our study, we observed increased serum
ously presented evidence of chronic microbiaklastase and myeloperoxidase levels in patients
translocation in CVID patient8-2L Furthermore, with splenomegaly compared to patients without
CVID patients display an altered cytokine signasplenomegaly. Except for the observation showing
ture profile consistent with an ongoing activationhigher serum myeloperoxidase levels in patients
of cells of monocytic and granulocytic lineagés. with splenomegaly and liver cirrhosis compared to
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Figure 3. Plasma elastse concentration levels of 13 CVID patients after in vitro stimulation with 1VIg.

Elastase concentration was determined in three plasma samples from each patient: TO—the plasma was obtained after the collection of heparinized
blood from a patient; T1—heparinized blood was incubated in water bath at 37°C. After 1-h incubation plasma was collected; IVIg—heparinized

blood was incubated in water bath at 37°C and stimulated with 10% intravenous immunoglobulin. After 2h of incubation plasma was collected. All
samples of plasma were separated by two consecutive centrifugations, and human elastase plasma levels were determined by ELISA, according to the
manufacturer’s protocol. Wilcoxon signed-rank test was used for statistical evaluation.

patients without splenomega®,to our knowl- and producing proinflammatory cytokines includ-
edge, no association of splenomegaly with myeing interleukin (IL)-6, IL-8, and tumor necrosis fac
loperoxidase and elastase levels has been previousty (TNF)- .24 Therapeutic approaches targeting
reported. However, splenomegaly in CVID is fre-granulocytic enzymes or curbing their proinflamma
quently associated with other complications, fortory properties may be beneficial to CVID patients.
example, cytopenias, hepatomegaly granuloma, Here, we report that the administration of IVIg
enteropathy, autoimmunity, or bronchiectd8#®. resulted in elevated systemic concentrations of
Although we did not observe elevated levels oheutrophil elastase and a trend toward an increased
both granulocyte activation plasma markers in subsoncentration of myeloperoxidase at 1 h following
jects with bronchiectasis, autoimmunity, or lym-the treatment. Limited data are available regarding
phaticinfiltrationin our cohort, the myeloperoxidasethe effect of IVIg on polymorphonuclear neutro-
levels were lower in patients in the “no diseasephil (PMN) degranulation upon IVIg stimulation
related conditions” grodp than the group with in vitro. Van Mirre et aP® observed decreased
disease-related conditions and increased in patiengtastase release in isolated granulocytes stimulated
with enteropathy. by aggregated IgG by adding monomeric IgG
Elevated systemic elastase and myeloperoxidagebtained from IVIg). This effect was not observed
levels may significantly contribute to the patho-when PMNs were activated by fMLP/cytochalasin
genesis of CVID complications. Neutrophil B; monomeric IgG alone did not stimulate PMN,
elastase is involved in destroying the extra-cellusuggesting that monomeric IgG acts as a low-
lar matrix in chronic obstructive pulmonary dis affinity Fc R antagonist. On the other hand, in the
easé* and plays a pathogenic role in formingwhole blood, under the in vitro conditions more
bronchiectasis®> Neutrophil-derived myeloper similar to our experiments, Teeling efakhowed
oxidase is involved in inducing oxidative stressthat in vitro exposure of whole fresh blood from
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healthy donors to commercially available 1VIgthat previous studies showed an increase in proin-
preparations at therapeutically relevant levelslammatory cytokines after IVIg infusions, includ-
resulted in neutrophil degranulation and a releaseg neutrophil-activating cytokines TNFE- IL-6,
of elastase and lactoferrin. This effect was mainland I1L-83233 The observation of an increase in
mediated by the dimeric and polymeric fractions oplasma elastase levels following IVIg infusion is
the IVIg derivate and was dependent onRid.2”  supported by other reports of in vitro elastase
Currently available commercial preparations ofreleas&’ and general granulocyte activad
IVIg contain less than 3% of polymeric Ig&. after in vitro stimulation of whole blood by IVIg.
Whether or not neutrophil activation by IVIg In summary, the data presented here indicate
depends on the presence of polymeric IgG warchronic granulocyte activation in CVID patients,
rants further investigation. independent of concurrent infection and other

Other studies support potential activation offorms of disease exacerbation. Administering IVIg
granulocytes by IVIg. Higurashi et &.showed further enhances granulocytic degranulation in
that IVIg administration increased the productionCVID patients. Pharmacologically targeting gran-
of ROS from TNF--primed PMN in a process ulocytic activation and degranulation may repre-
dependent on both the Fab and Fc domains of Ig&nt a novel approach to CVID treatment.
and interaction with FIIl. Similarly, using
whole-blood conditions, Casulli et #l.showed Declaration of conflicting interests
that IVIg at low concentrations induced PMN acti-the author(s) declared the following potential conflicts of
vation indicated by decreased CD62L and increasegkerest with respect to the research, authorship, and/or
CD11b surface expression, enhancement of oxidgublication of this article: J. L. obtained consultation fees
tive burst, and prolonged cell survival. In contrastfrom Shire Plc and Octapharma AG. The remaining
at higher concentrations, 1VIg inhibited lipopoly- authors have no conflicts of interest to declare.
saccharide (LPS)-induced CD11b degranulation
and priming of oxidative burs®. Funding

Limited information is available regarding the The author(s) disclosed receipt of the following financial
effect of IVIg administration on neutrophils in vivo. support for the research, authorship, and/or publication of
A significantly reduced capacity for PMA-induced this article: This project was supported by a grant from the
ROS production by PMN obtained from CVID Czech Health Research Council (No. 15-28732A).
patients after administering 1Vlg was observéd.
No effect on CD11b, CD16, and sialic acid—binding®RCID iD
immunoglobulin-like lectin (Singlec) 9 expression MarcelaVikove!™ https://orcid.org/0000-0002-1926-5426
on PMNs or ROS production induced by opsonized
E. coliwas documented in this stuly. References
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Neutrophil and Granulocytic Myeloid-Derived Suppressor
Cell-Mediated T Cell Suppression Signi cantly Contributes
to Immune Dysregulation in Common Variable

Immunode ciency Disorders

Marcela Vlkova,* " Zita Chovancova,*" Jana Nechvatalova,*" Ashley Nicole Connelly"*
Marcus Darrell Davis,** Peter Slanina,*" Lucie Travnickova,* Marek Litzman,

Tereza Grymova, * Premys| Soucek,” Tomas Freiberger,* * Jiri Litzman,* ' and
Zdenek Hef*

Common variable immunode ciency disorders (CVID) represent a group of primary immunode ciency diseases characterized by
hypogammaglobulinemia and impaired speci ¢ Ab response, resulting in recurrent infections due to dysfunctional immune re-
sponse. The speci c mechanisms mediating immune de ciency in CVID remain to be determined. Previous studies indicated that
immune dysregulation in CVID patients is associated with chronic microbial translocation, systemic immune activation, and altered
homeostasis of lymphocytic and myeloid lineages. A detailed phenotypic, functional characterization of plasma markers and im-
mune cell populations was performed in 46 CVID patients and 44 healthy donors. CVID patients displayed signi cantly elevated
plasma levels of a marker of neutrophil activation neutrophil gelatinase—associated lipocalin. Neutrophils from CVID patients
exhibited elevated surface levels of CD11b and PD-L1 and decreased levels of CD62L, CD16, and CD80, consistent with a
phenotype of activated neutrophils with suppressive properties. Neutrophils from CVID patients actively suppressed T cell
activation and release of IFNg via the production of reactive oxygen species. Furthermore, CVID was associated with an
increased frequency of low-density neutrophils (LDNs)/granulocytic myeloid-derived suppressor cells. LDN/granulocytic
myeloid-derived suppressor cell frequency in CVID patients correlated with reduced T cell responsiveness. Exogenous stimulation
of whole blood with bacterial LPS emulated some but not all of the phenotypic changes observed on neutrophils from CVID
patients and induced neutrophil population with LDN phenotype. The presented data demonstrate that neutrophils in the blood of
CVID patients acquire an activated phenotype and exert potent T cell suppressive activity. Speci c targeting of myeloid cell-
derived suppressor activity represents a novel potential therapeutic strategy for CVID. The Journal of Immunology 2019, 202:
93-104.

a heterogeneous group of defects representing the mogirotein (LRBA), CTLA-4, CD19, CD20, CD21, CD81, ICOS,

frequent form of primary symptomatic hypogamma- BAFF-R, transmembrane activator and calcium modulator and
globulinemia (1). CVID patients suffer from clinically signibpcant cyclophilin ligand interactor (TACI), and others (2, 3). Previous
immunodebciency that manifests by frequent and severe respiratudies have demonstrated a number of lymphocytic abnormalities
tory tract infections, diarrhea, and autoimmune disorders. Recurin CVID patients, including chronic T cell activation, reduced
rent bacterial infections in CVID patients are predominantly T cell functionality, and decreased absolute numbers of TD4
caused byStreptococcus pneumoniaelaemophilus inBuenzae T cells and NK cells in the systemic circulation (4D10). The
and Staphylococcus aureu?, 3). In 2D10% of patients with specibPc mechanisms underlying systemic immune dysregulation
CVID, specibc mutations in more than 20 genes were describedn CVID remain unclear. Studies by others and us demonstrated

C ommon variable immunodebciency disorders (CVID) areincluding genes coding for LPS-responsive beige-like anchor
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94 NEUTROPHILS SUPPRESS T CELLS OF CVID PATIENTS

that immune dysregulation in CVID is associated with chronic (30, 32, 34). LDNs/G-MDSCs are believed to serve as a negative

microbial translocation, systemic activation of myeloid cells, and feedback mechanism preventing extensive damage to the host in

altered phenotype of myeloid cellbderived cytokines, includingsepsis and inBammation (32).

increased production of G-CSF and other factors involved The goal of the current study was to determine the phenotype of

in granulopoiesis and reguian of neutrophil recruitment and granulocytes in CVID patients with an emphasis on possible

activation (10D13). regulatory effect on T cell function. We present evidence that
Neutrophils represent the most abundant nucleated leukocytaeutrophils in CVID patients acquire a specibc activated phenotype

population (50D70% of all WBCSs) that is specibcally geared forand exert potent T cell suppressive activity, a previously unrec-

sensitive detection of bacterial products (14D16). Any signibcanbgnized mechanism of immune suppression in CVID patients.

functional alteration of this population is likely to exert a profound

effect on the host. Systemic bacterial or viral infection induces apjaterials and Methods

hematopoietic response referred to as emergency granulopoiesisatients and healthy donors

with up to 13 10 granulocytes generated each day (17, 18).

Recef‘t gle.gant. studies have demonstrated that eme'rgency g.r zech Republic. The study was approved by the Medical Ethics Com-
ulopoiesis is driven by G-CSF produced by endothelial cells inpisee of St Anne®s University Hospital, Brno, Czech Republic. Informed
response to LPS signaling via TLR4/MyD88 pathway (18D20).consent was obtained from all volunteers prior to the inclusion in the study.
G-CSFbinduced neutrophils were shown to arise from alternativé total of 46 CVID patients (25 females, 21 males; median age 45, range
differentiation pathway from common myeloid progenitors and 22D82 y) and 44 healthy donors (23 females, 21 males; median age 41,

. . range 19D78 y) were recruited. All patients fulblled the International
granulocyte/macrophage progenitors, produce reactive OXY9€R ynsensus Document diagnostic criteria for CVID (38). Clinical charac-

species (ROS), and display potent immunosuppressive propertiggristics of the study population are described in Table I. CVID patients
(19D21). were treated with regular i.v. (IVIG)n(= 25) or s.c. (SCIG){ = 21)
A new appreciation of the signibcance of neutrophils for the hostsubstitution. None of the patients suffered from opportunistic infections

has emerged in light of recent Pndings on their heterogeneity an§yPical for late-onset combined immunodePciency (39). One patient re-

- . - . . cently had splenectomy for splenomegaly and hypersplenism. One patient
plqs_,tlcny (16, 22), th?'r ab'l'tY to survive long term, and their nqervent partial gastrectomy for gastric cancer; no other malignancies
ability to shape adaptive arm immune responses (14D16, 23, 24)ere detected in any of the participants. Three patients were on long-term ©
Neutrophils regulate immune hyper and hypoactivation via a re-steroid treatment (owing to granulomatous disease, lung bbrosis, and de-2
lease of inRammatory and toxic mediators and by curbing ex.myelinating di(setase_)d O”ed ‘I’agem W%S )"eaFed ;"’“Ih CO";Ei”e‘.j im"t‘#r.‘t‘." T

Lo . g uppressives (steroids and leRunomide) owing to lung Pbrosis, arthritis,
cessive |mmune responses (16, .25). The altered fupctlgnallty 0 eurologic involvement, and diarrhea. =)
neutrophils can lead to severe infammatory complications and

sepsis (26). Neutrophils colocalize and actively communicate withCell isolation

T cells in draining lymph nodes and other organized lymphoidgjood samples for isolation of PBMCs and T cells of patients on IVIG
tissues in which they are involved in negative regulation of T cell treatment were collected before the IVIG infusion. PBMCs and neutrophils
function via production of ROS and arginase-1 (15, 27D32). Wevere isolated from the blood harvested in EDTA-containing vacutainers by

: ; ; ensity gradient centrifugation (408 g, 30 min) using Ficoll-Paque
have recently described a presence of immunosuppressive ne harmacia, Uppsala, Sweden) and washed twice with PBS supple-

_tmph"s in the_ bIOQd of HIV']-D_infeCtEd patients that are Iikgly mented with 5% BSA (Sigma-Aldrich, St. Louis, MO). Following centri-
induced by microbial translocation and suppress T cell functionfugation, the upper mononuclear cell layer was removed, and the lower <
via the production of ROS and programmed death PD-1/PD-L1granulocyte layer was collected and resuspended. Erythrocytes were Iysed%>
interaction (33). Recent studies have identiped an immunosud;‘zﬂ’(‘:go'S(’ztg”rlfMNgg'T:%tnrg"g;‘}’g?ﬁt’fﬁLégt%r?"’éé\l‘lis":\l\vlelrg g],l\t/lured
H : low H e i 3 ’ . .
pressw_e population of CDIG:DSZ_L _n_eUt_rOph"s that is in- in RPMI 1640 (Sigma-Aldrich) supplemented with 10% heat-inactivated
duced in human volunteers following injection of a low dose of Fgs (HyClone, South Logan, UT), 100 U/ml penicillin, 100 mg/ml
bacterial LPS and inhibits T cell function by local release of hy- streptomycin, and 2 mM-glutamine (HyClone), further referred to as
drogen peroxide (31) and via PD-L1/PD1 axis. complete RPMI medium. T cells were isolated from peripheral blood using

In sepsis, trauma, and various chronic inBammatory conditions $0b08ep Human CD3 Positive Selection Whole Blood kit (STEMCELL
’ ! " Technologies, Rockford, IL). Separation was performed on the instrument

DOpU|f3‘ti°n of IOV_V'denSity neutrophils (LDNs) with immunosup- groposep-S (STEMCELL Technologies) according to the manufacturer®s
pressive properties has been detected (23, 30, 33, 34). In aut@structions.

immune diseases, LDNs have been associated with enhancel_:q_ISAf the detecii f trophil activati K
NETosis and extensive endothelial damage (35). A similaranOI cytc?liinees etection of neutrophil activation markers

population of granulocytic myelid-derived suppressor cells
(G-MDSCs) has been reported by multiple studies, primarily inTo prevent neutrophil degranulation and release of enzymes, EDTA blood

patients with cancer (30, 34, 36, 37). Both LDNs and G-MDSCsWas collected on ice. Within 20 min after the blood draw, the plasma was
o separated by centrifugation (1580g, 40C, 15 min). Plasma was removed

gxert Iow-dens!ty phen_otype "?md cosegregate in the PBMC fracé\nd transferred to fresh polypropylene tube without disturbing white cells
tion on a density gradient. It is unclear at present whether LDNip the buffy coat. Harvested plasma was centrifuged second time under the
and G-MDSC populations are identical or differ in their pheno- same conditions to separate any remaining WBCs. Samples were cry- |,
type, origin, and functional properties (30). Furthermore, it re-opreserved a 800C. ELISA assays for the determination of neutrophil

mains to be established whether LDNs/G-MDSCs originate bygelatinaseDassociated lipocalin (NGAL; Hycult Biotech, Plymouth Meet-

S . . . . ing) and IFNg (BioLegend, San Diego, CA) were performed according to
granulopoiesis from dedicated suppressive progenitors in th%ﬂg)manufac?ugersé grotocols. g ) P 9
bone marrow or, alternatively, they represent a functional subset of

neutrophils that is acquired the immunosuppressive phenotyp€&ell culture

in response to speciPc signals in the periphery (30). Both LDN$BMCs and T cells were stimulated witiny/ml puribed plate-bound anti-
and G-MDSCs display a remarkable ability to suppress T cellBCD3 mAb (CD3 mAb; clone Hit-3a; BioLegend) and with added @giml
mediated immune responses by multiple mechanisms, includin%’::,“'c':)28 mAD (clone CD28.2; eBioscience) for 18 h in complete

. . . . MI medium in 96-well Rat-bottom plates with a starting concentration
production of ROS, the release of arginase-1 resulting in a debf23 10° cells per well, (13 10° per ml) of PBMCs or 10cells per well

pletion of arginine and downregulation of TCRchain, produc- (13 10°ml) of T cells. For detection of cytokines by intracellular staining,
tion of regulatory cytokines, and induction of regulatory T cells Brefeldin A (10 mg/ml; Sigma-Aldrich) was added for the last 4 h. Cell

| participants in the study were white and from South Moravian region of

ounwwil-mmm//:dnyuol) papeojumoq

1g

 901UJOWN IUINY

Au

aunC Uo BUAOYIUY| BYSIeNaT auig A

[440]


http://www.jimmunol.org/

The Journal of Immunology 95

proliferation was determined by the incorporation of thymidine analog Escherichia coli0111:B4; Sigma-Aldrich) at 370C for the indicated time
BrdU (PerkinElmer, Waltham, MA) into newly synthesized DNA and and immediately stained with CD14-allophycocyanin/Fire750 (clone 63D3),
detection with anti-BrdU Ab. For proliferation, PBMCs and T cells were CD274-PE-Cy7 (PD-L1; 29E.2A3 CD11b-PerCP-Cy5.5 (ICRF44;
stimulated with Img/ml puribed plate-bound anti-CD3 mAb and added to BioLegend), CD62L-BV711 (DREG-56), CD193-BV510 (CCR3; 5ES;
0.3ng/ml anti-CD28 mAb for 48 h in complete RPMI medium at a starting BD Biosciences), CD15-eFluor450 (H198), and CD16-allophycocyanin
concentration of B 1C° cells per well (13 10° per ml) for PBMCs and  (eBioCB16; eBioscience) for 30 min at 40C. Samples were washed with cold
13 10 cells per well for T cells (13 10° per ml) in 96 Rat-bottom cells.  wash DulbeccoOs PBS buffer with EDTA (1 mM EDTA in DPBS) and
BrdU was added for the last 12 h. Proliferating cells were processed usingentrifuged at 208 g for 5 min to remove unbound Abs. Samples were
the DELFIA Cell proliferation kit (PerkinElmer) following the manufac- lysed with 1 ml of 1-step Fix/lyse buffer (Invitrogen/Thermo Fisher Scien-
turerOs protocol. BrieRy, cells are incubated with the nonradioactive pytiPc) in the dark at room temperature for 15 min, washed, and resuspended in
rimidine analog BrdU to allow its incorporation into newly synthesized equal parts of 2% FBS in DPBS and intracellular Fixation buffer (Thermo
DNA. Subsequently, europium-labeled anti-BrdU Abs are used to detecFisher Scientibc) prior to the analysis on the Attune NXT Row cytometer
the level of BrdU incorporation via time-resolved f3uorescence, a mea{Thermo Fisher Scientibc). Cytometry data were analyzed by FlowJo
surement of the Eu-Ruorescence in a time-resolved Buorometer EnSigl{FlowJo, Ashland, OR). For the analysis of induction of LDNs in whole
(PerkinElmer). For the neutrophil/T cell suppression assays, puribedlood ex vivo, whole blood from healthy donors was either not stimulated or
T cells or PBMCs were stimulated with plate-bound anti-CD3rIml) stimulated with LPS (Irg/ml) or fMLF (10 mM) at 370C for the indicated

and soluble anti-CD28 (0.8g/ml) Abs for 18 h for production of cyto- time; PBMCs were puribed by gradient centrifugation, and LDNs were
kines and 48 h for proliferation test. Neutrophils were cocultured with characterized as described above.

CD3' T cells or PBMCs at 1:3 T cell/neutrophil ratio (@ells; 33 10°

neutrophils per well). To address the mechanism of neutrophil-mediatedstatistics

suppression of T cells, catalase (CAT; 1000 U/ml) and superoxide dis-

mutase (SOD; 200U/ml; Sigma-Aldrich) were added to media to neutralizelntergroup differences were analyzed using the nonparametric Mannb
ROS,NC-hydroxy-.-arginine monoacetate (L-NHA; 2/5g/ml) was added ~ Whitney U test or Wilcoxon signed-rank test as appropriate. Correlations
to inhibit arginase-1, andNY-monomethylt-arginine acetate salt were assessed using the Spearman rank correlation test. Fisher exact tes
(L-NMMA; 2.5 mg/ml; Sigma-Aldrich) was added to inhibit the function was used for the analysis of categorical data. phealues, 0.05 (two-

of inducible NO synthase (iNOS). AntibPD-L1 (clone 29E.2A3)r{Bml) tailed) were considered statistically signibcant. Data were analyzed using
and antibPD-1 (clone EH12.2H7) ¢&@/ml, BioLegend) Abs were added GraphPad Prism 5 (GraphPad Software, CA).

to inhibit PD-L1/PD-1 signaling pathway.
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Intracellular cytokine staining Results

Cells were washed, bxed, permeabilized using Intracellular Fixation andCVID patients display elevated levels of NGAL in plasma

Permeabilization Buffer Set (eBioscience, San Diego, CA), and stained wit . .
IEN-gDBV421 (clone 4S.B3) (BioLegend). Dead cell exclusion was per_hGranulocytes have been previously shown to contribute to several

formed using aqua-Buorescent reactive dye LIVE/DEAD Fixable Stain Kit?UtOimmune and inBammat_ory complicati_ons in CvID _patients,
(Invitrogen, CA). T cell staining was performed using CD4DPE-Cy7 (cloneincluding granuloma formation and chronic lung, intestinal, and
SFCI12T4D11), CD8-allophycocyanin A750 (clone B9.11) (Beckman gther organ inRammation (38). We have previously reported that

Coulter, Miami, FL), CD3-allophycocyanin (clone SK7) (BD Biosciences, : ; ; ; :
San Jose, CA), and CD25-PerCPBCy5.5 (clone BC96) (BioLegend). GatC_:VID patients display increased levels of myeloid cellbderived

ing strategy for the analysis of the expression of CD25 and intracellularcYOKines ?‘”‘? chemokines in plagmg, including factors involved in
production of INFg is depicted in Supplemental Fig. 1. granulopoiesis and neutrophil activation (10). To further address the

o ) potential role of granulocytes in CVID pathogenesis, we analyzed
Flow cytometry characterization of neutrophils and LDNs immune cell populations and plasma markers of granulocytic acti-

For the determination of activation markers on the surface of neutrophils, mAbyation in 46 CVID patients and 44 healthy donors (clinical pa-
were used in the following combinations: 1) CD15-FITC (clone HI98), CD80- rameters of the study population are described in Table I). CVID
'(DPED(CL';’)”? IZDloz)ég2;43‘)'3%852‘?_%’\5/3'(;9('\1'5E2?5§ED(§754€;)3|(|;P“B’COCVS;“” , patients displayed increased absolute number of neutrophils com-
- clone . y - clone - loLegena) an . o
CD16-allophycocyanin A750 (clone 8fF CD45BKrome Orange (clone J33) pared.W|th contro!s (3.48 10° per | versus 2.78 10° per lp =
(Beckman Coulter); 2) CD15-FITC, CD87-PE (clone VIMS5), CD14-PercPp0.-014; MannbWhitney test) (Fig. 1) whereas the absolute number
Cy5.5, CD11abPE-Cy7 (clone HI111), HLA-DRBBV421 (clone L243), of lymphocytes was decreased (1313L0° per | versus 1.98 10°
ﬁ?ololkleBV 52?1)(C(EBEBI'CRF44)’ (Figl)-ecgsgg)i:ﬁ_rg ggé%_?:lgp(h?lco%agé?_per l; p, 0.0001), consistent with a previous study (5). Interest-
clone losciences), - , - cione )i : H
CD14-PerCPPCY5.5, CD64 PC7dk 10.1) CXCRA-allophycocyanin 19> the plajn;a Concfnt.rat'on of '\.'GA;" a rln"".rker of n(f‘.mocp\?l"D
(clone 12G5), CD62L-BV421, COib-BV 510, CD16-allophycocyanin activation and degranulation, was signibcantly increased in
A750; 4) CD15-FITC, CCR3-PE, CDIRerCPDCy5.5, CD64 PE-Cy7, CD54- patients compared with healthy controlp ( 0.0001; Mannb
allophycocyanin (clone HAS58), CD62L-Bv421, CD11b-BV 510, CD16- Whitney U test) (Fig. 2). Because the elevated plasma level of
?:lgi)gycuocyr?nln A7_50§( I5) Cﬁig'ggg;f;\igfv Cg'i’llg‘g\e/r(éi’oacﬁfv NGAL could be caused by the increase in the absolute number of
-allophycocyanin (clone al - , - , an . . . - .
CD16-allophycocyanin A750. BrieRy, fresh blood samples were incubateaCIrCU|atlng neutrophlls,. normallza.tlon. o absolutg r!eutro.ph!l .
for 30 min at 40C in the dark with mAbs. The erythrocytes were lysed byWas performed. Following normalization, the statistical signibcance
Multi-Q-Prep Lysing Workstation (Beckman Coulter). Samples were of intergroup differences was preservegy, ( 0.0001) (Fig. 2). The
acquired using a Navios 3ow cytometer (10 colors, three lasers; Beckmajntergroup differences remained signibcant after exclusion of CVID
Coulter), and cytometry data (LMD Pbles) were analyzed using Kaluza atients with C-reactive protein (CRP)10 mg/l = 7; p ,

software (Beckman Coulter). The data are presented as the median RuQ- S . . . Vo
rescence intensity for each cell subset. Gating strategy for the analysis :0001), indicating that the increase in neutrophil activation and

neutrophils is depicted in Supplemental Fig. 2A. degranulation marker could not be attributed solely to the level of
For the characterization of LDNs, freshly isolated PBMCs were incubated forsystemic immune activation. No correlations between the concen-
30 min in the dark with the following mAbs: CD15-FITC, CCR3-PE, CD14- tration of NGAL and other laboratory and clinical parameters were

PerCPDB Cy5.5, CD33-Pe-Cy7(clone D8HM.251), CD10-allophycocyanin g S . .
or CXCRA4-allophycocyanin or CD54Hophycocyanin, CD62L-BV510 observed. No statistically signibcant difference in plasma levels of

(BioLegend), CD16 allophycocyanin A750, and CD45PKrome Orangedginase-1 between CVID patients and healthy donors was observed
(Beckman Coulter). Gating strategy for the analysis of LDNs is depicted in(Supplemental Fig. 3).
Supplemental Fig. 2B.
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Neutrophils from CVID patients exhibit an activated phenotype

Ex vivo stimulation of blood with bacterial products To further address the potential role of granulocytes in CVID

Whole blood freshly obtained from healthy donors was either not stimulated?@thogenesis, we evaluated the levels of neutrophil surface markers
or stimulated with fMLF (10mM; Sigma-Aldrich) or LPS (1mg/ml, of activation and potential suppressor activity in fresh blood of
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Table I. Clinical characteristics of the study population

IVIG (n = 27) SCIG 6 = 19) Total {1 = 46)
FIM 14/13 11/8 25/21

Age, mean (range) 43.5 (23D77) 46.9 (21D83) 45.5 (21D83)
Length of Ig treatment, mean (range) 11.52 (0.17D25) 9.89 (1b21) 10.85 (0.17D25)
Bronchiectasisn (%) 14/2% (56) 3/19 (16) 17/42(39)
Autoimmune diseases, (%) 4/27 (15) 7119 (37) 11/46 (24)
Granulomah (%) 4/25 (16) 3/19 (16) 7143 (16)

Chronic diarrhean (%) 4/27 (15) 5/19 (26) 9/46 (20)

AData concerning bronchiectasis and granulomas were not available in two patients.
F, female; M, male.

CVID patients and healthy donors. Whole blood neutrophils wereT cells following coincubation with autologous neutrophils
gated as side light scatter (SS€) CD45 CD15" population, and  (p = 0.003; Wilcoxon test) (Fig. 4A). In contrast, neutrophils sup-
the surface levels of CD11a, CD11b, CD16, CD62L, CD80, CD87,pressed CD4T cell activation in healthy controlg= 0.01) but not
PD-L1, and HLA-DR were examined. A signibcant increase of CVID patients ¢ = 0.1) (Fig. 4B). Intracellular production of
median Ruorescence intensity of CD11fp ,( 0.01) and PD-L1 IFN-g* by CD8" T cells following CD3/CD28 stimulation in the
(p, 0.002), and decreases of CD16,( 0.01), CD62L p, = absence of neutrophils was higher in CVID patiengs, ( 0.0001
0.0005), and CD80p = 0.0002, MannbWhitney tests) were (Fig. 4C) and correlated with the frequency of effector memory
observed on neutrophils from CVID patients compared with neu-CCR7 CD45RC CD8' T cells in CVID patients { = 0.4; p =
trophils from healthy donors (Fig. 3). CD11la, CD87, HLA-DR, 0.003), but not in healthy donors £ 0.3;p = 0.09; Spearman test).
CD10, CXCR4, and CD54 levels were not signibcantly differentimportantly, the production of IFNf by CD8" T cells of CVID
between the experimental groups. Surface levels of CD10 anghatients upon CD3/CD28 stimulation was suppressed following
CXCR4 are depicted in Supplemental Fig. 4. Phenotypic analysis ofoincubation with autologous neutrophils € 0.005); however, no
T cells of CVID patients revealed an increased expression of PD-Effect was observed in healthy donors £ 0.6; Wilcoxon test).
on both CD4 and CD8 T cells compared with controls, consistent Intracellular production of IFNg by CD4" T cells following CD3/
with previous reports (9, 10). However, no signibcant correlationsCD28 stimulation in the absence of neutrophils was higher in CVID
were found between the levels of PD-L1 on neutrophils and PD-JIpatients p = 0.004) (Fig. 4D) and correlated with the frequency of
on T cells in CVID patientsf = 0.2 andp = 0.4 for PD-1 on CD4  effector memory CCRYCD45RG CD4" T cells in CVID patients
and CDS8 T cells, respectively; Spearman correlation test). (r = 0.3; p = 0.03), but not in healthy donors € 0.2;p = 0.27;
Spearman test). No signibcant difference was found in the pro-
duction of IFNg" in CD4" T cells after coculture with neutrophils
! of CVID patients or healthy controls. IFi-protein accumulation
CD115'CD16'CD62L"™ neutrophils were previously described as in the medium upon CD3/CD28 stimulation was lower in cocultures
a unique circulating population mediating the suppression oflT ce of T cells with neutrophils from CVID patientp(E 0.02) as well as
activation and cytokine production (31, 32). We have, therefore healthy controlsi = 0.04; Wilcoxon test) (Fig. 4E). The production
assessed the ability of neutrophils from CVID patients to suppresgf |FN-g in the medium upon CD3/CD28 stimulation was higher in
the T cell activation upon CD3/CD28 stimulation ex vivo. Surface the culture of T cells in CVID patients, 0.005; MannBWhitney
CD25 expression was higher on CDB cells of CVID patients U test). Suppressive activity of CVID neutrophils was not signib-
compared with controlsy, 0.02) but was signiPcantly reduced on cantly associated with clinical symptoms, including bronchiecta-
sis, splenomegaly, chronic diarrhea, granuloma, or autoimmunity
(tested using Fischer exact test), duration of Ig treatment, or the

Neutrophils from CVID patients suppress T cell activation and
production of IFNg

— 8001 =0 014 time from the Pbrst manifestation of ID symptoms (tested using
o p=2. MannBWhitneyJ test).
Z ooo0 Neutrophil-mediated immune suppression of I§gfoduction
X 600+
= o tg by activated T cells in CVID patients is dependent on ROS
;:: 5 th To address the mechanisms of neptnil-mediated suppression of
£ 400- 0038 00 ﬂugnnﬂ T cell function, T cells were coculred with neutrophils in media
s od d’o supplemented with CAT and SOD to neutralize ROS, iINOS inhibitor
k= o°% Dg - L-NMMA, arginase inhibitor L-NHA, or antibPD-L1 and antibPD-1
3 200- o ohe) Dnguﬁh Abs to inhibit the PD-L1/PD1 pathway. The production of Ny
© Ogvo ae CD3'CDS8" T cells following stimulation with CD3/CD28 in coculture
2 o with neutrophils from CVID patiesstwas restored in the presence of
< 0 CAT and SOD (Fig. 5A). Inhibition of PD-L1/PD-1 signaling resulted
T L) . . . . . .
HD CVID in partial restoration of neutropfmediated suppression of the pro-

duction of IFNg* by CD3'CDS8" T cells in CVID patients (Fig. 5A).

FIGURE 1. CVID patients display |ncrea§ed apsolute neutrophil blood In healthy donars, the production of IFN-by stimulated CDACD8"
count. Total leukocyte counts were determined in whole blood. The neu-_l_ I itured with troohil tored onlv in th f
trophils were gated as CD#6D15" CD16'SSC"" cells. The absolute Celis cocultured with neutrophils was restored only In the presence o

number of circulating neutrophils was determined based on the BowROS inhibitors o, 0.0001; Wilcoxon test). No signibcant alteration
cytometry analysis of population frequency and absolute leukocyte countOf the production of IFNg" by CD4" T cells stimulated in the pres-
Horizontal bars represent medians; data were analyzed using the Manr@ce of inhibitors was observed i patients or healthy controls.
Whitney U test (CVID: n= 46; HD: n = 44). HD, healthy donors. Full restoration of neutrophil-meatied suppression of extracellular
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A,  __p<00001 B o,  __p<00001
FIGURE 2. CVID patients display elevated plasma o
levels of NGAL. Plasma NGAL concentrations were ., | 2 «* 150 o
determined using ELISA. The absolute concentration £ g 5 o
of NGAL (A) and concentration of NGAL normalized E o o gu“ 2 100 d’;
to absolute neutrophil counB) are depicted. Hori- ‘_:l o EEEgD., q:]t o B
zo_ntal bars represept medians; dat_a v_vere. ana.lyzedz - on;%cg:oao né‘.f'%:ﬁnn % - ::D n:g,uuu .
using the MannBWhitney test (CVID: n = 46; HD: e 5% —M— _ﬁ%ﬁgﬁ&_
n = 44). HD, healthy donors. " PoagS 5 G

HD CVvID HD CVID

production of IFNg by stimulated T cells was observed in the pres- after 48 h. The proliferation of T cells was signibcantly reduced
ence of ROS inhibitors in CVID patients (Fig. 5B) as well as in healthyfollowing coincubation with autologous neutrophils from CVID
donors p, 0.0001; tested by Wilcoxon test). A partial restoration was patients f = 0.03; Wilcoxon test) (Fig. 6A). No signibcant effect
observed in the presence of the inhibitor of arginase-1 or blockade ofvas detected following coculture of T cells of healthy donors with
the PD-L1/PD-1 pathway in CVID patients (Fig. 5B) as well as in autologous neutrophils (Fig. 6A). To address the mechanism un-
healthy donorsf = 0.0002 for both L-NHA and PD-L1/PD-L1 in- derlying neutrophil-mediated suppression of T cell proliferation in
hibition; tested by Wilcoxon test). CVID patients, the experiments were performed in the presence of
inhibitors of ROS, INOS, arginase-1, and PD-L1/PD1 pathway. No
statistically signibcant effect of inhibitors of any of the regulatory
pathways was observed (Fig. 6B). Therefore, the mechanism of
To evaluate the suppressive effect of CVID neutrophils on autol-neutrophil-mediated inhibition of T cell proliferation in CVID
ogous T cells, T cells were stimulated with CD3/CD28 in the patients remains unclear. Importantly, a negative correlation was
presence or absence of neutrophils and proliferation was analyzeabserved between the expression of CD62L on fresh blood

Neutrophils from CVID patients suppress the proliferation of
autologous T cells
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FIGURE 3. Neutrophils from CVID patients exhibit an activated phenotype. Neutrophils were gated asCD#5CD16" SSC'" cells. (A and B)
Increased expression of CD114)@nd PD-L1 B) on neutrophils in fresh blood of CVID patient€)(Decreased levels of CD16 and CD62L on neutrophils
in fresh blood of CVID patients; representative examplBEH) Decreased expression of CDIB){ CD62L (), and CD80 ) on neutrophils in fresh blood
of CVID patients; cumulative data. Horizontal bars represent medians; data were analyzed using the MannBWWB&hEQVID: n = 46; HD: n = 44).
HD, healthy donors.
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FIGURE 4. Neutrophils from CVID patients sup-
press T cell activation and production of IFdN-Puri-
bed CD3 T cells were isolated from healthy donors
and CVID patients and stimulated with anti-CD3
(12 mg/ml) and anti-CD28 (0.3rg/ml) Abs in the ab-
sence or presence of autologous neutrophils at 1:3
T cell/neutrophil ratio (13 10° T cells; 33 10°
neutrophils per well). After 18 h of coculture, the
frequencies of CD25 and IFNg* CD4" and
CDS8'T cells were determined by Row cytometry. IFN-
g was determined by intracellular stainingd and B)
Percentages of CD25T cells of total CD3CD8"

or CD3'CD4" T cells. C andD) Percentages of IFN-
g* T cells of total CD3CD8" or CD3'CD4" T cells.

(B) Coincubation of T cells with autologous neutro-
phils results in reduced accumulation of IFENin
culture supernatants in response to the stimulation with
CD3/CD28. Horizontal bars represent medians, which
were analyzed using Wilcoxon or MannBWhitnegy
test as appropriate (CVIDn = 46; HD: n = 44). HD,
healthy donors.

neutrophils and their capacity to suppress autologous T cell prohealthy donorsr(= 0.3; p = 0.04; Spearman test). Next, we
liferation ex vivo ¢ = 2 0.5; p = 0.002; Spearman test) (Fig. 6C), examined whether the presence of LDNs is associated with
consistent with the reported suppressive activity of CO82L  reduced production of IFNF by CD3/CD28-activated T cells
neutrophils (31, 32). In contrast, no signibcant correlation wasex vivo. A negative correlation was observed between the
observed in healthy donors (Fig. 6C). frequency of LDNs in PBMCs and intracellular production of
CVID patients display an increased frequency of IFN-g by CD8" T cells in PBMCs of CVID patientsr(= 2 0.4;
LDNs/G-MDSCs p = 0.007) but not healthy donors € 2 0.05;p = 0.8; Spea_rman
test). CD10, CXCR4, and CD54 levels were not signibcantly
LDNs and G-MDSCs have been previously described as speciPgifferent on LDNs between the experimental groups. No statisti-
populations of suppressive granulocytes in cancer, trauma, angally signibcant correlation édween the frequency of LDNs

other inBammatory conditions (33, 34). Although it remains to and administration of IVIG or any other laboratory and clinical
be determined whether LDNs and G-MDSCs represent arparameters was observed.

identical cell population, they have been shown to share many | ) ) ) .

key properties, most notably tHew-density phenotype result- EX vivo s_tlmulatlon of blood with bac_tenal products reduces

ing in their retention in the PBIC layer on density gradients. _neutrophll surface levels of CD62L, increases CD11b, and

We have addressed whether the frequency LDNs/G-MDSCsinduces LDNs

characterized as SSE"CD33'CD14 CD15 cells in fresh  Others and we have previously described evidence of microbial
PBMCs, is increased in the blood of CVID patients. As shown intranslocation in CVID patients (10D12). Circulating products of

Fig. 7A and 7B, CVID patients exhibited a signiPcantly in- microbial translocation may be responsible for the activated
creased frequency of LDNs iRBMCs compared with healthy neutrophil phenotype and altered proble of myeloid cellbderived
donors p = 0.02). A positive correldon was observed between cytokines and chemokines in CVID patients (10, 11). To address
CD11b expression on neutrophils from fresh blood and thethis possibility, fresh blood of healthy donors was stimulated with

frequency of LDNs in CVID patientsr(= 0.4; p = 0.007) and  bacterial products fMLF and LPS. As shown in Fig. 8, stimulation
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FIGURE 6. CVID neutrophils suppress the proliferation of autologous
FIGURE 5. Mechanisms of neutrophil-mediated suppression of tFN- T cells. (A) Puribed CD3T cells from healthy donors and CVID patients
production by activated T cells in CVID patients. Puribed CO3cells ~ were stimulated with anti-CD3 (rg/ml) and anti-CD28 (0.3ng/ml) Abs
were isolated from CVID patients and stimulated with anti-CD3nfiml) in the absence or presence of autologous neutrophils at 1:3 T cell/neu-
and anti-CD28 (0.3ng/ml) Abs in the presence of autologous neutrophils trophil ratio (13 10° T cells; 33 10° neutrophils per well). After 48 h of
(1C° T cells; 33 1C° neutrophils per well) in the presence or absence coculture, cell proliferation was determined by the incorporation of BrdU
SOD (200 U/ml) and CAT (1000 U/ml), L-NMMA (2.5ng/ml), L-NHA into newly synthesized DNA Analyzed using the MannBWhithkeyest
(2.5mg/ml), or antibPD-1 (Bng/ml) and antiDPD-L1 (fg/ml) Abs. After (CVID: n = 46; HD: n = 44). B) Mechanism of neutrophil-mediated
18 h of coculture, the relative frequency of IFN-of CD3'CD8" cells suppression of T cell proliferation. Puriped CDB cells were isolated
compared with T cells stimulated in the absence of neutrophils is depictedrom CVID patients and stimulated with anti-CD3 ¢tg/ml) and anti-
(A). (B) IFN-g concentration was determined in culture supernatants fromCD28 (0.3mg/ml) Abs in the presence of autologous neutrophils and in the
cell cultures described ir). Relative production of IFNy compared with ~ presence or absence SOD (200 U/ml) and CAT (1000 U/ml), L-NMMA
T cells stimulated in the absence of neutrophils is depicted. Analyzed using2.5 mg/ml), L-NHA (2.5 mg/ml), or antibPD-1 (%rg/ml) and antibPD-L1
Wilcoxon test (CVID:n = 19). (5 mg/ml) Abs. After 48 h of coculture, cell proliferation was determined
by the incorporation of BrdU. Relative proliferation compared with T cells
stimulated in the absence of neutrophils is depicted. Analyzed using
Wilcoxon test (CVID:n = 19). (€) Correlation between the level of CD62L

with LPS and fMLF lead to a rapid increase of surface levels of @n fresh blood neutrophils and the relative decrease of T cell proliferation

degranulation marker CD11b and a decrease in the levels ofjiowing coincubation with autologous neutrophils from healthy donors
CD62L. In contrast, the levels of CD16 were not signibcantly and CvID patients. Analyzed using Spearman rank correlation ttestgl
affected by either stimulation. The surface level of suppressolp values are indicated; lines represent linear regression analysis (CVID:
molecule PD-L1 was increased; however, the change did not reach= 46; HD: n = 44). HD, healthy donors.

statistical signibcance. Importantly, stimulation of whole blood

from healthy donorsn(= 4) with bacterial products fMLF or LPS

increased the frequency of LDNs in the PBMC layer following neutrophils actively suppress the activation and I§Nbro-
density gradient centrifugation by 27-folgh € 0.02) and 18-fold  duction by CD8 T cells via the production of ROS and par-

(p = 0.02), respectively (Fig. 9). tially via PD-L1/PD-1 regulatory pathway. This observation
_ ) may be of high potential importece as it provides a qualita-
Discussion tively new view on the mechanisms of immune suppression in

In this study, we show that neutrophils from CVID patients exhibit CVID and potentially other immunodebciencies and inRam-
signibcantly altered phenotype characterized by reduced surfac@atory conditions.

levels of CD16, CD62L, and CD80 and elevated levels of CD11b The mechanisms causing altered neutrophil phenotype in CVID
and PD-L1. In addition, the presented data indicate that CVIDare unclear. It is tempting to speculate that changes in neutrophil
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FIGURE 7. The frequency of LDNs is increased in
the blood of CVID patients. LDNs were detected as
CD45'CD15'CCR¥ CD16" cells in the PBMC frac-
tion following density gradient centrifugation A}
Representative Row cytometry plots of LDNs detected
in PBMCs obtained from a healthy donor and CVID
patient. B) Cumulative frequencies of LDNs in
PBMCs of healthy donors and CVID patients. Ana-
lyzed using the MannBWhitnéytest. C) Correlation
between the frequency of LDNs and the percentage of
IFN-g* CD3'CD8" T cells following ex vivo stimu-
lation with CD3/CD28. Analyzed using the Spearman
rank correlation test; lines represent linear regression
(CVID: n = 46; HD: n = 44). HD, healthy donors.

population are driven by chronic microbial translocation, a processand eotaxin (10). This cytokine signature is consistent with an
of transfer of whole bacteria and microbial products from the ongoing activation of cells of monocytic and granulocytic line-
intestinal lumen into the systemic circulation. Low level of mi- ages. The concentration of G-CSF, a key granulopoietic regulator
crobial translocation occurs in healthy individuals; however, itsand a central mediator of emergency granulopoiesis (18), was
extent dramatically increases in various pathological conditionsincreased by over 2-fold in CVID patients compared with healthy
including inBammatory bowel disease, celiac disease, visceradlonors p = 0.0001) (10).

leishmaniasis, dengue virus infection, HIV infection, hepatic cir- Emergency granulopoiesis is a process of rapid generation of
rhosis caused by alcohol abuse, or hepatitis B and C infectionseutrophils via increased myetbprogenitor cell proliferation
(40, 41). Translocation of bacterial and fungal products results inn the bone marrow in response systemically disseminated
activation of both innate and acquired immune response mechaacterial products or invadingathogens. Pathogen sensing
nisms (10). Others and we have previously presented evidence @fccurs mainly in nonhematopoietic cells through TLR sig-
chronic microbial translocation in CVID patients (10D13, 42). naling. However, sensing by hematopoietic stem and progenitor
Complex interactions between LPS, CD14, and TLR 4 results incells have also been suggested and might contribute to the
the secretion of soluble CD14 (sCD14) from myeloid cells. Serumoverall granulopoietic response (17, 18). Recent studies
levels of sCD14 represent a marker of bacterial translocation angdhowed that emergency granulopoiesis is driven by G-CSF
endotoxemia (43D45). We have previously demonstrated thgiroduced by endothelial cell; response to LPS signaling
CVID patients display elevated concentration of plasma sCD14via the TLR4/MyD88 pathway (18D20, 46). G-CSFbinduced
and other factors consistent with microbial translocation (10). Oneneutrophils undergo an alternative differentiation pathway
study showed that, in addition to elevated sCD14, CVID patientsfrom common myeloid progenitor and granulocyte/macrophage
display chronic monocytic activation (12). Other investigators progenitors, produce ROS, and display potent immunosup-
showed increased LPS levels together with increased sCD25 ipressive properties (19D21). In this study, we observed a 30%
CVID patients (13). We demonstrated that CVID patients displayincrease in the absolute numbers of neutrophils in CVID pa-
an altered proble of cytokine production, namely reduced seruntients (o = 0.014; Fig. 1), consistent with enhanced gran-
levels of cytokines produced by CD4rhl cells (IFNg, IL-2), ulopoiesis. However, the rate of granulopoiesis cannot be
Th2 (IL-9, IL-13), and Th17 (IL-17). In contrast, CVID is asso- easily determined from absolute cell counts due to the con-
ciated with elevated serum levels of G-CSF, CXCL-10/IP-10,tribution of complex processes of cell recruitment, trafbcking,
IL-1R antagonist, TNRa, IL-10, IL-12 (p40), CCL-2/MCP-1, survival, and removal (47).
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FIGURE 8. Stimulation of whole blood with bacterial products results in a rapid reduction of the neutrophil surface levels of CD62L and increased levéts
of CD11b. Whole blood from healthy donors was stimulated with bacterial LAR&)(thl) and fMLF (10mM) for the indicated time. The levels of surface S
markers were analyzed on S CCRZ CD14 CD15' cells. (A andB) Stimulation of blood with LPS results in a rapid decrease of levels of CD62L &
and an increase of surface levels of CD11b on neutroph@isnd D) Cumulative data depicting the changes in surface marker expression on neutro- 3
phils following the stimulation of whole blood with LPE) or fMLF (D). Data obtained from four independent healthy donors and analyzed using
MannbWhitneyJ test. -

n

8¢

(4404

We show that CVID neutrophils exhibit low surface level of compromised phagocytic and bactericidal activity (49, 50). The
CD16 (Fig. 3). The level of CD16 (Fereceptor lllb; CD16b is the level of CD16 is low on neutrophils induced in healthy volunteers
form of CD16 expressed on human neutrophils) increases withollowing administration of G-CSF (51). The phenotype of neu-
neutrophil maturation and serves as a marker of neutrophil diftrophils in CVID patients described in this article is consistent
ferentiation from myelocytes to metamyelocytes, banded neutrowith the phenotype of human G-MDSCs found in the peripheral
phils, and mature segmented neutrophils (48). Low level ofblood of patients with advanced renal cell carcinoma and pan-
neutrophil CD16 is observed in severe bacterial sepsis, infectionsg;reatic cancer characterized by low levels of CD16 and CD62L
and inBammatory states and marks a population of OtoxicO and high levels of CD11b (36, 52). CD?% neutrophils expand in
Oleft-shift® neutrophils with elevated myeloperoxidase activity anthe blood of terminal cancer patients and strongly suppress T cell
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observed downmodulation of neutrophil CD62L in CVID pa-
tients can be postulated. An immune suppressive population of
CD62L'°" neutrophils has been idéhed following injection
of a low dose of LPS in human volunteers (31). This population
inhibits T cell function via PD-11/PD-1 interaction and local
release of hydrogen peroxide into the immunological synapse
between the neutrophil and T cell (31, 57). Using pulse-chase
analysis, authors (54) demonstrated that CD8%Ineutrophils
with hypersegmented phenotype represent a separate cell
population distinct from the dnded neutrophils and mature
segmented neutrophils. Based on proteome analysis, C®62L
neutrophils are closer to the baed neutrophils than to mature
segmented neutrophil population (54). The authors suggest that
CD62L"°" neutrophils represent a distinct subset that enters the
bloodstream in response to inRammation. CD8%Lneutro-
phils are not likely to be the reverse-transmigrated neutrophils
returning from the tissue back into the bloodstream due to the
lack of expression of CD54 or reduced expression of CXCR1 and
CXCR2 as determined by Row cytometry (31) and proteomics
(54). Low expression of CD62L was also observed in the aged
neutrophils subset in mice (46). This subset displayed upregu-
lated CXCR4 receptor. In thisisdy, we have not observed ele-
vated expression of CXCR4 on the CD62L subset of
neutrophils or LDNs in CVID patients. It is feasible that the
CD62L'" phenotype described here results from a combination
of the above-described mechamis. Recently, a subset of neu-
FIGURE 9. Stimulation of whole blood with fMLF or LPS results in an  trophils in spleen (Ny) with CD62L'°Y CD118" phenotype and
induction of LDNs. Fresh whole blood was either not stimulated or a tendency to produce NETs has been described (58). dis-
stimulated with fMLF (10mM) (A) or LPS (1 mg/ml) (B) for 60 min. lay higher expression of CD27, CD40L, CD86, CD95, and
PBM%:, were puriPed by gradient centrifugatiqn, and the frequency ofy| A_DR and activate lg production by marginal zone B cells via
ziges;(t:;soe%Iajtﬁr:n?iiﬂﬂ:ﬁ:ﬁgﬂifsby Bow cytometry.  gAFE APRIL, and IL-21 (57D62). In additiongeeral recent
' reports have indicated the induction of neutrophilBdendritic cell
hybrids expressing CD80 and HALDR and presenting Ags to
proliferation (53). Elegant studies using pulse-chase labeling withCD4" T cells in a variety of models and diseases (63D66). In this @
6,6°H,-glucose recently demonstrated that ClS4éneutrophils  study, we have not observed elevated expression of CD80 and
represent an immature neutrophil population that is released fronlLA-DR on neutrophils from CVID patients. Whether the
the bone marrow several days earlier than mature segmentealteration of neutropil phenotype directly contributes to the
neutrophils (54). Early mobilization is believed to be a compen-dysregulation of Ig production in CVID patients remains unclear.
satory mechanism allowing the release of substantial numbers dfuture studies should focus on more detailed characterization of
neutrophils, although with lower maturation status and reducedas CD62L'"" population of neutrophils in CVID patients to dis-
capacity for pathogen clearance (54, 55). The levels of CD16 ortern between the alternative mechanisms of downmodulation of
CVID neutrophils described in our study closely correlate with the CD62L.
low levels of another myeloid maturation marker CD80=(0.9; CD11b is a marker of degranulation that can be rapidly upreg-
p = 0.0008; Spearman correlation test), consistent with the lowulated on stimulated cells by stimulation with bacterial products,
maturation status of CDI¥' cells. Based on these observations, including LPS and fMLF (Fig. 6). In addition, anti-CD3Pactivated
we propose that microbial translocation in CVID patients drivesCD8" T cells modulate neutrophil levels of CD11b by IFNpro-
accelerated granulopoiesis and recruitment of alternatively dif-duction (67). CD11b (complement receptor 3[CR3], MAC-1) is an
ferentiated CD18" neutrophils with potent T cell suppressive integrin that forms complexes with CD18 and is stored in secretory,
activity (1921, 32). gelatinase, and specibc granules (49). Our observation of increased®
We demonstrate that CVID issaociated with lower neutro- CD11b on CVID neutrophils (Fig. 2) is inconsistent with a previous &
phil levels of CD62L (Fig. 2) and that CD62L expression in- study (68). The reason for the difference between studies is unclear 3
versely correlates with the level of suppression of T cell but can be related to differences in cell processing and staining )
proliferation ex vivo (Fig. 4). CD62L (-selectin) mediates conditions that may result in different levels of surface CD11b and 7,
the initial tethering and rollig of neutrophils on the endothe- other markers of degranulation. S
lial surface. Reduction of CD62L levels can be explained by We show that CVID patients exhibit an increased frequency of ™
several distinct mechanismsDB2L on neutrophils is reduced LDNs (Fig. 5). Multiple studie have reported the elevated
following administration of G-CSF in vivo, and it is shed from frequency of LDNs with potent T cell suppressive activity in
the cell surface upon activation with various stimuli, including various inBammatory conditions (30, 34, 36, 37). Although we
various bacterial products (58n this context, we demonstrate have not directly addressed the immunosuppressive activity of
that incubation of whole blood with bacterial products fMLF LDNs in the current study, we port a negative correlation
and LPS results in a rapid dmmodulation of CD62L on between the frequency of LDNs in PBMCs and intracellular
neutrophil surface (Fig. 6). It is, therefore, feasible that CD62L production of IFNg by CD8" T cells of CVID patients ex vivo
reduction in vivo is induced by contact with translocated mi- (r =2 0.4;p = 0.007). The mechanism of induction of LDNs is
crobial products. However, an alternative mechanism of thecurrently unclear. As shown in Fig. 9, stimulation of whole
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blood with bacterial productsMLF and LPS results in rapid 9.

induction of LDNs in the PBMC layer following gradient
centrifugation. Thus, it is fedlsle that LDNs arise from the
contact of neutrophils with translocated circulating bacterial
products in vivo (11, 12). However, it is unclear whether LDNs
induced by ex vivo stimulationra phenotypically identical to
those observed in the fresh bloofl@VID patients. Overall, the
accumulated evidence suggests that low-density phenotype
is a cellular property rather than a marker of a specibc cell
population.

A major mechanism of neutrophil suppression of T cells is the
production of ROS (30, 32). Production of ROS and release of ar-
ginase can result in downregulation of T€Rn T cells, thereby
arresting the cells in the GOBG1 phase (32). Our observation that the
suppression of T cell activation and production of IGNs ROS-

dependent is consistent with previous studies (33, 69). Rapid pro;,

duction of ROS by neutrophils can result in immediate suppression

of T cell activation and IFN production. Another potential mecha- 1°-

nism of T cell suppression is the upregulation of PD-L1 (Fig. 2)

associated with IFN-dependent PD-1Pmediated T cell apoptosis.

(32, 68, 70). The increase of expression of PD-1 on T cells in CVID
patients was previously described (9, 10). Although it is feasible

that PD-L1/PD-1 interaction contributes to T cell suppression inls.

CVID, we did not observe a correlation between expression of PD-
on T cells, and enhanced expression of PD-L1 on neutrophils and
T cell proliferation was not affected by blocking the PD-L1/PD-1
interaction.

In conclusion, the study presented in this article suggests that
neutrophils in CVID patients acquire an altered phenotype and

exert potent T cell suppressive activity. The presented results have"

several limitations, including limited sample size of a cross-
sectional study design. Although the data need to be conbrme
in future detailed studies employing larger populations, the ob-

servations presented in this article provide a qualitatively new view?23.

on potential mechanisms of immune suppression in CVID and open

new avenues for therapeutic targeting of CVID and other in-24,

Bammatory disorders.

25.
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Common variable immunode“ciency (CVID), the most frequent primary antibody disorder, is charac-
terized by hypogammaglobulinaemia and impaired antibody production. Poor vaccination response is
essential for the diagnosis of CVID. Their under laying defects remain to be elucidated. Routine deter-
mination of antibody production in serum from CVID patients after vaccination and investigation of

B cell function in vivo is complicated due to substitution therapy. Therefore we investigated antibody
production on the B-cell level by ELISPOT and characterized changes in B-cell subpopulations in CVID
patients, including plasmablasts, in peripheral blood by "ow cytometry after vaccination for speci“ca-
tion of the diagnosis. Thirty-seven CVID patients and eighty healthy volunteers were immunized with

Pneumococcal vaccine
ELISPOT

tetanus toxoid and pneumococcal polysaccharide vaccines. Speci“c antibody levels and B cell subpop-
ulations were measured before vaccination and on day 7 after vaccination by ELISPOT assay and "ow
cytometry respectively. Of the thirty-seven well de“ned CVID patients studied, thirty lacked detectable
spot forming cells producing speci“c IgG, IgA or IgM antibodies against employed vaccines and seven had
only weak responses compared to controls. In the control group, an increase in circulating plasmablasts

on day 7 post immunization corresponded with the appearance of antibody forming cells. In contrast,
CVID patients failed to increase plasmablasts signi“cantly in peripheral blood after antigen challenge. Our
“ndings indicate that CVID patients have a block in terminal B-cell differentiation and that "ow based
assessment of plasmablasts in peripheral blood after vaccination serves as a surrogate diagnostic marker
for assessing in vivo antibody responses in patients suspected to have CVID.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Common variable immunode“ciency (CVID) is the most fre-
guent primary immunode“ciency with prevalence approximately
1:25000 in Caucasians. It is characterized by low serum levels
of 1gG, IgA, normal or low levels of IgM and impaired anti-
body response after vaccination [1]. The clinical presentation of
CVID includes recurrent respiratory tract infections by encapsu-
lated bacteria, autoimmunity, granuloma formations, enteropathy
and increased risk of malignancies. Although standard treatment
include long-term immunoglobulin replacement and antimicrobial

Abbreviations: CVID, common variable immunode“ciency; ELISPOT, enzyme-
linked immunosorbent spot assay; SFC, spot forming cells; TET, tetanus toxoid; PPS,
pneumococcal polysaccharides; IVIG, intravenous immunoglobulin therapy; SCIG,
subcutaneous immunoglobulin therapy; MZ-like B cells, marginal zone-like B cells;
smB, switched memory B cells.
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therapy, the mortality rate of CVID patients is higher than that of
the general population  [2,3] .

Despite intensive research the immunopathogenesis of CVID
has not yet been elucidated. It has been suggested that CVID is
caused by defects in T cells, B cells, insuf‘cient T...B cell interac-
tions or impaired signaling required for B or T-cell maturation and
function [4...18]. Molecular genetic defects involving mutations in
CD19 [19], ICOS[20,21] , CD81 [22], Msh5 [23] and TACI [24...26]
were found in less than 10% of CVID patients  [3,27] . CVID, there-
fore, is a heterogeneous group of patients expected to have multiple
etiologies, all sharing similar immunologic and clinical character-
istics. In spite of the coexistence of described T-cell defects, the
classi“cation schemes presently in use are based on functional or
phenotypic characteristics of B cells (assessment of immunoglobu-
lin synthesis in vitro and phenotypic subsets of peripheral blood B
cells): Bryant British classi“cation [14] , Freiburg classi“cation [6],
Paris classi“cation [5] and the recent EUROclass classi‘cation [28] .

Poor vaccination responses to protein and polysaccharide anti-
gens are essential for de“nition-based diagnosis of CVID [1].
Although a lot is known about B cell subsets of CVID patients, the
way their B-cell subpopulations change in response to vaccination
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compared to normal individuals is largely unknown. Speci“cally,
there are limited data as to antibody responses to protein or
polysaccharide antigens and the quantity and quality of antibodies
produced from different groups of CVID patients [29...32].
Quantitative assessment of speci“c antibody in serum is rou-
tinely performed by ELISA assay. However CVID patients are often
started on immunoglobulin substitution therapy before antibody
production is adequately evaluated. In such a situation, it is dif‘cult
to segregate transferred from antigen-induced speci“c antibody.
Therefore we have designed an in vitro functional measurement
of antibody production on the B-cell level using the ELISPOT tech-
nigue, which is independent of substitution therapy. In addition,
we monitored changes in B-cell subpopulations, including plas-
mablasts, in peripheral blood by "ow cytometry after in vivo
antigenic challenge.

2. Methods
2.1. Patients and control group

For this study we enrolled 37 patients with established CVID (14
males, 23 females, age range 20...74 years) who were followed at
the Department of Clinical Immunology and Allergy of St. Anness
University Hospital in Brno. Twenty-six patients were treated
with regular infusions of intravenous immunoglobulin (IVIG), six
patients received regular subcutaneous immunoglobulin (SCIG)
injections and one patient intramuscular immunoglobulin ther-
apy (IMIG). Four patients were newly diagnosed and not yet on
immunoglobulin replacement therapy at the time of the study.

All CVID patients were vaccinated simultaneously with tetanus
toxoid (TET) vaccine (ALTEANA, Sevapharma, Prague, Czech Repub-
lic) and unconjugated pneumococcal polysaccharide (PPS) antigens
(PNEUMO 23, Sano“ Pasteur, Lyon, France), except patient no. 34,
who received PPS one year after TET. All patients on IVIG were vac-
cinated one week prior to administration of replacement therapy.

In the control group “fty (16 males, 34 females, age range 22...72
years) were vaccinated with TET; ten (4 males, 6 females, age range
15...46 years) were given PPS alone; twenty (8 males, 12 females,
age range 14...50 years) received both TET and PPS.

The ELISPOT assay was performed before vaccination, on day 7
after vaccination and in range of 3...11 weeks after vaccination to
compare with ELISA. B cells were measured by "ow cytometry.

The study was approved by the Ethics Committee of Masaryk
University, Brno and signed informed consent was obtained from
each participant.

2.2. Enzyme-linked immunosorbent spot assay (ELISPOT)

The ELISPOT assay provides both qualitative (type of immune
protein) and quantitative (number of responding cells) information
[33] . We have modi“ed the ELISPOT technique for the detection of
speci“c antibody responses to TET and PPS.

96 wells microtiter plates (MultiScreen ™ -HA, Millipore Corpo-
ration, Billerica, USA) were coated with tetanus toxoid (10 Lf/ml,
Prague) and PPS (0.5 g/ml, PNEUMO 23, Sano“ Pasteur) anti-
gens in carbonate buffer (pH=9.6) overnight at 4 C. Plates were
washed 3 times with PBS containing 0.05% Tween 20 and sub-
sequently incubated for 30 min at 37 C with 100 | per well of
blocking buffer (1% solution of bovine serum albumin in PBS;
Sigma...Aldrich, Stenheim, Germany). Plates were then stored at 4 C
until use. Peripheral blood mononuclear cells (PBMCs), obtained
from peripheral blood by gradient centrifugation (Lymphoprep,
Axis-Shields PoC AS, Oslo, Norway) were added to the coated
microtiter plates in RPMI 1640 medium (Sigma...Aldrich) con-
taining 10% heat-inactivated FCS (LabMediaServis, Jaromer, Czech

Republic) at 4 different dilutions (1.25  x 10°; 2.5 x 10%; 5 x 10°
and 1 x 108 cells in 100  l/well for CVID patients and 0.625  x 10°%;
1.25 x 10%; 2.5 x 10%; 5 x 10° cells in 100  l/well for controls) and
cultured overnight at 37 C in 5% CG. After cells were washed off
the plates 100  l/well rabbitanti-human IgG, IgA or IgM conjugated

to horseradish peroxidase (Dako Cytomation, Glostrup, Denmark;
diluted 1:500 in PBS/Tween) were added to each well and incu-
bated for 1 h in the dark at room temperature. Plates were washed

3 times with PBS containing 0.05% Tween 20 followed by the addi-

tion of 100  I/well of 3-amino-9-ethylcarbazole substrate solution
(AEC, Sigma...Aldrich) and incubated for 15 min at room tempera-
ture in the dark. Plates were rinsed with water and dried overnight

at room temperature.

The red-coloured spots were counted with the AID ELISPOT
reader (AID, Autoimmun Diagnostika GmbH, Strassberg, Germany).
This provided accurate recognition and calculation of the spots and
allowed objective differentiation between background and erealZ
spots. The results were expressed as a number of SFC per million B
cells.

2.3. Flow cytometry

All blood samples (9ml of peripheral blood in heparin and
2.7ml in EDTA) were collected between 7 and 12 a.m. to exclude
diurnal variation of lymphocyte subsets [34,35] . Lymphocytes and
B-cell subpopulations were analyzed directly from peripheral blood
(EDTA) or fromisolated PBMC (heparin) as described previously [9].
The main B cell subpopulations identi“ed in PBMCs were CD21 low g
cells characterized as CD21 '®% CD38!°% | naive B cells (IgD *CD275),
marginal zone-like B cells (IgD *CD27"), switched memory B cells
(IgDSCD27*) and plasmablasts (IgD SCD27**CD38**). Cells were
identi“ed using monoclonal antibodies (mAbs): FITC-conjugated
anti-CD38, PE-conjugated anti-lgD, PE-conjugated anti-CD21, PC5-
conjugated anti-IgM (all from Pharmingen International, San Diego,

CA, USA) and PC5-conjugated anti-CD27 (Beckman Coulter Miami,
FL, USA). The B-cell subpopulations were analyzed by gating
on CD19* cells (PC7-conjugated anti-CD19, Beckman Coulter,
Marseille, France). Immunophenotyping of B lymphocytes was per-
formed by “ve-colour cytometry Cytomix FC500 (Beckman Coulter
Miami, FL, USA). The relative numbers of CD19 * B cells are showed
as mean = SD.

2.4. Enzyme-linked immunosorbent assay (ELISA)

Commercially available kits were used for measuring speci“c
IgG antibody levels against tetanus toxoid (VaccZyme ™ Human
Anti Tetanus Toxoid IgG EIA Kit, The Binding Site Group Ltd, Birm-
ingham, United Kingdom) and IgG antibodies titers against IgA
(Human Anti-IgA isotype IgG ELISA, Biovendor, Brno, Czech Repub-
lic) in serum.

2.5. Immunoglobulin quanti“cation

Trough serum levels of immunoglobulins IgG, IgA and IgM were
measured in CVID patients prior to the IVIG infusion by neph-
elometry using the BN2 Nephelometer (Dade Behring, Marburg,
Germany) according to the manufactureres instructions.

2.6. Statistical analysis

Data were analyzed using the STATISTICA software [StatSoft,
Inc. (2007), STATISTICA (data analysis software system), version
8.0.; www.statsoft.com ]. Mann...Whitneyss U-test and Wilcoxones
matched pairs test were used for analyses of dependencies between
particular parameters in studied groups; p <0.05 was regarded as
statistically signi“cant.
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Fig.1. Dynamics of speci‘c IgG anti-TET antibodies in healthy controls (ELISA versus
ELISPOT). Picture shows discrepancy between speci‘c antibody producing cells by
ELISPOT (upper part) in peripheral blood (maximal number on day 7) and speci“c
serum antibodies by ELISA assay (lower part; maximal titer at 4...11 weeks after
vaccination).

3. Results

3.1. Kinetics and optimal timing for detection of speci“c spot
forming cells isolated from peripheral blood after vaccination

The kinetics of anti-TET (T-dependent) speci“c antibody pro-
duction by peripheral blood plasmablasts was tested by ELISPOT
assay in healthy volunteers from day 5 to day 9 after antigenic chal-
lenge. The same strategy was used in the assessment of anti-PPS
(T-independent) speci“c antibody production in healthy controls
from day 1 to day 8 after antigen challenge. Day 7 was found to be
optimal for the detection of speci“c antibody producing B-cells in
peripheral blood for both antigens and all tested immunoglobulin
isotypes (IgG, IgA, and IgM). Our “ndings are in agreement with
previous studies [36...38].

The different kinetics between the appearance of anti-tetanus
antibody in serum, as measured by ELISA assay, and the detection
of anti-tetanus antibody producing B cells as identi“ed by ELISPOT
assay, are shown in Fig. 1.

3.2. Speci“c antibody responses against protein (T-dependent)
and polysaccharide (T-independent) antigens in healthy
individuals

Our group of healthy controls was vaccinated with protein anti-
gen (tetanus toxoid, TET), unconjugated PPS antigens (PNEUMO

Table 1
The number of spot forming cells against protein ( n =70) and polysaccharide ( n=30)
antigens in a group of healthy controls.

SFC/10° B cells[z1]

Median[z2] Minimum Maximum
IgG anti-TET 10371 964 86 747
IgA anti-TET 532 24 9707
IgM anti-TET 0 0 0
IgG anti-PPS 3843 812 76880
IgA anti-PPS 33935 3200 186384
IgM anti-PPS 9540 2165 52994

SFC/10° B cells (spot forming cells per million CD19  * B cells); IgG, IgA, IgM anti-
TET (IgG, IgA, IgM antibodies speci‘c spot forming cells against tetanus toxoid);
1gG, IgA, IgM anti-PPS (IgG, IgA, IgM antibodies speci“c spot forming cells against
pneumococcal polysaccharides).

23) either separately or in combination. We found no signi“cant
difference in the number of SFC (IgG, IgA, IgM) against vaccinated
antigens whether they were administered separately or simulta-
neously (Mann...Whitneyes U-test, p with range between 0.56 and
0.98). The number of speci“c SFC against both types of vaccines in
the cohort of healthy controls is shown in Table 1.

3.3. Speci“c antibody response in subgroups of CVID patients

CVID patients ( n=37) were classi“ed according to the Freiburg
[6] and EUROclass classi“‘cation [28] (Table 2), allowing a com-
parative analysis of antibody production and clinical phenotype.
The majority of our well-de“ned CVID patients did not mount a
speci“c humoral immune response against the two vaccines mea-
sured by ELISPOT assay but several patients produced low numbers
of vaccine-speci‘c SFC ( Table 2). As for the EUROclass classi‘ca-
tion scheme, 3 patients of group smB+21 "™ (n =7, patient no. 18,
19, 20), 1 patient of group smB+21 '°¥ (n=86, patient no. 13) and 1
patient of group smB  $21'°% (n=12, no. 1) had detectable IgG anti-
body responses against tetanus toxoid. In group smB+21 ' there
was 1 patient (no. 14) who secreted IgM and another patient (no.

12) who formed IgA and IgM antibodies against PPS. The latter
patient is the only one among the CVID group who formed speci“c
antibodies of 2 different immunoglobulin isotypes. Regarding the
group smB $21M°™M (n=12), no speci‘c antibody production was
detected. In the Freiburg classi“cation all patients with detectable
antibody responses (no. 12, 13, 14, 18, 19 and 20) were from group
Il the exception (no. 1) being a group la patient ( Table 2).

The decreased production of SFC in CVID patients was inde-
pendent of replacement immunoglobulin treatment: four CVID
patients without substitution therapy showed the same defect in
the production of SFC and speci“c antibodies after vaccination as
CVID patients on replacement therapy (  Table 2).

3.4. Changes of B-cell subpopulations in peripheral blood one
week after vaccination

The mean percentage of CD19 * B cells was 11 + 4% in healthy
controls and 13 * 7.6% in CVID patients before vaccination. One
week after vaccination the percentages were unchanged (12 + 5%
in healthy controls and 13 + 6.7% in CVID patients).

We then examined the changes of absolute and relative num-
bers of plasmablasts and other B lymphocyte subpopulations in the
peripheral blood one week after antigen challenge ( Fig.2aandb). In
healthy controls no statistically signi“cant changes in absolute and
relative numbers of switched memory B cells were found between
the two measurement time points, before and one week after vacci-
nation. However, a highly signi“cant increase in absolute as well as
relative numbers of plasmablasts gated as IgD ScD27* (PB CD27')
cells and IgM SCD38** (PB CD38"*) cells (p<0.001 in both cases)



Table 2
Results of the ELISPOT assay in group of CVID patients.

Number  Freiburg EUROclass Sex Age Replacement 1gG IgA IgM 1gG anti-IgA 19G anti-TET IgA anti-TET IgM anti-TET 1gG anti-PPS IgA anti-PPS IgM anti-PPS
classi“cation classi“cation[z1] therapy
g/l[z2] Titer SFC/10 © B cells[z3]
1 la smBS21/w F 40 IMIG 278 <001 <0.04 neg 344 0 0 0 0 0
2 la smBS21'ow F 74 IVIG 539 <0.01 <0.05 neg 0 0 0 0 0 0
3 la smBS21'ow M 47 SCIG 3.92 0.06 0.19  neg 0 0 0 0 0 0
4 la smBS21'ow M 50 IVIG 3.37 <0.01 <0.05 neg 0 0 0 0 0 0
5 la[z4] smB S$21'w M 36 IVIG 7.35  <0.01 0.05 neg 0 0 0 0 0 0
6 Ib smB §21"om F 66 IVIG 582  <0.01 010  n.d. 0 0 0 0 0 0
7 Ib smB §21nom F 34 no 2.01 <0.01 <0.05 neg 0 0 0 0 0 0
8 Ib smB §21"0m™ M 30 IVIG 5.77 <0.01 <0.05 neg 0 0 0 0 0 0
9 Ib smB §21"om F 20 no 0.66  <0.01 0.13 150 0 0 0 0 0 0
10 Ib smB S21mm F 44 IVIG 316  <0.01 0.10  neg 0 0 0 0 0 0
11 Ib smB §21"0™ [z5] M 55 IVIG 509 <0.01 0.32  neg 0 0 0 0 0 0
12 1l smB+21 'ow F 71 IVIG 6.29 0.08 0.29  neg 0 0 0 0 2562 659
13 1l smB+21 'ow M 19 IVIG 449  <0.01 0.07  neg 407 0 0 0 0 0
14 1l smB+21 'ow M 24 no 499  <0.01 0.20  neg 0 0 0 0 0 104
15 1l smB+21 'ow F 54 IVIG 6.95  <0.01 0.15  1:100 0 0 0 0 0 0
16 1l smB+21 'ow F 41 SCIG 6.14  <0.01 0.05 neg 0 0 0 0 0 0
17 1l smB+21 '°% [z6] M 57 SCIG 5.66 0.02 <0.05 neg 0 0 0 0 0 0
18 1l smB+21 nom F 19 SCIG 6.75 0.05 0.75  neg 185 0 0 0 0 0
19 1l smB+21 nom M 44 IVIG 5.91 0.22 <0.05 neg 713 0 0 0 0 0
20 1l smB+21 nom M 44 IVIG 6.37  <0.01 0.10  neg 231 0 0 0 0 0
21 1l smB+21 nom M 31 IVIG 3.80 0.02 0.07 nd. 0 0 0 0 0 0
22 1l smB+21 nom F 68 IVIG 6.35 <001 <0.05 neg 0 0 0 0 0 0
23 1l smB+21 nom M 59 IVIG 6.86 0.04 0.06  neg 0 0 0 0 0 0
24 1l SmB+21 "™ [27] F 41 IVIG 526  <0.01 0.08  neg 0 0 0 0 0 0
25 1l smB $21'ow F 42 IVIG 8.15  <0.01 050 neg 0 0 0 0 0 0
26 1l smB S21'ov F 58 IVIG 598 <001 <0.05 neg 0 0 0 0 0 0
27 Il smB §21'ov F 57 IVIG 815 <0.01 <0.05 neg 0 0 0 0 0 0
28 1l smB S21'ow M 34 IVIG 6.21  <0.01 0.05 neg 0 0 0 0 0 0
29 1l smB S21'ov F 43 IVIG 6.27 <001 <0.05 neg 0 0 0 0 0 0
30 1l smB S21'o% F 50 SCIG 448  <0.01 <0.05 neg 0 0 0 0 0 0
31 1l smB §21'°% [z8] F 28 IVIG 562 <001 <0.05 neg 0 0 0 0 0 0
32 1l smB §21mm F 44 IVIG 6.75 <0.01 0.05 neg 0 0 0 0 0 0
33 1l smB S21mm F 61 IVIG 7.54 0.09 <0.05 neg 0 0 0 0 0 0
34 1l smB §21rom F 27 no 235  <0.01 0.45  neg 0 0 0 0 0 0
35 Il smB S21mm F 40 IVIG 7.10 <0.01 0.09 neg 0 0 0 0 0 0
36 1l smB $21mm F 40 SCIG 851 <0.01 <0.05 neg 0 0 0 0 0 0
37 Il smB §21rom M 19 IVIG 7.00 <001 <0.05 neg 0 0 0 0 0 0

0STY " 2vTv (TT0Z) 62 SUIDJBA / ‘[ 18 BAODURAOYD "Z

F: female; M: male; n.d.: not done; SFC/10  © B cells (spot forming cells per million CD19  * B cells); IgG, IgA, IgM anti-TET (IgG, IgA, IgM speci‘c spot forming cells against tetanus toxoid); IgG, IgA, IgM anti-PPS (IgG, IgA, IgM speci“c
spot forming cells against pneumococcal polysaccharides); IgG anti-IgA (IgG antibodies against IgA).
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occurred ( Figs. 2a and 3), while the absolute and relative numbers
of CD21'°% B cells (p<0.02), naive B cells ( p<0.001) and MZ-like B
cells (p<0.001) decreased ( Fig. 2a). In contrast, among the cohort of
CVID patients no statistically signi“cant changes of examined cel-
lular subpopulations, including plasmablasts ( Figs. 2b and 3) were
observed except for a slightincrease in smB cells to a level still well
below the levels of healthy controls ( Fig. 2a and b). This increase
was statistically signi“cant in Wilcoxones matched pairs test.
Plasmablasts were not increased in CVID patients even when
followed up to six weeks post immunization (data not shown).
The fact that the number of plasmablasts corresponds with the
number of SFC strongly suggest that the examination of peripheral
blood plasmablasts on day 7 after vaccination can be used as a sur-
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rogate marker for speci“c antibody responses in normal controls
and as a diagnostic procedure to identi“ed CVID and other patients
with defect in terminal B-cell differentiation.

4. Discussion

In our study, we focused on (1) speci'

‘c  invitro antibody produc-

tion by individual B cells following vaccinations by T-dependent
(protein) and T-independent (polysaccharide) antigens and (2)
changes of B-cell subpopulation after vaccination in peripheral
blood of CVID patients and healthy donors.

Prior to this study, speci“c antibody production in substituted
CVID patients following vaccination had only been evaluated in
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Fig. 2. Changes of relative and absolute numbers of B-cell subpopulations in healthy controls (HC;
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n=19; a) and CVID patients (CVID;

n =29; b) before (0) and one week (7)
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Fig. 2. (Continued ).

serum. Goldacker etal. [29] measured speci“c antibodies in serum
by ELISA assay. The contribution of parallel immunoglobulin sub-
stitution on antibody titers was dif“cult to correct and required a
relatively complicated vaccination formula. Based on these calcu-
lations the authors reported a decrease in serum antibody levels
against T-dependent and T-independent antigens in CVID patients
between IVIG infusions. Using a meningococcal polysaccharide vac-
cine, Rezaei et al. described decreased vaccination response against
meningococcal polysaccharide measured in serum of CVID patients
while on IVIG [30,31] . The other group investigated the speci‘c
IgG production ability in CVID patients under immunoglobulin sub-
stitution therapy after vaccination against tick-borne encephalitis
virus [32] . Immunization with a protein neoantigen, e.g. bacterio-
phage, and investigation of immune response with neutralization
assay brought similar results  [39,40] .

Nevertheless, there is very little quantitative data correlat-
ing individual vaccination responses to proposed classi“cations of
CVID[29,39,41] . Ourgroup of CVID patients was arranged according
to the Freiburg [6] and EUROclass classi“cation [28] . The majority
of our well de“ned CVID patients (30/37) failed to mount a speci“c
humoral immune response when analyzed by SFCs collected from
peripheral blood before and after immunization. The seven CVID
patients who responded had much smaller quantities of speci“c SFC
compared to healthy donors. All but one patient with measurable
antibody responses belong to group Il of the Freiburg classi“cation
or EUROclass group smB * which represent those CVID patients with
nearly normal numbers of class-switched memory B cells. Patients
in these groups are characterized by milder complications of the
disease compared to other groups  [28,42] . Our data show that some
of the CVID patients mount antibodies against protein or polysac-
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Fig. 3. Development of plasmablasts after vaccination. Plasmablasts (full arrows) were gated from CD19 *Bcells (gatein column 1) aslgD $CD27** (column2)andIigM SCD38**
(column 3). The cells were investigated before (day 0) and on day 7 after vaccination. HC: healthy control; CVID: CVID patient; PB27 ** and PB38**: plasmablasts.
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charides antigens and therefore both types of vaccines should be
used. Our “ndings are consistent with other studies [29] .

During the last few years a number of studies described differ-
ences between B-cell subpopulations of CVID patients and those
of healthy volunteers [4...8,43...49]but kinetics of these changes
after encounter with an antigen  invivo [50] has not previously been
explored. We investigated the dynamic changes of CD21 low B cells,
naive B cells, marginal zone-like B cells, plasmablasts and switched
memory B cells of CVID patients compared to healthy donors. Pre-
vious studies showed that memory B cells and plasmablasts have
different kinetics in peripheral blood [36] . Plasmablasts reach their
peak on day 7 after encounter with the antigen in peripheral blood
while switched memory B cells showed a marked increase in num-
ber on day 14 after antigen challenge  [50] . The absolute number
of naive B lymphocytes is determined by the generation of new
naive B cells from the bone marrow pool (a slow process) and by
acute loss of naive B lymphocytes via further maturation after anti-
gen encounter [51] . Statistically signi“cant up-regulation of naive
B cells and its continued accumulation after antigen challenge in
CVID patients indicates disturbed conversion of undifferentiated B
cells to more mature B-cell stages in germinal centers. Differentia-
tion is crucially dependent on T-lymphocyte help, suggesting that
the basic defects in the majority of CVID patients are not in B cells
but in helper T-lymphocytes  [10,12] .

Also the reduced numbers of switched memory B cells which
correlate with clinical complications [52,53] and failure to increase
the number of plasmablasts after antigen challenge may be
explained by insuf‘cient signals from helper T cells of CVID
patients. In previous studies we and others have shown that B
cells of CVID patients are able to produce antibodies if they are
exposed in vitro to helper T-lymphocyte from healthy donors or
to appropriate cytokines  [10,54...56]. Taubenheim et al. studied B-
cell differentiation in lymph nodes from three CVID patients with
splenomegaly and found distinct blocks in terminal plasma cell
development but normal expression of a key regulator of terminal
plasma cell differentiation, Blimp-1 [71.

Additional support for the concept of some immunological com-
petency of B cells from CVID patients is related to the fact that
the number of marginal zone-like B cells is comparable to that of
healthy populations. Detailed analysis of this compartment of enat-
ural memoryZ B cells ful“lls the interconnection between natural
and speci“c immune response in CVID patients [57] .

Among others, the defect in the antibody production and SFC
reduction observed in a cohort of CVID patients are not secondary
to Ig substitution since the same defects were also seen in four CVID
patients before starting Ig replacement therapy. IVIG treated CVID
patients were vaccinated exactly one week before administration
of immunoglobulin substitution. In this manner the theoretically
possible in"uence of immunoglobulin replacement therapy on the
generation of SFC was reduced [58] .

Our observation that the majority of CVID patients lack anti-
gen speci‘c spot forming B cells and fail to increase circulating
plasmablasts following in vivo antigen challenge provides a rapid
screening test to demonstrate defective antibody responsesin CVID
patients, even when on replacement immunoglobulin therapy.
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