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The b classes of antibodies
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IlgG1| 1gG2| IgG3 | IgG4| IgM | IgA1| IgA2| IgD | IgE

Heavy chain Y1 Y, Y3 Ya T8 o, a, ) 3

Molecular weight (kDa) 146 146 165 146 970 160 160 184 188

Serum level p

(mean adult mg/ml) 9 3 1 0.5 1.5 3.0 0.5 0.03 |5x10

Half-life in serum (days) 21 20 7 21 10 6 6 3 2

Serum level

Ig6>IgA>IgM>IgD>IgE




The antibody couples the specific recognition of antigen to
the activation of non-specific effector mechanisms

variable regions
(antigen-binding sites)

constantregion
(effector function)



Ig can be split into three fragments, two identical to each
other called Fab and a third Fc fragment
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Antibodies can perform several effector functions
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1. Antibodies can neutralize the infectious ability of pathogens

Acidification of endosome

Virus binds to receptors Receptor-mediated after endocytosis triggers
on cell surface endocytosis of virus fusion of virus with cell

and entry of viral DNA

Antibody blocks binding
to virus receptor and can
also block fusion event

“

Figure 9-25 Immunobiology, 6/e. (©

Garland Science 2005)

Colonization of cell surface by Some bacteria become internalized |Antibodies against adhesions block
bacteria via bacterial adhesions and propagate in internal vesicles colonization and uptake
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1. Antibodies can neutralize pathogen-derived toxins
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The antibody couples the specific recognition of antigen to
the activation of non-specific effector mechanisms

ANTIBODY STRUCTURE

Typical antibodies have a Y-shaped configuration.

Target protein
Antigen-
binding site
> > »
Fab

» Effector functions




2. Antibodies can enhance phagocytosis of pathogens
(OPSONIZATION)

Sl Il batterio coperto di anticorpi
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La membrana del macrofago
circonda il batterio

Le membrane del macrofago
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Activation of macrophage, leading to
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Antibody-mediated crosslinking

of Fc receptors is necessary
for phagocyte activation!




Fc receptor family

FcyRI

: FcyRIl FeyRIII FcaR FceRI

CD32
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Mast cells, basophils,

eosinophils
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Kuby IMMUNOLOGY, Sixth Edition
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3. Antibodies can induce cytotoxicity by innate immunity cells
(Antibody Dependent Cytotoxicity-ADCC)
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4. Antibodies can induce the activation of COMPLEMENT
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Five
different Ig
classes

(ISOTYPES)
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The HINGE region
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Ig6

Most abundant Ig in body
Highest concentration in serum (75%)
Major form produced in secondary response
Four subclasses: IgG1-4

1gG1 1gG2 IgG3 9G4

Disulfide

bond
Proporzione delle 1gG totali (%) 45-75 16-48 2-8 1-12
Lunghezza della cerniera della catena
pesante (aminoacidi) 15 12 62 12
Numero di legami disolfuro nella cerniera 2 4 11 2
Suscettibilita della cemiera alla proteolisi ++ + +++ K
Emivita nel siero (giorni) 21 21 7 21




IgG

Properties and functions:
+»They can cross the placenta



FcRn mediates IgG transport at the materno-fetal
barrier and into tissue interstitial space

FcRn-mediated transport of Ig6 at

the materno-fetal interface
Y

Jk
Maternal blood

(physiological pH

FcRn-dependent recycling of IgG extends their
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IgG

Properties and functions:
*»They can cross the placenta

*»They neutralize pathogens and
bacterial toxins



IgG

Properties and functions:
*»They can cross the placenta

»They neutralize pathogens and
bacterial toxins

*»They activate complement
I963>Ig61>Ig62



IgG molecules bind to antigens
on bacterial surface

The Fab fragments bind the antigen and
the Fc fragment remains accessible......

. . C1q binds to two or more IgG molecules and
ans but 1.0 GC""VO"’C the C'OSS'CG' PG"'hWGY 1'WO q initiates (omplemeng adivation

Ig6 molecules are needed which must
simultaneously bind a C1 molecule

C1q binds to soluble immune complex and
initiates complement activation

Even soluble antigens g‘:} \
can activat complementt! Z




IgG

Properties and functions:
*»They can cross the placenta

»They neutralize pathogens and
bacterial toxins

*They bind Fc receptors

« Phagocytosis - opsonization
- ADCC



The constant region of IgG is recognized by specific
receptors: FcyR
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A family of Fcy receptors

FcyRI
(CDG64)
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Fcy receptors activators and inhibitors
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Ig6 antibodies are potent opsonins: they enhance the
phagocytosis of extracellular pathogens because they
are recognized by activating Fcy receptors

o Binding of Fc receptor i
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IgG antibodies promote
antibody-dependent cellular cytotoxicity (ADCC)
by engaging activatory Fcy receptors
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Many innate cell populations are capable of ADCC

A Lytic enzymes
@ Perforin
® TNF

¢ Granzymes

Neutrophil

NK cell

Surface
antigen (Ag)

Fcreceptors

Macrophage




IgG contributes to the suppression of the signal
transduced by the BCR by engaging the inhibitory Fcy receptor
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In macrophages, the FcyRIIB receptor blocks the signal
transduced by the activating counterpart

Igé 196
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inflammatory cytokines




Activating and inhibitory Fcy receptors set a threshold for
immune effector cell activation by immune complexes
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Which factors modulate the pro-inflammatory vs anti-
inflammatory function of Ig6-containing immune complexes?

® Expression of activating and inhibitory Fc
receptors

® Functional polymorphisms of Fcy receptors
® Differential binding ability of IgG subclasses

® Post-translational modifications of IgG



Functions of IgG subclasses
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IgA

IgA (dimer)

IgA can form monomers (blood), and

Olinked carbohydrate

dimers (mucosal tissues).body

The dimer is stabilized by the 7<n§
presence of an additional invariant

chain, the J chain.

IgA can be found in circulation but is the major
isotype found in secretions such as mucus in gut, milk
from mammary glands, tears, and saliva.

‘TIgAl is more prevalent in serum (90%);
IgA2 is more prevalent in secretions.




A specific transport mechanism for secretory IgA

‘Stalk’ of the plgR is degraded to release IgA
containing part of the pIlgR - the secretory

component

J
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capture IgA produced
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A specific transport mechanism for secretory IgA
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IgA Functions

Secreted IgA on the gut
surface can bind and
neutralize pathogens

and toxins

IgA is able to bind and
neutralize antigens
internalized in
endosomes

IgA can export toxins
and pathogens from
the lamina propria
while being secreted
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Figure 11-15 Immunobiology, 7ed. (© Garland Science 2008)



Neonatal humoral immunity

Antibodies can
6. Cross the human placenta from mother to fetus (IgG only)
7. Dimeric IgA also found in breast milk -> GI tract of a nursing infant

Dimeric
IgA




J chain

Figure 4.29 part 1 of 2 The Immune System, 3ed. (© Garland Science 2009)

Effector functions:
-first Ab produced in a primary response
-tend to be lower affinity but high avidity
‘pentavalent (10 total Ag-binding sites)

‘many are “natural antibodies" from B-1 B cells

-very good at complement fixation leading to target lysis



Avidity: The overall strength of binding between a
multivalent Antigen and a whole Antibod

Valency of Avidity of
interaction interaction
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Binding to antigen changes the conformation of IgM

Pentameric IgM molecules bind to
antigens on the bacterial surface
and adopt the 'staple' form

‘planar’ form
of IgM
‘staple’ form
of IgM

o~

N
C1q binds to one
bound IgM molecule

Free IgM has a planar
conformation and is unable to
fix complement

Binding to the antigen
induces a conformational
change that makes the
constant portion
accessible

Complexed IgM binds to the complement
component Clq, activating it



IgM complexed to the antigen activates the
classical complement pathway

Initiation of the classical pathway of complement by IgM binding to antigen on a pathogen surface
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Figure 9.28 The Immune System, 4th ed. (© Garland Science 2015)



Secretory IgM protects together with IgA
mucosal surfaces from microbial invasion

Y




+IgD is a minor component of blood but is present at higher levels in
secretions of the upper respiratory tract.



- IgE is best known for its role in allergy and asthma.

- IgE play a role in protection against parasitic helminths
(worms), protozoa, and venoms.

- It is made in very small quantities but induces potent
effects upon binding on FceR



The high affinity receptor for IgE

FceRl: High-affinity IgE receptor
NH,
IgE binding site
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Mast cells, basophils,
eosinophils (low levels),
Langerhans cells,
activated monocytes.




Effector functions in helmint infections

Elminti

Linfociti T CD4+
naive
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IgE antibody cross-linking on mast cell leads to a rapid
relese of pro-inflammatory mediators

Resting mast cell Activated mast cell

Resting mast cell contains granules Multivalent antigen cross-links
containing histamine and bound IgE antibody, causing release
other inflammatory mediators of granule contents




IgE provides a mechanism for the rapid ejection of parasites

Fce receptors expressed on
eosinophils promote antibody-
dependent cellular cytotoxicity
(ADCC)

eosinophil

schistosome

The whipworm Trichuris trichiura embeds in the
surface epithelium of the colon, leaving its
posterior free in the lumen




The different Ig isotypes can perform
different effector functions

Functional activity igM | IgD | IgG1| IgG2| IgG3| IgG4| IgA | IgE
Neutralization + - e - - ++ ++ -
Opsonization + - . 4 + i -
sonetzaon o anco) [ - [ = I - IEl- - -
e - = =00 000

é\;;it\é?'t]es complement - _ |- . . ~ i ~

Figure 9-19 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)




- IgE and its role in allergy and asthma.



The allergic reaction: an integrated view

@ Sensitization phase

First exposure
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Antigen activation
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Antibodies are responsible for some
hypersensitivity reactions

Type | Type Il Type 1Nl
Immune
reactant 1= 96 196
2 Soluble Cell- or matrix- Cell-surface Soluble
Antigen antigen associated receptor antigen
antigen
Complement, Antibod
Effector Mast-cell FcR* cells e Complement,
mechanism activation (phagocytes, alters phagocytes
NK cells) signaling
immune complex
platelets'. é
> ’
BN :
complement
)
=
Allergic rhinitis,
allergic asthma : s
Example of ; ’ Some drug Chronic urticaria :
hypersensitivity atorSJ;cStZ(r:;ie(z:ma, allergies (antibody against SAerans S;g:gt?gﬁ'
reaction anaphylaxis, some (e.g., penicillin) | FceRI alpha chain)
drug allergies




