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Molecules of the immune system

* Much of the interactions between cells of the immune system, and between the immune
system and foreign introducers depend on the action of cell bound and secreted molecules.

* |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).



Molecules of the immune system / Antigen recognition by innate immunity

 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

* The innate immune system recognizes molecular structures that are characteristic of
microbial pathogens but not mammalian cells.

 The innate immune system recognizes microbial products that are often essential 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,
fungi) express different PAMPs.



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-
associated molecular patterns)

Different
microbes

Identical
mannose
receptors

For structural detail of microbial molecules (antigens); may
recognize nonmicrobial antigens

Different
microbes (%
Distinct/{ 3';:& N

antibody
molecules

)

Receptors

Encoded in germline; limited diversity (pattern recognition
receptors)

. . N-formyl
' i Mannose Scavenger
Toll-like methionyl
receptor ! receptor receptor  receptor

Encoded by genes produced by somatic recombination of
gene segments; greater diversity
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Distribution of
receptors

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

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)

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 more distinct antigens.




Molecules of the immune system / Antigen recognition by innate immunity

* Characteristics of antigens 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 protein.

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
recognize only a limited number of molecules.



Molecules of the immune system / Antigen recognition by innate immunity

* The innate immune system also recognizes endogenous molecules that are produced by or
released from damaged and dying cells. These substances are called damage associated
molecular patterns (DAMPs).

* DAMPs may be produced as a result of cell damage caused by infections, but they may also
indicate sterile injury to cells caused by any of myriad reasons, such as chemical toxins,
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.



Molecules of the immune system / Antigen recognition by innate immunity

TABLE 4-2 Examples of PAMPs and DAMPs

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

Damage-Associated Molecular Patterns

Stress-induced HSPs
proteins
Crystals Monosodium urate

Nuclear proteins HMGB1

CpG, cytidine-guanine dinuclectide; dsRNA, double-stranded RNA; HMGB1,
high-mobility group box 1; HSPs, heat shock proteins; LPS,
lipopolysacchanide; ssRNA, single-stranded RNA.




Molecules of the immune system / Antigen recognition by innate immunity

e Pattern 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.

e PRR can be cell bound or soluble.

 Cell bound PRR can be found on different compartments of the cell. (membrane, cytosol)



Molecules of the immune system / cell bound PRR/ TLRs

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

* AIll 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.
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Molecules of the immune system / cell bound PRR/ Other receptors

* Receptors for Carbohydrates recognize carbohydrates on the surface of microbes 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 receptors comprise a structurally and functionally diverse collection of cell surface
proteins found mainly on 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)



Molecules of the immune system / cytoplasmic PRR

* 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.



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

 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.

e 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.

*(NLR family, pyrin-domain-containing proteins)



Molecules of the immune system / cytoplasmic PRR/ NOD-like receptors (NLRs)
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Molecules of the immune system / cytoplasmic PRR/ NOD-like receptors (NLRs)
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NLRP3 inhibitors stoke anti-inflammatory
ambitions

Inhibitors of the innate immune system’s NLRP3 inflammasome promise potential in Parkinson
disease, Alzheimer disease, non-alcoholic steatohepatitis, gout and much more, catching the eye

of Novartis, Genentech and others.



Molecules of the immune system / cytoplasmic PRR/ RIG-like receptors (RLRs)
* 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)



Molecules of the immune system / cell bound PRR

Cell-Associated Pattern
Recognition Receptors

Toll-like receptors (TLRs)

Location

Plasma membrane and endosomal
membranes of dendritic cells,
phagocytes, B cells endothelial
cells, and many other cell types

TABLE 4-3 Pattern Recognition Molecules of the Innate Inmune System

Specific Examples

TLRs 1-9

PAMP/DAMP Ligands

Various microbial molecules
including bacterial LPS and
peptidoglycans, viral nucleic
acids

NOD-like receptors (NLRs)

Cytoplasm of phagocytes epithelial
cells, and other cells

NOD1/2
NALP family
linflammasomes)

Bacterial cell wall peptidoglycans

Flagellin, muramyl dipeptide, LP5;
urate crystals; products of
damaged cells

RIG-like receptors (RLRs)
(& S

Cytoplasm of phagocytes and other
cells

RIG-1, MDA-5

Viral RNA

C-type lectin—like receptors
3 3
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33

Plasma membranes of phagocytes

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

FPR and FPRL1

Peptides containing
N-formylmethionyl residues




Molecules of the immune system / The Major Proinflammatory Cytokines
* 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.



Molecules of the immune system / The Major Proinflammatory Cytokines/ TNF

 Tumor necrosis factor (TNF) is a mediator of the acute
inflammatory response to bacteria and other infectious
microbes.

 TNF production by macrophages is stimulated by PAMPs
and DAMPs. TLRs, NLRs, and RLRs can all induce TNF
gene expression, in part by activation of the NF-kB
transcription factor.

* 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-18, The main biologically active secreted form
is IL-1.

* |L-1B 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



Molecules of the immune system / The Major Proinflammatory Cytokines/ IL-6

* |L-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



Molecules of the immune system / The Major Proinflammatory Cytokines/ IL-6

* |L-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



Molecules of the immune system / The Major Proinflammatory Cytokines

Local ' ' Systemic ' ' Systemic
inflammation protective effects pathological effects
Endothelialll_c;ells _III_-NF, Brain Heart
ook -1, e TNF
INF. chemokines IL-BXI'. - W
IL-1 TNF < _
. \-Llow

~

output

esion X ¥ N Endothelial cells/
#w%'?eefﬁ?g Increased blood vessel
permeability TNF

Endothelial cell

s

/2

Leukocytes & _—ﬁ\f_
TNF ) Increased
’ IL-1, IL-6 Thrombus "
IL-1 chemokines |y o = e, | P erm.c:*abmly_

Multiple tissues

= a TNF,
: Skeletal .
" o= Insulin
Leukocyte | muscle .
Activation product)igm resistance

FIGURE 4-14 Local and systemic actions of cytokines in inflammation. TNF, IL-1, and IL-6 have multiple local and systemic inflam-
matory effects. TNF and 1L-1 act on leukocytes and endothelium to induce acute inflammation, and both cytokines induce the expression of [L-6 from
leukocytes and other cell types. TNF, IL-1, and IL-6 mediate protective systemic effects of inflanmation, including induction of fever, acute-phase
protein synthesis by the liver, and increased production of leukocytes by the bone marrow. Systemic THNF can cause the pathologic abnormalities
that lead to septic shock, including decreased cardiac function, thrombosis, capillary leak, and metabolic abnormalities due to insulin resistance.



Molecules of the immune system / The Major Proinflammatory Cytokines

TNF/APA1

Mg IL1/NF-«xB

Membrane -~ "

/7 TNFRSEI0D TNFRSF118 % e IRAK2  NFKB2 .,
TNFRSF21 mesgnn
FOSL1- FOSL2  ATF3

Nucleus

IL1/NF-kb: IL1A, IL1B, IL1R1, IL1R2, IL1RAP,

IL1RL1, MYD88, IRAK2, NFKB1, NFKB2,
MAP3K8, MAP4K4

A

IL6/STAT3: IL8, LIF, OSMR, JAK2, STAT3
TNFIJNK/AP-1: TNFSF10, TNFRSF10D,
TNFRSF11B, TNFRSF21, ATF3, FOS, FOSL1,
FOSL2, JUN, JUNB

Node: I T

Expression change during
cell transformation (log2)

-3 0 3
Edge: NN
Factor binding level

change during cell
transformation (log2)

' 2 I =S i SREC-I
D [ TLR4
Lipid Microdomain
®MD-2
¢ CD-14
| IRF3
Proinflammatory
cytokine
IFN-p
/

Canonical pathway

Non-canonical pathway

TNF -
1 - TLR4 LR
A ™NFR1 virus
BCR LR S couqt) e —~ CD40L, RANKL
° © 20009909800 04do —a MD2 . LTa,B., LIGHT,
TCR 3 099255 JJJJJ-:J&JQJ,J L CD40, !
oo 0.2 200 ] %99 99 . RANK /)
ity o / ] ° /
LAT 0@ o MYDEE TRADD WL / TIRAP 96°6%% 0
50 ° 3] RNF135 ¥ T TRAM %% 5 LTER,
( SYK N TRAF2I5 ¢ BAFFR
a : urr-lmK \ A ( RIGA ) TRIF i e ® o
;} 2.2~ g . (clAP12 L [:J / P ! N @ “t »
\ \ ; ;
p) \ZAFTD v L [ ' l l v ¢
PLCYT v EELS ) 1PS1
N
p — Ploy BTK e [ RIP1 TRAFG  TRAF3 x )
| f TRAF26 TRAF3  (|naki/IRAKA I TRAF2
TRAFE
\ CIAP1/2
‘ - = | | TRAF6 ./  TRAF3
i
J i
i
________ TAB2 or ! |
“> (DAG) Cca - . \ | !
,r CBM Complex : \ > TAB3 < : = T = —
) | ! TAK1 i } [ vy
g ©OGARMAT e -
1 [
1 (MALT1 /BCL-10) | | P _» (P NIK 26
PKC > . ~ | ~ i 5 =
________ . il i i TBKI 2
:: DM L~
- - NEMO MKK3 or ~ MKK4 or B i
/ v ] IKKa
f f MKKE MKKT ;
UV, HER2 e REPEEY Bt v
A ¥ ot
) - OO R
p105 ~ p50 v
ELKs N 9 IkBa vy
o LT ies | pas JNK IKKe  TBKA ( p1uu g
NEMO TRAFG Tyr kinase | (M
ATM ATM A / |
L4 p105 degradation IKBa pl00
and processing degradation processing
IKBa :
P50  RELA i) Il !
P50 ps0
A m CREB | AP1 IRF7 | IRF3 CED
\ ]
IkBa \ fl,‘ ]
Genotoxic stress AN l S v
- - — v
NEMO T
50 0 CREB  AP1 IRF3  IRF7
NEMO [ 3 = v
RELA 50
pD) - ATM - 52
/" RIP1 ‘. Inflammation, immunology and cell survival Type | interferons
¥ \ RELB
PlASY \ (claP1
 (PARP1 SO IAP1/2, c-FLIP, XIAP, Bel-XL, Bel-2, gadd45,
Y|¥ ) TRAF1/2, A1/Bl-1, p100, IL-1, IL-6, IL&, IL-1B, TNF-a, A20, BLC, ELC, SLC, SDF-1a, BAFF,
% . IkBa, COX2, MIP-1B, MIP-2, VCAM-1,GM-CSF, CCL2, etc. ICAM, CXCL12, CXCL13, CCL18, CCL21, efc.




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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