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Fig.6.20 Maturation of theimmune response and class after removal of introns during processing, mRNA for

switching. As shown in the graph, following a primary antigen secreted IgM is produced. During maturation, which involves
injection there is an antibody response which consists mostly T cell help, and possibly also the activation of a mutation

of IgM whereas the response following a secondary mechanism for the VDJ segment, another C gene (here
challenge is mostly IgG. The underlying cellular mechanism llustrated as Cy 3) is brought up to exchange with the pgene
for this class switch is shown on the right. In the primary at its switch region (red). The wand & genes are probably lost;
response the VDJ region is transcribed with augene and, transcription and processing produce mRNA for IgG3.

Immunology 2nd edition, by Roitt, Brostoff, and Male (1989)
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Pattern Recognition Location Specific Examples  Ligands (PAMPs or DAMPs)
Receptors
Cell-Assaciated
TLRs Plasma TLRs 1-9 Various microbial
/’::\ memkbrane molecules including
H and bacterial LPS,
C/ endcsomal peptidoglycans, viral
membranes nucleic acids
of DCs,
phagocytes,
3 cells,
endcthelial
cells, and
many other
cell types
NLRs Cytosol of NOD1/2 Bactearial call wall
M phagocytes, peptidoglycans
epithelial NLRP family Intracellular crystals
cells, and (inflammasomas) (urate, silica); changes in
other cells cytosolic ATP and ion
concentrations; lysosomal
damage
RLRs Cytosol of RIG-1,MDA-5 Viral RNA
o phagocytes
and other
cells
CDSs Cytosol of AIMZ; STING- Bacterial and viral DNA
many cell associated CDSs
types cGAS
CLRs Plasma Mannose Microbial surface
; % "¢ membranes receptor, DC- caroohydrates with
3 of SIGN terminal mannose and
phagocytes tucose
Dectin-1, Dectin- Glucans presentin fungal
2 and bacterial cell walls
Scavenger recepters Plasma CD36 Microbial diacylglycerides
membranes
3 of
phagocytes
N-Formyl met-leau-phe Plasma FPR and FPRL1 Peptides containing N-
receptors membranes formylmethionyl residues
of
phagocytes

Soluble
Pentraxins Plasma C-reactive Microbial
protein phosphorylcholine and
phosphatidylethanclamine
Cellectins Plasma Mannose-binding Carbchydrates with
lectin terminal mannose and
fucose
Alveoli Surfactant Various microbial
proteins SP-A structures
and SP-D
Ficolins Plasma Ficclin N-Acetylglucosamina and
lipoteichoic acid
components of the cell
walls of gram-positive
bacteria
Complement Plasma Various Microbial surfaces
c:b &‘Q complement
proteins

receplors.

AINMZ, Absentin melancma-2; CDSs, cytosolic DNA sensors; CLRs, C-type lactin-like receptors; DAMP, damage-
associated molecular pattern; OC, dendritic cells; MDA, melanome differentiaticn-associated gene; NNLRs,

NOD-like receptors; NOD, nucleotide oligomerization domzin; PAMF, pathogen-associated molecular pattern;
RLRs, RIG-like receptors; SP-D, surfactant protein B; STING, stimulator of IFN (interferon) genes; TLRs, Toll-like

Cellular and Molecular Immunology 10th ed.
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[Gram-posmve Iﬁ;gg:;ve I?.,!l'ge..ated ] Figure 4.2: Structure, location,

bacteria : :
bacteria bacteria TTPTT .
. _ _ , and specificities of mammalian
Bacterial Bacterial Bacterial LPS Bacterial .
SRS e poptidoglyoan B R .. flagelin__ Toll-like receptors.
TLR2:TLR6 TLR4 TLRS
R IR
MD2 L

A \ireac )
| Viruses
3

Note that some TLRs are
expressed on the cell surface
and others in endosomes.

......................

TLRs may form homodimers or
- gs—— heterodimers. dsRNA, Double-
= ) nrsucwre|  Stranded RNA; LPS,
B J B o wea = | lipopolysaccharide; ssRNA,
- Viruses, single-stranded RNA; TIR, Toll
fngi |l IL-1 receptor; TLR, Toll-like
| ) mRdomain receptor.

Cellular and Molecular Immunology 10th ed.
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Figure 4.5: The STING cytosolic
DNA sensing pathway.

" Retrovirus 0

e Reverse
" transcription  DNA . : .
Cytoplasmic microbial DNA and self DNA

that accumulates in the cytosol activate the
enzyme cGAS, which catalyzes the
synthesis of cyclic GMP-AMP (cGAMP)
sﬁf from ATP and GTP. cGAMP binds to STING
in the endoplasmic reticulum membrane,
& Zﬂﬁg E causing STING to translocate to the Golgi
(not shown), and then STING recruits and
activates the kinase TBK1, which
phosphorylates IRF3. Phospo-IRF3 moves
to the nucleus, where it induces type | IFN
gene expression. Self DNA may be
produced as a result of genomic or
mitochondrial damage or from turnover of
DNA. The bacterial second messenger
molecules cyclic di-GMP (c-di-GMP) and
cyclic di-AMP (c-di-AMP) are directly
sensed by STING. ATP, Adenosine
triphosphate; cGAS, cyclic GMP-AMP

Type | IFN ‘gene o synthase; ER, endoplasmic reticulum; GTP,
transcription guanosine triphosphate; IFN, interferon;
Inhibition of viral | ® 4, Type | IRF3, interferon response factor 3.
[ replication ] Interferons

Cellular and Molecular Immunology 10th ed.
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kill microbes and infected cells.
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o JfiiBR neutrophils

o HiRZE il mononuclear phagocytes

o BPRAIN dendritic cells

e +F 27)LF% 7 —illld natural killer (NK) cells

e HARY ¥ 38k innate lymphoid cells (ILC)
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Bone marrow

Stem cell

=

Tissues

AD“VE\W

Monoblast

Monocyte

=

Macrophage

) Activated
) macrophages

Microglia (CNS)
Diﬂerentiatm Kupffer cells (liver)

Alveolar macrophages (lung)
Osteoclasts (bone)

FIGURE 2-5 Maturation of mononuclear phagocytes. Mononuclear phagocytes develop in the bone marrow, circulate in the blood as
monocytes, and are resident in all tissues of the body as macrophages. They may differentiate into specialized forms in particular tissues.
CNS, central nervous system.
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Rolling Integrin activation Stable Migration through
by chemokines adhesion endothelium
Leukocyte Integrin
(low-affinity state)
Selectin ligand
Integrin (high-
affinity state)

Chemokine =~ =i 0 |

Selectin =
>

Proteo- 4 Integrin
glycan ligand
S

Cytokines
(TNF, IL-1) Macrophage

with microbes Fibrin and fibronectin

(extracellular matrix)

FIGURE 2-7 Recruitment of leukocytes. At sites of infection, macrophages that have encountered microbes produce cytokines (such as
TNF and IL-1) that activate the endothelial cells of nearby venules to produce selectins, ligands for integrins, and chemokines. Selectins
mediate weak tethering and rolling of blood leukocytes, such as neutrophils on the endothelium; integrins mediate firm adhesion of neu-
trophils; and chemokines increase the affinity of neutrophil integrins and stimulate the migration of the cells through the endothelium to the

site of infection. Blood neutrophils, monocytes, and actlvated  § Iymphocytes use essentially the same mechanisms to migrate to sites of
trﬂ:e{:tm‘n EDRETPIUNEESE ENRAR LR >

Cellular and Molecular Immunology 6th ed.
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Microbes bind to Phagocyte
phagocyte receptors membrane zips up
around microbe

Mac-1
integrin

Scavenger
receptor

Mannose
receptor

Lysosome
Killing of
Microbe ingested & phagocytosed
in phagosome microbes by
ROS and NO
| iNOS

.-~ Arginine

w
Lysosome | Activation of
Phagosome . o
with ingested . With phegocyle Killing of
microbe I M microbes by
Fusion of Iysosome_al
phagosome enzymes in Phagocyte -
with lysosome phagolysosomes| oxidase I

FIGURE 2-8 Phagocytosis and intracellular destruction of microbes. Microbes may be ingested by different membrane receptors of
phagocytes; some directly bind microbes, and others bind opsonized microbes. (Note that the Mac-1 integrin binds microbes opsonized with
complement proteins, not shown.) The microbes are internalized into phagosomes, which fuse with lysosomes to form phagolysosomes,
where the microbes are killed by reactive oxygen and nitrogen intermediates and proteolytic enzymes. NO, nitric oxide; ROS, reactive oxygen
species.
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FIGURE 2-10 Activating and inhibitory receptors of NK cells. A.
Activating receptors of NK cells recognize ligands on target cells and
activate protein tyrosine kinase (PTK), whose activity is inhibited by
inhibitory receptors that recognize class | MHC molecules and acti-
vate protein tyrosine phosphatase (PTP). NK cells do not efficiently
kill class | MHC-expressing healthy cells. B. If a virus infection or
other stress inhibits class | MHC expression on infected cells, and
induces expression of additional activating ligands, the NK cell
inhibitory receptor is not engaged and the activating receptor func-
tions unopposed to trigger responses of NK cells, such as killing of
target cells and cytokine secretion.

NK cell

no cell killing

not activated;
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FIGURE 2-11 Functions of NK cells. A. NK cells recognize ligands
on infected cells or cells undergoing other types of stress, and kill
the host cells. In this way, NK cells eliminate reservoirs of infection
as well as dysfunctional cells. B. NK cells respond to IL-12 produced
by macrophages and secrete IFN-y, which activates the macro-
phages to kill phagocytosed microbes.

Cellular and Molecular Immunology 6th ed.
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FIGURE 2-12 Pathways of complement activation. The activation of the complement system may be initiated by three distinct pathways,
all of which lead to the production of C3b (the early steps). C3b initiates the late steps of complement activation, culminating in the pro-
duction of peptides that stimulate inflammation (C5a) and polymerized C9, which forms the membrane attack complex, so called because
it creates holes in plasma membranes. The principal functions of major proteins produced at different steps are shown. The activation, func-
tions, and regulation of the complement system are discussed in much more detail in Chapter 14.
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FIGURE 2-13 Stimulation of adaptive immunity by innate
immune responses. Antigen recognition by lymphocytes provides
signal 1 for the activation of the lymphocytes, and molecules
Induced on host cells during innate immune responses to microbes
provide signal 2. In this illustration, the lymphocytes are B cells, but
the same principles apply to T lymphocytes. The nature of second
signals differs for B and T cells and is described in later chapters.
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