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Roles of Inflammation in Combating Infection
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Outline

« Cytokines in innate immunity: =

Leukocyte recruitment

Acute phase response

Interferon
Type | Interferon: antiviral response
Interferon-y: macrophage activation

e NK cells


b3131
Sticky Note
Immune cells communicate through cytokines


Definition

» Cytokine: broad and loose category of
small proteins that are important in cell
signaling. They are released by cells and
affect the behavior of other cells.

« Chemokine: chemotactic cytokines that to
induce directed chemotaxis in nearby
responsive cells.



Cytokine Receptors

Receptors for erythropoietin and growth hormone

Receptors for IL-3, IL-5, GM-CSF share a common chain,
CD131 or B¢ (common (3 chain)

Receptors for IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21 share a
common chain, CD132 or v (common vy chain). IL-2 receptor
also has a third chain, a high-affinity subunit IL-2Ro. (CD25)

IL-1 family receptors

Receptors for IL-13, IFN-a., IFN-B, IFN-y, IL-10

Tumor necrosis factor (TNF) receptors | and |l
CD40, Fas (Apo1, CD95), CD30, CD27,
nerve growth factor receptor

CCR1-10, CXCR1-5, XCR1, CX3CR1




Effects of Cytokine Secretion

Inflammasome

Activates vascular
endothelium
Activates lymphocytes
Increases access of

effector cells

|

Activates vascular
endothelium
and increases vascular
permeability, which leads
to increased entry of IgG,
complement, and cells to
tissues and increased fluid
drainage to lymph nodes

N

Lymphocyte activation
Increased antibody
production

) 4

hemotactic factor recruits
neutrophils, basophils, and
T cells to site of infection

W

Activates NK cells
Induces the differentiation
of CD4 T cells into

Ty1 cells

Fever
Production of IL-6

Fever
Mobilization of metabolites
Shock

Fever
Induces acute-phase
protein production

macrophage activation



Cytokines Attract Leukocytes to Sites of Infection

Chemokine activation Extravasation

of integrins
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Extravasation: Rolling

Selectin-mediated adhesion to leukocyte sialyl-Lewis* is weak and allows leukocytes
to roll along the vascular endothelial surface
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Extravasation: Diapedesis

Rolling adhesion Tight binding Diapedesis Migration
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Phagocyte Adhesion to Endothelium

CR3 Neutrophil
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Sticky Note
ICAM-1 expression is increased by TNF-alpha.


Neutrophil ROS

Neutrophils engulf and kill the
microbes to which they bind

microbe ("

:.

primary
granule

secondary
granule

lysosome

Bacterial fMet-Leu-Phe peptides activate
Rac, and bacteria are taken up into
phagosomes

Phagosomes fuse with primary and secondary granules. Rac induces assembly of a
functional NADPH oxidase in the phagolysosome membrane, leading to generation of 0,™.
Acidification as a result of ion influx releases granule proteases from granule matrix

lysosome

phagosome

oxidase

secondary
granule

primary
granule




Neutrophil Extracellular Trap

nature

medicine

Chemokine receptor casts NETs
Post-exposure protection against Ebola
War zone medicine

Figure 3.6 Janeway's Inmunobiology, 9th ed. (© Garland Science 2017)

CXCRZ2: a neutrophil receptor that can trigger NET formation




Neutrophil Extracellular Trap
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Chemokine Receptor Signalling

Before ligand binding a
GPCR is not associated with

Ligand binding causes a
conformational change in the
receptor that enables it to

G protein dissociates into o and
By subunits, both of which can

The « subunit cleaves GTP to
GDP, allowing the a and By

a G protein associate with the G protein activate other proteins subunits to reassociate
chemokine or fMet-Leu-Phe
. / $ ¢
= A"
GPCR 5 [\l d
(o8 GDP
B LN [ [ |
' | a (]
Y I

GTP heterotrimeric
G protein

Rac/Rho | | Cdc42

Chemotaxis
Respiratory burst

Inactive G protein has GDP bound

G protein releases GDP and
binds GTP

Activation of the GTPases Rac, Rho,
and Cdc42 stimulates chemotaxis
or the respiratory burst

Signaling terminates




Monocytes Extravasation

Monocyte binds adhesion molecules on
vascular endothelium near site of infection
and receives chemokine signal

The monocyte
migrates into the
surrounding tissue

Monocyte differentiates into
inflammatory monocyte at
site of infection

chemokine
receptor

adhesion
molecules

Blood vessel lumen

chemokine

Tissue




Different Chemokines for Different Cells

Class | Chemokine Produced by Receptors | Cells attracted | Major effects
Monocytes Mobilizes,
Macrophages ; activates, and
CXCL8 : CXCR1 Neutrophils
i Fibroblasts i degranulates
el Epithelial cells | ©XCR2 | Naive T celis neutrophils
Endothelial cells Angiogenesis
CXC | cxcL7 _ Activates neutrophils
(PBP, B-TG, Platelets CXCR2 Neutrophils Clot resorption
NAP-2) Angiogenesis
CXCL1 (GROa) | Monocytes Neutrophils Activates neutrophils
CXCL2 (GROP) | Fibroblasts CXCR2 Naive T cells Fibroplasia
CXCL3 (GROy) | Endothelium Fibroblasts Angiogenesis
Monocytes Monocytes ; g
C0L3 T cells cort 3.5 | NKand T cells | Sompetes with HIV-1
(MIP-1a) Mast cells T Basophils Promotes Ty1 immunity
Fibroblasts Dendritic cells y
Monocytes Monocytes
CeL4 Macrophages | ccrq, 3,5 | NKand T cells | Competes with HIV-1
Endothelium
ce Monocytes Monocytes Activates macrophages
CCL2 Macrophages CCR2B NK and T cells | Basophil histamine
(MCP-1) Fibroblasts Basophils release . .
Keratinocytes Dendritic cells | Promotes Ty2 immunity
Monocytes
CCL5 T cells NK and T cells | Degranulates basophils
(RANTES) Endothelium CCR1 ) 3: 5 Basophils Activates T cells
Platelets Eosinophils Chronic inflammation
Dendritic cells
Monocytes Leukocyte—endothelial
R0 | DOCLL | Endoolu | oxom | Yoreores | Gt
(CX;C) Microglial cells Brain inflammation




Cell Adhesion Molecules: Effects On Homing

Naive T cell

CD45RA

alala

Lymph node HEV

Effector T cell

CD45RO
LFA-1 VLA-4

ICAM-1

& &l &

Activated peripheral
vascular endothelium

VCAM-1

Figure 11.9 Janeway's Inmunobiology, 8ed. (@ Garland Science 2012)



Question

« How are immune cells recruited to sites of
inflammation? What are the four steps and
which molecules are involved?



Outline

Acute phase response

Interferon
Type | Interferon: antiviral response
Interferon-y: macrophage activation

e NK cells



TNFo Contains Local Infection, But Leads to Septic Shock

Local infection with Systemic infection with
Gram-negative bacteria Gram-negative bacteria (sepsis)
Macrophages activated to secrete Macrophages activated in the liver and
TNF-a in the tissue spleen secrete TNF-a into the bloodstream

~

A [\
<! X Az
R4 v
Increased release of plasma proteins into Systemic edema causing decreased blood
tissue. Increased phagocyte and volume, hypoproteinemia, and neutropenia,
lymphocyte migration into tissue. Increased| | followed by neutrophilia. Decreased blood
platelet adhesion to blood vessel wall volume causes collapse of vessels




TNFo Contains Local Infection, But Leads to Septic Shock

Local infection with
Gram-negative bacteria

Systemic infection with
Gram-negative bacteria (sepsis)

Increased release of plasma proteins into
tissue. Increased phagocyte and
lymphocyte migration into tissue. Increased

Systemic edema causing decreased blood

volume, hypoproteinemia, and neutropenia,

followed by neutrophilia. Decreased blood
volume causes collapse of vessels

platelet adhesion to blood vessel wall

b 4
Phagocytosis of bacteria. Local vessel
occlusion. Plasma and cells drain to
local lymph node

Disseminated intr%cular coagulation
leading to wasting and multiple
organ failure
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Effects of Cytokine Secretion

v v vV vV v
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Activates vascular Activates vascular Lymphocyte activation Chemotactic factor recruits Activates NK cells
endothelium 3 endothelium | Increased antibody neutrophils, basophils, and | |Induces the differentiation
Activates lymphocytes and Increases vascuiar production T cells to site of infection of CD4 T cells into
Increases access of permeability, which leads Tut cells
effector cells to increased entry of IgG,
complement, and cells to
tissues and increased fluid
drainage to lymph nodes
A 4 \ \/
Fever Fever Fever
Production of IL-6 Mobilization of metabolites Induces acute-phase
Shock protein production




Cytokines Coordinate Body’s Response to

nfection

Leukocytosis

TNF-o/IL-1B/IL-6

Fever

oL
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) 4

Liver

Bone marrow
endothelium

-
\

Hypothalamus

N/

Fat, muscle

Acute-phase proteins
(C-reactive protein,
mannose-binding lectin)

Neutrophil

Increased body

mobilization temperature

Protein and energy
mobilization to allow
increased body

temperature
SN < = < = < =
N N N

Activation of
complement
Opsonization

Phagocytosis

Decreased viral and bacterial replication
Increased antigen processing
Increased specific immune response




Acute-Phase Response

Bacteria induce macrophages to produce
IL-6, which acts on hepatocytes to induce
synthesis of acute-phase proteins

IL-6

A 4 SP-A

SP-D

A
A

mannose-

C/D binding lectin
fibrinogen

serum o C—rec’give
amyloid protein  Protein

N

v
C-reactive protein binds phosphocholine
on bacterial surfaces, acting as an
opsonin, and also activating complement

CRP is a general indicator
of systemic inflammation



Cytokine Receptor Signalling

Cytokine receptors consist of at
least two chains, the cytoplasmic
domains of which bind Janus
kinases (JAKs)

Cytokine binding dimerizes the
receptor, bringing together the
cytoplasmic JAKs, which activate
each other and phosphorylate
the receptor

Transcription factors (STATs) bind
to the phosphorylated receptors,
and are in turn phosphorylated
by the activated JAKs

Phosphorylated STATs form
dimers that translocate into the
nucleus to initiate
gene transcription

cytokine

4

JAK
JAK

N domain
SH2 domain

tyrosine inactive
STAT dimer

\ 5
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active
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Question

 How do TNFalpha/lL-6/IL-1beta work?
Explain their effects on liver and
endothelium.



Outline

Interferon
Type | Interferon: antiviral response
Interferon-y: macrophage activation

e NK cells



Interferons

Interfere with viral replication in previously
uninfected tissue culture cells.

Restrict viral spreading
Act on both infected and neighboring cells

Type | interferon: Interferon-o and 3



Intracellular TLRs Activate IFN Pathway

TLR-3 in endosome

TLR-7 in endosome

polyubiquitin chain

NEMD TANK
IKKe &TBM

? N3

type |
interferon genes

binds dsRNA and binds ssRNA and
signals via TRIF to | | signals via MyD88 to
induce IFN gene induce IFN gene
expression expression
dsRNA ssRNA

RS

MyD88

IRAK1 ‘ I IRAK4

IRF7

-» o

type |

interferon genes




Interferons Induce Anti-Viral Responses

Virus-infected host cells

@ virus

< Z
IFN-a, IFN-B
4
N

Activate STAT1 and STAT2, which combine with
IRF9 to form ISGF3

SRR MX, unkown but very important
nduce resistance to viral replication in all cells )
by inducing Mx proteins, 2",5"-linked adenosine AO Degrade Vlral RNA
oligomers, and the kinase PKR “p ags .
PKR: Inhibiting translation

Enhance sensing of viral infection by increasing
expression of PRRs and signaling components

Induce expression of IFIT proteins, which
suppress the translation of viral RNA

Increase MHC class | expression and antigen
presentation in all cells

Activate dendritic cells and macrophages

Activate NK cells to kill virus-infected cells

Induce chemokines to recruit lymphocytes




Inhibiting RNA Translation

60S ribosomal subunit
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tRNA mRNA [N
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IFN-y Activates Macrophage

T.1 cell Infected
" macrophage

T cell activates macrophage

(D40 (D40

-
S TNFRI
|rw> IFN-y

receptor




Question

* What are the major cytokines that defend
against viral infection?

 How do these cytokines work?



Outline

e NK cells



NK cells

* Lymphoid progenitor
 Kill tumor cell lines in vitro
* Invariant surface receptor



NK Cells Kill Stressed Cells

https://www.youtube.com/watch?v=HNP1EAYLhOs

https://www.youtube.com/watch?v=Va1jaBGwoT8



https://www.youtube.com/watch?v=Va1jaBGwoT8
https://www.youtube.com/watch?v=HNP1EAYLhOs

NK cells Kill Infected Cells

production
of IFN-a,

and IL-12

1 2

NK cell-

mediated

killing of
infected cells

IFN-B, TNF-a, and production

of IFN-y

T cell-
mediated
killing of

infected cells

Virus titer

3

4 5 6

/78 9 10

time after viral infection (days)




NK Cells Do Not Kill Normal Cells

MHC class | on normal cells is recognized
by inhibitory receptors that inhibit signals
from activating receptors

NK cell does not Kill the normal cell

® @ K5 ©
oy ©

activating TRAIL
receptor

NchI
[] activating
ligand

Target cell
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inhibitory
receptor

MHC class |
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NK Cells Kill Abnormal Cells

‘Missing’ or absent MHC class | cannot
stimulate a negative signal. The NK cell is
triggered by signals from activating
receptors

Activated NK cell releases granule
contents, inducing apoptosis in the
target cell
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NK Cells Kill Abnormal Cells

NK cells express the TNF family ligand TRAIL
on their cell surface, which can bind and
activate DR4 and DR5 expressed by some

DR4/5 signal via FADD to activate
caspase 8, which induces apoptosis in
the target cells

cell targets
® ® ® ®
TRAIL >

pro-
caspase 8

. q cell death

active
caspase 8




Two Types of Receptors

Activating and inhibitory receptors of
NK cells can belong to the same
structural family

Killer cell immunoglobulin-like receptors
Activating receptors (KIRs)

KIR-3DS  Nkgoe  LydoH _ o
Q killer cell lectin-like receptors

(KLRs and Ly49 receptors)

KIR-2DS

]

=]
s

CD94

ITAM

DAP12

Inhibitory receptors

KIR-3DL Ly49A
KIR-2DL NKG2A

| -B
- I T
ITIM\; l l

s




Activating Receptors

Activating receptors that sense target cells

NKp30 NKp44 NKp46 NKG2D

)
/

/

Jial § N
S al N

DAP10




Activating Ligands

The ligands for NKG2D are the MHC-like
molecules MIC-A and MIC-B and the
RAET1 family members, whose expression
Is induced by cellular stress

Y

I 13

/

AR

MIC-A RAET1 family
or (includes MULT1, ULBPs)
MIC-B

/




Question

What is NOT the function of cytokines?
A) guide immune cell migration

B) activate intracellular signaling

C) activate innate immune cells

D) activate adaptive immune cells

E) none of the above



Case Studies

» Leukocyte Adhesion Deficiency
* Interferon-y Receptor Deficiency



Leukocyte Adhesion Deficiency

Patient:
4-week-old female
Fever 39°C,
Redness and swelling around umbilical cord stump
WBC count 20,000 cells/microliter (normal range 5,000-10,000)
Skin culture positive for E.coli and S.aureus.
Family history:

A brother died at 1 year of age due to Staphylococcal pneumonia
infection

Diagnosis:

Rebuck skin window-monitor the migration of immune cells into the
damaged skin.

No white cells
Treatment :
Bone marrow transplantation



Deficient of Surface LFA

Patient
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Figure 27.5 Case Studies in Immunology, 6ed. (© Garland Science 2012)



LFA-1

lymphocytes

Tissue .
Name distribution Ll
- Monocytes, T cells,
Integrins a,:B, macrophages, ICAMs
(LFA-1, CD11a/CD18) neutrophils,
dendritic cells
g - Neutrophils,
B, (Mac-1, monocytes, ICAM-1, iC3b, fibrinogen
(R3, (D11b/CD18) macrophages
. . Dendritic cells,
Bind to B, (R4, macrophages, iC3b
cell-adhesion LFA-1 p150-95, (D11</(D18) neutrophils
molecules and
extracellular matrix. ‘. a,B, (VLA-4, "L“;T:c’;ty::sf VCAM-1
Strong adhesion LPAM-2, (D49d/CD29) nacrenhiages Fibronectin
2 B, Monocytes, : ;
(VLA-5, CD49d/CD29) macrophages Fbromectin
a,:B,
Lymph MAdCAM-1
(LPAM-1) L
B, Intraepithelial e

Figure 27.3 part 3 of 4 Case Studies in Imnmunology, 6ed. (© Garland Science 2012)




LFA-1 is Required for Leukocyte Infiltration

Rolling adhesion Tight binding Diapedaesis Migration
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Figure 27.1 part 2 of 2 Case Studies in Immunology, 6ed. (© Garland Science 2012)



LFA-1 is Required for T Cell Activation

T cells initially bind APC Subsequent binding Conformational change in
through low-affinity of T-cell receptors LFA-1 increases affinity and
LFA-1:1CAM-1 interactions signals LFA-1 prolongs cell-cell contact
T cell

LFA-1 7 A
I

4 TCR
L X X

MHC
class Il 1CAM-1

|

i
W

antigen-presenting cell (APC)

Figure 27.4 Case Studies in Immunology, 6ed. (© Garland Science 2012)



What's Wrong with the Patient?

LFA-1 defect leads to impair recruitment of
leukocytes to infected tissue.

Poor T cell activation
Severe immune deficiency

Poor wound healing
 Mechanism not understood.



Interferon-y Receptor Deficiency

Patient:

2 1/2-year-old female

enlarged lymph nodes

Normal number of leukocytes and Ig levels
Family history:

Distantly related
Diagnosis:

Lymph nodes positive for Mycrobacterium avium
Treatment :

Antibiotics
Outcome:

Died after recurrent infection



IFN-y Activates Macrophage

T.1 cell Infected
" macrophage

T cell activates macrophage

(D40 (D40

-
S TNFRI
|rw> IFN-y

receptor




IFN-y Signaling

receptor <] [> IFN-y

chain A ah [
\ 4 & PY W
ava A A |

| " "
L STAT1 ‘ Dimerization, “
nuclear transcription

Figure 24.3 Case Studies in Immunology, 6ed. (© Garland Science 2012)



What's Wrong with the Patient?

» Defect in IFN-y signaling
» Unable to activate infected macrophages

» Susceptible to intracellular bacterial
infection
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