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Moznosti sledovani subpopulaci B lymfocytti
v periferni krvi v rutinni imunologické laboratofi
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SOUHRN

P¥i obrané organismu v(ci infek¢nim agens hraji B lymfocyty zcela nezastupitelnou tlohu. Kromé schopnosti prezentovat antigen
T lymfocytlm jsou pfedevsim producenty protildtek. Ty jsou nezbytné pro efektivni eliminaci infekce a podileji se téz na regulaci
imunitni odpovédi. Stanoveni B-lymfocytarnich subpopulaci v periferni krvi, pomoci kterého mizeme sledovat ¢ast vyvoje B lym-
focytll az do stadia plasmablastl produkujicich protilatky, je proto cennym laboratornim parametrem, ktery ma vyznam ve studiu
patogeneze nékterych onemocnéni, stejné jako napomaha sprdvnému stanoveni diagnézy nékterych onemocnéni. Laboratorni
stanoveni B lymfocytdrnich subpopulaci je v sou¢asné dobé rutinnim laboratornim vysetfenim zejména diky rozvoji mnohobarev-
né pritokové cytometrie. Tento ¢lanek shrnuje zékladni poznatky, které jsou v soucasné dobé pfi rutinnim vysetieni B lymfocytar-
nich subpopulaci vimunologické laboratofi uplatriovany.
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ABSTRACT
Stichova J., Nechvatalova J., Litzman J., Vlkova M.: Possibilities for the analysis of peripheral blood B cell
subpopulations in a routine immunological laboratory

B cells play a vital role in the defence of the body against infectious agents. Apart from their ability to present antigen to T cells, B
cells are mainly producers of antibodies. These play a crucial role in the effective elimination of infection and are also involved in
the regulation of the immune response. The analysis of peripheral blood B cell subpopulations that makes it possible to monitor
the development of B cells to the stage of antibody producing plasmablasts provides a valuable laboratory parameter which is
important for both the study of the pathogenesis and diagnosis of some diseases. Laboratory analysis of B cell subpopulations is
now a routinely available laboratory option thanks to the development of multicolour flow cytometry. This article summarizes the
core knowledge which is currently applied to the analysis of B cell subpopulations in immunological laboratories.
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uvoD

K obrané organismu proti mikroorganismim musi
burky imunitniho systému cizi mikroby rozpoznat a re-
agovat na né. Bunky imunitniho systému se ale také
musi vyvarovat Utoku na télu vlastni antigeny zdravych
tkani, coZz by mohlo vést k autoimunitnimu onemocné-
ni. B lymfocyty, kromé své funkce prezentace antigend,
produkuji na konci svého vyvoje ve stadiu plasma-
blastll protilatky (glykoproteiny), které dokazou branit
organismus proti Siroké skale antigenU vcetné cho-
roboplodnych mikroorganismtd. Kromé toho mohou
nékteré protilatky také rozpozndvat vlastni struktury
bunék téla. Pred kone¢nym stadiem plasmablastt pro-
chazeji B lymfocyty nékolika vyvojovymi stadii, ktera
jsou definovéna nejen imunofenotypicky, ale jsou také

znama jejich procentualni a absolutni zastoupeni v pe-
riferni krvi.

Rozvoj imunologickych metod, zejména pak moz-
nosti mnohobarevné priitokové cytometrie, umoznil
v poslednim desetileti podrobnou analyzu diferen-
cia¢nich stadii T a B lymfocytl jak béhem jejich vy-
voje v primarnich lymfatickych orgdnech (kostni
dien, thymus), tak zejména v perifernich oblastech
imunitniho systému (lymfatické uzliny, slezina, sliz-
ni¢ni imunitni systém). Ackoliv vyvoj T a B lymfocytt
probiha ve vyse zminénych kompartmentech imunit-
niho systému, je krev nejdostupnéjsim laboratornim
materialem, kde lze periferni diferenciacni stadia T
a B lymfocytl sledovat. Tento prehledny ¢lanek se
zaméfuje na zadkladni informace o vyvoji B lymfocy-
th v periferii imunitniho systému a na moznosti vy-
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Setfeni B-lymfocytérnich vyvojovych stadii v krvi. Sta-
noveni téchto subpopulaci se v souc¢asné dobé stalo
zdkladnim vysetfenim pro diagnostiku primarnich
imunodeficienci a slouzi také k monitorovani aktivity
autoimunitnich chorob (tab. 1 a 2).

Vysetieni B-lymfocytérnich subpopulaci naléza vy-
znam u v$ech hlavnich skupin poruch funkce imunitni-
ho systému [1]. Nékteré stavy imunitni nedostatecnosti
jsou provazeny zménami v celkovém zastoupeni B lym-
focytd, Uplné chybéni B lymfocytl Ize nalézt napfiklad
u pacientll s X-vdzanou agamaglobulinemii. Vyrazné
snizeni poc¢tu B lymfocytu je ale pfitomno i u nékterych
pacientl s béznou variabilni imunodeficienci (CVID).
Tito pacienti mivaji také vyrazné snizené zastoupeni
pamétovych B lymfocyt(l. | u mnoha dalSich imunodefi-
citnich chorob mlGzeme pozorovat zmény v zastoupeni
jednotlivych B-lymfocytarnich subpopulaci. Napfiklad
snizeny pocet izotypové presmyknutych pamétovych
B lymfocytd mlzeme pozorovat u pacientt s hyper-lgM
syndromem a také v mensi mifre u pacientt s IgA defi-
citem [2, 3]. SniZzené zastoupeni celkovych B lymfocy-
th spolu se zvysenym zastoupenim plasmablast( bylo
popsano u GATA-2 deficience [4]. Vice informaci o zmé-
nach B-lymfocytarnich subpopulaci u vybranych imu-
nodeficitt pfindsi tabulka 1. Zmény v B-lymfocytarnich
subpopulacich Ize také pozorovat u nékterych virovych
onemocnéni a po ockovani, kdy stoupa zejména pocet
plasmablastl [5]. V ramci autoimunitnich onemocnéni
(viz tab. 2) Ize jako vybrané pfiklady jmenovat systémo-
vy lupus erythematodes (SLE), kde u pacientd dochazi
k poklesu poctu transientnich, naivnich B lymfocytu
a pfirozenych efektorovych B lymfocytd a na druhé
strané stoupa pocet IgM only (IgM*lgD"CD27+) B lymfo-
cytQ, dale pak plasmablastli a plasmatickych bunék [6].
Zvyseny pocet plasmablastd a plasmatickych bunék
muzeme také nalézt u pacientl s revmatoidni artriti-
dou (RA) [7]. U pacientl se Sjogrenovym syndromem
byl zjistén pokles poctu primarné efektorovych B lym-
focytl [8, 91.

Rutinné pouzivané povrchové znaky
pfi imunofenotypizaci B lymfocytii

CDA45 predstavuje transmembranovou protein tyro-
sin fosfatazu (PTP), ktera se nachazi na povrchu vsech
jadernych hematopoetickych bunék véetné lymfocytu.
PTP predstavuje esencialni regulator transdukce signa-
[0 v hematopoetickych bunkach a zodpovida za jejich
spravny vyvoj. V pratokové cytometrii se CD45 pouzi-
va jako tzv. pan-leukocytarni znak umoznujici odliseni
leukocytl od ostatnich &astic pfitomnych v méreném
vzorku [10].

Znaky CD19 a CD20 jsou obecné zndmy jako speci-
fické B-lymfocytarni markery, které jsou v laboratofich
hojné vyuzivany pro identifikaci B lymfocyt. Znak
CD19 spolu s komplementovym receptorem 2 (CR2,
CD21) a CD81 tvofi na povrchu B lymfocytl signali-
zacni komplex, ktery se podili na amplifikaci signalu
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pfijatého skrze B-cell receptor (BCR) a molekulu CD21.
Znak CD19 je exprimovan na viech vyvojovych sta-
diich B lymfocyt(l s vyjimkou plasmatickych bunék [11].
CD20 predstavuje transmembranovy glykoprotein,
ktery se podili na B-lymfocytarni aktivaci, proliferaci
a prenosu Ca?* iontl. Na perifernich B lymfocytech je
exprimovan od stadia tzv. transientnich B lymfocytl az
do izotypové presmyknutych pamétovych B lymfocy-
t0, ale podobné jako u znaku CD19 ma nizkou expresi
na plasmablastech. Nicméné pfi sprdvném gatovani Ize
plasmablasty pomoci znaki CD19 a CD20 v periferni
krvi rovnéz zachytit [12, 13].

CD5 nalezi do rodiny scavengerovych receptorl a na
povrchu B lymfocytl sehrava roli negativniho reguléto-
ru BCR signalizace. Tento znak je nejvice exprimovan na
transientnich B lymfocytech a ve velmi nizké mite se na-
chazi takika na vsech B-lymfocytarnich subsetech. Zvy-
send exprese CD5 byla nalezena i na maligné transfor-
movanych B lymfocytech (napf. u chronické lymfatické
leukemie, CLL) [14]. Exprese znaku CDS5 je na lidskych B
burikdch heterogenni. Tento znak je exprimovan transi-
entnimi, naivnimi a v mensi mire i pamétovymi B lym-
focyty. Expresi CD5 Ize vyvolat stimulaci, pficemz nej-
ucinnéjsim signalem pro up-regulaci CD5 je soucasna
stimulace BCR i CD40 [15]. U mysi je znak CD5 charak-
teristickym pro B1 lymfocyty. Z tohoto d{ivodu existuje
tendence oznacovat i lidské CD5* B lymfocyty také jako
B1 lymfocyty. Toto oznaceni ale neni spravné, nebot,
jak uz bylo vyse popsano, CD5 se u lidi vyskytuje také
na rliznych vyvojovych formach B lymfocytl, navic je
jeho exprese indukovatelnd, a tedy znak CD5 muze byt
exprimovan na B2 lymfocytech [15]. V roce 2016 bylo
u mysi zjisténo, ze specifickym znakem pro B1 lymfocy-
ty je regulator aktivity SRC kindz, ktery nese oznaceni
CD148, a ma unikatni ulohu pfi aktivaci BCR receptoru
u B1 bunék, kdezto u B2 bunék tuto roli postrada [16].
U lidi se na potvrzeni jednozna¢ného markeru pro B1
lymfocyty stéle ¢eka.

CD21 predstavuje komplementovy receptor 2 (CR2).
Vaze antigenni c&astice s navdzanymi Stépy komple-
mentu C3dg a po pfemosténi antigenni ¢astice s BCR
receptorem zesiluje jeho signalizaci. Vysledkem je sil-
né&jsi aktivace B lymfocytl a podpora diferenciace do
plasmatickych bunék. CD21 se nachdzi na maturova-
nych B lymfocytech (naivni, primarné efektorové) [17].

CD24 je jednim z nejc¢asnéjsich povrchovych glyko-
protein{i exprimovanych na povrchu nezralych B lym-
focytll podilejicich se na vyvoji a selekci B lymfocyt(
v kostni dieni. V periferni krvi tento znak nesou transi-
entni B lymfocyty a izotypové pfesmyknuté pamétové
B lymfocyty [18].

CD27 nélezi do TNF-receptorové rodiny povrcho-
vych molekul leukocytl. Vazbou ligandu CD70 (CD27L)
se podili na bunééné signalizaci a je povazovan za ty-
picky znak pamétovych forem B lymfocytl [19].

CD38 predstavuje transmembranovy enzym s mno-
hocetnymi funkcemi, ktery syntetizuje a hydrolyzuje
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Tabulka 1. Zastoupeni B lymfocytarnich subpopulaci v periferni krvi u vybranych imunodeficita
Table 1. Distribution of peripheral blood B cell subpopulations in selected immunodeficiencies

ey | et | e | Phmioon o
efektorové
—m-m-m-m-n_
I. Imunodeficience postihujici RAG1
!)unef:nou a humoralni RAG2 X X
imunitu
Artemis X 1l X 1l X 1l X
IL7RA -1 !
IL2RG i} -1
XLP - - " Ly H H s
ZAP70 -
DOCX8 -1 1 1 W
PNP A W
HIGM -1 - M ! !
BCL10 - | ) - 1 L l W
XLF X X
Il. Kombinované ATM ! ! - ! = ! ! U
ir;'\::;c:::city asociované se NEMO ) | 1 ! ! _ m !
WAS - - - ! - !
CHH -1 - - -l -
DiG - 1 - - 1 - ! -
11l. PFevazné humoralni BTK X X X X
imunodeficity CD27D _ - _ 1 . _ -l )
IgAD - - S T l l
o N B N " u
PI3KSD ! ! 1 -
IV. Onemocnéni s dysregulaci BSIEN) 1 ! 1
imunitniho systému STAT3 _ _ 1 1 1 1 ! 1
CTPS1 - - - -
ALPS - 1
V.Vrozené defekty fagocytozy @7 1 - 1 - ! 1 ! !
:Il:‘.uPrt‘)i:t;chyvlastniapl"'irozené WHIM 1l m -1 ! . m -l m
STAT1 -l -l =l =l
IRAK4 - - - - l -

Tabulka uvadi zmény v zastoupeni celkovych B lymfocytd a jednotlivych subpopulaci v periferni krvi pacientd s vybranymi imu-
nodeficiencemi. Uvedené zmény je nutno povaZovat pouze za orientacni, protoze zastoupeni B lymfocytarnich subpopulaci mlize
byt ovlivnéno napt. Ié¢bou nebo dalSimi komorbiditami. Prazdna mista v tabulce jsou pfitomna tam, kde se nepodafilo informace
o dané B lymfocytarni subpopulaci v odborné literatufe dohledat. Uvedené imunodeficity byly zafazeny do skupin na zakladé
aktualizované verze |UIS fenotypické klasifikace vrozenych vad imunitniho systému [1].
Vysvétlivky: (REL) relativni zastoupeni (%), (ABS) absolutni pocet, (-) norma, ({) snizeni, (- |) v normé nebo snizeni, (| ]) vyrazné
snizeni, (- 1) v normé nebo zvyseni, (1) zvyseni, (11) vyrazné zvyseni, (X) populace obvykle chybi.

(podle [2, 3])
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B lymfocyty
CD21low

Plasmablasty

Nazev onemocnéni

SOUHRNNE SDELENI

Reference

RAG1 deficit
RAG2 deficit
ARTEMIS deficit
IL-7 receptor alpha deficit
Deficit spole¢ného gama retézce IL-2R
X-vazany lymfoptoliferativni syndrom
Zap-70 deficit
DOCK8 deficit
Deficit purin nukleosid fosforylazy
CD40L XL hyper IgM syndrom
BCL10 deficit
Cernunnos deficit
Ataxie-teleangiektazie
NEMO deficit
Wiskot Aldrich syndrom
Hypoplazie chrupavky
DiGeorguv syndrom
BTk deficit
CD27 deficit
Selektivni IgA deficit
Bézny variabilni imunodeficit
0 Activated PI3k-delta deficit
Deficit Syntaxinu
STAT3 Hyper IgE syndrom
CTPS1 deficit
Autoimunitni lymfoproliferativni syndrom
- X-vézana chronickd granulomatéza

GATA?2 deficience

Wartz, Hypogammaglobulinemia, infections, Myelokathexis

syndrome
STAT1 deficit
IRAK4 deficit

[52],[53]
[52],[531,[54]
[52],[55],[56]
[52],[571,[58]

[52],[59]

[52],[601,[61],[62],[63]
[64]
[52],[65]
[52],[66]
[52],[671,[68],[69]

[52],[70]
[52],[711,[72]
[73],[741,[75]
[52],[76],[77]

[52],[78],[791,[80]
[52],[811,[82]

[83],[84]

[85]
[52],(861,[87]
[31,(88]
[2],[23]
[52],89],[90]
[52],[91]
[52],[92],[93]
[52],[94]

[95]
[52],[96],97]
[41,[52],[98]

[52],[99],[100],[101]

[102],[103],[104]
[105],[106],[107]

The table shows changes in the distribution of the total B cells and different B cell subpopulations in the peripheral blood of
patients with selected immunodeficiencies. The changes presented should only be considered as indicative as the distribution
of different B cell subpopulations may vary with the treatment or comorbidities. Blank spaces in the table mean that the data on
the given B cell subpopulation could not be found in the literature. The immunodeficiencies presented were classified into groups

based on the updated version of the IUIS phenotypic classification of inborn errors of immunity [1].

Note: (REL) relative distribution (%), (ABS) absolute number, (-) norm, (]) decrease, (- |) norm or decrease, (- 1) norm or increase, (| |)

significant decrease, (1) increase, (11) significant increase, (X) population usually absent.
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Tabulka 2. Zastoupeni B lymfocytarnich subpopulaci u nejcastéji se vyskytujicich autoimunitnich onemocnéni
Table 2. Distribution of B cell subpopulations in the most common autoimmune diseases

B lymfocyty B lymfocyty primarné
transientni efektorové

I. Autoimunitni onecmocnéni

B lymfocyty celkové | B lymfocyty naivni

systémova
! -l -1 !
) -1 0l !
- 1 T 1 !
) il ) !
l 1 1 -
= - - -
-1 - -1 -1 !
II. Autoimunitni onemocnéni - - . |
organové lokalizovana
- - -l -1
- - !
-1 - -1 -l
-1 -1 -1 -l
11l. Autoimunitni onemocnéni - = - -
organové specificka
-1 -1 - -1 -l
- -l - -
- -l - -
) - o -
) - o -

Tabulka zahrnuje zejména zmény v relativnim zastoupeni B lymfocytarnich subpopulaci v periferni krvi z dGvodu neuplnych in-
formaci o absolutnich poctech B lymfocytl u vétsiny uvedenych onemocnéni v odborné literatuie. Uvedené zmény v B lymfocy-
tarnich subpopulacich jsou pouze orientacni a zahrnuji pouze pacienty s aktivni, klinicky manifestni formou daného onemocnéni
pred zahajenim |écby. Prazdna mista v tabulce jsou ptitomna tam, kde se nepodafilo informace o dané B lymfocytarni subpopulaci
v odborné literature dohledat.
*Pouze u Grawesovy-Basedowovy choroby byly v odborné literatufe nalezeny informace o absolutnich zménach B lymfocytarnich
subpopulaci, nikoli o relativnim zastoupeni.
Vysvétlivky: (REL) relativni zastoupeni (%), (ABS) absolutni pocet, (-) norma, (|) snizeni, (- |) v normé nebo snizeni, (- 1) v normé
nebo zvyseni, (1) zvyseni, (11) vyrazné zvyseni.

(podle [2, 3])
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B lymfocyty izotypové
presmyknuté Plasmablasty

B lymfocyty

o CD21low . oy
pamétové Nazev onemocnéni Reference

1 Revmatoidni artritida

1 Systémovy lupus erythematodes
-7 Dermatopolymyositida

i) Sjogrentv syndrom

1 Systémova sklerodermie

) SmiSené onemocnéni pojiva

) Antifosfolipidovy syndrom
-l Sarkoidoza

1 Crohnova nemoc
-1 Ulcerdzni kolitida

1 Celiakie

Autoimuniti hepatitida typ 1
- Primarni biliarni cirhéza
-7 Hashimotova thyreoitida
Grawesova-Basedowova choroba*
Juvenilni diabetes mellitus
Autoimunitni polyglandularni syndrom

Myasthenia gravis

-1 Pemphigus
- Lupénka
-7 Roztrousend skleréza

[71,[108],[109],[110]

[61,[1111,[112],[113]

[114],[115]

[81,[116],[1171,[118]

[119],[120]

[121]

[122],[123],[124]

[123],[125],[126]

[127]1,[128],[129]

[128],[129],[130]

[131]

[132],[133]

[134],[135]

[136],[137],[138]

[137]1,[139],[140]

[141],[142]

[143],[144]

[145],[146],[147]

[148],[149]

[150],[151]

[152],[153],[154]

The table shows mainly changes in the relative distribution of peripheral blood B cell subpopulations due to incomplete literature
data on the absolute numbers of B cells for most diseases listed. The changes in B cell subpopulations presented are only indicative
and relating only to patients with active, clinically manifest disease before the start of the treatment. Blank spaces in the table
mean that the data on the given B cell subpopulation could not be found in the literature.
*For Graves' disease only, literature data were found on absolute changes in B cell subpopulations but not on their relative distri-

bution.

Note: (REL) relative distribution (%), (ABS) absolute number, (-) norm, (|) decrease, (- |) norm or decrease, (- 1) norm or increase, (1)

increase, (11) significant increase.
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cyklicky adenosin 5'-difosfat-ribézu, coz je druhy posel
pro mobilizaci intracelularniho Ca?*. Timto zplsobem
se vyznamné podili na prezivani a aktivaci bunék. Znak
CD38 je exprimovan na vyvojovych stadiich B lymfocy-
th v kostni dfeni, dale na transientnich B lymfocytech,
plasmablastech a plasmatickych bunkach [20].

IgM na povrchu B lymfocytd tvoii soucast komple-
xu BCR receptoru, kterd vaze antigen. Povrchové IgM
se v ramci vyvoje B lymfocytl tvoii jako prvni a jeho
vystavenim na bunéc¢ném povrchu vznikd nezraly
B lymfocyt, ktery ndsledné opousti kostni dien. Vyso-
kou expresi IgM se vyznacuji B lymfocyty transientni,
primarné efektorové B lymfocyty, IgM plasmablasty,
stfedni expresi pak B lymfocyty naivni. Povrchovy IgM
ztraceji izotypové presmyknuté pamétové B lymfocyty
a plasmatické bunky [21].

IgD tvoii rovnéz soucast komplexu BCR receptoru,
ktera vaze antigen. IgD se vsak na povrchu B lymfocy-
tl objevuje pozdéji ve srovnani s IgM, a to v pribéhu
jejich vyvoje v sekundarnich lymfatickych organech,
konkrétné ve stadiu T2 B lymfocytu (obr. 1). IgD ex-
primuji B lymfocyty naivni, IgM pamétové a minoritni
populace IgD* plasmablastl. Tento znak naopak ztra-
ceji izotypové presmyknuté B lymfocyty a plasmatické
bunky [17, 21].

Instrumentace a zpracovani vzorku
pro imunofenotypizaci B lymfocytt

K vysetfeni B-lymfocytarnich subpopulaci je ne-
zbytny pratokovy cytometr, ktery umozniuje méreni
nejméné osmi rdznych znakd, tj. osmibarevny. V sou-
Casné dobé se tyto pfistroje rutinné pouzivaji a mno-
ho pracovist ma takovéto pristrojové vybaveni k dis-
pozici.

Pro kvalitni interpretaci naméfenych vysledkl je
tfeba také zajistit spravné zpracovani vzorku. Zaklad-
ni krok spociva v odstranéni plazmy, a to centrifugaci
vysetfované nesrazlivé plné krve s naslednym odsatim
plazmy, ktera je po centrifugaci pfitomna nad bunéc¢-
nou peletou. Odstranéni plazmy se provadi z dlivodu
pfitomnosti sérovych imunoglobulind, které by se
v plné krvi mohly vazat na pfidané monoklonalni pro-
tilatky namifené proti imunoglobulindm IgM nebo IgD
pouzivanych pfi fenotypizaci, protoZe tyto imunoglo-
buliny jsou rovnéz pfitomny na povrchu B lymfocytt
jako BCR. Vazbou pfidanych monoklonalnich protila-
tek na sérové imunoglobuliny by doslo ke znemozné-
ni oznaceni povrchového BCR. Déle je nutné spravné
zagatovani B lymfocytU (obr. 2) [22].

Pri analyze B lymfocytl obvykle zaciname gatovanim
lymfocyt(. Pro tento Ucel je vyuzivédna protilatka anti-
-CD45, ktera v kombinaci s parametrem Side Scatter
(SS) umoznuje identifikaci zakladnich leukocytarnich
populaci - granulocytd, monocytli a lymfocytd (viz
obr.2 Q).

Populaci B lymfocytl Ize odlisit od ostatnich lym-
focytll pomoci protilatek anti-CD19 nebo anti-CD20.

V nasledujicich krocich jiz pracujeme pouze s populaci
B lymfocytl - vynesenim zdkladnich B-lymfocytarnich
markerd (IgM, IgD, CD5, CD21, CD27, CD24 a CD38), na
dot plotech lze poté stanovit procento jednotlivych
B-lymfocytarnich subpopulaci. RozliSujeme B lymfocy-
ty naivni, které na svém povrchu exprimuji IgM a IgD,
ale nikoli CD27 (fenotyp CD271gM*lgD"), déle nasle-
duje populace oznacovana jako primarné efektorové
B lymfocyty ¢i IgM pamétové B lymfocyty (CD27+IgM*
IgD*) a izotypové presmyknuté pamétové B lymfo-
cyty (CD27%IgMIgD") - viz obrazek 2 G, plasmablasty,
plasmatické bunky (CD27+*CD38***) - viz obrazek 2 F
a transientni buriky (CD27-CD5*CD24**CD38*) - viz
obrazek 2 H) [23, 24, 25].

Vyvoj B lymfocyta v periferii

B lymfocyty se vyvijeji v kostni dreni z pluripotentni
kmenové buriky a za plsobeni cytokind a dalsich pod-
plrnych bunék pokracuje jejich vyvoj od syntézy pre-
-BCR receptoru az do konecné exprese BCR na povrchu
buriky. BCR je tvofen membranové vazanym imunoglo-
bulinem IgM a fetézci Ig-a a Ig-p. Kostni dier opousté-
ji tyto buniky jako nezralé B lymfocyty, tzv. transientni
B lymfocyty, které dale sméfuji do sleziny, pfipadné dal-
Sich lymfatickych sekunddrnich organu. Zde pokracuji
ve vyzravani, a to bud do stadia naivnich folikularnich
B lymfocyt(, nebo do priméarné efektorovych B lymfo-
cytu (obr. 2) [26].

Fenotyp folikuldrnich B lymfocytt se lisi podle toho,
zda se setkaly ¢i nesetkaly s antigenem (Ag). B lymfo-
cyty po reakci s Ag na svém povrchu exprimuji znak
CD27 a jsou nazyvany pamétovymi B lymfocyty, zatim-
co naivnimi jsou nazyvany ty B lymfocyty, které nebyly
svému antigenu doposud exponovany a jsou CD27 ne-
gativni [27].

Transientni B lymfocyty

Transientni B lymfocyty se vyznacuji vysokou expre-
si znakd CD5, CD24, CD38, IgM a prochazeji nékolika
fazemi vyvoje [23, 25]. V prvni fazi, pfi opusténi kost-
ni dfené, jsou nazyvany transientnimi B lymfocyty
typu | (T1), pficemz kromé vyse uvedenych znakd maji
nizkou expresi znakl IgD, CD21 a CD27. Ve slezing, pfi-
padné dalsich sekundarnich lymfatickych organech,
dochazi k jejich vyzravani do transientnich B lymfocy-
th typu 2 (T2), které jiz exprimuji IgD i CD21. Poté, co
dozraji do stadia naivnich B lymfocyt(i (CD271gM*IgD*)
nebo B lymfocytl margindlni zony, snizuji svou expresi
CD24 a CD38 [28, 29].

Transientni B lymfocyty dosahuji nejvyssiho zastou-
peni v pupecnikové krvi a u novorozenct (obr. 3).
Poté jejich pocet s vékem a postupnym vyzravanim
imunitniho systému klesa a pfibyva zralych naivnich
B lymfocyt(. S vyzravanim imunitniho systému kore-
luje rostouci hladina IgG v séru a klesajici pocet tran-
sientnich bunék. U déti do 5 let jsou relativni pocty
B lymfocytl vy3si v porovnani s dospélymi. Tyto déti
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Obr.1. Vyvoj B lymfocytl
Figure 1. Development of B cells

B lymfocyty se vyvijeji v kostni dfeni z hematopoetické kmenové buriky pres stadia ¢asného a pozdniho pro-B lymfocytu, velké-
ho a malého pre-B lymfocytu az k nezralym B lymfocytlim. Kazdé z téchto vyvojovych stadii Ize identifikovat na zakladé odlisné
exprese vybranych povrchovych markerd. Nezralé B lymfocyty nesou na svém povrchu kompletni BCR (B-cell receptor) tiidy
IgM a z kostni dfené jsou uvolfiovany do periferni krve, kde se oznacuji jako transientni B lymfocyty. K dokonceni svého vyvoje
se presouvaji do sekundérnich lymfatickych organt, predevsim do sleziny. Zde transientni B lymfocyty ptichazeji do kontaktu
s folikularnimi dendritickymi burikami, které jim poskytuji signaly k preZiti a diferenciaci. Ta pokracuje pfes stadiumT1aT2 B lym-
focytd (zvyseni exprese CD21). Naslednym zvySenim exprese IgD se stavaji plné vyzrdlymi B lymfocyty. Vétsinu z téchto zralych
B lymfocytll pfedstavuji naivni folikularni B lymfocyty, které odpovidaji na T-dependentni antigeny (vétsinou proteiny). Druhou,
méné pocetnou populaci predstavuji primarné efektorové B lymfocyty (PEB), které odpovidaji na T-independentni antigeny (ty-
a pamétovych B lymfocytd. Cast plasmablastd produkuje IgM v primarnich folikulech sekundarnich lymfatickych organt a po
kratké dobé umird, dalsi ¢ast se presouva do kostni diené, kde diferencuje v terminalni vyvojové stadium B lymfocytd — dlouze

(podle [17,21])

B cells develop in the bone marrow from hematopoietic stem cells through the early and late pro-B-cell stages, large and small
pre-B cells to immature B cells. Each of these developmental stages can be identified based on different expression of selected
surface markers. Immature B cells carry a complete surface IgM B cell receptor (BCR) and are released from the bone marrow to
the peripheral blood where they are referred to as transitional B cells. To complete their development, they move to the secondary
lymphoid organs, especially to the spleen. There transitional B cells come into contact with follicular dendritic cells that deliver
signals to them for survival and differentiation. The differentiation continues through T1 and T2 B cell stages (increase in CD21
expression). Subsequent increase in IgD expression results in fully mature B cells. Most of these mature B cells are naive follicular B
cells that respond to T-dependent antigens (mostly proteins). Another, less numerous population are primary effector B cells (PEB)
that respond to T-independent antigens (typically polysaccharide antigens). After contact with the target antigen, mature B cells
differentiate into short-lived plasmablasts and memory B cells. Some of the plasmablasts produce IgM in the primary follicles of
the secondary lymphoid organs and die after a short time while others move to the bone marrow where they differentiate into the
terminal developmental stage - long-lived plasma B cells (PLB).

(according to [17, 21])
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maji také vyssi pocet CD5*CD10*CD19* B lymfocytd, transientnich B lymfocytl nachazime také u pacient(
coz je dano tim, ze znak CD10 je rovnéz exprimovan po transplantaci kostni dfené pfi obnoveni vlastni kr-
na transientnich B lymfocytech [30]. Vysoké hodnoty vetvorby véetné B lymfocytd [31].
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Obr. 2. Zdkladni gatovaci strategie B lymfocytarnich subpopulaci
Figure 2. Basic gating strategy for B cell populations

A. Analyza B lymfocytarnich subpopulaci na pritokovém cytometru vzdy zac¢ind odstranénim dublet( - tedy bunék, které lasero-
vym paprskem pfistroje prosly jako clustery 2 a vice bunék a nikoli jako jednotlivé bunky (singlety).

B. Analyza dale vychazi pouze ze singletd. Kombinace pan-leukocytarniho znaku CD45 v(i¢i Side Scatteru (SSC) dovoluje oddéleni
leukocytli od ostatnich ¢astic v suspenzi (erytrocyty, prachové castice, debris).

C. Ve tietim kroku jsou z CD45 pozitivnich leukocytll gatovany pouze lymfocyty — buriky s nejmensi velikosti, kterou udava SS.

D. B lymfocyty jsou ze vSech lymfocytl oddéleny na zakladé pozitivity pro znak CD19 nebo CD20.V dalsich krocich analyzy pracu-
jeme pouze s populaci CD19* (popt. CD20%) B lymfocytd.

E. CD21" B lymfocyty jsou typické negativitou pro znaky CD21 i CD38.

F. Terminalni vyvojova stadia B lymfocyt( — plasmablasty a plasmatické bunky se vyznacuji vysokou expresi CD27 a CD38, exprese
CD19 je snizena. Kombinace téchto znak( ale neumozni jejich odliseni.

G. Kombinaci znaki IgM a CD27 Ize rozlidit B lymfocyty naivni (IgM*CD27), PEB (IgM*CD27%) a izotypové piesmyknuté pamétové
(IgM-CD27+).

H. Transientni B lymfocyty jsou gatovany z naivnich B lymfocytl a vyznacuji se vysokou expresi CD24 a CD38.

A. Flow cytometry analysis of B cell subpopulations always starts with removal of doublets, that is, cells that passed through the
interrogation point as two or more cell clusters and not as single cells (singlets).

B. The analysis further focuses on singlets alone. The combination of the pan-leukocyte marker CD45 vs. Side Scatter (SSC) allows
the separation of white blood cells from other particles in the suspension (red blood cells, particulate matter, debris).

C. In step 3, from CD45 positive white blood cells, only B cells as the smallest size cells discriminated by SS, are gated.

D. B cells are separated from all other lymphocytes based on the CD19 or CD20 marker positivity. In the following steps, only CD19*
(or possibly CD20%) B-cell populations are the subject of analysis.

E. CD21"" B cells are typically CD21 and CD38 negative.

F. Terminal developmental stages of B cells — plasmablasts and plasma cells - are characterized by high expression of CD27 and
CD38 and decrease in CD19 expression. However, the combination of these markers does not allow discrimination of these cells.
G. The combination of the IgM and CD27 markers allows discrimination between naive B cells (IgM+*CD27°), PEB (IgM*CD27+), and
isotype-switched memory cells (IgM-CD27%).

H. Transitional B cells are gated from naive B cells and are characterized by high expression of CD24 and CD38.
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Obr. 3. Vyvoj zastoupeni transientnich B lymfocytd v periferni krvi v zavislosti na véku
Figure 3. Distribution of transitional B cells in the peripheral blood by age

Transientni B lymfocyty dosahuji nejvyssiho zastoupeni v pupecnikové krvi a u novorozencu. S vékem jejich pocet postupné klesa

Transitional B cells are most abundant in umbilical cord blood and in newborns. Their number gradually decreases and is the

lowest in adults.

Naivni B lymfocyty

Zralé naivni B lymfocyty (CD271gM*IgD*) tvofi nej-
Vétsi ¢ast B-lymfocytarnich subpopulaci v détském
véku, kdy do jednoho roku véku ditéte dosahuje zpra-
vidla vice nez 90 %, poté se jejich zastoupeni s vékem
postupné snizuje. Oviem i u zdravého dospélého ¢lo-
véka predstavuji zralé naivni B lymfocyty vétSinovou
populaci ze viech B lymfocytl [32]. Zralé naivni B lym-
focyty exprimuji BCR typu IgM i IgD, maji stiedni ex-
presi znaku CD21, CD24 a CD38 a jsou CD10 negativ-
ni. Zvysené procento naivnich B lymfocytd se nachdzi
u pacientl s béznou variabilni imunodeficienci (CVID)
a X-vazanym hyper-IgM syndromem, fyziologicky pak
u malych déti [23, 24].

Naivni B lymfocyty cirkuluji v krvi mezi sekundarni-
mi lymfatickymi organy, dokud v nich nepotkaji svij
antigen (Ag). Po reakci s Ag se nejprve diferencuji na
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focyty (IgM*IgD*CD27%), které mohou dale pokracovat
ve vyvoji az do izotypové presmyknutych pamétovych
B lymfocytd (IgM1gDCD27+) nebo do stadia plasmab-
lastl a plasmatickych bunék produkujicich izotypové
pfesmyknuté imunoglobuliny [33].

Primarné efektorové B lymfocyty (PEB)

Do populace primarné efektorovych B lymfocytl
(PEB) nalezi ty B lymfocyty, které jsou IgM, IgD a CD27
pozitivni. Nékdy jsou také nazyvany B lymfocyty mar-
gindlni zény (MZB, IgM*lgD*CD27+) nebo IgM pamé-
tové B lymfocyty. PEB vznikaji po setkani folikularnich
naivnich B lymfocytd s Ag, B lymfocyty marginalni
zény se pravdépodobné vyvijeji pfimo z T2 lymfocy-
tl ve sleziné a reaguji predevsim s T-independentni-
mi Ag. Tyto dvé populace nelze v periferni krvi pomoci
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znak(l IgM, IgD, CD21, CD24 a CD27 navzajem odlisit.
PEB maji BCR, ktery na rozdil od folikularnich B lym-
focytd po styku s T-independentnim antigenem vét-
sinou neprochdzi procesem somatické hypermuta-
ce ani afinitni maturace, proto tyto bunky ve stadiu
plasmablast produkuji predevsim IgM [17, 34]. PEB
se mohou vyvinout i v nepfitomnosti sleziny, ale sple-
nektomie u starsich jedinct dramaticky snizuje jejich
pocet v krvi [35]. Schopnost odpovidat na T-indepen-
dentni antigeny se objevuje az od druhého roku véku,
kdy dochdzi k plnému vyzrani marginalni zény sleziny.
U déti mladsich dvou let bylo zjisténo, Ze PEB, které se
nachazeji v periferni krvi a ve sleziné, nevykazuji zadné
znamky aktivace a expanze, navzdory mnoha antigen-
nim podnétlm z probihajicich infekci, které se v tomto
véku vyskytuji. Tato skutec¢nost v détstvi ukazuje, Ze
rovnéz PEB nejsou schopny dostate¢né odpovédi na
infekce probihajici v tomto véku [36].

PEB se vyznacuji zvy$enou expresi IgM, CD21, CD24
a stiedni expresilgD, dale pak nizsi expresi znaku CD38.
Zpravidla jsou gatovany pomoci IgD nebo IgM a znaku
CD27, kdy je identifikujeme jako buriky CD19*(CD20%)
IgD*CD27* nebo IgM*CD27*. Jedna se o nejreaktivnéj-

A

[B] CD27 BV421 / IgM PERCP Cy5.5

[B] CD27 Bv421 / IgD FITC

i B lymfocyty, které pfi in vitro stimulacich nejrychleji
a nejsnadnéji reaguji a jsou schopny naptiklad dozrat
v plasmablasty, nebo produkovat cytokiny [37].

Normalni hodnoty procentualniho zastoupeni po-
pulace IgM*IgD*CD27* v periferni krvi se opét lisi v za-
vislosti na véku vysetfované osoby. U déti do dvou let
dosahuji hodnoty okolo 6 % z celkového poctu B lym-
focyt [32]. Po dozrani sleziny se jejich hodnoty ustaluji
mezi 13-20 %. Zvysené procento téchto bunék mize-
me nalézt u pacientll s X-vazanym hyper-IgM syndro-
mem [38] a u nékterych pacientl s CVID. U pacientt
po splenektomii dochdzi k vyraznému poklesu poctu
téchto bunék [39]. U asplenickych pacientd jsou vsak
IgM*IgD*CD27* B lymfocyty pfitomny [40].

V praxi se k rozliseni PEB od ostatnich populaci nej-
Castéji pouzivaji znaky IgD a CD27, protoze pomoci
exprese IgM, na rozdil od IgD, Ize nékdy obtizné roz-
lisit subpopulace izotypové presmyknutych paméto-
vych B lymfocytl a PEB. Pfi tomto zpUsobu gatovani
mUze dochéazet k chybam, a to u pacientd, ktefi tvofi
IgDIgM*CD27* B lymfocyty (obr. 4 A). Pfi pouziti IgD
pak tato populace spadd do izotypové presmyknu-
tych pamétovych B lymfocytl (obr. 4 B). Jednd se
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Obr. 4. Gatovéani PEB pomoci kombinace znaka IgM, IgD a CD27
Figure 4. Gating of PEB using the combination of the IgM, IgD, and CD27 markers

A. Pfi pouZziti kombinace znakl IgM a CD27 Ize nékdy obtizné rozlisit subpopulace izotypové presmyknutych pamétovych B lymfo-
cytl a PEB. U nékterych pacientu se totiz mohou tvofit IgDIgM*CD27* B lymfocyty.

B. P¥i pouziti IgD v kombinaci s CD27 IgD1gM*CD27+* B lymfocyty spadaji do izotypové presmyknutych pamétovych B lymfocytl
a ziskané vysledky proto nejsou spravné.

C. P¥i odecitani je proto vhodné vyuzit i dot plotu, kde jsou proti sobé vyneseny exprese IgM a IgD. Zvysené procento IgM*lgD
B lymfocytd poukaze na vyskyt IgM*IgDCD27+ B lymfocyt( a tim také na moznou chybu.

A. Using the combination of the IgM and CD27 markers, it may be difficult to differentiate between the subpopulations of isotype-
-switched B cells and PEB. In some patients, IgD1gM+*CD27* B cells can form.

B.When IgD is used in combination with CD27, IgD'IlgM*CD27* B cells fall into isotype-switched memory B cells and, therefore, the
results obtained are not correct.

C. When taking readings, it is also helpful to use a dot plot where IgM expression is plotted against IgD expression. A higher per-
centage of IgM*IgD- B cells points to the presence of IgM*IgDCD27* B cells and thus to a possible error.
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zejména o pacienty s autoimunitnim onemocnénim
jako revmatoidni artritida, SLE apod. Z tohoto d{ivodu
je dobré k takto definovanym populacim pfi odeci-
tani na pritokovém cytometru vyuzit dot plotu, kde
jsou proti sobé vyneseny exprese IgM a IgD (obr. 4 C).
Zvysené procento IgM*IgD" B lymfocytli poukaze na
vyskyt IgM*lgDCD27%, a tim také na moznou chybu.
Zda jsou IgM*lgD™ autoreaktivnimi B lymfocyty zatim
nebylo zcela objasnéno.

V neddvno publikované studii se ukazalo, ze mysi
s CD27* pozitivnimi B lymfocyty s vysokou expresi IgM
a nizkou nebo chybéjici expresi IgD maji autoimunitni
charakter [41]. Tyto B lymfocyty jsou vysoce reaktivni
mablasty produkujici lgM v primarnich folikulech, které
ale dale nepfechdazi do germinalnich center. Dokonce
se m(Ze jednat také o izotypové pfesmyknuté bunky,
coz viak pouze z cytometrického mérfeni nelze urcit.
Pro potlaceni autoimunitni reakce mize autoreaktiv-
ni B lymfocyt zcela zasadné snizit expresi IgM a zvysit
expresi IgD, a tim zménit svou autoreaktivitu. Z tohoto
B lymfocytu pak vznika anergicka burika [41, 42] nebo
burika s omezenou reaktivitou, kterda ma po stimulaci
sklony vstupovat do reakce germinalniho centra, projit
procesem somatické hypermutace, pfi kterém se maze
zbavit své autoreaktivity a vytvaret dlouze Zijici izoty-
pové presmyknuté pamétové B lymfocyty.

Izotypové piresmyknuté pamétové B lymfocyty

Izotypové presmyknuté pamétové B lymfocyty by-
vaji gatovany jako IgM1gDCD27* bunky. Jedna se
o dlouhodobé Zijici B lymfocyty, které mohou putovat
krvi a poté se usazuji v sekundérnich lymfatickych or-
ganech a v kostni dfeni. Jejich pfitomnost v rozmezich
normalnich hodnot spolu s normalnimi hodnotami hla-
din imunoglobulin(i v séru ukazuje na schopnost orga-
nismu vytvaret pamétové buriky, tj. je dokumentovana
nejen diferencia¢ni schopnost B lymfocyt(, ale také
spravna funkce pomocnych folikuldrnich T lymfocyta.
Izotypové presmyknuté pamétové B lymfocyty maji
stfedni expresi CD21, vysokou az stiedni expresi CD24
a spise niz8i expresi CD38. Byvaji zpravidla CD5 negativ-
ni a pfi pouziti monoklondlnich protilatek protilgG, IgA
nebo IgE mizZeme monitorovat pocet konkrétnich t¥id
izotypové presmyknutych pamétovych B lymfocytd.
V soucasné dobé jsou jiz k dispozici kvalitni protilatky
pro pratokovou cytometrii, coz umoznuje i sledovani
podtfid IgG a IgA u pamétovych bunék, napf. u imuno-
deficitl nebo pfi infekcich.

Sledovani izotypové pfesmyknutych pamétovych
bunék jednotlivych podtiid imunoglobulintG Ize
s Uspéchem vyuzit pti vySetfeni pacientl s CVID, se-
lektivnim deficitem IgA nebo selektivnim deficitem
nékterych z podtfid IgG. Rovnéz je Ize sledovat pfi
odpovédi na oc¢kovani, kdy u pacientli s postizenim
specifické protildtkové odpovédi (napt. CVID), nena-
chazime sedmy den po oc¢kovani vzestup poctu pa-
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métovych bunék, ktery byvé pfitomen u zdravych lidi
[5]. Snizeny pocet izotypové presmyknutych paméto-
vych bunék ukazuje na snizenou schopnost diferenci-
ace B lymfocyt(, a to bud' v dusledku dalsich poruch
vyvoje B lymfocytl (napf. u pacientl s hyper-IgM syn-
dromem) [5, 43] nebo postizeni T bunécné fady (napf.
u pacientl s Di-Georgovym syndromem) [44, 45].

Zvyseny vyskyt izotypové pfesmyknutych paméto-
vych B lymfocytl nalézdme po ockovani a je také po-
pisovan u nékterych autoimunitnich onemocnéni. Pfi
rozvoji SLE a RA muzeme sledovat zmény v poctech
izotypové presmyknutych pamétovych bunék, kdy do-
chazi ke zvySené tvorbé téchto bunék a mohou také
korelovat s aktivitou daného onemocnéni [6, 45].

U infekci se pfi protildtkové odpovédi na rozpustné
proteinové antigeny a membranové proteiny primarné
indukuji IgG, protilatky, tedy i IgG, plasmablasty, a jsou
doprovazeny nizsimi hladinami ostatnich I1gG podtfid.
Virové infekce obecné vedou k produkci protilatek pod-
tfid 19G, a IgG, a na druhé strané je protilatkova odpo-
véd na bakteridlni kapsularni polysacharidové antigeny
téméi omezena pouze na IgG, [46]. Protilatky podtfidy
IgG, se Casto vytvaii po opakované nebo dlouhodobé
expozici antigenu v neinfekénim prostredi [47].

Normalni pocty izotypové presmyknutych pamé-
tovych B lymfocytl jsou zavislé na véku vysetfované
osoby. U kojencl se jejich hodnoty pohybuji okolo
1 %, u déti do dvou let pak okolo 3 %. S rostoucim vé-
kem procento izotypové presmyknutych pamétovych
B lymfocytl narlstd a v dospélosti dosahuje hodnot
okolo 10 % a vice [32].

Plasmablasty a plasmatické bunky

Vyuziti znak CD19, CD27 a CD38 umoznuje v peri-
ferni krvi sledovani pozdnich stadii vyvoje B lymfocyt(
- plasmablastd. Plasmablasty se podobné jako bunky
transientni vyznacuji vysokou expresi znaku CD38 (viz
obr. 1 H), kterd je jesté vyssi nez u transientnich bunék
a nizkou expresi znaku CD21. Na rozdil od transientnich
bunék maji plasmablasty také vysokou expresi znaku
CD27 a nizkou expresi znaku CD24. Plasmablasty mo-
hou byt IgM pozitivni, nebo mohou byt izotypové pre-
smyknuté a exprimovat IgG, IgA ¢&i IgE. Relativné malé
procento (1-3 % ze vsech plasmablastd) tvori IgD*
plasmablasty. Obecné plasmablasty exprimuji na svém
povrchu nizs$i mnozstvi povrchovych imunoglobulin
a ve stadiu plasmatickych bunék ztraceji povrchové Ig
Uplné. Plasmatické bunky se vyznacuji ztrdtou exprese
CD19, jsou CD138". Plasmablasty byvaji ¢asto zahrno-
vany do gatl IgM*CD27* a IgMCD27*. Je pro né rovnéz
typicka nizka exprese CD19, proto je pro jejich monito-
rovani nutné zahrnout i bunky s nizkou expresi tohoto
znaku. Pro plasmablasty je také typické, Zze maji vétsi
velikost nez bézné B a T lymfocyty, tudiz i vétsi Forward
Scatter (FCS).

az 15 mésicl véku ditéte a vyznacuje se rovnéz nizkymi
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no samo tvofit dostate¢né mnozstvi téchto protilatek
a zaroven dochazi k poklesu transplacentarné prenese-
nych IgG protilatek od matky [48]. U téchto déti mohou
byt zaznamendany vyssi pocty plasmablastli ve srovnani
s referencnimi daty, a to v pfipadé nedavno probéhlého
infeké¢niho onemocnéni nebo po oc¢kovani, kdy se po-
Cet plasmablastll v krvi zvysuje. Plasmablasty naopak
chybi u pacient s CVID a u pacientll se selektivnim
IgA deficitem (IgAD) je snizen pocet IgA* plasmablastu,
coz mUze v dusledku vést k poklesu celkového poctu
plasmablastl [43]. Jak jiZz bylo vyse popsano, pro de-
finici pamétovych populaci B lymfocytl se uziva znak
CD27. Studie Grimsholm et al. [49] ukazala, Ze intenzi-
ta exprese tohoto znaku stoupa u pamétovych bunék
a plasmablastd spolu s vékem pacienta. Starsi pacienti
proto mohou mit pomérné vyssi expresi znaku CD27
v porovnani s détskymi pacienty.

CD21'"" B lymfocyty

Populace B lymfocytd neexprimujici obvyklé dife-
rencia¢ni markery (IgM'lgDCD27'CD21-CD38) nebyva
u zdravych lidi pfilis pocetna. Je tvorena kratkodobé
dla mimo germinalni centrum. Pomérné dlouhou dobu
nebyla jasna funkce této populace. V posledni dobé se
z Cetnych na sobé nezdvislych studii ukazuje, Ze by se
mohlo jednat o B lymfocyty reagujici na virové infek-
ce ¢i chronickou stimulaci. Tato unikatni subpopulace
B lymfocytd, kterd byla oznacena rlznymi nazvy, vcet-
né dvojité negativnich B lymfocyt, CD21"" B lymfo-
cytd, atypickych pamétovych B lymfocytl, tkdrnovych
pamétovych B lymfocytl nebo B lymfocytl spojenych
s vékem (ABC), CD11c* B lymfocytd, ¢i T-bet* B lymfo-
cytl. Pfi podrobném zkoumdni vsak bylo zjisténo, Ze
jsou si tyto burky fenotypicky i funkéné podobné. Zvy-
seni populace CD21" B lymfocytl bylo popsano pfi
akutnich infekcich (chfipka, malarie, HCV), chronickych
infekcich (HIV, tuberkuléza) nebo chronickém zanétu
pfitomném u autoimunitnich chorob (SLE, RA, Sjo-
grenliv syndrom), ale i u imunodeficientnich pacient
(CVID, IgAD). Jedna se o populace netypickych pamé-
tovych B lymfocytd, které vznikaji vazbou nukleovych
kyselin mikroorganismi nebo apoptotickych zbytkd
na Pattern Recognition Receptory (PRR) pro nukleové
kyseliny za pfitomnosti Th1 cytokin(, pficemz se v této
fazi vyvoje indukuje exprese transkripéniho faktoru
T-bet [50]. Dalsi vyvoj téchto B lymfocytl probiha v ger-
mindlnich centrech, ale za urcitych okolnosti se také
mohou vyvijet extrafolikuldrné. Pfitomnost transkripc-
niho faktoru T-bet v téchto B lymfocytech ovliviiuje izo-
typovy pfesmyk u nové vznikajicich imunoglobulin(
z téchto bunék, a to u mysi do izotypu IgG, a u lidi do
izotypu 19G, a IgG,. Takto vzniklé pamétové B lymfocy-
ty jsou dlouhodobé Zijici, maji schopnost sebeobnovy
a mohou byt progenitory plasmatickych bunék, nebo
se pfi opétovném napadeni diferencuji na jiné efekto-

rové B lymfocyty. Diky témto vlastnostem mohou hrét
klicovou ulohu v ochrané proti intracelularnim patoge-
nam [3, 45, 46].

ZAVER

B lymfocyty prochazi béhem svého vyvoje mnoha
diferencia¢nimi stadii. Abnormalni vyvoj B lymfocytt
muze vést k autoimunitnim onemocnénim nebo imu-
nodeficitnim staviim. Zmény v B lymfocytarnich subpo-
pulacich midzeme nalézt i u pacientl s pfitomnym on-
kologickym onemocnénim vychézejicim z B lymfocytt
nebo jejich prekurzord, avsak jejich podrobnéjsi ana-
lyza spadd do odbornosti hematologické laboratore.
Pro stanoveni B-lymfocytarnich subpopulaci v periferni
krvi se rutinné pouzivd kombinace monoklonalnich
protilatek proti znaklim CD45, CD5, CD19, CD20, CD21,
CD24, CD27,CD38, IgM a IgD. Tyto znaky dovoluji rozli-
seni B lymfocytl transientnich, naivnich, PEB, izotypové
presmyknutych pamétovych, plasmablastl a CD21'%
B lymfocyt(. Rutinni zpracovani periferni krve toto sta-
noveni vyZzaduje nejen spravné zpracovani vzorku, ale
také nakladné laboratorni vybaveni (pritokovy cyto-
metr, monoklonalni protilatky) a proskoleny personal
pro spravné zhodnoceni dat v pritokovém cytometru.
Ke spravné interpretaci vysledkd by mohly napomo-
ci prilozené tabulky onemocnéni, u nichz dochazi ke
zméndm zastoupeni B-lymfocytarnich subpopulaci.
| kdyz se v pfipadé tabulky 1 vétsinou jednd o vzacné se
vyskytujici imunodeficitni onemocnéni, mize nalezeny
posun v B-lymfocytarnich subpopulacich vést k rychlej-
simu nalezeni diagnézy. Z tohoto dlvodu je stanoveni
B-lymfocytarnich subpopulaci rutinnim vysetfenim pfi
podezieni na néktery z nize uvedenych imunodeficitd
[1,43, 51, 52]. U autoimunitnich chorob (tab. 2) Ize tim-
to zplisobem sledovat u jednotlivych pacientd ataky
a remise daného onemocnéni.

Ziskané vysledky B-lymfocytarnich subpopulaci musi
byt vzdy hodnoceny v kontextu s vékem pacienta, jeho
aktualnimi klinickymi obtizemi a pfipadnou medikaci.
Jediné tak mohou tyto vysledky napomoci ke spravné
diagnostice onemocnéni.

LITERATURA

1. Bousfiha A, Jeddane L, Picard C, et al. Human Inborn Errors of
Immunity: 2019 Update of the IUIS Phenotypical Classification. J
Clin Immunol, 2020;40(1):66-81.

2. Agematsu K, Futatani T, Hokibara S, et al. Absence of Memory B
Cells in Patients with Common Variable Immunodeficiency. Clin
Immunol, 2002;103(1):34-42.

3. Nechvatalova J, Pikulova Z, Stikarovska D, et al. B-lymphocyte
Subpopulations in Patients with Selective IgA Deficiency. J Clin
Immunol, 2012;32(3):441-448.

4.  Novakova M, Zaliova M, Sukova M, et al. Loss of B cells and their
precursors is the most constant feature of GATA-2 deficien-
cy in childhood myelodysplastic syndrome. Haematologica,
2016;101(6):707-716.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 4



20.

21.

22.

23.

24,

25.

26.

27.

Chovancova Z, Vlkova M, Litzman J, et al. Antibody forming cells
and plasmablasts in peripheral blood in CVID patients after vac-
cination. Vaccine, 2011;29(24):4142-4150.

Wardowska A, Komorniczak M, Skoniecka A, et al. 2020. Alter-
ations in peripheral blood B cells in systemic lupus erythema-
tosus patients with renal insufficiency. Int Inmunopharmacol,
2020;83:106451.

Bugatti S, Vitolo B, Caporali R, et al. B Cells in Rheumatoid Arthri-
tis: From Pathogenic Players to Disease Biomarkers. Biomed Res
Int, 2014;2014.

Hansen A, Daridon C, Dérner T. What do we know about me-
mory B cells in primary Sjogren’s syndrome? Autoimmun Rev,
2010;9(9):600-603.

Wei Ch, Jenks S, Sanz . Polychromatic flow cytometry in evaluat-
ing rheumatic disease patients. Arthritis Res Ther, 2015;17(1):46.
Hermiston ML, Xu Z, Weiss A. CD45: a critical regulator of signal-
ing thresholds inimmune cells. Annu RevImmunol, 2003;21:107-
137.

Depoil D, Fleire S, Treanor BL, et al. CD19 is essential for B cell
activation by promoting B cell receptor-antigen microcluster
formation in response to membrane-bound ligand. Nat Immu-
nol, 2008;9(1):63-72.

Quéch TD, Rodriguez-Zhurbenko N, Hopkins TJ, et al. Distinc-
tions among Circulating Antibody-Secreting Cell Populations,
Including B-1 Cells, in Human Adult Peripheral Blood. JImmunol,
2016;196(3):1060-1069.

Walshe CA, Beers SA, French RR, et al. Induction of Cytosolic Cal-
cium Flux by CD20 Is Dependent upon B Cell Antigen Receptor
Signaling. J Biol Chem, 2008;283(25):16971-16984.
Burgueno-Bucio E, Mier-Aguilar AC, Soldevila G. The multiple
faces of CD5. J Leukoc Biol, 2019;105(5):891-904.

Prieto JMB, Felippe JMB. Development, phenotype, and func-
tion of non-conventional B cells. Comp Immunol Microbiol Infect
Dis, 2017;54:38-44.

Skrzypczynska KM, Zhu WJ, Weiss A. Positive Regulation of Lyn
Kinase by CD148 Is Required for B Cell Receptor Signaling in B1
but Not B2 B Cells. Immunity, 2016;45(6):1232-1244.

Murphy K, Weaver C. Janeway'’s immunobiology. New York and
London: Garland Science; 2017.

Mensah FFK, Armstrong ChW, Reddy V, et al. CD24 Expression
and B Cell Maturation Shows a Novel Link With Energy Me-
tabolism: Potential Implications for Patients With Myalgic En-
cephalomyelitis/Chronic Fatigue Syndrome. Front Immunol,
2018;9:2421.

Agematsu K, Hokibara S, Nagumo H, et al. CD27: a memory
B-cell marker. Immunol Today, 2000;21(5):204-206.

Zhao, YJ, Lam CMCH, Lee HCH. The Membrane-Bound En-
zyme CD38 Exists in Two Opposing Orientations. Sci Signa,
2012;5(241):ra67.

Loder BF, Bettina B, Ray JR, et al. B Cell Development in the
Spleen Takes Place in Discrete Steps and Is Determined by
the Quality of B Cell Receptor-Derived Signals. J Exp Med,
1999:190(1):75-90.

Kalina T, Flores-Montero J, Van Der Velden VHJ, et al. EuroFlow
standardization of flow cytometer instrument settings and
immunophenotyping protocols. Leukemia, 2012;26(9):1986-
2010.

Wehr C, Kivioja T, Schmitt Ch, et al. The EUROclass trial: defining
subgroups in common variable immunodeficiency. Blood, 2008;
111(1):77-85.

Buffa S, Pellicano M, Bulati M, et al. A novel B cell population re-
vealed by a CD38/CD24 gating strategy: CD38—CD24— B cells in
centenarian offspring and elderly people. Age, 2013;35(5):2009-
2024.

Palanichamy A, Barnard J, Zheng B, et al. Novel Human Transi-
tional B Cell Populations Revealed by B Cell Depletion Therapy. J
Immunol, 2009:182(10):5982-5993.

Schroeder HW, Radbruch A, Berek C. 7 - B-Cell Development and
Differentiation. In: Clinical Immunology (Fifth Edition) London:
Elsevier; 2019.5.107-118.

Klein U, Rajewsky K, Kiippers R. Human Immunoglobulin (Ig)
M+IgD+ Peripheral Blood B Cells Expressing the CD27 Cell Sur-
face Antigen Carry Somatically Mutated Variable Region Genes:
CD27 as a General Marker for Somatically Mutated (Memory) B
Cells. J Ex Med, 1998;188(9):1679-1689.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 4

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

SOUHRNNE SDELENI

Carsetti R, Kohler G, Lamers MC. Transitional B cells are the tar-
get of negative selection in the B cell compartment. J Exp Med,
1995;181(6):2129-2140.

Allman DM, Ferguson SE, Cancro MP. Peripheral B cell matura-
tion. I. Immature peripheral B cells in adults are heat-stable an-
tigenhi and exhibit unique signaling characteristics. J Immunol,
1992;149(8):2533-2540.

Garcia-Prat M, Alvarez-Sierra D, Aguil6-Cucurull A, et al. Extend-
ed immunophenotyping reference values in a healthy pediatric
population. Cytometry B Clin Cytom, 2019;96(3):223-233.
Marie-Cardine A, Divay F, Dutot |, et al. Transitional B cells in
humans: Characterization and insight from B lymphocyte re-
constitution after hematopoietic stem cell transplantation. Clin
Immunol, 2008;127(1):14-25.

Pigtosa B, Wolska-Kusnierz B, Pac M, et al. B cell subsets in
healthy children: Reference values for evaluation of B cell matu-
ration process in peripheral blood. Cytometry B Clin Cytom,
2010;78B(6):372-381.

Tangye SG, Liu YJ, Aversa G, et al. 1998. Identification of Func-
tional Human Splenic Memory B Cells by Expression of CD148
and CD27.J Ex Med, 1998;188(9):1691-1703.

Weller S, Braun MC, Tan BK, et al. Human blood IgM “me-
mory” B cells are circulating splenic marginal zone B cells har-
boring a prediversified immunoglobulin repertoire. Blood,
2004;104(12):3647-3654.

Kruetzmann S, Rosado MM, Weber H, et al. Human Immuno-
globulin M Memory B Cells Controlling Streptococcus pneu-
moniae Infections Are Generated in the Spleen. J Ex Med,
2003;197(7):939-945.

Weller S, Mamani-Matsuda M, Picard C, et al. Somatic diversifica-
tion in the absence of antigen-driven responses is the hallmark
of the IgM+IgD+CD27+ B cell repertoire in infants. J Ex Med,
2008;205(6):1331-1342.

Ticha O, Moos L, Wajant H, et al. 2018. Expression of Tumor
Necrosis Factor Receptor 2 Characterizes TLR9-Driven For-
mation of Interleukin-10-Producing B Cells. Front Immunol,
2018;8:1951.

Weller S, Faili A, Garcia C, et al. CD40-CD40L independent Ig
gene hypermutation suggests a second B cell diversification
pathway in humans. Proc Natl Acad Sci USA, 2001; 98(3):1166—
1170.

Martinez-Gamboa L, Mei H, Loddenkemper CH, et al. Role of
the spleen in peripheral memory B-cell homeostasis in patients
with autoimmune thrombocytopenia purpura. Clin Immunol,
2009;130(2):199-212.

Scheeren FA, Nagasawa M, Weijer K, et al. T cell-independent
development and induction of somatic hypermutation in hu-
man IgM+IgD+CD27+ B cells. J Ex Med, 2008;205(9):2033-2042.
Noviski M, Zikherman J. Control of autoreactive B cells by IgM
and IgD B cell receptors: maintaining a fine balance. Curr Opin
Immunol, 2018;55:67-74.

Sabouri Z, Perotti S, Spierings E, et al. IgD attenuates the IgM-in-
duced anergy response in transitional and mature B cells. Nat
Commun, 2016;7(1):13381.

Blanco E, Pérez-Andrés M, Arriba-Méndez S, et al. Defects in
memory B-cell and plasma cell subsets expressing different
immunoglobulin-subclasses in patients with CVID and im-
munoglobulin subclass deficiencies. J Allergy Clin Immunol,
2019;144(3):809-824.

Finocchi A, Di Cesare S, Romiti ML, et al. Humoral immune
responses and CD27+ B cells in children with DiGeorge syn-
drome (22q11.2 deletion syndrome). Pediatr Allergy Immunol,
2006;17(5):382-388.

Klocperk A, Parackova Z, Bloomfield M, et al. Follicular Helper T
Cells in DiGeorge Syndrome. Front Immunol, 2018;9:1730.

Palm Ak E, Henry C. Remembrance of Things Past: Long-Term
B Cell Memory After Infection and Vaccination. Front Immunol,
2019;10:1787.

Vidarsson G, Dekkers G, Trispens T. IgG Subclasses and Allo-
types: From Structure to Effector Functions. Front Immunol,
2014;5:520.

Lebon A, Verkaik NJ, Labout JAM, et al. Natural Antibodies
against Several Pneumococcal Virulence Proteins in Children
during the Pre-Pneumococcal-Vaccine Era: the Generation R
Study. Infect Immun, 2011;79(4):1680-1687.

277



SOUHRNNE SDELENI

278

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Grimsholm O, Piano Mortari E, Davydov AN, et al. The Interplay
between CD27dull and CD27bright B Cells Ensures the Flexibi-
lity, Stability, and Resilience of Human B Cell Memory. Cell Rep,
2020;30(9):2963-2977.

Knox JJ, Myles A, Cancro MP. T-bet+ memory B cells: Generation,
function, and fate. Immunol Rev, 2019;288(1):149-160.

Van Dongen JJM, Van Der Burg M, Kalina T, et al. EuroFlow-Based
Flowcytometric Diagnostic Screening and Classification of Pri-
mary Immunodeficiencies of the Lymphoid System. Front Im-
munol, 2019;10:1271.

Van Der Burg M, Kalina T, Perez-Andres M. The EuroFlow PID
Orientation Tube for Flow Cytometric Diagnostic Screening of
Primary Immunodeficiencies of the Lymphoid System. Front Im-
munol, 2019;10:246.

Delmonte O, Schuetz C, Notarangelo L. RAG Deficiency: Two
Genes, Many Diseases. J Clin Immunol, 2018;38(6):646—655.
Siala N, Azzabi O, Kebaier H, et al. Omenn syndrome: two
case reports. Acta Dermatovenerol Croat, 2013;21(4):259-
262.

Puel A, Leonard JW. Mutations in the gene for the IL-7 receptor
result in T-B+NK+ severe combined immunodeficiency disease.
Curr Opin Immunol, 2000;12(4):468-473.

Ege M, MaY, Manfras B, et al. Omenn syndrome due to ARTEMIS
mutations. Blood, 2005; 105(11):4179-4186.

Giliani S, Mori L, Basile G, et al. Interleukin-7 receptor a (IL-7Ra)
deficiency: cellular and molecular bases. Analysis of clinical, im-
munological, and molecular features in 16 novel patients. Im-
munol Rev, 2005;203(1):110-126.

Rossberg S, Schwarz K, Meisel C, et al. Delayed Onset of (Severe)
Combined Immunodeficiency (S)CID (T-B+NK+): Complete
IL-7 Receptor Deficiency in a 22 Months Old Girl. Klin Padiatr,
2009;221(6):339-343.

Lim CHK, Abolhassani H, Appelberg KS, et al. IL2RG hypomor-
phic mutation: identification of a novel pathogenic mutation in
exon 8 and a review of the literature. Allergy Asthma Clin Immu-
nol,2019;15(2).

Ma C, Pittaluga S, Avery TD, et al. Selective generation of
functional somatically mutated IgM+CD27+, but not Ig iso-
type-switched, memory B cells in X-linked lymphoproliferative
disease. J Clinl Invest, 2006;116(2):322-333.

Ma C, Hare JN, Nichols KE, et al. Impaired humoral immu-
nity in X-linked lymphoproliferative disease is associated
with defective IL-10 production by CD4+ T cells. J Clin Invest,
2005;115(4):1049-1059.

Cuss AK, Avery DT, Cannons LJ, et al. Expansion of Functionally
Immature Transitional B Cells Is Associated with Human-Immu-
nodeficient States Characterized by Impaired Humoral Immuni-
ty. JImmunol, 2006;176(3):1506-1516.

Menard L, Cantaert T, Chamberlain N, et al. Signaling lympho-
cytic activation molecule (SLAM)/SLAM-associated protein
pathway regulates human B-cell tolerance. J Allergy Clin Immu-
nol, 2014;133(4):1149-1161.

Sharifinejad N, Jamee M, Zaki-Dizaji M, et al. Clinical, Immuno-
logical, and Genetic Features in 49 Patients With ZAP-70 Defi-
ciency: A Systematic Review. Front Immunol, 2020;11:831.
Engelhardt KR, Gertz EM, Keles S, et al. The extended clinical
phenotype of 64 patients with dedicator of cytokinesis 8 defi-
ciency. J Allergy Clin Inmunol, 2015;136(2):402-412.

Somech R, Lev A, Grisaru-Soen G, et al. Purine nucleoside phos-
phorylase deficiency presenting as severe combined immune
deficiency. Immunol Res, 2013;56(1):150-154.

Agematsu K, Nagumo H, Shinozaki K, et al. Absence of IgD-
-CD27(+) memory B cell population in X-linked hyper-IgM syn-
drome. J Clin Invest, 1998;102(4):853-860.

Tsai H, Yu HH, Chien YH, et al. X-linked hyper-IgM syndrome
with CD40LG mutation: Two case reports and literature review
in Taiwanese patients. J Microbiol Immunol, 2015;48(1):113-
118.

Ameratunga R, Woon ST, Koopmans W, et al. Cellular and Mo-
lecular Characterisation of the Hyper Immunoglobulin M Syn-
drome Associated with Congenital Rubella Infection. J Clin Im-
munol, 2008;29(1):99-106.

Torres JM, Martinez-Barricarte R, Garcia-Gémez S, et al. Inherited
BCL10 deficiency impairs hematopoietic and nonhematopoie-
ticimmunity. J Clin Invest, 2014;124(12):5239-5248.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Cipe FE, Aydogmus C, Babayigit Hocaoglu A, et al. Cernunnos/
XLF Deficiency: A Syndromic Primary Immunodeficiency. Case
Rep Pediatr, 2014;2014:614238.

Sharifinejad N, Jamee M, Zaki-Dizaji M, et al. Cernunnos deficiency:
a case report. J Investig Allergol Clin Immunol, 2011;21(4):313-316.
Staples ER, McDermott EM, Reiman A, et al. Immunodeficiency
in ataxia telangiectasia is correlated strongly with the presence
of two null mutations in the ataxia telangiectasia mutated gene.
Clin Exp Immunol, 2008;153(2):214-220.

Stefano AD, Boldt A, Schmiedel L, et al. Flow cytometry as an
important tool in the diagnosis of immunodeficiencies demon-
strated in a patient with ataxia-telangiectasia. Lab Medizin,
2016;40(4):255-261.

Pereira CTM, Bichuetti-Silva DC, Da Mota NVF, et al. B-cell sub-
sets imbalance and reduced expression of CD40 in ataxia-telan-
giectasia patients. Allergol Immunopathol, 2018;46(5):438-446.
Heller S, Kélsch U, Magg T, et al. T Cell Impairment Is Predictive
for a Severe Clinical Course in NEMO Deficiency. J Clin Immunol,
2020;40(3):421-434.

Chandrakasan S, Marsh AR, Uzel G, et al. Outcome of patients
with NEMO deficiency following allogeneic hematopoietic cell
transplant. J Allergy Clin Inmunol, 2017;139(3):1040-1043.

Park JY, Shcherbina A, Rosen FS, et al. Phenotypic perturbation
of B cells in the Wiskott-Aldrich syndrome. Clin Exp Immunol,
2005;139(2):297-305.

Simon KL, Anderson SM, Garabedian KE, et al. Molecular and
phenotypic abnormalities of B lymphocytes in patients with Wis-
kott-Aldrich syndrome. J Allergy Clin Immunol, 2014;133(3):896—
899.

Castiello MC, Bosticardo M, Pala F, et al. Wiskott-Aldrich Syn-
drome protein deficiency perturbs the homeostasis of B-cell
compartment in humans. J Autoimmun, 2014;50:42-50.
McCann LJ, McPartland J, Barge D, et al. Phenotypic Variations
of Cartilage Hair Hypoplasia: Granulomatous Skin Inflammation
and Severe T Cell Immunodeficiency as Initial Clinical Presenta-
tion in Otherwise Well Child with Short Stature. J Clin Immunol,
2014;34(1):42-48.

Kostjukovits S, Klemetti P, Valta H, et al. Analysis of clinical and
immunologic phenotype in a large cohort of children and
adults with cartilage-hair hypoplasia. J Allergy Clin Immunol,
2017;140(2):612-614.

Sullivan KE, McDonald-McGinn D, Driscoll AD, et al. Longitudinal
Analysis of Lymphocyte Function and Numbers in the First Year
of Life in Chromosome 22q11.2 Deletion Syndrome (DiGeorge
Syndrome/Velocardiofacial Syndrome). Clin Diagn Lab Immunol,
1999;6(6):906-911.

Giardino G, Radwan N, Koletsi P, et al. Clinical and immunological
features in a cohort of patients with partial DiGeorge syndrome
followed at a single center. Blood, 2019;133(24):2586-2596.
Sigmon JR, Kasasbeh E, Krishnaswamy G. X-linked agamma-
globulinemia diagnosed late in life: case report and review of
the literature. Clin Mol Allergy, 2008;6(1):5.

Alkhairy OK, Perez-Becker R, Driessen JG, et al. Novel mutations
in TNFRSF7/CD27: Clinical, immunologic, and genetic charac-
terization of human CD27 deficiency. J Allergy Clin Immunol,
2015;136(3):703-712.

Van Montfrans JM, Hoepelman IMA, Otto S, et al. CD27 defi-
ciency is associated with combined immunodeficiency and
persistent symptomatic EBV viremia. J Allergy Clin Immunol,
2012;129(3):787-793.

Celiksoy MH, Yildiran A. A comparison of B cell subsets in prima-
ry immune deficiencies that progress with antibody deficien-
cy and age-matched healthy children. Allergol Immunopathol,
2016;44(4):331-340.

Singh A, JoshiV, Jindal KA, et al. An updated review on activated
PI3 kinase delta syndrome (APDS). Genes Dis, 2020;7(1):67-74.
Thouenon R, Moreno-Corona N, Poggi L, et al. Activated PI3-
Kinase Delta Syndrome — A Multifaceted Disease. Front Pediatr,
2021;9:652405.

Shim J, Park S, Chandrakasan S. Early B Cell Development Is Im-
paired in Patients with Active Hemophagocytic Lymphohistio-
cytosis. Blood, 2017;130(1):1006.

Speckmann C, Enders A, Woellner C, et al. Reduced memo-
ry B cells in patients with hyper IgE syndrome. Clin Immunol,
2008;129(3):448-454.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 4



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Een W, Kratz EC, McKenzie IC, et al. Impaired memory B-cell
development and antibody maturation with a skewing to-
ward IgE in patients with STAT3 hyper-IgE syndrome. Allergy,
2019;74(12):2394-2405.

Martin E, Minet N, Boschatca, et al. Impaired lymphocyte
function and differentiation in CTPS1-deficient patients re-
sult from a hypomorphic homozygous mutation. JC/ Insight,
2020;5(5):e133880.

Bleesing JJH, Brown RM, Straus, ES, et al. Imnmunophenotypic
profiles in families with autoimmune lymphoproliferative syn-
drome. Blood, 2001;98(8):2466-2473.

Bleesing JJ, Souto-Carneiro MM, Savage JW, et al. Patients
with Chronic Granulomatous Disease Have a Reduced Pe-
ripheral Blood Memory B Cell Compartment. J Immunol,
2006;176(11):7096-7103.

Moir S, De Ravin SS, Santich HB, et al. Humans with chronic
granulomatous disease maintain humoral immunologic memo-
ry despite low frequencies of circulating memory B cells. Blood,
2012;120(24):4850-4858.

Novakova M, Janda A, Wlodarski WM, et al. Defect in B Cell Pro-
duction Driven By GATA2 Mutation Results in Their Absolute
Reduction and Mature Phenotype in Pediatric Patients. Blood,
2014;124(21):2746.

McGuire PJ, Cunningham-Rundles CH, Ochs H, et al. Oligoclona-
lity, impaired class switch and B-cell memory responses in
WHIM syndrome. Clin Immunol, 2010;135(3):412-421.

Kawai T, Malech LH. WHIM Syndrome: Congenital Immune Defi-
ciency Disease. Curr opin hematol, 2009;16(1):20-26.

Gulino AV, Moratto D, Sozzani S, et al. Altered leukocyte re-
sponse to CXCL12 in patients with warts hypogammaglobu-
linemia, infections, myelokathexis (WHIM) syndrome. Blood,
2004;104(2):444-452.

Romberg N, Morbach H, Lawrence GM, et al. Gain-of-func-
tion STAT1 mutations are associated with PD-L1 overexpres-
sion and a defect in B-cell survival. J Allergy Clin Immunol,
2013;131(6):1691-1693.

Nemoto K, Kawanami T, Hoshina T, et al. Impaired B-Cell Diffe-
rentiation in a Patient With STAT1 Gain-of-Function Mutation.
Front Immunol, 2020;11:557521.

Zhang W, Chen X, Gao G, et al. Clinical Relevance of Gain- and
Loss-of-Function Germline Mutations in STAT1: A Systematic Re-
view. Front Immunol, 2021;12:654406.

Weller S, Bonnet M, Delagreverie H, et al. IgM+IgD+CD27+ B cells
are markedly reduced in IRAK-4-, MyD88-, and TIRAP- but not
UNC-93B-deficient patients. Blood, 2012;120(25):4992-5001.
Nishimura S, Kobayashi Y, Ohnishi H, et al. IRAK4 Deficiency Pre-
senting with Anti-NMDAR Encepbhalitis and HHV6 Reactivation.
J Clin Immunol, 2021;41(1):125-135.

Gobin K, Hintermeyer M, Boisson B, et al. IRAK4 Deficiency in
a Patient with Recurrent Pneumococcal Infections: Case Report
and Review of the Literature. Front Pediatr, 2017;5:83.

Moura RA, Weinmann P, Pereira AP, et al. Alterations on periphe-
ral blood B-cell subpopulations in very early arthritis patients.
Rheumatology, 2010;49(6):1082-1092.

Wang Y, Lloyd AK, Melas |, et al. Rheumatoid arthritis patients
display B-cell dysregulation already in the naive repertoire con-
sistent with defects in B-cell tolerance. Sci Rep, 2019;9(1):19995.
Fedele AL, Tolusso B, Gremese E, et al. Memory B cell subsets
and plasmablasts are lower in early than in long-standing Rheu-
matoid Arthritis. BMC Immunol, 2014;15:28.

DORNERT, JACOBI MA, LEE J et al. Abnormalities of B cell subsets
in patients with systemic lupus erythematosus. J Immunol Me-
thods, 2011;363(2):187-197.

Henning S, Lambers MW, Doornbos-Van Der Meer B, et al. Pro-
portions of B-cell subsets are altered in incomplete systemic lu-
pus erythematosus and correlate with interferon score and IgG
levels. Rheumatology, 2020;59(9):2616-2624.

Jin W, Luo Z, Yang H. Peripheral B Cell Subsets in Autoimmune
Diseases: Clinical Implications and Effects of B Cell-Targeted
Therapies. JImmunol Res, 2020;2020:9518137.

Piper CHJM, Wilkinson GLM, Deakin TC, et al. CD19+CD24hiC-
D38hi B Cells Are Expanded in Juvenile Dermatomyositis
and Exhibit a Pro-Inflammatory Phenotype After Activation
Through Toll-Like Receptor 7 and Interferon-a. Front Immunol,
2018;9:1372.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 4

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

SOUHRNNE SDELENI

Young-Glazer J, Cisneros A, Wilfong ME, et al. Jo-1 autoanti-
gen-specific B cells are skewed towards distinct functional B cell
subsets in anti-synthetase syndrome patients. Arthritis Res Ther,
2021;23:33.

Ibrahem HM. B-cell dysregulation in primary Sjogren’s syn-
drome: A review. Jpn Dent Sci Rev, 2019;55(1):139-144.

Le Pottier L, Devauchelle V, Pers JO, et al. The mosaic of B-cell
subsets (with special emphasis on primary Sjogren’s syndrome).
Autoimmun Rev, 2007;6(3):149-154.

Nocturne G, Mariette X. B cells in the pathogenesis of primary
Sjogren syndrome. Nat Rev Rheumatol, 2018;14(3):133-145.
Kraaij MD, Van Laar JM. The role of B cells in systemic sclerosis.
Biol: Targets Ther, 2008;2(3):389-395.

Soto L, Ferrier A, Aravena AO, et al. Systemic sclerosis patients
present alterations in the expression of molecules involved in B
cell regulation. Front Immunol, 2015;6:496.

Hajas A, Barath S, Szodoray P, et al. Derailed B cell homeostasis
in patients with mixed connective tissue disease. Hum Immunol,
2013;74(7):833-841.

Alvarez-Rodriguez L, Riancho-Zarrabeitia L, Calvo-Alén J, et al.
Peripheral B-Cell Subset Distribution in Primary Antiphospho-
lipid Syndrome. Int J Mol Sci, 2018;19(2):589.

Reincke ME, Payne JK, Harder |, et al. The Antigen Presenting Po-
tential of CD21low B Cells. Front Immunol, 2020;11:535784.
Hisada RYO, Kato M, Sugawara ERI, et al. Circulating plasmab-
lasts contribute to antiphospholipid antibody production, asso-
ciated with type | interferon upregulation. J Thromb Haemost,
2019;17(7):1134-1143.

Kamphuis LS, Van Zelm CM, Lam HK, et al. Perigranuloma Locali-
zation and Abnormal Maturation of B Cells: emerging key play-
ers in sarcoidosis? Am J Respir Crit Care Med, 2013;187(4):406—
416.

Saussine A, Tazi A, Feuillet S, et al. Active Chronic Sarcoidosis is
Characterized by Increased Transitional Blood B Cells, Increased
IL-10-Producing Regulatory B Cells and High BAFF Levels. PLoS
One, 2012;7(8):e43588.

Timmermans WMC, Laar AMJ, Houwen BT, et al. B-Cell Dysre-
gulation in Crohn's Disease Is Partially Restored with Infliximab
Therapy. PLoS One, 2016;11(7):e0160103.

Pararasa CH, Zhang N, Tull JT, et al. Reduced CD27—-IgD— B Cells
in Blood and Raised CD27-IgD- B Cells in Gut-Associated Lym-
phoid Tissue in Inflammatory Bowel Disease. Front Immunol,
2019;10:361.

Rabe H, Malmquist M, Barkman C, et al. Distinct patterns of
naive, activated and memory T and B cells in blood of patients
with ulcerative colitis or Crohn’s disease. Clin Exp Immunol,
2019;197(1):111-129.

Hosomi S, Oshitani N, Kamata N, et al. Increased numbers of im-
mature plasma cells in peripheral blood specifically overexpress
chemokine receptor CXCR3 and CXCR4 in patients with ulcera-
tive colitis. Clin Exp Immunol, 2011;63(2):215-224.

Bures J. Memory B lymphocytes in peripheral blood in coeliac
disease: a pilot study. Gastroenterol Hepatol, 2019;73(4):296—
302.

Renand A, Habes S, Mosnier JF, et al. Inmune Alterations in
Patients With Type 1 Autoimmune Hepatitis Persist Upon
Standard Immunosuppressive Treatment. Hepatol Commun,
2018;2(8):972-985.

MaL, QinJ, JiH, etal.Tfh and plasma cells are correlated with hy-
pergammaglobulinaemia in patients with autoimmune hepa-
titis. Liver Int, 2014;34(3):405-415.

LiY, Wang W, Tang L, et al. Chemokine (C-X-C motif) ligand 13
promotes intrahepatic chemokine (C-X-C motif) receptor 5+
lymphocyte homing and aberrant B-cell immune responses
in primary biliary cirrhosis. Hepatology, 2015;61(6):1998-
2007.

Zhang J, Zhang W, Leung SCP, et al. Ongoing activation of auto-
antigen-specific B cells in primary biliary cirrhosis. Hepatology,
2014;60(5):1708-1716.

LiuY, Gong Y, Qu CH, et al. CD32b expression is down-regulated
on double-negative memory B cells in patients with Hashimo-
to's thyroiditis. Mol Cell Endocrinol, 2017;440:1-7.

Yu S, Qi Y, Wang H, et al. Dysfunction of CD24+CD38+ B cells in
patients with Hashimoto's thyroiditis is associated with a lack of
interleukin 10. Int J Biochem Cell Biol, 2017;90:114-120.

279



SOUHRNNE SDELENI

280

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

Ruschil CH, Gabernet G, Lepennetier G, et al. Specific Induction
of Double Negative B Cells During Protective and Pathogenic
Immune Responses. Front Immunol, 2020;11:606338.

Van Der Weerd K, Van Hagen MP, Schrijver B, et al. The peripheral
blood compartment in patients with Graves’ disease: activated T
lymphocytes and increased transitional and pre-naive mature B
lymphocytes. Clin Exp Immunol, 2013;174(2):256-264.

Mori H, Amino N, lwatani Y, et al. Increase of peripheral B lym-
phocytes in Graves'disease. Clin Exp Immunol, 1980;42(1):33-40.
Deng CH, Xiang Y, Tan T, et al. Altered Peripheral B-Lymphocyte
Subsets in Type 1 Diabetes and Latent Autoimmune Diabetes in
Adults. Diabetes Care, 2016;39(3):434-440.

Hanley P, Sutter AJ, Goodman GN, et al. Circulating B cells in
type 1 diabetics exhibit fewer maturation-associated pheno-
types. Clin Immunol, 2017;183:336-343.

Roberto P, Lobreglio G, Rosatelli CM, et al. Immunopheno-
typic Characterisation of Peripheral Blood Lymphocytes in
Autoimmune Polyglandular Syndrome Type 1: Clinical Study
and Review of the Literature. J Pediatr Endocrinol Metab,
2005;18(2):155-164.

Wolff ASB, Oftedal VEB, Kisand K, et al. Flow Cytometry Study
of Blood Cell Subtypes Reflects Autoimmune and Inflammato-
ry Processes in Autoimmune Polyendocrine Syndrome Type |.
Scand JImmunol, 2010;71(6):459-467.

Kohler S, Keil POT, Swierzy M, et al. Disturbed B cell subpopula-
tions and increased plasma cells in myasthenia gravis patients. J
Neuroimmunol, 2013;264(1):114-119.

Hu 'Y, Wang J, Rao J, et al. Comparison of peripheral blood B cell
subset ratios and B cell-related cytokine levels between ocu-
lar and generalized myasthenia gravis. Int Inmunopharmacol,
2020;80:106130.

Kubota A, Izaki S, Fukaura H, et al. Circulating memory B cells are
reduced in patients with late-onset myasthenia gravis. Clin Exp
Neuroimmunol, 2015;6(3):322-329

148.

149.

150.

151.

152.

153.

154.

Golinski ML, Demeules M, Derambure C, et al. CD11c+ B Cells
Are Mainly Memory Cells, Precursors of Antibody Secreting Cells
in Healthy Donors. Front Immunol, 2020;11:32.

Mouquet H, Musette P, Gougeon LM, et al. B-Cell Depletion Im-
munotherapy in Pemphigus: Effects on Cellular and Humoral
Immune Responses. J Investe Dermatol, 2008;128(12):2859-
2869.

Lu J, Ding Y, Yi X, et al. CD19+ B cell subsets in the peripheral
blood and skin lesions of psoriasis patients and their correla-
tions with disease severity. Braz J Med Biol Res, 2016;49(9):e5374.
Czarnowicki T, Gonzalez J, Bonifacio MK, et al. Diverse activation
and differentiation of multiple B-cell subsets in patients with
atopic dermatitis but not in patients with psoriasis. J Allergy Clin
Immunol, 2016;137(1):118-1209.

Habib J, Deng J, Lava N, et al. Blood B Cell and Regulato-
ry Subset Content in Multiple Sclerosis Patients. J mult Scler,
2015;2(2):1000139.

Yilmaz V, Tura AD, Ulusoy C, et al. Flow cytometry analysis of pe-
ripheral blood B cell distribution of patients with multiple scle-
rosis. Turk J Neurol, 2017;23:219-224.

Claes N, Fraussen J, Vanheusden M, et al. Age-Associated
B Cells with Proinflammatory Characteristics Are Expand-
ed in a Proportion of Multiple Sclerosis Patients. J Immunol,
2016;197(12):4576-4583.

Do redakce doslo dne 1. 2.2021.

Adresa pro korespondenci:
Mgr. Julie Stichovd
Mendlovo ndm. 12

603 00 Brno-stred-Staré Brno
e-mail: julie.stichova@fnusa.cz

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 4



