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Uloha 19G4 v imunitni odpovédi

v Struktura — zviastnost

v Evoluce

v Funkce

v |gG4 v atopii (regulace syntézy, ,blokujici protilatka®)

v 1gG4-RD

v 1gG4 a autoimunita (blokada interakce ,protein-protein®)
v Zaver




Strukturni a funkeni odlisnosti IgG4 (1)

v mene nez 5% celkového IgG
u zdravych osob

v narozdil od IgG 1,2,3 kolisaji
koncentrace IgG 4 v rozmezi

dvou radu (normalni hladiny -
jsou v rozsahu 0,01 - 1,4 g/l

v ... ale individualni nastaveni
hladin 1gG4 je velmi stabilni (!)




Imunoglobulin IgG - vlastnosti poditrid

IgG1 IgG2 IgG3 lgG4
Biologicky terC Protein Karbohydrat Protein Protein
Funkcni forma . Dimericka, . Bispecificka,
Monomérni, : , Monomérni, )
: . bivalentni nebo : , monovalentni pro
bivalentni , bivalentni .
tetravalentni kazdy antigen
Sérové hladiny [g/1] 5-11 1,5-6 0,2-1 0,08-1,4
Podil z celkového IgG [%] 43 -75 16 — 48 1,71 -7 0,8-11,7
Fixace komplementu +++ + +++ -
Vazba k Fc y receptorim
FcyRI ++ + +++ +
FcyRII ++ + +++ -
Fcy RII ++ + ++ -
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Evoluce Ig tfid u obratlovcu
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Comparative analyses of immunoglobulin genes: surprises and portents Martin F. Flajnik Nature Reviews Immunology 2, 688-698 (September 2002) doi:10.1038/nri889



Strukturni a funkcni odlisnosti IgG4

v fenomén vymeny Fab vazebnych ramen
lgG4 molekuly (,Fab Arm Exchange”)
zpusobeny ztratou mezifetézcovych
disulfidickych vazeb

v’z toho vyplyvajici ,bivalentnost” (fakticka
monovalentnost) IgG4 molekuly
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Strukturni a funkcni odlisnosti IgG4 (3)

Fc — Fcinterakce (,RF-like” aktivita)  \znik ,bispecifickych® molekul IgG4




Regulace tvorby |gG4
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Fig. 3 Regulation of immunoglobulin G4 (IgG4) production. Naive B cells (Bn) become activated upon encounter with antigen and differentiate
into antibody-secreting cells (ASC). Interleukin- (IL.-) 4 and IL-13 are important switch factors for switch to IgG4, whereas IL-10 and regulatory T cells
(Tregs) may promote IgG4 switch and/or proliferation of IgG4-switched B cells. Proliferation of IgG4-switched B cells and differentiation into ASCs
may also be enhanced by IL-21. In vivo, induction of IgG4 is associated with repeated and/or prolonged challenge with antigen. The underlying

mechanisms have not yet been elucidated.

Semin Liver Dis 2016;36:200-215.



Predpoklad: IgG4 - ,protizanétlivy faktor” imunitni reakce

v" neschopnost tvorit klasicke IK s prozanetlivym potencialem.
... Ize predpokladat vyvazovani antigenu z prostredi imunitni odpovedi
bez nasledné aktivace imunitnich deju

v' neschopnost vazat komplement, nizka afinita Fc
... I pres vice nez 95% homologii konstantnich casti tézkych retézcu
IgG poditrid, existuji drobné odchylky primarni AK struktury, které
eliminuji aktivaci komplementu a vazebnou schopnost Fc casti
molekuly 1gG4

v" Fc-Fc interakce molekuly 1gG4 s Fc oblastmi molekul
ostatnich podtrid IgG ...vzdélené pripomina ,RF aktivitu“ - byva
pouZivano oznaceni ,inaktivujici RF*



lgG4 a atopie



lgG4 as a blocking antibody

In 1970 Zavazal and Stajner' noticed that the IgG antibodies in the serum of
hyposensitized patients have a relatively high electrophoretic mobility; among
the human IgG subclasses, IgG, and IgG, have a relatively high electrophoretic
mobility. Subsequent investigations by Devey, Wilson, and Wheeler* and Van
der Giessen et al.’ showed that IgG, was the major antibody in these patients.
This finding suggested that IgG, antibodies might be the main allergen-block-
ing antibody. This suggestion was strengthened by the finding that the IgG
antibodies in asymptomatic beekeepers, who have no allergic reactions upon
bee stings despite often considerable IgE antibody titers to honeybee venom,
similarly are predominantly of the IgG, subclass.*

Aalberse R.C. et al, Clin Rev Allerg 1983, 1:289-302



Pravdépodobna uloha regulacnich T lymfocytu
a cytokinu v alergen-specifické imunoterapii

Allergen
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®* Production of IgG4 and IgA = Suppression of APCs and pro-inflammatory

® Suppression of IgE production capacity of DCs
® Induction of regulatory-T-cell-inducing DCs

Nat Rev Immunol, Vol. 6, 2006, 769



Jeden z modelu indukce tvorby IgG1, 19G4 a IgA
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Analyza 1gG protilatek proti Phl p5 v prubéhu AIT
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Aalberse R.C. et al:. ImmunoglobulinG4: an odd antibody. Clin Exp Allergy, 39 (2009), 469-477



Inhibi¢ni pusobeni IgG4 na aktivaci
bazofilu/mastocytu u deéti senzibilizovanych arasSidy
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: PA PA — alergie na arasSidy

PS PS — senzibilizace, spec. IgG4
NA — kontrolni skupina
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Santos AF et al: 1gG, inhibits peanut-induced basophil and mast cell activation in peanut-tolerant children sensitized to peanut major allergens.
J Allergy Clin Immunol. 2015 May; 135(5): 1249-1256.
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1gG4-RD
(Hyper lgG4 syndrom)



lgG4 - RD ( IgG4 related disease)

Onemocneni  souvisejici se zvySenim 19G4 je novou
klinickou jednotkou charakterizovanou multiorganovym
postizenim neznamého puvodu spojenym s masivni infiltraci
IgG4 pozitivnich bunek a fibrotickymi zménami postizenych
organu.

Okazaki, K., Uchida, K., et al.: Current concept and diagnosis of IgG4-related disease in the hepato-bilio-pancreatic system.
Journal of Gastroenterology March 2013, Volume 48, Issue 3, pp 303-314



https://link.springer.com/journal/535
https://link.springer.com/journal/535/48/3/page/1
https://link.springer.com/journal/535/48/3/page/1
https://link.springer.com/journal/535/48/3/page/1

Onemocneéni asociované s 1gG4 (IgG4-RD)

vsystémove fibroinflamatorni onemocnéni s dosud
nerozpoznanou pricinou

vprvni popisy chorob s postizenim konkretniho organu
(slinne zlazy, stitna zlaza, atd.) vice nez 100 let staré

v'pfesny popis choroby a jeji nomenklatura zalezitosti
poslednich dvou desetileti

v'muze pravdépodobné postihnout kterykoliv organ

v'onemocneni je tedy krome vnitiniho lékarstvi predmetem
zajmu rady dalSich oboru, napf. ORL, dermatologie,
neurologie, urologie Ci ocni lekarstvi;
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Historie 1gG4-RD

Mikulicz, J., et al
Hamano, H., et al
Kamisawa, T., et al
Yamamoto, M., et al
Masaki, Y., et al
Smimosegawa, T., et al
Umemara, H., et al
Desmpande, V., et al
Stone, J. H., et al

J. Mikulicz

Mikuliczova choroba

lgG4+ u sklerotizujici pankreatitidy

lgG4 - sklerotizujici choroba

lgG4 — plazmacytarni choroba

lgG4 MOLPS

Mezinarodni dg kritéria pro AIP

Koncept — komplexni kritéria pro 1gG4 - RD
Patologicka kritéria pro lgG4 — RD

Nomenklatura organovych manifestaci 19gG4 - RD

a

H. Hamano



Organoveé postizeni u IgG4 RD

(upraveno dle Della-Torkee et al, 2015. doi: 10.1111/cei.12641)
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Initiation

Progression

Autoantigens
(LF; CA-ll, -IV; PSTI;
amylase,;HSP-10;PBP)

Patogeneze 1gG4-RD

Infectious agents
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United European Gastroenterology Journal
2014, Vol. 2(3) 165-172



=~ -

6 zakladnich charakteristik lgG4-RD
( Kawa, et al.2012)

Systémoveé postizeni
Solitarni i mnohocetné léze s difuznimi klinickymi projevy
Hodnoty IgG4 > 1,35mg/ml

Rozsahlé infiltraty s lymfoplazmocyty R — 7§
SO St SRl X

a 1gG4+ plazmatickymi bunkami O AT Sy P i

Odpovidavost na Iécbu kortikosteroidy =" Lg%

(a Rituximabem) UL 5 Sy

Nastavba dalSich klinickych projevu



Cirkulujici plasmablasty jsou zvySeny u IlgG4 RD a to i u jedincu s normalni

koncentraci 1gG4.

(..Jsou vyznamnym biomarkerem pro diagnostiku onemocnéni a jeho lecbu ??)

Wallace Z. S. et al, 2014
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Fyziologie a patofyziologie syntézy 1gG4...

v Pri dlouhodobé Ag prezentaci prevazuje Th2 protilatkova odpoved
(IL-4, IL- 10, IL-13) a dochazi k syntéze IgE a IgG4.

v Dulezitym aspektem zvySené syntézy lgG4 je diferenciace Treg a
produkce IL-10 (utlum imunitni reakce, produkce pro indukci Treg
dulezitého cytokinu TGFp).

v TGFP indukuje aktivaci a diferenciaci fibrocytu, produkci kolagenu
a jeho ukladani ve tkanich (fibrotizace).

v ...ackoliv se pfedpoklada, ze pro rozvoj IgG4-RD je dulezita
reaktivita proti dosud ne zcela charakterizovanym autoantigenum,
jsou k dispozici data, ktera na urovni cytokinové exprese zietelne
odliSuji klasické autoimunitni choroby (napt. pSjS) a 1gG4-RD.



lgG4-RD x AID
Mikuliczova choroba (MD) x primarni Sjogrenuv sy (pSjS)

v Byly porovnavany hladiny cytokind IL-4,10,13 a TGFf a exprese
prisluSnych genl na urovni MRNA ve vzorcich ze slinnych Zlaz
pacientd s MD a pSjS.

v Zvy$ené hladiny Th2 cytokinl jsou charakteristické pro obé
onemocneéni (1. doklad o aktivaci kompartmentu B bunek), zatimco
IL-10 a TGF byly vyznamné exprimovany pouze u MD.

v Pfedpoklada se, Ze synergicky efekt Th2 polarizace a indukce
Treg jsou pfiCinou indukce zvysSene syntézy IgG4.

v Nicméné, pficinu 1gG4-RD toto zjisténi neresi, nebot ani
samotna hladina I9G4 ani zvySené zastoupeni IgG4
plazmablastu v postizené tkani neni diagnosticky argument
,5am 0 sobe”.



...a dalSi otazniky (?)

» .modifikovana Th2 odpoved™ - produkce pouze 1gG4 bez
IgE po aktivaci antigeny proteinove povahy (nekteré
alergeny, zvireci proteiny)

* \Vice nez 40% pacientu s 1gG4-RD ma atopicke projevy a
eozinofilii

* Udaje o IL-21 (pleiotropni cytokin produkovany
aktivovanymi T lymfocyty) s pfimym vlivem na proliferaci
lgG4 specifickych B lymfocytu.



Nova skupina autoimunitnich
onemocneni, kde 1gG4 ma ulohu v
patogenezl



Model patologického pusobeni IgG4
(blokada interakce ,protein — protein®)

Autoimunitni onemocnéni (limbické encefalitidy, puchyfnata onemocnéni kizZe, TTP)
s ulohou IgG4 v patogenezi

\ ﬂrolein—protein interaction 5G4 autoantibodies block
facilitates protein binding-dependent
b degradation proteolysis

Contactin1 CIDP, Lgi1 limbic encephalitis, MuSK myasthenia Desmoglein 1 pemphigus foliaceus, Desmoglein 3 ADAMTS13 thrombotic thrombocytopenic purpura
gravis pemphigus vuigaris

Ann. M.Y. Acad. Sci. 1413 (2018) 92-103



Uloha 1gG4 v patogeneze autoimunitni encefalitidy

Presynaptic
terminal
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Autoimunitni encefalitidy zpasobené protilatkami proti LGI1 a AMPAR jsou odlisné klinické jednotky.
Déle nepouzivat termin ,protilatky proti VGKC*,

van Sonderen A. et al: The value of LGI1, Caspr2 and voltage-gated potassium channel antibodies in encephalitis. Nat Rev Neurol. 2017
May;13(5):290-301. doi: 10.1038/nrneurol.2017.43. Epub 2017 Apr 18.




Rozdily v uplatneni 1gG1-3 a IgG4 v patogeneze
autoimunitnich chorob

oGl and IgG3 loG4

Antigens are receptors, ion channels, or multisubunit proteins  Antigens are typically not receptors, ion channels, or
multisubunit proteins

Pathomechanism requires complement and immune Pathomechanism is blocking of essential protein-protein
cell-mediated cytotoxicity and inflammation interactions

Structural damage to target tissue No structural damage to target tissue

Crosslinking and internalization of the antigen Monovalent antigen binding; no crosslinking

Sometimes associated with paraneoplastic events No clear tumor association

Result from Ty; 1-related cytokine expression Result from Ty 2-elated cytokine expression

Huijbers MG et al: IgG4-mediatd autoimmune diseases: a niche of antibody-mediated disorders., AnnNY Acad Scil 413, 2018, 92-103



PoSkozujici a ochranné pusobeni |gG4

lgG4-associated diseases with a pathogenic lgG4-associated diseases with a
role for IgG4 protective role for lgG4
|gG4-mediated autoimmunity Allergy
Melanoma Parasite infections

Antibiologicals
|gG4-related diseases

Huijbers MG et al: IgG4-mediated autoimmune diseases: a niche of antibody-mediated disorders., AnnNY Acad Scil 413, 2018, 92-103



Vlybrané terapeutické 1gG4 protilatky v klinické praxi

nebo ve vyvoj

Table 2 Selected IgG4 therapeutic antibodies in clinical use and/or development

Therapeutic molecule Subtype Target Clinical indication(s) and stage

Natalizumab (Biogen Idec, Weston, IgG4 (humanized) Anti-a4 integrin Approved for multiple sclerosis
Massachusetts, USA) and Crohn's disease

CDP-571 (Celltech/UCB, IgG4 (humanized) TNF-a Phase 2 for rheumatoid arthritis,
Brussels, Belgium) Crohn's disease

Eculizumab (Alexion, Cheshire, IgG2/lgG4 (humanized) C5 complement Approved for paroxysmal noctumal
Connecticut, USA) hemoglobinuria

BIIB022 (Biogen Idec, Weston, IgG4 (aglycosylated human IGF-1R Phase 1, nonsmall cell lung cancer
Massachusetts, USA) hinge-engineered)

Clenoliximab (Glaxo Smith Kline, lgG4 (Primatized CD4 Phase 2, rheumatoid arthritis
King of Prussia, hinge-engineered)
Pennsylvania, USA)

Lebrikizumab (Genentech, South IgG4 (humanized IL-13 Phase 2, asthma
San Francisco, hinge-engineered)
Califomia, USA)

Ibalizumab (Taimed Biologics, IgG4 (humanized) CD4 Phase 2, HIV-1 infection
Irvine, Califomia, USA)

Gemtuzumab ozogamicin IgG4 (humanized CD33 Previously marketed for AML
(Pfizer, New York, hinge-engineered conjugated (withdrawn)
New York, USA) with calicheamicin)

AML, acute myeloid leukemia; Ig, immunoglobulin; IGF1-R, Insulin-like growth factor-1 receptor; IL, interleukin; TNF-«, tumor necrosis factor-alpha;

UCB, union chimique belge.
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Ascomed, Sychrov, 26.-27.4. 2018



