Lecture-5.-Pattern-recognition-molecules
Page 1 of 39

Medical
Immunology

Anas Abu-Humaidan
M.D. Ph.D.

Lecture 5



Lecture-5.-Pattern-recognition-molecules
Page 2 of 39

7 Ay . et
J;.S;.)\(,.;[I’\.’__\_él < = j D= Ny =—W) v—"*——‘

What is the process by which phagocytes digest engulfed pathogens or
particles within the phagosome using enzymes and reactive oxygen
species?

a) Apoptosis

b) Exocytosis
(cPPhagolysosome formation

d) Autophagy
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What is the main function of cytotoxic T cells in the immune system?
a) Phagocytosis of pathogens
b) Antibody production
@Killing infected host cells
d) Activating B cells
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Which of the following cells is part of innate immunity and is of
lymphocytic origin?

a) Dendritic cells
b) Monocytes
@ Natural killer cells
d) B cells
e) Helper T cells.
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Which drug can be used in a patient with a_slight fever and the following CBC results?

Test Name | Results ‘ Reference Range

2800 3.8-

Vi eutre penen ~ 950

a) The results are normal and no treatment is needed.

b) Intravenous antibodies SN N ;kg"q}p <P
c) IL-12

ranulocyte colony stimulating factor
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Which drug can be used in a patient with a slight fever and the following CBC results?

Test Name | Results ‘ Reference Range

5.9

@The results are normal and no treatment is needed. NE R vidﬂ‘ﬁ‘(’ iy
b) Intravenous antibodies T
c) IL-12
d) Granulocyte colony stimulating factor
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* Much of the interactions between cells of the immune system, and between the immune

system and foreign introducers depend on the action of cW@\@:Iecules.

* |n this lecture we will discuss some of those molecules.

* Main topics:

DAMPs and PAMPs

TLRs.

NLRs and the inflammasome.

RLRs.

Major inflammatory cytokines (TNF, IL-1, IL-6).
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Molecules of the immune system / Antigen recognition by innate immunity “ -
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The cells and soluble molecules of innate immunity either exist in a fully functional state
before encounter with microbes or are rapidly activated by microbes

0

* Theinnate immune systeolecular structures that are characteristic of
microbial pathogens but not mammalian cells.

* The innate immune system hat are ofte)nﬁessential for

survival of the microbes.

* The microbial substances that stimulate innate immunity are called pathogen-associated
molecular patterns (PAMPs).
» Different classes of microbes (e.g., viruses, gram-negative bacteria, gram positive bacteria,
o . W’\W
wl) express different PAMPs.
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Molecules of the immune system / Antigen recognition by innate immunity bV S

TABLE 4-1 Specificity of Innate and Adaptive Immunity

munity @Immuniw

Specificity For structures shared by classes of microbes (pathog: For structural detail of microbial molecules (antigens); may,
associated molecular patterns) gnize nonmicrobial -_

o Different
E"gf;ggts \[ microbes{ *
‘oo

Identical w
mannose = /{ h b 3_\
receptors Distinct
antibody
molecules
Receptors Encoded in germline; limited diversity (pattern recognition Encoded by genes produced by somatic recombination of
receptors) gene segments; greater diversity

%@w%@

rmyl s
Lo s Toll-ike\y \§f methionyl Mannose  Scavenger
S ) — y!
25— = o 2 recaptor receptor  "€ceptor receptor

Distribution of Nonclonal: identical receptors on all cells of the same lineage  Clonal: clones of lymphocytes with distinct specificiti

receptors express different receptors

Discrimination of self  Yes; healthy host cells are not recognized or they may Yes; based on elimi or ion of self i

and non-self express molecules that prevent innate immune reactions lymphocytes; may be imperfect (giving rise to LD Co\l QJ J,-Q hVDV\QL

autoimmunityle_~

. It is estimated that the innate immune system can recognize about 103 molecular patterns. In contrast, the adaptive
immune system is capable of recognizing 107 or mare distinct antigens.

poo\"ai )\_20'
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Molecules of the immune system / Antigen recognition by innate immunity

TABLE 4-1 Specificity of Innate and Adaptive Immunity
Innate Immunity Adaptive Immunity
Specificity For structures shared by classes of microbes (pathogen- For structural detail of microbial molecules (antigens); may

associated molecular patterns)

Different
microbes

Identical
mannose
receptors

recognize nonmicrobial antigens

Different
microbes *

Distinct/{ht %\ -"-'\

antibody
molecules

10
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Molecules of the immune system / Antigen recognition by innate immunity

Receptors Encoded in germling; limited diversity (pattern recognition Encoded by genes produced by somatic recombination of
receptors) gene segments; greater diversity
R Ig
SOSSISABESSAAIAS, ) V (TCR
)
500
ToII-IikeQ methionyl Mannose i%z‘ﬁg?e’
receptor receptor P
Distribution of Nonclonal: identical receptors on all cells of the same lineage  Clonal: clones of lymphocytes with distinct specificities
receptors express different receptors

Discrimination of self
and non-self

Yes; healthy host cells are not recognized or they may
express molecules that prevent innate immune reactions

Yes; based on elimination or inactivation of self-reactive
lymphocytes; may be imperfect (giving rise to
autoimmunity)

11
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Molecules of the immune system / Antigen recognition by innate immunity -
W U=l S
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* Characteristics of antigen's recognized;

Nucleic acids that are unique to microbes, such as double-stranded RNA found in replicating
viruses and unmethylated CpG DNA sequences found in bacteria

Proteins that are found in microbes, such as initiation by N-formylmethionine, which is typical
—_
of bacterial proteins.

Complex lipids and carbohydrates that are synthesized by microbes but not by mammalian
cells, such as lipopolysaccharide (LPS) in gram-negative bacteria, lipoteichoic acid or
peptidoglycan (PGN) in gram positive bacteria, and mannose-rich oligosaccharides.

* limited number of fundamental differences between microbial molecules and the
molecules that higher organisms produce. Thus, the innate immune system has evolved to
W

recognize only a limited number of molecules. X<
W’v
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Molecules of the immune system / Antigen recognition by innate immunity A VP L LU —

* The innate immune system also recognizes endogenous molecules that are produced by or
eleased fro ing cells. These substances are called damage associated

molecular patterns (DAMPs).
p ( E,__3)

indicate sterile injury to cells caused by any of myriad reasons, such as chemical toxins,

[ DAMPs may be produced as a result of cell damage caused by infections, but they may also
\
burns, trauma, or decreased blood supply.

* DAMPs are generally not released from cells dying by apoptosis. In some cases, healthy
cells of the immune system are stimulated to produce and release DAMPs, which enhances
an innate immune response to infections.

13
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Molecules of the immune system / Antigen recognition by innate immunity

TABLE 4-2 Examples of PAMPs ém&)‘\A_@

Pathogen-Associated Molecular Patterns Microbe Type
Nucleic acids ssRNA Virus
S dsRNA Virus
CpG Virus, bacteria
Proteins Pilin Bacteria
e Flagellin Bacteria
Cell wall lipids LPS Gram-negative bacteria
N Lipoteichoic acid Gram-positive bacteria
Carbohydrates Mannan Fungi, bacteria
N~ Dectin glucans Fungi

Damage-Associated Molecular Patterns

Stress-induced HSPs

proteins

Crystals Monosodium urate
— -

Nuclear proteins HMGB1

Al I N

° P CpG, cytidine-guanine dinucleotide; dsRNA, double-stranded RNA; HMGB1,
K D ; o e
o yb < | high-mobility group box 1; HSPs, heat shock proteins; LPS,
\39.:-3‘ \‘Q oF lipopolysaccharide; ssRNA, single-stranded RNA.
s
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Molecules of the immune system / Antigen recognition by innate immunity

AH\!PgCV\.
. Patterr}/recognition receptors (PRRs) play a crucial role in the proper function of the innate
immune system. PRRs are germline-encoded host sensors, which detect molecules typical
for the pathogens.

* They are proteins expressed, mainly, by cells of the innate immune system, such as
dendritic cells, macrophages, monocytes, neutrophils and epithelial cells, to identify two
classes of molecules: PAMPs and DAMPs.

~oodade Phe el
* PRR can be cell bound or soluble.

* Cell bound PRR can be found on different compartments of the cell. (membrane, cytosol)
W\/—

15
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Molecules of the immune system / cell bound PRR/ TLRs MS@':\DS“Q‘

* Toll-like receptors (TLR), are proteins that respond to
the presence of pathogenic microbes by activating

antimicrobial defense mechanisms in the cells in which
they are expressed.

* TLR are found in every life form in the evolutionary
tree from insects up to mammals.

* TLRs are also involved in response to endogenous
molecules whose expression or location indicates cell
damage (DAMP).

* Ligand binding to the leucine-rich domains causes

physical interactions between TLR molecules and the

formation of TLR dimers.
S—~——

W U= A

Bacterial
lipopeptides | peptidoglycan |

g VIE> 2R (i

4
Y v
| Bacterial | LPS Bacterial | Bacterial
K flagellin | lipopeptides

TLR5 ! TLR2:TLR6

Plasma
membrane

dsANA\% %

:‘.@
g ¥

TLR9 CpGDNA £ &
{ TLR structure
4| Leucine-rich

47 | repeat motifs-,

Cysteine-rich

flanking motif

TLR7 ssRNA

TLR8 ssRNA

16
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Toll-like receptors (TLRs) play a crucial role in innate immunity by
recognizing:

Self-antigens

Pattern recognition molecules

T-cell receptors

MHC class Il molecules

pathogen-associated molecular patterns (PAMPs).

| OAmp 4

(Mo o » »

17
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Molecules of the immune system / cell bound PRR/ TLRs

* Adapter and accessory molecules can be needed for
proper signalling.

_* An extracellular protein caIIed(myeIoid

differentiation protein 2) binds the lipid A
component of LPS, forming a complex that then
interacts with TLR4 and initiates signaling.

* Another protein called CD14 is also required for

efficient LPS-induced signaling.+ R\

e Both CD14 and MD2 can also associate with other

TLRs.

A

LBP@A -

LPS

cbi4 | \ T | /TLR4

OSSR ST, YIS

TIrRAP! ||

|_J

MyDE&S-dependent

pathway

MyD&8-independent
pathway

Proinflammatory
cytokines

\6Lnﬂsf« O Vo

Tipe |
Interferons

[,Né';)\ W Glom o cﬁhgw

18
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Molecules of the immune system / cell bound PRR/ TLRs

R B~

Prepﬁdoglycan

TIR Death Adaptor
ITPS domain | |domain L] protein

Expression of inflammatory genes: Expression of type |
-Cytokines (TNF, IL-1, IL-6)¢ &~ interferon (IFN «/3) genes
-Chemokines (CCL2, CXCLS, others)
-Endothelial adhesion molecules ‘
(E-selectin)
'&:OS;TEISE%? molecules | Secretion of type | IFNs I
V v
ok -Acute inflammation Antiviral state
-Stimulation of
adaptive immunity

* adaptor proteins (MyD88, TRIF) facilitate the recruitment and activation of various protein kinases, leading to the
activation of different transcription factors.

All TLRs except TLR3 signal through MyD88 and are therefore capable of activating NF-kB and inducing an inflammatory
response. TLR3 signals through TRIF and therefore activates IRF3 and induces expression of type | interferons.. —— —

o {-),Pe of framsoriphion Pudkons
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How many different Toll-like receptors (TLRs) have been identified in
humans? T

*a)2
*b)5

{cP10

«d) 20

20
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Molecules of the immune system / cell bound PRR/ Other receptors -
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* Receptors for Carbohydrates rwwms, they
facilitate the phagocytosis of the microbes and stimulate subsequent adaptive immune
responses. These receptors belong to the C-type lectin family, so called because they bind
carbohydrates (hence, lectins) in a Ca++-dependent manner (hence, C-type). Some of these
are soluble proteins found in the blood and extracellular fluids; others are integral membrane
proteins found on the surfaces of macrophages, dendritic cells, and some tissue cells.
(examples, mannose and dectin receptors).

Scavenger receptor§ comprise a structurally and functionally diverse collection of cell surface
proteins found mainly o macrophages.

_* N-Formyl met-leu-phe receptors, expressed by neutrophils and macrophages, recognize
bacterial peptides containing N-formylmethionyl residues and stimulate directed movement
of the cells. (i.e those residues are chemoattractans that help phagocytic cells trace the
bacteria producing it) \_/;Z—’\’W\M’

A Rro '\V\Q\o\vnmag-og Yo Ziwed

the (CAYN 4 om \o}d e 90 G l.og">
{‘\ SPeCj\J s‘etiuev\ce (w Qre Yein 5yv_“\9_f\5 ;},umﬁ -+ a AU P 8 y

o bhetr gwn

o wictobes, So Jhese fecep hovs Jebeck s Sequar®-
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Molecules of the immune system / cytoplasmic PRR
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* In addition to the membrane-bound TLRs, which sense pathogens outside cells or in
endosomes, the innate immune system has evolved to equip cells with pattern
recognition receptors that detect infection or cell damage in the cytoplasm.

* The two major classes of these cytoplasmic receptors are NOD-like receptors and RIG-
like receptors. These cytoplasmic receptors, like TLRs, are linked to signal transduction
pathways that promote inflammation or type | interferon production.

* The normal life cycles of some microbes, such as viral gene translation and viral particle
assembly, take place in the cytoplasm.

* Some microbes can produce toxins that create pores in host cell plasma membranes,
including endosomal membranes, through which microbial molecules can enter the
cytoplasm.
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Molecules of the immune system / cytoplasmic PRR/ NOD-like receptors (NLRs) L2l ,:Lu.;gi\ﬂﬁ opi!

* NOD-like receptors (NLRs) are a family of more than 20 different cytosolic proteins,
some of which sense cytoplasmic PAMPs and DAMPs and recruit other proteins to form
signaling complexes that promote inflammation.

* NOD1 and NOD2, are expressed in the cytoplasm of several cell types including mucosal
epithelial cells and phagocytes, and they respond to bacterial cell wall peptidoglycans.

<\Z The NLRP* subfamily of NLRs respond to cytoplasmic PAMPs and DAMPs by forming

signaling complexes called inflammasomes, which generate active forms of the
—_—~—— ~——

inflammatory cytokine IL-1.
W

. *(NLR family,@omain-containing proteins)

23
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Molecules of the immune system / cytoplasmic PRR/ NOD-like receptors (NLRs)

* The inflammasome is a multiprotein
intracellular complex that detects
pathogenic microorganisms and sterile
stressors, and that activates the highly
pro-inflammatory cytokines interleukin-
1b (IL-1b) and IL-18. Dysregulation of
inflammasomes is associated with a
number of autoimmune diseases.

r‘u@)) = Glom 2205 ‘ﬁhcw
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Molecules of the immune system / cytoplasmic PRR/ NOD-like receptors (NLRs)
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NEWS - 10 MAY 2019 - CLARIFICATION 24 MAY 2019

NLRP3 inhibitors stoke anti-inflammatory
ambitions

Inhibitors of the innate immune system’s NLRP3 inflammasome promise potential i_n/P\aL/‘kinson
disease, Alzheimer disease, non-alcoholic steatohepatitis, gout and much more, catching the eye
of Novartis, Genentech and others.
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Molecules of the immune system / cytoplasmic PRR/ RIG-like receptors (RLRs)
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* RIG-like receptors* RLRs are cytosolic sensors of viral RNA that respond to viral nucleic
acids by inducing the production of the antiviral type | interferons.

* RLRs can recognize double-stranded and single-stranded RNA, which includes the
genomes of RNA viruses and RNA transcripts of RNA and DNA viruses

* RLRs also can discriminate viral single-stranded RNA from normal cellular single-stranded
RNA transcripts.

* RLRs are expressed in a wide variety of cell types, including bone marrow—derived
leukocytes and various tissue cells.

*RIG (retinoic acid—inducible gene)

26
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Which NOD-like receptor (NLR) is associated with inflammasome
formation and the release of pro-inflammatory cytokines like IL-137?

a) NOD1
b) NOD2

(cHNLRP3

d) NLRP6

27
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Molecules of the immune system / cell bound PRR
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TABLE 4-3 Pattern Recognition Molecules of the Innate Inmune System

Cell-Associated Pattern
Recognition Receptors

Location

Specific Examples

PAMP/DAMP Ligands

Toll-like receptors (TLRs)

Plasma membrane and endosomal

TLRs 1-9/pre§

Various microbial molecules

—_— membranes of dendritic cells, * Sad ko Ywveoe- ¢ including bacterial LPS and
-c =D phagocytes, E_t_:slllsﬂd\?helial 4o peptidoglycans, viral nucleic
€« =D cells, and many other cell types acids
2 ————~
3 n 2
NOD-like receptors (NLRs) Cytoplasm of phagocytes epithelial NOD1/2 Bacterial cell wall peptidoglycans
cells, and other cells Flagellin, muramyl dipeptide, LPS;
(inflammasomes) urate crystals; products of
Te——— damaged cells
RIG-like receptors (RLRs) Cytoplasm of phagocytes and other RIG-1, MDA-5 Viral RNA

ﬁ

cells

C-type lectin-like receptors

I

Plasma membranes of phagocytes
hqf_ﬂ

Mannose receptor

Dectin

Microbial surface carbohydrates
with terminal mannose and
fructose

Glucans present in fungal cell walls

Scavenger receptors

&

Plasma membranes of phagocytes

CD36

Microbial diacylglycerides

N-Formyl met-leu-phe receptors

Plasma membranes of phagocytes

AR

FPR and FPRL1

Peptides containing
N-formylmethionyl residues

o L e ohon st B
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Molecules of the immune system / The Major Proinflammatory Cytokines
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* One of the earliest responses of the innate immune system to infection and tissue damage is
the secretion of cytokines by tissue cells, which is critical for the acute inflammatory response.

* Three of the most important proinflammatory cytokines of the innate immune system are
TNF, IL-1, and IL-6.

* Tissue macrophages and mast cells are the major source of these cytokines, although other
cell types, including endothelial and epithelial cells, can also produce IL-1 and IL-6.
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Molecules of the immune system / Important cytokines
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TABLE 2-2 Some Cytokines Acting in Infection

Cytokines are a

Interleukins (IL)

CELL SOURCE

FUNCTIONS

broad and loose Ll 46 Macrophages, endothelium, fibroblasts, epithelial Differentiation and function of immune effectors, PMN
category of small rEesponsel(UE1)
proteins that are IL-2 T cells (T, I) (T[\TEI)I Egﬁshferation, cytolytic activity of natural killer
Ir‘npolrlt'ant in cell IL-4 T cells (T, 2), macrophages, B cells Differentiation of naive T cells to helperT cells, prolif-
signalling. eration of B cells
S LS T cells (T,.2 Eosinophil activation
L
. . | D
Cytoklnes include > IL-8 Macrophages, endothelial, T cells, keratinocytes, PMINs ~ Chemoattractant for PMNs and T cells, PMN degranu-
chemokines § lation, migration of PMNs
)
. L -
|nterferons, ~ s IL-17 T cells (T,,17) Inﬂémr‘n:atwén, PMN response
interleukins, 'z\ z IL-22 T cells (T 17) Antimicrobial peptides
. Interferons (IFN)

lymphokines, and

. IFN-o/B T cells, B cells, macrophages, fibroblasts Antiviral activity, stimulates macrophages, MHC class |
tumour necrosis B T
factors IFN-y T cells (T’_LCTLS), NK cells T-cell activation, macrophage activation, PMNs, NK.

Cytokines are

Tumor Necrosis Factor (TNF)

cells, antiviral, MHC class | and Il expression

TNF-a T cells, macrophages, NK cells Expression of multiple cytokines, (growth and tran-
produced by a broad phag; p ple cyt

scription factors), stimulates inflammatory response,
range of cells, cytotoxic for tumor cells
including immune TNF-B T cells, B cells Same as TNF-at

and non-immune
cells

MHC, Major histocompatibility complex; PMN, Polymorphonudlear neutrophil

owgﬁ‘lﬂ)()(}«“

t‘:’“}.}‘” 4%0‘ Ul ow
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Molecules of the immune system / The Major Proinflammatory Cytokines/ TNF A2 \/:,U S \97\.1 ;G‘P gy
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* Tumor necrosis factor (TNF) is a mediator of the acute > 97} ;‘ ml“\
inflammatory response to bacteria and other infectious ' G (em)
microbes. P

’ —

* TNF production by macrophages is stimulated by PAMPs | ™ e ,7"2‘ )
and DAMPs. TLRs, NLRs, and RLRs can all induce TNF [ l Ve ( Y:'m
gene expression, in part by activation of the NF-kB = - : ’7,,‘“
transcription factor. \_ J 1 Mxlm\ 1'

— WY e e (a2)

* TNF can also mediate cell proliferation and in some / \ / ‘

cases cell death.

* TNF superfamily plays highly diversified roles in the
body.
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Molecules of the immune system / The Major Proinflammatory Cytokines/ IL-1

* Interleukin-1 (IL-1) is also a mediator of the acute inflammatory response and has many
similar actions as TNF.

* Unlike TNF, IL-1 is also produced by many cell types other than macrophages, such as
neutrophils, epithelial cells (e.g., keratinocytes), and endothelial cells.

* There are two forms of IL-1, called IL-1a and IL-1B, The main biologically active secreted form
is IL-1P.

* IL-1P gene transcription is induced by TLR and NOD signaling pathways that activate NF-kB,
whereas pro—IL- 1B cleavage is mediated by the NLRP3 inflammasome.

* |L-1 mediates its biologic effects through a membrane receptor called the type I IL-1 receptor
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Molecules of the immune system / The Major Proinflammatory Cytokines/ IL-6

IL-6 is another important cytokine in acute inflammatory responses that has both local and

systemic effects, including the induction of liver synthesis of a variety of other inflammatory

mediators, the stimulation of neutrophil production in the bone marrow, and the
differentiation of IL-17—producing helper T cells

33



Lecture-5.-Pattern-recognition-molecules
Page 34 of 39

Molecules of the immune system / The Major Proinflammatory Cytokines
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FIGURE 4-14 Local and systemic actions of cytoki in infl ion. TNF, IL-1, and IL-6 have multiple local and systemic inflam-
matory effects. TNF and IL-1 act on leukocytes and endothelium to induce acute inflammation, and both cytokines induce the expression of IL-6 from
leukocytes and other cell types. TNF, IL-1, and IL-6 mediate protective systemic effects of inflammation, including induction of fever, acute-phase
protein synthesis by the liver, and increased production of leukocytes by the bone marrow. Systemic TNF can cause the pathologic abnormalities
that lead to septic shock, including decreased cardiac function, thrombosis, capillary leak, and metabolic abnormalities due to insulin resistance.
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Molecules of the immune system / Important cytokines / Interferons
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The major vvay by which the innate immune system deals with viral infections is to induce

the expression of type | interferons. Type | interferons are a large family of structurally
related cytokines that mediate the early innate immune response to viral infections.

Type | interferons, signaling through the type | interferon receptor, activate transcription of
several genes that confer on the cells a resistance to viral infection, called an antiviral state.

Type | interferons cause sequestration of lymphocytes in lymph nodes, thus maximizing the
opportunity for encounter with microbial antigens.

Type | interferons increase the cytotoxicity of NK cells and CD8+ CTLs

Upregulate expression of class | MHC molecules and thereby increase the probability that
virally infected cells will be recognized and killed by CD8+ CTLs.

f
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Molecules of the immune system / Important cytokines / Interferons
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Production of 'IFNs induce expression
Type | IFN of enzymes that

block viral replication

Type | IFN~",.‘-~G.

Antiviral
state

Uninfected

replication tPkRQ@ 072':5; i o

Activation
by dsRNA
Activation l Activation,

by dsRNA multimerization
Phosphorylation '
of translation P :

initiation factor

Oligo A
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Molecules of the immune system / The Major Proinflammatory Cytokines
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/ PR

CD14+TLR2

D

Figure 3. TLR2 and CD14 in the lungs of a rabbit. TLR2 is labeled red and CD14 is labeled
green. Colocalization of TLR2 and CD14 is shown in yellow. TLR2 is visible on the alveolar
epithelium and on alveolar macrophages in the airspace. CD14 is visible on alveolar
macrophages, and neutrophils in the intravascular and alveolar space. The bright yellow alveolar
macrophage shows high levels of expression of both TLR2 and CD14. Similar results are found
when the sections are labeled for TLR4 and CD14.

38



Lecture-5.-Pattern-recognition-molecules 39
Page 39 of 39

Further reading:

e Cellular and Molecular Immunology. 7th Edition..
Chapter 4. Innate immunity

CELL-ASSOCIATED PATTERN RECOGNITION RECEPTORS OF INNATE IMMUNITY

SOLUBLE RECOGNITION AND EFFECTOR MOLECULES OF INNATE IMMUNITY
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