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A limfocita érés fazisai
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A human lg I6kusz szerkezete
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Az immunglobulin doméneket kddolo géenszegmensek
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Az lg-konnydlanc hipervariabilis régidinak elhelyezkedeése,
CDR- és FR-szekvenciai
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Mouse monoclonal antibodies

Kohler & Milstein'® |britumomab (Zevalin)
L —- Tositumomab (Bexxar)
—1 years———
1986
Muromonab-CD3
(Orthoclone OKT3)

Chimeric recombinant antibodies
Morrison et al.®

B ——
—10 years———
1994
Abciximab

(ReoPro)

CDR grafted antibodies
Jones et al.?

Daclizumab
(Zenapax)

Phage display synthetic antibodies
McCafferty”

b— 12 years———
2002

Rituximab (Rituxan)
Basiliximab (Simulect)
Infliximab (Remicade)
Cetuximab (Erbitux)

A human terapias

ellenanyagok ,evolucigja”

és klinikai alkalmazasuk

Infliximab: human anti-chimeric antibody = HACA
A betegek 8-61% (!) !: klinikai hatékonysag, felezési id6
rovidiilés, anaphylaxis

Trastuzumab (Herceptin
Palivizumab (Synagis)
Gemtuzumab (Mylotarg)
Alemtuzumab (Campath)
Omalizumab (Xolair)
Efalizumab (Raptiva)
Bevacizumab (Avastin)

Certolizumab pegol (CIMZIA)
HACA: a betegek 8%-a 2(alacsonyabb plazma konc.,
csokkent hatékonysag)

Adalimumab (Humira)
human anti-human antibody (HAHA):
a betegek 6% 3; non-responderek: 35%, responder 5%

Adalimumab

(Humira)

Transgenic human antibodies
, Green et al. **

Lonberg et al £l

—7 years ———»

JiLﬁl::;‘l:':?!!!':{?RT‘!!!'T@GJ!!!!“EE:El:&T‘!!'Ji;f:gg:"'"q?j@""réfa

? Panitumumab — EGER (Ahgenix/Aman\ 2006

|Golimumab — TNF (Medarex/BMS) 2009 (HAHA: 6.5%%)

-

Canakinumab- IL-1b (Medarex/BMS) 2009
Ustekinumab — p40: IL12, IL-23 (Medarex/BMS) 2009
Ofatumumab — CD20 (Medarex/BMS) 2009
Denosumab — RANKL (Abgenix/Amgen), 2010

&
i
Z Lonberg 2005 Nature Biotech,
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Az Ig nehéz- és

konnyl lancanak
genrekombinacidja

es expresszioja



Az antigén receptor gének diverzitasaert felel6s
mechanizmusok

D1-n J1-n

Viv2 \n —m}m ——— C
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A [ \
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Egér ellenanyagok diverzitasa
(csupan a rekombinacio révén!)




Az |g gének transzkripcios szabalyozasa — az
,enhanszer” régio promoterhez viszonyitott pozicioja
szabalyozza az atirast
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Az Ig nehézlanc (IgM) atrendezddésenek és expresszidjanak
sorrendje
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Az Ig konnydlanc (kx és A) atrendezO0désenek sorrendje

" \
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B-limfocita szubpopulaciok kialakulasa
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Az IgM és IgD egyuttes expresszioja human B limfocitakon
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Az immunvalasz specifikussaga, memoriaja es onkorlatozasa
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T-independenes és T-dependens humoralis
Immunvalasz kialakulasa

Recognition B cell
of antigen proliferation and differentiation
g
coll g Antibody
Helper T cells, Clonal secretion

X

B cell

other stimuli 1
expansion
¥ IgG-expressing

Isotype
~ =3 =3 {7 i
% o switching
_ Antigen
Resting Activated
IgM*, IgD* B cell
mature B cell — Affinity
/ maturation
High-affinity Ig- ‘?\LHi h-
expressing B cell affinity 1gG

Memory
B cell
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Szerkezet

valtozas

Eredeti

ellenanyag

Funkcionalis jelentség

Antigén felismerés

Effektor funkcio

Affinitas érés
(szomatikus
mutacio a variabilis
régioban)

Fokozott affinitas

nincs valtozas

Valtas a membran
és a szekrécios
forma kozott

nincs valtozas

a B sejt receptor
effektor funkciora
valtozik

Izotipus valtas

nincs valtozas

a kiillonbo6zo
izotipusok effektor
funkcioja eltéro




~ Primary ‘Secondary
antibody response antibody response
I
First Repeat
infection infection );eg{;
_¢ Antibody- i},
secreling
P X cell ’J’;,:
Ight :
- Anlibody-secreting ! '
=2 cells in peripheral
§ lymphoid tissues
: N
S Activated Y\ Low-level &
1= B cell antibody _ :
= production Long-lived
g plasma cells
= _ in bone marrow
: Memory
Long-lived B cell
plasma cells Memory
" Naive B cell in bone marrow B cell
0 7 v >30 0 3 10 =30
Days after antigen exposure _> Days after antigen exposure
Feature Primary response Secondary response
Time lag after Usually 5-10 days Usually 1-3 days
immunization
Peak response Smaller Larger
Antibody isotype Usually IgM > 1gG Relative increase in IgG and,
under certain siluations, in
IgA or IgE
Antibody affinity Lower average affinity, Higher average affinity
more variable (affinity maturation)
Induced by All immunogens Only protein antigens

Required immunization

Relatively high doses of
antigens, optimally with
adjuvants (for protein antigens)

Low doses of antigens;
adjuvants may not
be necessary
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Az elsbodleges
(primer) és
masodlagos
(szekunder)

Immunvalasz
kialakulasa



A B-sejt receptor (BCR) szerkezete

Extracellular
space

Plasma {1777
membrane ...,

Cytoplasm
Immunoreceptor
tyrosine-based
activation motif (ITAM)
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A B-sejt receptor (BCR) szerepe a szignalizacioban

Cross-linking
of membrane
Ig by antigen
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A komplement szerepe a B-sejt aktivalasban

Complement .Qm'crc’be
activation

Recognition
by B cells

.........................................

Srcfamlly
kinases .
Signals from | &:9-Lyn- b {3

Igand cR2 | /™ BN

® |
complex e
/ PI-3 kinase

B cell activation
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A BCR-k - antigen altal kialakitott - keresztkotések szerepe

Antigen binding to Activation of Changes in
and cross-linking B cells phenotype,
of membrane Ig & phccytes fuﬁction R

e Increased survival
* Proliferation

Naive B
lymphocyte

Increased expression
of B7-1/B7-2

Increased expression
of cytokine receptors
(e.g., IL-2, IL-4
receptors, BAFF-R)

Increased expression
of CCR7 and
migration from
follicle to T cell areas
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Korai €s késOi esemenyek a T-dependens
humoralis immunvalasz soran

Activation and B cell Germinal center reaction:
migration of - T:Bcell differentiation: affinity maturation, long-
and B interaction Ig secretion, lived plasma cells, isotype
lymphocytes isotype switching switching, memory B cells
Primary Lymph Germinal

center

FDC

follicle +.-._____5_r_1_ﬂde

Early events > Late events >
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A B-sejtek es a Thelper sejtek migracioja es
interakcioja a masodlagos nyirokszervekben

CCR7S, |
Anigen | | CXCR51 and | (B cellantigen | | TN EECOIRA0R 70
presentation: m'%’tat'“tggf TF’E',E‘E”"E‘“E""; CR7tand migration of
T cell activation| |. activatec -B interaction activated B cells
ﬂ?:-f?glli ; EQE to edge of follicle
ok o B cell
coox
=
\_© O/
— Dandritlc B cell zone
cell T cell zone (primary follicle)

Days after immunization




A B-sejt antigen prezentacioja aktivalt Thelper sejtek szamara

Microbial
protein
- antigen
Receptor-mediated
endocytosis
of antigen
Linear peptide
"carrier epitope” N y
' Carrier  _ .
protein Carrier TCR CD40L
peptide ‘\ I\
. . wHe (=) (i
Antigen processing class Il CD40
and presentation
Class Il
o MHC-peptide
- complex N
Hapten- /.
specific
] B cell receptor Processing of Carrier
Activated internalized || peptide binds
CD4+ carrier protein | |to class Il MHC
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T cell

T cell recognition
of antigen
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A Thelper medialt B-sejt aktivalas mechanizmusa

)

Antigen Activation of T cell;
presentation by DC expression of CD40
to helper T cell ligand, cytokine secretion
Dendritic T cell
cell CD40

< -D'?
Cytokines
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Activation of B cell

by cytokines and
Cclg}m ligation

B cell
proliferation and
differentiation

Cytokines
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Selection

Somatic mutation

Exit of high-affinity
antibody- secreting
and memory B cells

A&

1

Death of B cells that

do not bind antigen

;]JH

B cell recognition of
antigen on follicular
dendritic cells;
selection of
high-affinity B cells

n
T

o¥parmutanc-n

Ig V genes

1

| B cell proliferation |
B,

1

Activation of B cells
and migration into

germinal center

Follicular
dendritic cell
with bound

antigen

s 7

o Light
Zone

Dark
20ane

4 Follicle

Germinal
canter

START
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A T-dependens
humoralis
immunvalasz
csirakozpont
(germinalis
center)
reakcioja



|zotipusvaltas

Various cytokines,
(e.g. APRIL, BAFF,
GF-B, others)

Isotype
switching
IgG subclasses
(lgG1, 1gG3)
Principal | Complement Fc receptor- Immunity Mucosal
effector activation dependent against immunity
functions phagocyte helminths (transport of
responses, IgA through
complement Mast cell epithelia)
activation; degranulation
neonatal immunity | (immediate
(placental transfer) | hypersensitivity)
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MNaive B cell

Microbial
antigen
VDJ ISy Cy C5  IySy Cy 1eSe C i 4 214 A
RearargedONAn i S e MO R ES Az izotipusvaltas
IgM-producing cells , .
_/ | \ molekularis
No signals from Sl%nals from helper T cells .
helper T cells (CD40 ligand, cytokines) mechanlzmusa
int Germiline 1 Germline
%ﬁﬁﬁ"?g?g transcript | tran@clrigt )
] g
locus VDJIS,CuCs 15;&,&52& VDJ ISy Cy C5 lySyCyleSeCe
Recombination e Remeg e nanans .
of Sy with
or SSE deletﬁ?n ‘F 4(
of intervening
C genes VDJ ly Cy SeCe vDJ i Ce
vDJ + Cy 8¢ Cg vDJ ‘&EE
\ /
T vDJCy VDJCy VDJCe
Eﬁﬁg ,,-_.',?1% ~—m=—-AAA L MRNA | —mme—AAA YmRANA | —=mr1—AAA £ mRNA
Translation = U protein | comao  yprotein czm_ > ¢ protein
QD =Y QD=
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Az AID (activation induced deaminase) altal kivaltott DNS tores

Switch region Coding
germline transcript  strand

Iﬁ
DNA U . RNA
g
)OGC pﬁ\@
R-loop GCACTCG
o
DNA U RNA
~
Loy, B 5>
AID rt
Cotote = ~QUAUTU
by deamination JL
[
DNA U RNA
L, W <@
‘ G ATGE
Ape | endonuclease L Uracil N glycosylase
generates nicks creates abasic sites

DNA

Eventual double strand
breaks in switch region
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A variabilis gének szomatikus hipermutacioja — affinitas érés

Heavy chain Light chain
V regions V regions
Kd
CDR1 CDR2 CDR3 CDR1 CDR2 CDR3 107 M
3.6
Day 7 | =
primary L 6+D
I 0.4
Day 14 | 0.1
DiliEy N 02
B U | ] 0.9
Secondary [ L - | | 0.02
i | 1.1
| E— L <003
Tertiary L1 <0.03
l <0.03
D) J
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B-sejt szelekcio a csirakozpontban

Naive Abge
B cell
B cell activation by %
protein antigen
and helper T cells q
1
Induction of
AlD and

migration into
germinal center

B cells with somatically
mutated Ig V genes and
lgs varying
affinities for antigen

B cells encounter
antigen on follicular
endritic cells

‘8

s g s
T __: USRS | with nd
Fc [gcetgmr Follicular
% dendritic cell
Only B cells with a

high affinity for antigen
0?1 iollicunlgr danr&i:i%c @
cells are selected to
survive; other B cells die High-affinity
B cell
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Membran es szekretalt Ig forma |étrejotte

Primary L VDJ Gy G2 C3 G4 TP TM—CY

RNA
ANA o I L T I [« Wy

Polyadenylation sites

V4
Resting B cell
B cell differentiation
Membrane u mRNA Transmembrane Secreted u mRNA &l plece
AAA AAA
Cytoplasmic a ﬁ
Membrane IgM Secreted IgM

(© Elsevier. Abbas et al: Cellular and Molecular Immunology &e - www.studentconsult.com



Az immunglobulin szekretalt és membran formaja

Secreted Membrane | Secreted Membrane
IgM IgM ' IgG IgG

\ / L ! \ ’ Hydrophobic
Hydrophobic | H Y
= s transmembrane
Tail piece transmembrane Tail piece :
a region Sip reglon
| | W] i | S
Cytoplasmic tail | Cytoplasmic tail

= V region = || heavy chain C region e yheavy chain C region e [ight chain C region
e Tajl piece e Transmembrane region == Cytoplasmic tail
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B-sejt aktivacio szabalyozasa az Fcgamma receptorok
(FcyR) kozvetitéseével

Secreted antibody V
forms complex v
with antigen y
’ —I *
.  J Antibody-
Paolyvalent antigen
antigen comp1ex

Antigen—antibody
complex binds to
B cell Ig and
Fc receptor

Fc receptor—
associated
phosphatase removes
phosphates in B cell-
receptor complex

Block in B cell
receptor signaling

© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - www.studentconsult.com



Immunglobulin izotipusok

pentamer IgM




Human immunglobulin izotipusok legfontosabb tulajdonsagai

Isotype of | Subtypes [H chain | Serum | Serum | Secreted form Functions
antibody concentr. [ half-life | . 2 :
(mg/mL) | (days)
IgA IgA1, 2 a(lor2) 3.5 6 IgA Monomer, dimer, | Mucosal immunity
(dimer) trimer
) /Con
S
o) \
Y\ Ca2
v \Cas
\55 J chain
IgD None ) Trace 3 None Naive B cell
antigen receptor
IgE None € 0.05 2 IgE Monomer | Immediate
CU hypersensitivity
lgG lgG1-4 v(1,2,83, 135 23 IgG1 Vi Monomer | Opsonization,
or 4) cn complement
activation, antibody-
Vi dependent cell-
CL mediated cytotoxicity,
Cr2 neonatal immunity,
cyB feedback inhibition
' of B cells
IgM None u i1 1.5 5 Naive B cell antigen
receptor, complement
activation




Az lg-osztalyok megjelenése az egyedfejldédés soran

(ember)
SZULETES ELOTT SZULETES UTAN
“anyatej
- IgA
100% - g\ IgM
(felnétt) [
. |
anyai IgG .
i
1
B \ \ \ \ \ \
0 3 6 9 12 3 4 5 felnétt

honap v



Fc receptorok kapcsoldédasa az egyes immunglobulin
izotipusokhoz

FceRI
FeceRII

FeyRIIl

FcRn

dimer IgA




Az immunkomplexek szabalyoz6 szerepei

» Release of chemoattractants
» Release of cytotoxic substances

» Release of vasoactive substances + Phagocytosis
+» Release of chemoattractants

Mast cell Basophil Oxidative burst
« Oxidative burs

+ Cytotoxicity

« Release of
pro-inflammatory
mediators

Monocyte or
macrophage

« Modulation of cell activation
« Antigen presentation (T cells and B cells)
+ Regulation of peripheral tolerance

Imimune
complex

TR,E,E cell
CDE T cell
Co4 T cell
B cell Plasma cell
+ Modulation of cell
activation

Eﬁmg_’hcﬂvaﬂng T Inhibitory « Shaping the B-cell

FcR FcR repertoire

Nimmerjahn and Ravetch 2007. Nat Rev Immunol



A gatlo FcyRIIB keresztkotése a B-sejtek apoptozisahoz vezet

Apoptosis

Nimmerjahn and Ravetch 2007. Nat Rev Immunol



A polimer immunglobulin receptor (plgR) az IgA szekréciojaban

Lamina propria

Mucosal epithelial cell Lumen

Poly-1g receptor
with bound IgA
J chain
IgAprodum ng
plasma cell Endocytosed
Dimeric IgA complex of IgA and
poly-lg receptor

> Q Secreted IgA

Proteolytic
cleavage

© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - www.studentconsult.com




|IgG kotd receptor - FCcRn
Kezdetek

Paul Ehrlich — 1892
Az anyai immunitas atadasa
alapvetd fontossagu az ujszulott
egészsege szempontjabadl

F.W. Rogers Brambell
1958 — az anyai IgG utddba kerilését egy
telithetd receptor rendszer biztositja
1964 — egy hasonld, vagy azonos receptor
rendszer védi meg az IgG molekulat a 2
gyors lebomlastol

,Brambell receptor - FcRB (= FcRn)"

Half-life (days)
T

0 10 20 30 40
y-globulin concentration (mg/ml)




A maternalis immunitas atadasa emldsokben
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Az 1gG farmakokinetikaja

Katabolizmus az endothelben Katabolizmus a szovetekben

FcRn FcRn

g
»

Szérum ellenanyag | Aramlas (diffuzi6?) | gzgyeti ellenanyag

AN /

Ellenanyag-antigén
komplex

Endogen (plazma sejte

lgG-FcgR

Az immunkomplex katabolizmusa

Lobo et al. 2004 J Pharm Sci



The FcRn - IgG kapcsolodas

RS
§ %
NPT

pH dependent binding

Simister-Mostov 1989 Nature, Martin et al. 2001 Molecular Cell




Az FcRn medialt IgG transzport kulonboz6 tipusai —
ujszulott ragcsalok vekonybeél enterocitai

a Neonatal intestinal lumen (acidic pH)

Y o

| I. { | I | | ( [ \
Internalization | \J \J

/\@ O A

FcRn Neonatal blood
releases (physiological pH)

E( 1gG

Roopenian and Akilesh 2007. Nat Rev Immunol



Az FcRn medialt IgG transzport kulonboz6 tipusai —
human placenta

Maternal blood %:—:—9
(physiological pH) Ei&
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Acidified
endosome

Fetal circulation
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Roopenian and Akilesh 2007. Nat Rev Immunol



Rh negativ |

vérsejt _ o

Az Rh inkompatibilitas oka az
Rh pozitiv - anyai immuntranszport
vérsejt

Ellenanyag
(I9G)

Rh negativ _
versejt

Ellenanyag
(I9G)

Rh pozitiv _
versejt

http://www.nIm.nih.gov/medlineplus/ency/presentations/100217_1.htm



Az FcRn medialt IgG védelem a lebomlas ellen —
monocita, endothel sejtek

a
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Roopenian and Akilesh 2007. Nat Rev Immunol



FcRn koti az IgG-t és szabalyozza a katabolizmusat
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Terapias celu FcRn telités
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Akilesh et al. 2004. J Clin Invest



Terapias celu FcRn blokkolas

. b Human FcRn + MST-HN
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Fokozza az IgG katabolizmusat
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Engineered antibodies with longer half-lives (e.g. monoclonal
tumor therapy with humanized monoclonals)
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Hinton et al. 2004. J Biol Chem



Az FcRn medialt immunfelismerés — vékonybél enterocitak
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Roopenian and Akilesh 2007. Nat Rev Immunol



Az FcRn medialt 1gG, IgG-Fc-Epo felvétel a légutakban
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Roopenian and Akilesh 2007. Nat Rev Immunol
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Roopenian and Akilesh 2007. Nat Rev Immunol



Az FcRn lényegesen tobb albumint véd meg a lebomlastol, mint
amennyi IgG molekulat

Rate into cell Rate salvaged by FcRn
Clyo X Csswt (Clio = CLiyg) X Cog iy
775 nmol/d
Albumin 172
540 uM 35
1550 nmol/d
Css Salv?ge
ratio
1/2

12 uM 1

22 nmol/d

1/5
775 nmol/d

& nmol/d

Rate degraded
Clyyr X Cogwr

FcRn szabalyozza az IgG és az albumin katabolizmusat

Anderson 2006. Trends in Immunol



JOvO heti program...

Az ellenanyagokra épuloé immunvalasz
(komplement aktivacio, opszonizacio,
ADCC, neutralizacio)

Varga Lilian



