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UPmC Les moyens de lutte anti-infectieux
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Défenses Innées Défenses Adaptatives

/ Barriéres \ / Défenses \ / Immunité \/ Immunité \

Anatomiques: internes: Humorale: Cellulaire:
Peau Fievre Lymphocytes B Lymphocytes T
Muqueuses Phagocytes Anticorps - Auxiliaires
Inflammation (CD4+)
Cellules NK -Cytotoxiques
(CD8+)

\l AN AN AN
/. N (.

~

Réponse initiale et rapide Réponse plus tardive lors d’'une
*Permet le plus souvent d’éliminer primo-infection
efficacement les pathogénes *Réponse spécifique d’Ag
*Aide a la mise place de la Réponse *Dotées de Mémoire
Adaptative

- AN /
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* Peau et Muqueuses
— Couche de cellules épidermiques

— Sébum assure une résistance
contre certaines bactéries et
champignons

— Mucus piege les microbes et
impuretés.

« Systéme lacrimal
« Salive

* Fluides gastriques
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Premiére ligne de défense:
les barrieres anatomiques

Innate mechanisms protecting skin/epithelivm

Movuth and upper
alimentary canal

Skin ———— Stomach

Small intestine

Large intestine

Airway and lungs

Figure 3-1
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company

Antimicrobial peptides, fatty acids in sebum

Enzymes, antimicrobial peptides, and sweeping of
surface by directional flow of fluid toward stomach

Low pH, digestive enzymes, antimicrobial peptides,
fluid flow toward intestine

Digestive enzymes, antimicrobial peptides,
fluid flow to large intestine

Normal intestinal flora compete with invading
microbes, fluid/feces expelled from rectum

Cilia sweep mucus outward, coughing, sneezing
expel mucus, macrophages in alveoli of lungs

Epithelial lining of
airway and lung

Epithelial lining of
alimentary canal

Stomach

Large
intestine

Small
intestine

Rectum



UPmC Le Sébum empéche la colonisation bactérienne
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S. aureus E. coli

Parmi les nombreux agents
produits par la peau humaine, des

recherches récentes ont identifié la =

psoriasine, une petite protéine (g} B =

ayant une puissante activité anti- Inoculation
microbienne contre E. Coli. 30 minutes

@@

Fresh culture plates

Incubate

S aureus

¥

A\
/

Figure 3-2
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company
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UPmC Recrutements des défenses innées
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\\b Tissue damage causes release
of vasoactive and chemotactic

¢ &8
factors that trigger a local & HAR \| , Phagocytes and antibacterial

increase in blood flow and : ; exudate destroy bacteria

. i capillary permeability Bacteria :

Vasodilatation p : ; X ¥

@ X

Permeable capillaries allow an . .

. . Exudate Phagocytes migrate to site of

influx of fluid (exudate) and cells (complement, inflammation (chemotaxis)
C-reactive

protein)

Neutrophils and
o other phagocytes
O o -
= Extravasation
Capillary
S

Figure 3-5

Kuby IMMUNOLOGY, Sixth Edition

© 2007 W.H.Freeman and Company

Inflammation:

Rougeur / Chaleur / Douleur
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Rolling and extravasation

Rolling

e

Activation

D

Arrest/
adhesion

Extravasion

a

Transendothelial migration

Endothelium

Figure 3-7a
Kuby IMMUNOLOGY, Sixth Edition

© 2007 W.H.Freeman and Company

Bertrand Bellier — DES Cambodge 2009

Initiation of extravasation

Neutrophil

Chemokine or
chemoattractant
receptor

2
Selectin-mucin Chemokines/ 3 Integrins adhere
interactions chemoattractants firmly to ICAMs
mediate rolling induce change

in integrins

Figure 3-7b
Kuby IMMUNOLOGY, Sixth Edition
©2007 W.H.Freeman and Company



UPmC Phagocytose:
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microscopie électronique d’un macrophage qui phagocyte des bactéries E. Coli

Figure 3-6a
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company
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=

- Bacterium becomes

attached to membrane
evaginations called
pseudopodia

®

Bacterium is ingested,
forming phagosome

©

Phagosome fuses with
lysosome

Lysosomal enzymes
digest captured material

Digestion products are
released from cell

Figure 3-6b
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company
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* NK « Natural Killer »

Les cellules NK

 Lyse les cellules anormales n’exprimant pas de molécules de CMH

 Pas de reconnaissance d’antigene

 Pas d’activation au préalable

°]
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 Cytokines
— Cytokines

— Interférons
Produits par les lymphocytes, macrophages et

fibroblastes.
* Inhibent la réplication virale
Par dégradation de 'ARN viral
Activatent macrophages, cellules NK et
lymphocytes

— Chimiokines

Protéines sériques de la phase aigue
Protéines du compléments

Protéines C-réactive : CRP

Bertrand Bellier — DES Cambodge 2009

Médiateurs de I'Inflammation

| Innate defenses —> Internal defenses

Virus
@ Viral nucleic acid

@ Virus enters -
— New

L2 ceII
viruses "~ (5) Antiviral
proteins

D ®\,‘:’;::z:;§:m.
KO A&

® Interferon, |
genes [
turned on. |
DNA ‘
Nucleus w‘ ‘
mRNA ||
[\
/ \
/
/
A
/‘ 3
/ <.~ (@ Interferon binding
(®Interferon \//\; _~\__ stimulates cell to
molecules o ~_turn on genes for
produced.// \’an\tyiral proteins.
Host Cell 1 Host Cell 2
Infected by virus; Binds interferon
makes interferon; from cell 1; interferon
is killed by virus induces changes that
protect it

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings.



UPmC Activation du complément

MAA1 PARISUNIVERSITAS
B. Bellier

Adaptive Innate

e @ @b - l»\caa @Bacterium becomes
attached to membrane
evaginations called
@ pseudopodia
Bacterium is ingested,
forming phagosome

®

3
( Cs; b.Bb —— ([:33 O Phagosome fuses with
lysosome

C3 Convertase

®

Lysosomal enzymes
digest captured material

©

Digestion products are
released from cell

Figure 3-6b
Kuby IMMUNOLOGY, Sixth Edition
©2007 W.H.Freeman and Com

. W W & la\s 4 Pore
Complement
proteins
(C5b-C9)

Membrane attack complex ﬁ

Membrane
of target cell

Cell mgmbrane

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings.
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UPmC La réeponse inflammatoire
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|
|
|
|
L Y
| Release of chemical mediators Release of leukocytosis-
| (histamine, complement, inducing factor
- kinins, prostaglandins, etc.) o -}
] ° ° o o ° A
o - o ° o ° o ]
° o o o ° ° ° ° ° 5 °
-} ° ° ° o
ol ° ° \ °
o o o ) ) o
° ° o o ° SN
= Leukocytosis (increased
Oliar o AnS o . & 0 oo | e 8 ® numbers of white blood
o Yo o © 0° Yo o © © o o ° ° cells in bloodstream)
Vasodilation Increased capillary Attract neutrophils,
of arterioles permeability monocytes, and
lymphocytes to
l area (chemotaxis)
) I = Migration to
Local hyperemia Capillaries leak fluid injured area
(increased blood (exudate formation) ‘

flow to area) 0 a a (A.
| | a \— Blood flow slows ——— > | Margination (leukocytes
cling to capillary walls)

= |
Diapedesis (leukocytes

\J Y \ pass through capillary walls)
Increased oxygen Leaked protein-rich Leaked clotting
and nutrients fluid in tissue spaces proteins
; ; + Phagocytosis of pathogens
Walling-off proc and dead tissue cells
\4 Pain Swelling (bfoézgcﬁ)tsp;valr:?f (by neutrophils, short-term;
Increased * area to prevent injury by macropheges, long-tem).
temperature to surrounding area) |
increases Pus may form
metabolic Possible temporary ‘
rate of cells limitation of
joint movement ;:zm:g;lbrln Area cleared
scaffolding for repair of debrly

Y

| Healing ]

Bertrand Bellier — DES Cambodge 2( Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings.
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De la réponse innée
vers la réponse adaptative
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Copyright ® 2003, Elsevier Science (IJSA). All Rights Reserved.
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4 N

Innate immune
response

Adaptative immune
response

- /
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(Adaptive defenses —» Cellular immunity)

Viral antigen
internalized by APC

Processed viral antigen (peptide)
presented in combination with
class Il MHC protein

Class Il MHC

Dendritic
protein

cell
CD4 protein
- Immunocompetent
Dendritic helper T cell

cell presenting
antigenic peptide
recognized by
helper T cell

T cell receptor
(TCR)

Clone

formation /\

Activated
helper
T cells

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings.

Recrutement des lymphocytes spécifiques

Non-specific T cells
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Adaptive defenses d Humoralclmmur-llty
A Cellular immunity

-

T, cell help in cell-mediated immunity

Class Il MHC
protein

APC
(dendritic cell)

CD4 protein

(1) Dendritic cell
activates T,_| cell.

(2 Activated T, cell
stimulates
dendritic cell to
express additional
co-stimulatory
molecules on its
surface.

(3 Dendritic cell
with expressed
co-stimulatory
molecules
activates T, cell.

p .

; -

e

Class | —
(a) MHC protein

CcDs8
protein
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Cellules Présentatrices d’Ag: Macrophages:

*Macrophage
\ p

*Cellules dendritiques

()

Lymphocyte T: CDS8 CD4 Lymphocyte B:
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O |
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A
1
1
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]
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QL C O oy
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Cytotoxiciteé: )
lyse des cellules infectées Réponse humorale
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Cinétique de la réponse adaptative
Cas d’une primo-infection

Hecogmtlon

Activation

Effector Decline

phase phase phase (homeostasis)| | Memory
Antibody- V —— :
producmg Effector T Elimination| :
cell c«; lymphocyte | of antigens | :
I\O_;\'.J "" L
/"—“ O Ak
| Differentiation | ﬁ; ”
ﬁ Humoral
£ %ﬂ immunity
3, : : . Surviving
= Ce_ll-medi_ated = mig;gv
Antigen- Clonal MmOty Apoptosns
presenting SHpanSon %ff"\ ' ”\)%
%{CG" N o2 g i- ...‘ X
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20 Naive T 43 i O
ﬁ; e lymphocyte ;@ i'-;..:"{’
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2z

7 14

=30

Days after antigen expc
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« Génération lors de la primo-infection (ou vaccination) des cellules
« mémoire » responsables des réponses « mémoire » ou « secondaires »

« Caractérisées par des réponses immunitaires accélérées et amplifiées lors
du second contact antigénique

« Contribuent a la protection de I'organisme contre I’élément étranger déja
rencontré

Réponse Maintien de Réponse
Primaire La Mémoire Secondaire

Réponse

: AN ,
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UPmC Définition des cellules T mémoire
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e Cellules T mémoire

— Cellules ayant rencontré leur Aglors de la primo-infection ou
vaccination

— Elles différent des cellules naives par:

1. Les marqueurs de surfaces
= phénotype « mémaire »

2. Un seuil d’activation inférieur lors d’un noweau contact antigénique
= Plus sensibles a 'Ag
= Répondent plus vite al'Ag

3. Des fonctions accrues et multiples lors du second contact
= Effecteurs secondaires plus efficaces que les effecteurs primaires

4. Les récepteurs aux cytokines et chimiokines

= propriétés migratoires et localisation différentes

Frequence
A des cellules Ag-spe

* Immunité secondaire
— Modifications qualitatives
- Cf propriétés des cellules mémaire

— Modifications quantitatives
Fréquence de cellules T spécifiques a I’Ag supérieure
consécutives al’expansion clonale

Bertrand Bellier — DES Cambodge 2009
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Dynamique de la réponse mémoire
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INFECTION PRIMAIRE INFECTION SECONDAIRE
— pathogéne LyT effecteur
- -l LyT effecteur secondaire
- = 1= primaire
- = A= -
- --. - e
()
APC_ = = ®@ T~ vty
- - @ Fonction effectrice
J57 B e
@
® CIRCULATION
SANGUINE
J
=]
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IgM+ IgD+ \

B commuté B mémoire

IgG1+,
IgG2+
IgG3+

lgG4+
IgA+

IgE
Plasmocyte

A durée de vie longue

Persistance des Ac

v
v

A durée de vie courte

:1/% % Plasmocyte
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A
Réponse Ac lgG, IgA ou IgE

IgG, IgA ou IgE
igM
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Mémoire T et B

Nature Immunology 4,431 - 432 (2003)
CDS8 and B cell memory: same strategy, same signals
Corinne Tanchot & Benedita Rocha

ZAN

Division

]
o0
o0
= > °
Cytokine
secretion

secretion Killing

frreversibie lreversiie
differentiation By? differentiation By?
Where? CDA40 engagement Where? CDA40 engagement
Germinal on B cells 2 W’m on CD8" cells
centers CD8
When? When?
Late in primary Late in primary
? ?
What? response What? response

Isotype switch
Somaltic hyper mutation

Bertrand Bellier — DES Cambodge 2009

Improved division
Improved cytokine secretion
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Immunité de I'organisme assurée par:

— Systéme immunitaire inné majoritairement et particulierement lors des primo-
infections

— Systéme immunitaire adapatif (anticorps pré-existants et cellules T mémoire)
lors d’un second contact antigénique

Complémentarité des réponses innées et adaptatives:
— Cinétiques : réponses innées précoces et réponses adaptatives tardives

— Coopération cellulaire: cellules présentatrice d’Ag a I'interface entre Inné/
Adaptatif

Spécificité des réponses:
— Innée: reconnaissance de motifs spécifiques de micro-organismes (PAMPSs)
— Adapatif: reconnaissance de déterminants antigéniques (antigéne)
— Mécanismes effecteurs variable selon les pathogénes
— Reégulation, suppression

Naturally Artificially
o » acquired acquired
 Immunité: ¢_x_$ l_l_l
- Immunlte natu I"e"e l Indl"te Active Passive Active Passive
ag 7 . . Infection; Antibodies Vaccine; Injection
— |m mun |te pass |Vel actlve contact pass from dead or of immune
with mother to attenuated serum
pathogen fetus via pathogens (gamma
placenta; globulin)
or to infant
in her milk

Bertrand Bellier — DES Cambodge 2009



[ Antigen (Ag) intruder | Key: [ | = Humoral immunity

J - = Cell-mediated immunity
S IEN 4 —— = Stimulates
e S e — — =Inhibits
re — \ 2 riggers T -
7/ 43 Innate ~ ~
/ defenses N
' AN
/ — ] Suﬁgce Internal \
/ i 2,5_ o barriers and defenses \
/ ' / Y
/ Adaptive \
/ defenses \
/ \
I/ )
\
/ Ag-infected \
| body cell engulfed | ~ \
| by dendritic cell ’ \
/ \
\
\
Ag-presenting \
cell (APC)
presents , \
self-Ag complex Free Ags ~3 \

may directly

| Naive ) helper
' cytotoxic T cells
T cells

Activated to
clone and
give rise to

o

I Activated
to clone

Clone and
give rise to

|
|
I
|
|
|
I
I
|
|
|
|
|
I
I

| and give
l rise to \ Memory
| ' cytotoxic
\ T cells
\ ) I
\ Effector : l
\ plasma cells /
\ Aclivate'd ) Activated /
\\.?y;::;x'c 0 helper T cells Secrete //
\ ) X N7 7
¥ / N A 7
e Antibodies (lgs) \4‘ -

=<
R Sl
Together the nonspecific m Nonspecific killers Circulating Igs along with comple-
killers and cytotoxic T cells (macrophages ment mount a chemical attack on
mount a physical attack on the Ag and NK cells) the Ag
Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings.
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Réponses aux infections

Production NK cell- T cell-
of IFN-ci, medated mediated
IFN-B, TNF-cr, Killing of killing of

infected cells

and IL-12  infected cells

{28 <4-5- 6 7 B0
Time after viral infection (days)




