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TWO CLASSES OF PATHOGENS

EXTRACELLULAR

BACTERIA: 
Streptococcus, Staphylococcus, 

Neisseria, Salmonella
PARASITES

Plasmodium, Trypanosoma, 
Toxoplasma

INTRACELLULAR

VESICULAR
BACTERIA:

Mycobacteria, Chlamydia, 
Shigella, Legionella

PARASITES:
Leishmania, Schistosome

CYTOSOLIC
VIRUSES



HUMORAL IMMUNITY (ANTIBODIES AND COMPLEMENT)  IS USED TO

FIGHT AGAINST EXTRACELLULAR BACTERIA 

CELLULAR IMMUNITY IS USED TO FIGHT AGAINST INTRACELLULAR

MICROBES (CTL/VIRUSES; TH/INTRACELLULAR BACTERIA)

HUMORAL IMMUNITYAND CELLULAR IMMUNITY



Emil von Behring, Nobel prize of physiology or medicine in 1901

He discovered that the sera from animals vaccinated with 
« attenuated » diphteria contained substances, antibodies that protected 
other animals from living organisms

The first successfull treatment of a child occured in 1891



THE EFFECTOR FUNCTIONS OF ANTIBODIES

I-Antibodies, definitions, structure and isotypes

II-Effector functions of antibodies

1-Complement activation

2-FcR dependent functions :
-via the Fc gamma R : `
Internalization
cytotoxicity
cell activation
inhibition of cell activation
-via the Fc epsilon R

III-Transport function via FcRn and PolyIgR



ANTIBODIES ARE BIFUNCTIONNAL MOLECULES

Immunology, 7th edition, D.Male et al., Mosby, Elsevier





Immunobiology, 6th edition,, C.Janeway et al., Churchill, Livingstone













IMMUNOGLOBULINS A

- PRESENT IN MUCOSAL TISSUES

- TWO ISOTYPES IgA1 et IgA2

- MONOMERS IN BLOOD (IgA1/IgA2 = 4)

DIMERS IN MUCUS (IgA1/IgA2 = 3:2)-







Basic Immunology, 2nd edition, Abbas and Lichtman, Saunders Elsevier ed



Ig isotypes have an heterogeneous 
distribution in the body

Immunobiology, 6th edition,, C.Janeway et al., Churchill, Livingstone



Isotypes have different functionnal activities

Immunobiology, 6th edition,, C.Janeway et al., Churchill, Livingstone



FUNCTIONS OF ANTIBODIES

IgM PRESENT IN BODY FLUIDS
DEFENSES AGAINST INFECTION AND CANCER

IgG PRESENT IN BODY FLUIDS AND TISSUES,
DEFENSES AGAINST INFECTION AND CANCER

IgA PRESENT IN MUCOSAL SURFACES,
NEUTRALIZATION OF PATHOGENS

IgE PRESENT IN TISSUES AND ON VASCULAR ENDOTHELIUM,
ALLERGY, DEFENSES AGAINST HELMINTHS



CLASSICAL PATHWAY LECTIN PATHWAY ALTERNATIVE PATHWAY

COMPLEMENT ACTIVATION

INFLAMMATORY
REACTION

MICROORGANISMS
OPSONISATION

LYSIS OF BACTERIA

Ag AB MICROORGANISMS MICROORGANISMS



C1q

C1rC1s



Immunobiology, 6th edition,, C.Janeway et al., Churchill, Livingstone



ANTIBODIES

***

(from Janeway et al, « Immunobiology », 
5th edition Garland ed » )



(from Janeway et al, « Immunobiology », 
5th edition Garland ed » )

ANTIBODIES

C1

C4b

C4a



(from Janeway et al, « Immunobiology », 
5th edition Garland ed » )
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Cellular and molecular immunology, 4th edition, A.K. Abbas et al., Saunders ed



Cellular and molecular immunology, 4th edition, A.K. Abbas et al., Saunders ed



Basic Immunology, 2nd edition, Abbas and Lichtman, Saunders Elsevier ed



EFFECTOR ROLES OF COMPLEMENT

« ANAPHYLATOXINS »
C4a, C3a, C5a

C5b - C9C3b
and derivatives

ACTIVATES THE 
INFLAMMATORY 
REACTION :
-RECRUTMENT OF PHAGOCYTES
-VASCULAR PERMEABILITY

CR3
C5aR

OPSONISATION
EXTRACELLULAR 
PATHOGENS

ELIMINATION
OF IMMUNE
COMPLEXES

CR3
CR4 CR1

LYSIS
EXTRACELLULAR
PATHOGENS
(Neisseria)

ACTIVATION OF B CELLS
MEMORY

CR2

SOLUBILISATION
OF IMMUNE
COMPLEXES



CLASS FcR for
TRANSPORT OF Ig

IgM - PolylgR

IgG RFcγ RFcn

IgA RFcα PolylgR

IgE RFcε

IgD -

FcR TYPE

-

-

OTHER FUNCTIONS OF ANTIBODIES



• Internalization
Phagocytosis 
Endocytosis

• Cell activation :
Release of mediators 
Perforin and granzyme release (ADCC)
Cytokine secretion 

• Inhibition of Cell activation

BIOLOGICAL ACTIVITIES OFBIOLOGICAL ACTIVITIES OF
AgAg--Ab (Ab (IgGIgG) COMPLEXES) COMPLEXES







γ γ

FcFcγγRIRI

MOUSEMOUSE FcFcγγRR

Macrophages
Neutrophils

NK cells
Monocytes
Mast cells

B cells
Mast cells

γ

α

FcFcγγRIIbRIIb

γ

FcFcγγRIIIRIII

Macrophages
Dendritic cells

b1 b2 γ

γ

FcFcγγRIVRIV

Monocytes
Dendritic cells
Neutrophils



ITIMITIM

FcFcγγRIIb1RIIb1 FcFcγγRIIb2RIIb2

γITAMITAM
ζ

FcFcγγRIIIRIII

ITAMITAM
γ γ

FcFcγγRIRI

ITIMITIM

ACTIVATING RECEPTORSACTIVATING RECEPTORS INHIBITORY RECEPTORSINHIBITORY RECEPTORS

((YYxxLxxL)(X)n()(X)n(YYxxLxxL)) ITITYYSLLSLL

«« Immunoreceptor Immunoreceptor tyrosine tyrosine 
activation motifactivation motif »»

«« Immunoreceptor Immunoreceptor tyrosine tyrosine 
inhibition motifinhibition motif »»

γITAMITAM
ζ

FcFcγγRIVRIV



T. Takaï, 
Nature Rev 2002
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INHIBITORY FcγRECEPTORS :
DOWN REGULATE ITAM-DEPENDENT RESPONSES

ITIMITIM ITAMITAM ITIMITIM

COCO--LIGATIONLIGATION

Ca++Ca++
influxinflux

MAPKMAPK

PI3KPI3K

Lck

SHIP1
SHIP2 Btk AKT

BCRBCR
TCRTCR
FcFcγγRR
FcFcεεRIRI

FcFcγγRIIBRIIB FcFcγγRIIBRIIB



MICE DEFICIENT IN    HYPERSENSITIVITY AUTOIMMUNE DISEASES
REACTIONS (II,III) (IgG DEPENDENT ) 
ARTHUS REACTION 

ACTIVATING FcγR IMPAIRED RESISTANT

INHIBITORY FcγR ENHANCED INCREASED 
SUSCEPTIBILITY



ACTIVATING FcγR

TOLERANCE AUTOIMMUNITY

INHIBITORY FcγR



FcγR POLYMORPHISMS IN HUMAN AUTOIMMUNE DISEASES

INCREASED FcγRIIa FcγRIIB   FcγRIIIA            FcγRIIIB
SUSCEPTIBILITY TO 

SYSTEMIC LUPUS 131 Arg 

ERYTHEMATOSUS 232 Thr*
and promoter

(SLE) 158 Phe 

NA2

RHEUMATOID ARTHRITIS (RA) 158 Phe

WEGENER GRANULOMATOSIS NA1

GUILLAIN BARRE SYNDROME 131Arg NA2

MULTIPLE SCLEROSIS 131 Arg NA2



Fcγ RECEPTORS CONTROL ANTIBODY THERAPY TO METASTATIC MELANOMA

MICE LACKING
ACTIVATING FcγR

MICE LACKING
INHIBITORY FcγR

NORMAL MICE



FCGR3A Gene 

1q23

FcγRIIIa-158F FcγRIIIa-158V

allele +4985T: 0,6 

allele +4985G: 0,4 

T

G

ATG
exon 6

Phenylalanine Valine

Homozygous 158F/F: ~ 35 %
Heterozygous: ~ 50 %
Homozygous 158V/V: ~ 15 %



Cartron et al., Blood 2002
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Median follow-up: 35 months (31-41)

12 months clinical response differences:  p = 0,03
Biological response differences: p = 0,04



EFFECTOR FUNCTIONS OF IgE















ADCC AGAINST HELMINTHS

EOSINOPHILS BASOPHILS

RFcIgE

PERFORIN

RC3b
IgE

C3b

RFcIgE

KILLS PARASITE
+ INFLAMMATORY REACTION

CF04

DEGRANULATION

HISTAMIN RELEASE

PAF, LEUKOTRIENES

CHOC
OXYDATIF



TRANSPORT FUNCTIONS 
OF ANTIBODIES 





Transport across Placenta
Immunobiology, 6th edition,, C.Janeway et al., Churchill, Livingstone




