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Innate immunity: inflammation, leukocyte
migration
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Different levels of the Immune response

Recognition molecules of the innate
Immunity

Initiation of local and systemic inflammation

Extravasation, homing



The levels of host defense
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The levels of host defense

* Anatomic ,barriers”
* |Innate Immunity, inflammation
« Adaptive Immunity
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. First line of defense: anatomic ,barriers”

Intrinsic epithelial barriers s Gut Lungs e ]
to lnfeCtlon - - i Epithelial cells joined by tight junctions
_ : A Movement of Tears
Longitudinal flow of air or fluid mucus by cilia Nasal cilia
Pulmanary )
Low pH Enzymes in tears
Fatty acids suricaant and saliva
Chemical I
Enzymes (pepsin) (tysozyme)
. w-defensins
Lal?r-gl?ahrrtiﬁes (cryptdins) a-defensins Histatins
Cathelicidin Reglll {lecticidins) Cathelicidin B-defensins
Cathelicidin
J Microbiological Normal microbiota

in the body fluids, on the
skin.

Figure 2-4 Immunobiology, 6/e. (© Garland Science 2005)

Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. Immunobiology, 2005.
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The role of epithelial barriers
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Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology 7th Edition , 2012.



Il. Second line of defense: innate immunity,
phagocytes, inflammation
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Functions of innate immunity

The first line of defense against infections-local

Localisation of microbes and inhibits their
spreading

The effector mechanisms of innate immunity
ald the adaptive iImmunity to eliminate the
pathogens

Activate and influence the adaptive immunity



ll. The third line of defense: adaptive immunity

Humoral Cellular
immunity immunity
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Different levels of the Immune response

Recognition molecules of innate immunity

Initiation of local and systemic inflammation

Extravasation, homing



Recognition of pathogens, phagocytosis

Figure 3.8

The neutrophll expresses receptors for
many bacterlal constiiuents

PRR= ,Pattern Recognition Receptors”

= Binding to the PAMPS of microbes

PAMP=,Pathogen Associated Molecular
Patterns

-
Neutrophlis engulf and digest bacteria
P ko which they bing

Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. Immunobiology, 2005.



Pattern recognition receptors

Fungal polysaccharide

Bacterial ce||~g
Q

wall lipid Extracellular
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membrane
Endosomal F
Viral DNA,
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@ wall lipid
OC D "y
Viral RNA Endosomal
membrane
Toll-like receptors (TLR) NOD-like receptors (NLR) RIG-like receptors (RLR)

Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology 7th Edition, 2012.



Pattern recognition receptors:
Toll-like receptors (TLR)

Bacterial ' Bacterial | . Bacterial : Bacterial
Ilpopeptldes peptidoglycan; LPS ﬂagellln - lipopeptides
TLR2 s TLR5 TLR2 TLR6

- TLR1: TLR2

TLR structure

Plasma
membrane Leucine rich

repeat motifs—

“ 7dsRNA | ssRNA 'ssRNA /CpG DNA % Cysteine rich
- 2! Endosome flanking motif__

TLR3 | TLR7 ! TLR8 | TLR9

TIR domain —

Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology 7th Edition, 2012. Trends in Biochemical Sciences 2009: 34: 553-561.



Phagocyte receptors

Microbe
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Abbas, Lichtman: Cellular and Molecular
Immunology 5th Edition, 2005.



Specificity of innate and adaptive immunity

Innate Immunity

Adaptive Immunity

For structural detail of microbial moleculeg|antigens); fhay
recognize nonmicrobial antigens

Different D
microbes{ (ﬂ)
X L
Distinct/{ j%\
antibody
molecules

Specificity For structures shared b pathogen-
associated molecular patte
Different
microbes
Identical
mannose
I'ECE[JIDTS
Receptors

N-formyl
[ ~ Mannose Scavenger
Toll-like methionyl
receptor receptor €ceptor receptor

Encoded by genes produced bg’somatic recombination
gene segments; greater diversitc

=

Distribution of
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Nonclonal: identical receptors on all cells of the same lineage

—

Clonal: clones of lymphocytes with distinct specificities
express different receptors

Discrimination of self
and non-self

<Ees; healthy host cells are not recognized Dr they may
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Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology 7th Edition, 2012.



' :Vaccmatlon and the role of adjuvants ‘
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Different levels of the Immune system

Recognition molecules of the innate
Immunity

Local and systemic inflammation

Extravasation, homing



Acute inflammation:

- Infection or tissue-injury initiate the cascade of hon-specific reactions
- Immediate reaction

- its role to inhibit the spreading of infection and tissue injury
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Celsus: 4 signs of inflammation: - rubor (red), calor (hot), dolor (painfull), tumor (swelling) + functio
laesa (loss of function)

3 main events: - Vasodilation — w/in minutes

- higher capillary permeability, fluid efflux, initation of oedema
- Phagocytes migration: - hours

Goldsby RA, Kindt TJ, Osborne BA:
Kuby Immunology 4th Edition, 2000.



Molecular mediators of inflammation

Plasma enzyme mediators:

- kinin kallikrein system
- Fibrinolytic system

- Complement cascade
- Clotting cascade

Lipid mediators:

leukotrienes,
prostaglandins (PGE)

Chemoattractants:

-Chemokines: IL-8
-Complement components
- PAF (platelet activating
factor)

Inflammatory cytokines

Endothelial damage

Activation of
Hageman factor

L Activated

- clotting ™, Activated
Prekallikrein T STrrTpp—
cascade A fibrinolytic
ot N, system
I'hrombin :
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T vascular permeability Tvascular Complement
Vasodilation permeability activation
Pain Neutrophil

Smooth-muscle chemotaxis

contraction

Goldsby RA, Kindt TJ, Osborne BA:
Kuby Immunology 4th Edition, 2000.



Initation of acute inflammation
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Different levels of the Immune response

Recognition molecules of the innate
Immunity

Local and systemic inflammation

Extravasation, homing



‘Neutrophils extravasation through the inflamed
| - endothels | |

(a) Rolling Activation Arrest/ Transendothelial
B - adhesion migration
(1) (2) (3) (4)
B AT >/ s
,//- —§\; v —
@) G)
b

— . (Q\ —
- T @ — al S e (8=
Endothelium D& S (&S & &)

o ~

1. Selectin-mediated 2. Chemoattractant = 3. Integrin-mediated 4. Transendothelial
rolling ‘mediated activation adhesion migration

(b)
4 N
/[
/ Neutrophil \
Chemokine or | /
chemoattractant | /

receptor \ f”:‘f = -_-—\'vll‘"fﬁ— -
<. 5 i i\ || Integrin ‘
Mucin-like ; N ‘-,h,‘ "l\ e
CAM f & &9
. () Chemokine £ 2N Ig-superfamily ; W %‘m :
E—selectmg (IL-8) a; { CAM b : it '
T o ) o
1H$ .’/ ,: A _' '
Goldsby RA, Kindt { e o 4 A
TJ, Osborne BA: e S — >
Kuby Immunology Step Step Step
4th Edition, 2000. © @ 3



Chemokines accelerate conformational
changes in integrins

: Extended
Low affinity High affinity (high affinity)
integrin (LFA-1) R -

Bent (low affinity)

7 »

mecm—yt
CHICUORINS Chemokine ICAM-1

receptor

Leukocyte functional antigen 1 (LFA-1)
i ! Abbas, Lichtman, Pillai: Cellular and
Intercel‘lular adhesion molecule 1 (ICAM 1) S e T



Naive lymphocytes mlgrate into the penpheral
lymphoid tissues:

Ro_le of high endothel venules (HEV)-and adhesion moIeCuIes:
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Electron microscopy
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Goldsby RA, Kindt TJ,
Osborne BA: Kuby

Immunology 4th Edition,
500N



Different adhesion molecules determine the
migration of naive and memory (effector) cells

Peripheral lymphoid tissue

(@)

Naive T cell

L-selectin L-selectin

CD34 GlyCAM-1
y h
Il ‘1
\ T el 4

HEV ¥
Inflammatory tissue
(b)
«©
‘ Skin-homing
effector T cell

Mucosal-homing
effector T cell

E-selectin
Z

Skin dermal venule
endothelium

Tertiary extralymphoid tissue

Intestinal lamina propria
ndothelium

Tertiary extralymphoid tissue

Falus A: Adj kiraly katonat!, 1999.

Goldsby RA, Kindt TJ, Osborne BA:
Kuby Immunology 4th Edition, 2000.



LymphOCYte rECirCU|ati0n: continous migration of cells from the

blood and lymph into the lymphoid and inflamed tissues = HOMING

Lymph High endothelial Post-capillary venule
node venule (HEV) S

Post-capillary venule

Infected or injured tissue Infected or injured tissuz

Neutrophils and
monocytes migrate to
sites of infection and

tissue injury:

Naive T and B cells
migrate into secondary
lymphoid tissues:
initiation of adaptive

Effector and memory
T cells migrate into
sites of infection
and tissue injury:
cell-mediated immunity

inflammation immune responses

Role:
- Promotes the encounter with antigen
-Promotes the initiation of inflammatory response

Mechanisms:
-Extravasation: adhesion then transmigration of leukocytes through the endothel from
the bloodgflow into the tissue.

All lymphocyte circulates approx. 1-2 times per day.

Abbas, Lichtman, Pillai: Cellular and
Molecular Immunology 7th Edition, 2012.



Role of macrophages in acute inflammation |

LPS originated from Gram — bacterium LPS activates the macrophages, those
produce various cytokines

TNF¢

DA

e

Local effects

Activation of

Chemotaxis of

IL-6 production

Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. Immunobiology, 2005.
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| effector
lymphocytes Activation of
effector cells
— =
fever, GM-CSF

Complement

I IFNa

Activates vascular
endothelium and
increase vascular
. permeability

1

Systemic effects

fever,
septic shock

Lymfocyte-
activation,
Increased
antibody
production

Activates NK-cells,
Th cells induce
Th1 differentiation

—

fever,
Production of acute-
phase-proteins

thing/Elsevier Sclance



nOl€E 0T Mmacropnages in acute intiammation Ii.
classical and alternative activations

' Classically activated 'Alternatively activated
~ macrophage (M1) ~macrophage (M2)
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Hyperactivated macrophage: - citotoxicity MHCII | i T
(TN FOL) Molecular Immunology 7th Edition, 2012.
Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. Immunobiology, 2005.



» Systemic acute inflammation = acute p'hase reaction

Hypothalamus

‘(via pituitary)
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Goldsby RA, Kindt TJ; Osborne BA:
Kuby Immunology 4th Edition, 2000.



‘Acute inflammation / Chronic inflammation

Local
inflammation

Endothelial cells
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| Abbas, Lichtman, Pillai: Cellular and
~Molecular Immunology 7th Edition, 2012.
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PAMPs
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