Comprendre les
IMMUNODEFICIENCES et les
IMMUNOTHERAPIES

Rappels sur les acteurs cellulaires et
moléculaires, les interactions SI inne / SI
adaptatif

Immunodéficiences : innées, acquises
(Hypersensibilités et Auto-immuniteé?)
Immunothérapies : actives, passives
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Motifs PAMP : LPS, peptidoglycanes, ARN db viraux, ilots CpG ADN bact...
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Que « voient » les LT, les LB et les Ig ?
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Figure 4 : reconnaissance de I'antigéne par les lymphocytes T
{le peptide antigénigue et la partie reconnue du CMH sont représentés en traits épais)
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Figure 3 : reconnaissance de I"antigéne par les lymphocytes B et par les anticorps
{I'épitope est représenté en trait épais)



Que voient les macrophages ?
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] MEIM, 2001, vol 343, 3358-344
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IMMUNODEFICIENCES
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Serum samples are added to
immunoelectrophoresis plate

Serum samples are separated
by electrophoresis

Rabbit anti-human serum is added to
the central trough and diffuses into
the plate, forming precipitin lines

Serum from patient with recurrent infection

Serum from normal individual
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Figure 11-9 Immunobiology, 6/e. (© Garland Science 2005)
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Figure 11-10 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)
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Figure 11-10 part 2 of 2 Immunobiology, 6/e. (© Garland Science
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Figure 11-12 Immunobiology, 6/e.(© Garland Science 2005)

Déficit en CD40L
(ligand de CD40) sur LT

-->[’TIA CD40/CD40L
est obligatoire pour initier
le phénomene de switch
dans les ganglions, orient¢
vers # 1sotypes selon les
cytokines présentes

--> donc pas d ’autre
1sotype qu ’IgM dans le
serum




Récepteurs des interleukines :
role de la chaine yC
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L ’infection a VIH

Eléments de physiopathologie



Les virions

RNA
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transcriptase

Figure 11-21 Immunobiology, 6/e. (© Garland Science 2005)




RoOle des cellules dendritiques

Intraepithelial dendritic cells HIV is internalized into gfgﬁg:géctgﬁg;t:ﬁ t,,?,?,‘;i

bind HIV using DC-SIGN early endosomes transfer HIV to CD4 T cells

Figure 11-22 Immunobiology, 6/e. (© Garland Science 2005)



Taux de LT/CD4+ et état clinique
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Seroconversion

Death
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Figure 11-20 Immunobiology, 6/e. (© Garland Science 2005)




CD4 T cell concentration

Cinétiques virales et immunitaires

Aeute Chronic Sub-clinical Skinand  Systemic
infection lymphadenopathy  immune dysfunction ~ MUCOUS - Immune
membrane  deficiency
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La réponse immunitaire est protectrice tant que le nb de LT4 reste correct




Cinétiques Ac /CTL/ virus
plasmatique

Immune response to HIV

Antibodies against HIV Env

HIV-specific CTL

Antibodies against HIV p24

Infectious virus in plasma

4-8 weeks 2-12 years 2-3 years

0-1
years

Figure 11-29 Immunobiology, 6/e. (© Garland Science 2005)
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Infections Malignancies

Parasites Toxoplasma spp. Kaposi's sarcoma - HHV8 _ _
Cryptosporidium spp. Non-Hodgkin's lymphoma, including
Leishmania spp. EBV-positive Burkitt's lymphoma
Microsporidium spp. Primary lymphoma of the brain

Intracellular || Mycobacterium tuberculosis ) .

bacteria Mycobacterium avium Maladies opportunistes le plus
S:,’gﬁf,i’,’,:’g;%_ souvent rencontrées

Fungi Pneumocystis carinii - + symptdmes directement
Cryptococcus neoformans Cy o\ e . . .
Candida spp. l1és a ’infection : intestinaux,
Histoplasma capsulatum -
Coccidioides immitis neurologiques

Viruses Herpes simplex

Cytomegalovirus
Varicella zoster

Figure 11-30 Immunobiology, 6/e. (© Garland Science 2005)




IMMUNOTHERAPIES

Actives, passives
Préventives, curatives

Infectieuses, non infectieuses



A - Applications thérapeutiques des Ac:
serums et sérothérapies

[mmunisation
= injection d'Ag

Lymphocyte B

Hybridome —

Sélection de g

Fhybridome  Clanage des hybridome  |F3 Av T L7

producteurs d'Ac
fsolement des Ac

moneclonaux

Technique des hybridomes

\:USiOH Culture de tissu cancéreux

FIAGE  [IGPLAY TRANGGIHILE
Aempiily cDHE Tram buman B-Celis, Immwalie Irasigeois mauig cenbassisg
and ligaie inte vecLars 1a ferm Fartaas ksirrrarragicbulin 162

hearay (HE and Light L) chain libraries H{_\‘w
d
O O R L
M ¥

Rasdamily cembirs H and L libraries
19 ferm @ cam@inaiorial Biterary

G=“:=G &

Hirvesl dxlees

O kL . LT
ML & &
D=q
Hxprenn inphage dinplay Likrary Cepreprade Bybrideman leg by Fusiand
C— -
B © &

in I'I:I'.I ‘ ‘

Serwen Fer dedired asbivily

L LA L X R RNy Y
FEEFEFS

Human mearacEenal anibosy

Ac monoclonaux humains




Atténuations de virus

The virus acquires many The virus no longer grows well
mutations that allow it in human cells (it is attenuated)
to grow well in monkey cells and can be used as a vaccine

The pathogenic virus is isolated
from a patient and grown
in human cultured cells

The cultured virus is used
to infect monkey cells

=
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Figure 14-24 Immunobiology, 6/e. (© Garland Science 2005)

Des stratégies de + en + maitrisées : culture
sur cellules d “espece #



Isolate pathogenic virus

Isolate virulence gene

Receptor-binding
protein

\ Virulence
=

Core proteins

J o & oL
N N
Mutate virulence| | Delete virulence
gene gene

Resulting virus is viable, immunogenic but
avirulent. It can be used as a vaccine

Figure 14-25 Immunobiology, 6/e. (© Garland Science 2005)

Atténuation controlée :

D¢létion ou
mutagénese dirigée de
genes de virulence



Clone gene for influenza Inject cloned gene into Infect mice

hemagglutinin in a plasmid muscle tissue with influenza virus Measure virus titer

(control)

Virus
@ hemagglutinin R © ﬂ titer uninjected mice

o =
N
= =
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Y et
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& injected
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- Time

Figure 14-28 Immunobiology, 6/e. (© Garland Science 2005)

Vaccins ADN : semblent prometteurs, mais encore beaucoup
d ’inconnues (induction Ac et CTL, présentation CMH]1 et CMH2,
stabilité, risque d ’intégration ?7?)




Immunize mouse with
irradiated tumor cells

C

irradiated
tumor cells
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< |
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Inject viable cells

of the same tumor

N
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of a different tumor
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Response to
unique tumor
rejection antigens
eliminates
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Response to irradi-
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eliminate unrelated
tumors of a
different cell type
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(Y

Figure 14-10 Immunobiology, 6/e. (© Garland Science 2005)

Les tumeurs sont
Immunogenes :

--> Notion d’antigene
tumoral



Potential tumor rejection antigens have a variety of origins

Class of antigen Antigen Nature of antigen Tumor type
Tumor-specific Cyclin- Cell-cycle regulator Melanoma
mutated oncogene || dependent
or tumor kinase 4
suppressor
B-Catenin Relay in signal transduction ||| Melanoma
pathway
Caspase-8 Regulator of apoptosis Squamous cell
carcinoma
Germ cell MAGE-1 Normal testicular proteins Melanoma
MAGE-3 Breast
Glioma
Differentiation Tyrosinase Enzyme in pathway Melanoma
of melanin synthesis
Surface Ig Specific antibody after Lymphoma
gene rearrangements in
B-cell clone
Abnormal HER-2/neu Receptor tyrosine kinase Breast
gene expression Ovary
Abnormal post- MUC-1 Underglycosylated mucin Breast
translational Pancreas
modification
Oncoviral protein HPV type 16, ||| Viral transforming Cervical carcinoma
E6 and E7 gene products
proteins

Figure 14-11 Immunobiology, 6/e. (© Garland Science 2005)




Mechanisms by which tumors escape immune recognition

Low
immunogenicity

Tumor treated as
self antigen

Antigenic
modulation

Tumor-induced
immune suppression

Tumor-induced
privileged site

No peptide:MHC ligand
No adhesion molecules
No co-stimulatory

Tumor antigens taken
up and presented by
APCs in absence of

co-stimulation

Antibody against tumor
cell-surface antigens
can induce endocyto-
sis and degradation of
the antigen. Immune

Factors (eg,TGF-p3)
secreted by tumor cells
inhibit T cells directly

Factors secreted by
tumor cells create a
physical barrier to the

molecules 2 lection of antigen- immune system
tolerize T cells selection ot anlig
loss variants
CcD8
CD28 e
LFA-1
TCR
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Figure 14-14 Immunobiology, 6/e. (© Garland Science 2005)

--> manipulations de la réponse anti-tumorale




Malignant tumor cells
expressing TRA but no
co-stimulatory molecules

Naive CDS8T cells specific
for TRA cannot be activated
by the tumor cells and
may be rendered anergic

Tumor grows
progressively

Tumor death

size

Time

Figure 14-20 part 1 of 3 Immunobiology, 6/e. (© Garland Science 2005)

Comment la tumeur « tolerise » les LT cytotoxiques




Tumor cells expressing B7
can activate TRA-specific
CD8 T cells

Transfect tumor cell
with B7

: Mouse can now reject
Acgna:?: a::eDt?n-:; gf i parental B7-negative or

GM-CSF-negative tumor

Tumor Tumor
size size
GM-CSF recruits dendritic ) L
i i cells, which can present | ( q,> 'L>
tumor antigens to T cells

C

[

Figure 14-20 part 3 of 3 Immunobiology, 6/e. (© Garland Science 2005)
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Figure 14-20 part 2 of 3 Immunobiology, 6/e. (€ Garland Science 2005)

Comment on peut rendre une tumeur plus immunogene :
B7, GM-CSF...



Deéereglements du SI

(hors programme ? Ou
« deficiences fonctionnelles » ?

Hypersensibilités

Auto-immunité



IgE, mastocytes et réactions
d’hypersensibilite de type 1

Allergen
x >
» smooth muscle cell
b i~ CD4

7~ W=\ -
O O Small blood vessel
B cell = IL-4 TH cell
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Memory cell o g2
L Allergen- Sensitized mast cell it @
LAY : oy
L specific ‘ ‘
IgE % Eosinophil

Production d "IgE contre Ag non parasitaires ...



Les allergenes ??? généralement des petites protéines (15.000 a 40.000
kd) ou des haptenes, mais le déterminisme physico-chimique
de I’allergénicité reste mal compris ....

Dégranulation des mastocytes : micrographie électronique



Effets de 1 histamine sur différents

Organes

H2 feedback H1 effector
lymphocyte blood vessels
1 activation 1 permeability
PMN

L oenzyme release |3

L chemotaxis

rmast cell
| histarmine
release

basophil

| histamine release

| chemotaxis

macrophage

! C2production

1 permeability

- Fixation aux
récepteurs H1

- Effets différents
selon les organes

- variation selon
voie d ’entrée et

dose ( IV ->
vasodilatation,
bronchoconstriction,
ccdeme de la glotte ->
choc anaphylactique)
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Exemple de réaction de type II :
les réactions transfusionnelles

(a) Galactose

Lipid or protein
o :
Fucos N-Acetylglucosamine

O antigen

N-Acetylgalactosamine

A antigen B antigen
(b)

1 Blood-group Antigens on ervthrocytes Serum antibodies
Genotype phenotype  (agglutining) (isobemagelutining)
AA or AQ A A Anti-B
BB or BO I3 B Anti-A
AB AB Aand B None
00 ] None Anti-A and anti-B




B antigen

~—— Anti-B antibody (IgM)

ABO INCOMPATIBILITY

EE__E
\ ey eq1e
E Immune cumj:lex formation HypersenSIblllte tVD@ II:
\ la réaction de transfusion
] Activation of complement .
e 1 sanguine

C5-8 membrane attack complex

MEMERANE LESION
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Erythroblastose feetale : allo-immunisation
foeto-maternelle par incompatibilite Rhésus

DEVELOPMENT OF ERY THROBLASTOSIS FETALIS (WITHOUT RHOGAM)

Placenta

antigen

Ist Pregnancy

Memaory cell

2nd Pregnancy

;@T}’Iﬂsmﬂ Ctllw
g e o
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e IgM
Rh-specilic Bu:llo e

Memory cell

(AR

IgG anti-Rh Ab crosses placenta
and attacks fetal RBCs causing
ervthroblastosis fetalis

PREVENTION (WITH RHOGAM)

Mother
(treated with Rhogam)

O B cell

. Rhogam

v,

¥

Prevents

B-cell activation
and memory cell
formation



La réaction d "hypersensibilite
retardee

Antigen is processed by tissue macrophages
and stimulates Ty1 cells

v

chemokines cytokines  cytoloxing

v

9 L

J g J -
Chemokines IFN-~ TNF-« and TNF-(3 IL-3/GM-CSF
: Local tissue destruction.
Macrophage Activates macrophages : Monocyte
recruitment increasing release of | | Increased expression of production by bone

to site of antigen

inflammatory mediators

adhesion molecules on
local blood vessels

marrow stem cells




La s¢lection centrale : LT et thymus
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Apoptosis
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Sélections positive et négative dans le thymus
Tiré de Ian Mackay, New England Journal of Medicine, 2000, 343 N°1 Fisue 24



Modele experimental d ’etude des selections

thymiques
Figure &
Transgene TCR aff anti H-Y/H-2K?
v

Axxét de diffézenciation  Déplétion thymique Diffézenciation T

au stade DP quasi compléte CD8 anti H-Y noxmale
; Dé.faut dE_ ; La sélection négative délete

sélection positive tous les thymocytes

expsimant le TCR anti H-Y

Résumé du travail de P. KISIELOW et al. Nature 1988, 335,730-733



Tolérance périphérique

lgnorance Immunclogique
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Figure N*22

Mew England J Med 2001, 344, 65!



Mouse after induction of EAE (left), Physiopathologie de
compared with normal healthy mouse I’EAE ( En Cép ha lomyé lite

Autoimmune Expérimentale :
modele de la sclérose en
plaque) :

role ++ de LT/ TH1
spécifiques de la MBP
(protéine basique

de la my¢line = auto-antigéne
présumé)

Mice injected with myelin
basic protein and complete

The disease is mediated by | | Disease can be transmitted

: myelin basic protein- by transfer of T cells
Freund's adjuvant develop specific Tul cells .
EAE dbd e paralzed p H from affected animal
IFN-y  TNF-a

paralysis

°~ || X2

paralysis

Figure 13-3 Immunobiology, 6/e. (© Garland Science 2005)




Diabete de type 1

e destruction a médiation immunitaire des
ilots de Langerhans

Ilot normal



Une maladie spécifique
d ’organe: la myasthénie grave

BLOCKING AUTO-ANTIBODIES (Mvasthenia gravis)
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Muscle cell X
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Muscle activation Muscle activation inhibited



