xR I FYDRET

il

tl= 1k

:‘:

=)

PRER AR DR

SRS iPS et seir OF L
AT HIZE

t7e%) Wt

[=]:

http://moonbeam.sakura.ne.jp/gene/download E

S

[=]



o HIEEDILITE

o BeEAT U F v

o BBy v U F v DulfElE



"= DFFIE

e HC - JEH Dl self vs. non-self
o Ri¥PE specificity
o %KM diversity

—
—

o G memory



BARE L]

* HZA

e ‘EENDHHoThHHOHOTV 5T

T\ %) LEEOCJQ’;E;? % o

¢ ﬂﬁa[‘\

e 2

:l B MIKIF@M‘?K

A% innate immunity

%% adaptive immunity

IR

I 7

WA

EﬂXo *’Z”EI O) JL&\7ﬂlé

i )4

FARNTRIICO: Dadlgzftfs TZ 5,



AR A it e 15
BB CHE HY HD
SR | wzorsy— | filzTY
SR A% fERR
RCIR %L =D
MR N7 | filk - il IREN
- T

7 —3 « NKHI




ETRZAS : Y1LAT—IVICEH

WEY

Microbe 1St line 2nd line
Innate immunity B#A%E Adaptive immunity #Eit&E
FRRIXUT o Y
% Epithelial B /4% ik
barriers  © YMPHoCyles Antibodies
Yy X
. N Wy
Phagocytes Dendriti —T4
Ce" \ TV VIR Iéﬁ;gr L2

T lymphocytes T cells

Mast k A

cell gy ) NK#
”Eﬁﬂ?@i NK cel sHﬂ
Q}r_/ and other @

Complement ILCs

#ikx Hoursinnate ly77phoid cells (HAY ‘/l\"ifk)Days
| | | [ [

0 6 12 1 4 7
Time after infection

Cellular and Molecular Immunology 10th ed.



BHARE

° )\ 57 - /nau\n%hj‘ % &@.ﬂi

e Toll-like receptor (TLR), C-type L 27 F -,
scavenger 2744, cGAS, NLR, RLR % &%
W
o MiE%

o LEENNY 7, iy & s9E. NKHI, 1
Y INT, YA PV

o JEIDSPENDIGEE L




Pattern Recognition Location Specific Examples  Ligands (PAMPs or DAMPs)
Cell-Associated
TLRs Plasma TLRs 1-9 Various microbial
membrane molecules including
and bacterial LPS,
endosomal peptidoglycans, viral
membranes nucleic acids
of DCs,
phagocytes,
B cells,
endothelial
cells, and
many other
cell types
NLRs Cytosol of NOD1/2 Bacterial cell wall
M phagocytes, peptidoglycans
epithelial NLRP family Intracellular crystals
cells, and (inflammasomes) (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 AIM2; STING- Bacterial and viral DNA
many cell associated CDSs
” types cGAS
CLRs Plasma Mannose Microbial surface
i ; < membranes receptor, DC- carbohydrates with
of SIGN terminal mannose and
phagocytes fucose
Dectin-1, Dectin- Glucans present in fungal
2 and bacterial cell walls
Scavenger receptors Plasma CD36 Microbial diacylglycerides
membranes
of
phagocytes
N-Formyl met-leu-phe Plasma FPR and FPRL1 Peptides containing N-
receptors membranes formylmethionyl residues
of
phagocytes

Soluble
Pentraxins Plasma C-reactive Microbial
protein phosphorylcholine and
phosphatidylethanolamine
Collectins Plasma Mannose-binding Carbohydrates with
lectin terminal mannose and
fucose
Alveoli Surfactant Various microbial
proteins SP-A structures
and SP-D
Ficolins Plasma Ficolin N-Acetylglucosamine and
lipoteichoic acid
components of the cell
walls of gram-positive
bacteria
Complement Plasma Various Microbial surfaces
complement
proteins
AIM2, Absent in melanoma-2; CDSs, cytosolic DNA sensors; CLRs, C-type lectin-like receptors; DAMP, damage-
associated molecular pattern; DC, dendritic cells; MDA, melanoma differentiation-associated gene; NLRs,
NOD-like receptors; NOD, nucleotide oligomerization domain; PAMP, pathogen-associated molecular pattern;
RLRs, RIG-like receptors; SP-D, surfactant protein D; STING, stimulator of IFN (interferon) genes; TLRs, Toll-like
receptors.

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

Reverse
transcription

Retrovirus

a0 Cytoplasmic microbial DNA and self DNA
that accumulates in the cytosol activate the
enzyme cGAS, which catalyzes the
synthesis of cyclic GMP-AMP (cGAMP)
from ATP and GTP. cGAMP binds to STING
in the endoplasmic reticulum membrane,
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 lIFNgene synthase; ER, endoplasmic reticulum; GTP,
transcription guanosine triphosphate; IFN, interferon;
Inhibition of viral| @ a Type | IRF3, interferon response factor 3.
[ replication Interferons
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stances, and harbor intraepithelial lymphocytes that are believed to
kill microbes and infected cells.
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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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gt
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Innate immune
response
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proliferation
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Adaptive
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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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FIGURE 3-8 The lymphatic system. The major lymphatic
vessels and collections of lymph nodes are illustrated. Antigens are
captured from a site of infection, and the draining lymph node to
which these antigens are transported and where the immune
response is initiated.
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FIGURE 3-2 Maturation of lymphocytes. Mature lymphocytes develop from bone marrow stem cells in the generative lymphoid organs,

and immune responses to foreign antigens occur in the peripheral lymphoid tissues.
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of the C, gene.
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FIGURE 7-2 Antigen recognition and signaling func-
tions of lymphocyte antigen receptors. The antigen
recognition and signaling functions of antigen receptors
are mediated by distinct proteins of the antigen receptor
complex. When TCR or Ig molecules recognize antigens,
signals are delivered to the lymphocytes by proteins asso-
ciated with the antigen receptors. The antigen receptors
and attached signaling proteins form the T and B cell
receptor complexes. Note that single antigen receptors
are shown recognizing antigens, but signaling requires the
cross-linking of two or more receptors by binding to adja-
cent antigen molecules.
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FIGURE 7-3 Structure of the T cell receptor. The
schematic diagram of the off TCR (left) shows the
domains of a typical TCR specific for a peptide-MHC
complex. The antigen-binding portion of the TCR is
formed by the V, and V; domains. The ribbon diagram
(right) shows the structure of the extracellular portion of
a TCR as revealed by x-ray crystallography. The hyper-
variable segment loops that form the peptide-MHC
binding site are at the top. (Adapted from Bjorkman PJ.
MHC restriction in three dimensions: a view of T cell
receptor/ligand interactions. Cell 89:167-170, 1997. Copy-
right Cell Press.)
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FIGURE 5-4 Structure of a class | MHC molecule. The schematic
diagram (left) illustrates the different regions of the MHC molecule
(not drawn to scale). Class | molecules are composed of a poly-
morphic « chain noncovalently attached to the nonpolymorphic ;-
microglobulin (B2m). The o chain is glycosylated; carbohydrate
residues are not shown. The ribbon diagram (right) shows the struc-
ture of the extracellular portion of the HLA-B27 molecule with a
bound peptide, resolved by x-ray crystallography. (Courtesy of Dr, P
Bjorkman, California Institute of Technology, Pasadena, California.)
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FIGURE 5-6 Structure of a class Il MHC molecule. The schematic
diagram (left) illustrates the different regions of the MHC molecule
(not drawn to scale). Class |l molecules are composed of a poly-
morphic o chain noncovalently attached to a polymorphic B chain.
Both chains are glycosylated; carbohydrate residues are not shown.
The ribbon diagram (right) shows the structure of the extracellular
portion of the HLA-DR1 molecule with a bound peptide, resolved by
x-ray crystallography. (Courtesy of Dr. P. Bjorkman, California Insti-
tute of Technology, Pasadena, California.)
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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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FIGURE 10-13 Ig heavy chain isotype switching. B cells activated by helper T cell signals (CD40L, cytokines) undergo switching to
different Ig isotypes, which mediate distinct effector functions. Selected examples of switched isotypes in humans are shown.
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FIGURE 14.2 M cells in the small intestine.Microfold (M) cells are
specialized intestinal epithelial cells found in the small bowel
epithelium overlying Peyer’s patches and lamina propria lymphoid
follicles (A). Unlike neighboring epithelial cells with tall microvillus
borders and primary absorptive functions, M cells have shorter villi.
They appear sunken next to absorptive epithelial cells in the
scanning electron microscopic image shown in (B). M cells engage
in transport of intact microbes or molecules across the mucosal
barrier into gut-associated lymphoid tissues, where they are
handed off to dendritic cells (C).

Electron micrograph from Ohno H. Intestinal M cells. J Biochem.
2016;159:151-160.
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Somatic mutation

Exit of high-affinity
antibody- secreting
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