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NOBELOVY CENY ZA IMUNOLOGII

1901 - E.A. Von Behring (Germany) for the work on serum therapy especially its application against diphtheria.

1905 - R. Koch (Germany) for the investigations concerning tuberculosis.

1908 - E. Metchnikoff (Russia) and P. Ehrlich (Germany) for their work on immunity (respectively, phagocytosis/cellular theory and humoral theory).
1913 - C.R. Richet (France) for the work quessseslasless
1919 - J. Bordet (Belgium) for the discove °
1930 - K. Landsteiner (Austria/USA) for th

1951 - M. Theiler (South Africa) for the di Imuno glObUl 1ny
1957 - D. Bovet (Italy/Switzerland) for the

the vascular system and the skeleton muscles.
1960 - Sir F.McFarlane Burnet (dustralia) and Sir P.B. Medawar (Great Britain) for the discovery of acquired immunological tolerance.

ction of histamine and other substances on

1972 - G.M. Edelman (USA) and R.R. Porter (Great Britain) for their discovery
concerning the chemical structure of antibodies.

1977 - R. Yalow (USA) for the development of radioimmunoassays of peptide hormones.

1980 - B. Benacerraf (USA), J. Dausset (France) and G.D. Snell (USA) for their discoveries concerning genetically determined structures on the cell
surface (major histocompatibility complex) that regulate immunological reactions.

1982 - S. K. Bergstrom (Sweden), B. 1. Samuelsson (Sweden) and J. R. Vane (UK) for their discoveries concerning prostaglandins and related
biologically active substances.

1984 - NK. Jeme (Denmark/Switzerland) for theories concerning the specificity in development (lymphocyte clonality) and control of the immune

system; + G.J.F. Kohler (Germany/Switzerland) and C. Milstein (Argentina/Great Britain)
for the discovery of the principle for production of monoclonal antibodies.

1987 - S. Tonegawa (Japan/USA) for the discovery of the genetic principle for
generation of antibody diversity.

1990 - J.E. Murray and E.D. Thomas (USA) for their discovery concerning organ and cell transplantation in the treatment of human diseases.

1996 - P.C. Doherty (Australia/USA) and R.M. Zinkernagel (Switzerland) for their discoveries concerning the specificity of the cell mediated immune
defense ("dual recognition").

1997 - S.B. Prusiner (USA4) for the discovery of prions as a new biological principle of infection.

1999 - G. Blobel (USA) for discoveries concerning signal transduction.

2011 —J. Hoffmann, B. Beutler — mechanisms of innate immunity; R. Steinman — discovery of dendritic cells




IMUNOGLOBULINY

Struktura

Tridy, podtridy

Vazba s antigenem, afinita, avidita
Antiidiotypova sit

Tvorba imunoglobulinu, protilatkova
odpoved

Biologicke funkce protilatek
Polyklonalni a monoklonalni protilatky



IMUNOGLOBULIN = PROTILATKA

strukturalne pfibuzné glykoproteiny produkované B lymfocyty

vazané na membranu B lymfocytu — receptory zprostfedkujici
aktivaci B lymfocytu

sekretované (rozpustné) — mediatory specifické humoralni imunity



Struktura molekuly protilatky

« 2 identicke tezke retezce (H) a 2 identicke lehkeé retezce (L)
spojené disulfidickymi mustky
« strukturné podobné domény (110-120 AK): 2 u lehkych fetézcu,
4-5 domén u tézkych retézcu
* lehky i tézky retézec
— variabilni oblast (VH a VL); N-konec
» kazda oblast obsahuje 3 hypervariabilni useky (6-10 AK)
* vazba antigenu
— konstantni oblast (CL, CH1-CH3/CH4); C-konec
« CL -izotyp kappa, lambda
« CH -izotyp (tfida) protilatky (IgG, M, A, E, D), podtfidy
- membranové vazana nebo sekretovana forma
- biologické (efektorové) funkce protilatky
» flexibilita vazebné Casti — pantova oblast mezi CH1 a CH2



Struktura molekuly protilatky
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Schematické zobrazeni sekretované a
povrchove vazané molekuly protilatky
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Tridy a podtfidy imunoglobulinu

IgG1-4

IgA1,2

0,9-2,5 gl

Stopa
8-18 gl

(pfevaha IgG1)

0,9-3,5 g/l
0,0003 g/l

6d

3d

21d

6d
2d

Receptor pro antigen (naivni B
lymfocyty); primarni odpovéd;
aktivace komplementu
Receptor pro antigen (naivni B
lymfocyty)

Sekundarni odpovéd;
neonatalni imunita; aktivace
komplementu; opsonizace;
neutralizace

Slizniéni imunita; opsonizace

Obrana proti parazitum; reakce
casné precitlivélosti



Tridy imunoglobulinu, formy vyskytu

IgG, IgE, IgD
monomery

IgA dimer IgM pentamer
(monomer, (hexamer)
trimer)

Nature Reviews | Molecular Cell Biology
Oligomery jsou spojeny J retézcem.
Membranové formy vzdy jako monomer.



IgM

vazany na membranu ve formé monomeru — receptor na
B lymfocytech — po navazani antigenu zprostredkuje
aktivaci B lymfocytu, dulezity pro vyvoj B lymfocytu

rozpustny ve formeé pentameru (hexameru) — 10 (12)
vazebnych mist

zajiStuje primarni imunitni odpoved
ucinna aktivace komplementu



IgM sekretovana forma

M Heavy
chains

Light
chains

.Icham

i

Flgure 5-23
Lehninger Principles of Biochemistry, Fifth Editio
© 2008 W.H. Freeman and Company




1IgG1-4

LIV 4

nejhojnejsi protilatka v seru, intersticialni tekutine
nejvétsi zastoupeni ma podtfida 1gG1

vyskyt ve formeé monomeru

nejdelSi poloCas (21 d)

prestup pres placentu

klicova uloha v sekundarni imunitni odpoveéedi
aktivace komplementu, opsonizace, neutralizace



IgA1,2

sliznicni forma (dimer) — vyznamna uloha ve sliznicni
imunité (neutralizace, opsonizace; neaktivuje C)

— produkovan plazmatickymi bunkami a B lymfocyty v
submukoze

— transportovan na sliznicni povrch pomoci transportniho
Fc receptoru (poly-lg-receptor)

— transport pres epitel transcytozou: endocytoza —
preprava v transportnim vacku — fuze s luminalni
membranou — odstepeni z receptoru proteolyzou

— Cast poly-lg-receptoru zustava po uvolnéni na sliznicni
povrch soucasti dimeru IgA = sekreCni komponenta —
zajiStuje rezistenci vuci proteazam

sérova forma (monomer, dimer, trimer) — opsonizace



Vazba antigenu a protilatky

nekovalentni komplexy (iontové, hydrofobni, van der
Waalsovy sily, vodikové mustky)

vazba je reverzibilni

vysoka diversita protilatek: > 10" rlznych vazebnych
mist

komplementarita vazebneho mista protilatky s epitopem
antigenu

— hypervariabilni oblasti VL a VH (CDR1-3 — complementarity
determining regions)

— jedine€nost vazebného mista dana procesem VDJ (VJ)
rekombinace a somatickymi hypermutacemi

pristupnost epitopu v zavislosti na konformaci antigenu



Variabilni oblast Ig molekuly
vaze antigenni epitop

T Antigen-binding site Antigen Antigenic
Eroe determinant
e (epitope)

Fc (stem) region < | c Hinge region

o o

(a) Antibody molecule (b) Enlarged antigen-binding (c) Antibody
site bound to an symbol
antigenic determinant

Capyright £ 2004 Pearsen Edusation, Ine., publishing as Benjamin Cummings.



Variabilni oblast imunoglobulinové molekuly
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VDJ rekombinace pri vzniku variabilniho mista

Germline configuration V segments D segments J segments Constant region exons
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Adapted from Janeway 2001



Vliv konformace antigenu (pristupnostsi
epitopu) na vazbu s protilatkou
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Afinita protilatek

- vyjadruje silu interakce mezi 1 epitopem daneho
antigenu a vazebnym mistem protilatky

Vysoka afinita Nizka afinita

Ag, Ag,



Avidita protilatek

- vyjadruje silu interakce polyvalentni protilatky
s polyvalentnim antigenem (obsahuje vice identickych
epitopu)

Valency of Avidity of
. inleraction_ ) interaction
‘Monovalent  Low
Bivalent High
FE——— Very
Polyvalent high
Abbas et al: Cellular and Molecular Immunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.




Antiidiotypova sit

idiotop — specificka ¢ast molekuly imunoglobulinu
zodpovedna za rozpoznani prislusného antigenu
(Cast vazebného mista)

idiotyp — souhrn idiotopu — identické
Imunoglobulinové molekuly jsou charakterizovany
urcitym spolecnym idiotypem

vazebné misto protilatky (idiotyp) vytvorené proti
antigenu (protilatka 1. generace) je rozpoznano jinou
protilatkou (protilatka 2. generace, antiidiotypova
protilatka)

idiotypova (antiidiotypova) sit naslednych generaci
protilatek muze mit ulohu v regulaci imunitni
odpovedi






Vyvoj B lymfocytu, tvorba protilatek

pre-B lymfocyty: syntéza H retézce IgM, VDJ
rekombinace — pre-B receptor

nezralé B lymfocyty: syntéza H i L fetézcu IgM, VDJ
(VJ) rekombinace, B-cell receptor (BCR)

zralé B lymfocyty: exprese IgM a IgD na povrchu
(BCR)

vazba antigenu na BCR - aktivace a postupna
diferenciace B lymfocytu do plazmatickych bunék
produkujicich protilatky, vznik pametovych B
lymfocytu

— vyzravani afinity — somatické hypermutace

— izotypovy presmyk

— prfevaha sekretované formy



Protilatkova imunitni odpoved

Primary

antibody response
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Zména struktury protilatek v prubéhu imunitni

odpovedi
. Functional significance:
Qriginal Changes in Effector
antibody antibody structure recognition functions
Affinity
maturation
(somatic Increased No change

mutations in
variable region)

Change from
membrane to
secreted form

IgG

No change

Isotype
switching I No change

Change from
B cell receptor
function to
effector function

Each isotype
serves a
different set of
effector functions

Abbas et al: Cellular and Molecular Immuncology, 7e.
Copyright @ 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.




Biologicke funkce imunoglobulinovych molekul

« Aktivace komplementového systemu (1gG, IgM)
* Opsonizace (zejmena IgG, téz IgA)

* Neutralizace antigenu (IgG, IgA, IgM)

« Zabrana adherence (IgA, 1gG)

» Aglutinace, precipitace (IgG, IgM)

* Degranulace zirnych bunek (IgEk)

* Prechod placentou (IgG)

* Imunoregulace (zejména IgG)



Biologicke funkce imunoglobulinovych molekul
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Polyklonalni a monoklonalni protilatky

» polyklonalni (séra)

— smés imunoglobulinovych molekul s ruznou
specificitou (zpravidla proti riznym epitopum 1
antigenu)

— priprava imunizaci zvirat

e monoklonalni

— produkt 1 klonu B lymfocytu s jedine¢nou
specificitou

— produkce nadorem z plazmatickym bunék
(myelom)
— priprava hybridomovou technologii
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mbbas et al: Cellular and Molecular Imrﬁunn@\r, Je.
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Vyuziti monoklonalnich protilatek

v diagnostice ke klasifikaci lymfocytl a jinych
leukocytu (CD markery, prutokova cytometrie)

v diagnostice infekCnich Ci systémovych onemocnéni
nebo nadoru, pokud jsou znamy specifické antigeny
(protilatky) vyskytujici se u téchto onemocnéni (bez
ohledu na priCinnou souvislost; imunoanalyzy,
prutokova cytometrie)

v terapii, k zacileni bunék a molekul dulezitych v
patogenezi nemoci

ve vyzkumu



Typy monoklonalnich protilatek

pouzivanych Kk terapii

In vitro antibody libraries
Transgenic mouse
Human hybridomas

Mouse hybridema
B ] B
B | -1 H
W = S
Mouse Chimeric Humanized
Genetic engineering
V gene cloning
CDR grafting
Eukaryotic expression
Hohlfeld R et al. (2005) Drug Insight: using monoclonal antibodies to treat nature

multiple sclerosis; Nat Clin Pract Neurol 1 34-44 [doi: 10.1038/ncpneuro0016]  SkibhaE

Human




Priklady klinickeho vyuziti monoklonalnich
protilatek v leCbe imunopatologickych chorob

Imunosuprese: anti-CD3 (OKT3),

— anti CD25 (basiliximab, daclizumab),

— anti CD20 (rituximab)

Blokada prozanétlivych cytokinu:

— anti —TNF-a (infliximab, adalimumab) —
revmatoidni artitida, Crohnova choroba,

Blokada adhezivnich molekul:

— anti integrin a4b1 (natalizumab) — roztrousena
mozkomisni skleroza

— Anti-CD11a (efalizumab) - psoriaza
Protialergicka lecCba:
— anti-IgE (omalizumab): tézkeé formy astmatu



Priklady vyuziti monoklonalnich protilatek
v [éCbé zhoubnych nadoru

 Protilatky proti anigenum bilych krvinek:

— anti CD-20 (rituximab) Iécba lymfomd,

— anti-CD52 (Alemtuzumab) — Ié€ba lymfomu
* Anti-receptorove protilatky:

— anti-epidermal growth factor (receptor HER-2)
(trastuzumab) — mamarni karcinom

— anti-epidermal growth factor (receptor EGFR)
(cetuximab) — kolorektalni karcinom



Dalsi priklady vyuziti monoklonalnich
protilatek v medicinée

* Antiagregacni lécba:

— trombocytarni receptor gpllb/llla (abciximab)
* Antivirova lecba:

— RS virus (palivizumab)



