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¢-SMAC (central-SMAC) composed of 8 isoform of
protein kinase C,CD2, CD4, CD8, CD28, Lck, and Fyn.

p-SMAC (peripheral-SMAC) in the lymphocyte function-
associated antigen-1 (LEA-1) and the cytoskeletal protein
talin are clustered.

d-SMAC (distal-SMAC) enriched in CD43 and CD45
molecules.

Nature Reviews | Immunology



PeuenTtopHble komnnekcbl B- n T-numdountos, ITAMs
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BmecTe Cc KopeuenTopamMu U MoSieKyrnamm KIeTo4yHon aareamm qoopMupyoT UMMYHOMOrMYeCcKum
cuHanc. Knactepusaumsa peuentopoB oOpMUPYET CynpamMoneKkyrapHbIn akTUBaALMOHHbIN
komnsiekc (SMAC). ITAM - immunoreceptor tyrosine-based activation motif (YxxL/I).



Phosphorylation of ITAMs on
B-cell receptor tails by
Src-family kinases

Blk, Fyn, or Lyn
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PeuenTtopbl NK-knetok u Fc-peuentopbl cogepxat I TAMs

Receptors other than antigen receptors also
associate with ITAM-containing chains that
deliver activating signals
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Kopeuentopbl TCR n BCR The B-cell

co-receptor complex
CD21 (CR2)
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Pl 3-kinase initiates a signaling
pathway involving the GEF protein Vav

Figure 6-13 Immunobiology, 6/e. (© Garland Science 2005)
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B cells and T cells express receptors
that contain immunoreceptor tyrosine-
based inhibitory motifs

T cells and

Figure 6-20 Immunobiology, 6/e. (© Garland Science 2005)



IgM cross-linked by antigen

Kackag cobbITuin, Bbi3biBaEMbIX
aHTUITEHHOW aKTUBaLMEN
B-numdoounta

Tyrosine kinase
(Blk, Fyn, or Lyn)

Receptor cross-linking activates

tyrosine kinases Blk, Fyn, and Lyn The CD45 tyrosine
phosphatase allows

activation of receptor-
Activated kinases phosphorylate the associated kinases

Syk tyrosine kina . A
YR onIe Liaee B-cell receptor cytoplasmic domains

binds to phosphory-

lated Ig3 and becomes

activated Activated kinases activate CD19, BLNK,
phospholipase C-y (PLC-y), GEFs, and Tec kinases

PLC-y cleaves phosphatidylinositol bisphosphate (PIP5) GEFs activate small G
to yield diacylglycerol (DAG) and inositol trisphosphate (IP3) proteins (Ras and Rac)
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DAG and Ca* activate Ca? concentration, Small G proteins activate
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calcineurin

e : Calcineurin’activates a The Ras-induced kinase
Prmﬁ'"nk'"r?sg ?‘?Ct'tv artes transcription factor, NFAT | | cascade induces and activates
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The transcription factors NFxB, NFAT, and AP-1 act to induce specific gene
transcription, leading to cell proliferation and differentiation

Figure 6-15 Immunobiology, 6/e. (© Garland Science 2005)
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The transcription factors NFxB, NFAT, and AP-1 act to induce specific gene transcription, leading to cell proliferation and differentiation
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CwurHan 4epes TLR onocpenosaH MyD88 n NFkB

MyD88 binds and Phosphorylated kB is
The components of TLR-4 bound to LPS activates SIIK, which degraded, releasing
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CwurHan yepes peLenTopbl XEMOKMHOB onocpeaoBaH npotemHomMm G

In the inactive state the
G protein has bound GDP.
Chemokine binding to its
receptor allows the G protein
to bind to the receptor and the
GDP to be replaced by GTP

Signaling through chemokine
receptors is mediated by an
intracellular signaling
molecule called a
trimeric G protein

chemokine
chemokine receptor

large G protein

Figure 6-22 Immunobiology, 6/e. (© Garland Science 2005)

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

to reassociate

GTP-associated G protein
dissociates into « and By
subunits, both of which can
activate other proteins



CwurHan 4yepes peuenTopbl LMTOKMHOB ONOCpenoBaH akTuBaunen AHyC KMHas3
(JAKs) n Beget kK pochopnnmpoBaHnio CUrHaNbHbIX TPAHCAYKTOPOB U
aKkTuBaTtopoB TpaHckpunuun (STATS)

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

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
new gene transcription

STAT

6 STAT ’
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Figure 6-23 Immunobiology, 6/e. (© Garland Science 2005)




BHewHU NnyTb MHOYKUMM anonTto3a — OnocpeaoBaH akTMBaLMEWN
«peuenTopoB rmbenu» B pesynesrarte CBA3blIBAHUS BHEKNETOYHbIX
nuraHgoB Fas(CD95), TNF v nip.

BHYTpeHHMN (MUTOXOHOpPWANbHbLIN) MyTb — OCBODOXOEHNEM
UMTOXpOMa C U3 MutoxoHapun B oteeT Ha UV, paanauunto,
XUMUOTEpaneBTUYECKME Npenaparbl, NULIeHne NnTaTenbHbIX BELWLECTB
N POCTOBbLIX (PAKTOPOB.

Oba nyTn onocpenoBaHbl akTUBaUMEN NpoKacnas, B KOTOPbIX
Npo-4OMEH NHIMBUpYyET KaTanuTniyecknn gomeH. OTwenneHne
Npo-4oMeHa genaeT Kacnasy npoTeoMTUYECKN aKTUBHOMN.



CurHan yepes Fas-nuraHg onocpenosaH FADD, akTnBaunen kacnas u
[OHK-a3bl, aktnsmpyemomn kacnasamm (CAD) n Beget K anonTtosy

Fas ligand (FasL) binds to
Fas. Both are present at cell
surfaces as homotrimers.

Binding of FasL causes

a conformational change in

Fas, which then binds death

domain- containing
adaptor proteins

The adaptor proteins recruit
and activate caspase 8,
which cleaves caspase 3

Activated caspase 3 cleaves
I-CAD, the inhibitor of CAD,
which is released to enter
the nucleus and cleave DNA
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Bcl-2 6riokmMpkeT npouecchl, Beayuime K arnonTtosy

When programmed cell The Apaf-1:cytochrome ¢
In a normal cell, death is induced, the complex activates pro-caspases
cytochrome c is present mitochondria swell and leak, 9 and 3, which cleaves I-CAD,
only in mitochondria releasing cytochrome c, releasing CAD to enter the
which binds to Apaf-1 nucleus and cleave DNA

CeMencTBO 3TUX PaKTOPOB COAEPXKUT Kak aHTUaNonToTUYeCcKne
(bcl-2, bcl-XL), Tak n npoanontoTuyeckne denku (Bax, Bad)



Apoptotic stimuli

Sentinels
Bad, Bil, Bid, Bim,
p53, PUMA, NOXA

Executioners Protectors
Bax, Bak, Bok Bcl-2, Bel-X,, Bel-W




AHTUreHHaqa akTuBaLmsa He3penoro B-numagouuta npnsognt
K ero rmbenu, a aktmauusi 3penoro - K Nnpoaykuum aHTUTEr

B-cell precursor
rearranges its
immunoglobulin genes

Immature B cell bound to
self cell-surface antigen is
removed from the repertoire

Mature B cell bound to
foreign antigen
is activated

Activated B cells give rise
to plasma cells and
memory cells

bone marrow
stromal cell
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Generation of B-cell receptors
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Negative selection
in the bone marrow

B cells migrate to the
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Antibody secretion and
memory cells in bone marrow
and lymphoid tissue
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Passutue He3penoro T-numdouunTta B TUMYyce TpebyeT curHasna ot
B3ammogenctemga ¢ monekynamm MHC. CrimwkomMm cuUnbHbIW cUrHan
BbI3blBAET €ro rmdensb.

T-cell precursor rearranges
its T-cell receptor genes
in the thymus

Immature T cells that
recognize self MHC receive
signals for survival. Those
that interact strongly with

self antigen are removed
from the repertoire

Mature T cells encounter
foreign antigens in the
peripheral lymphoid
organs and are activated

Activated T cells proliferate
and migrate into peripheral
sites to eliminate infection
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T-cell progenitors develop in
the bone marrow and migrate
to the thymus

Positive and negative selection
in the thymus

Mature T cells migrate to the
peripheral lymphoid organs

Activated T cells migrate to
sites of infection

Figure 7-2 Immunobiology, 6/e. (© Garland Science 2005)
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PaHHee pa3suTtne B-nnm@pountoB 3aBUCUT OT CUTHASIOB CTPOMarbHbIX KNETOoK

Multipotent Common lymphoid

IL-7
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M FLT3
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@
CXCL12 bone marrow
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Pa3Butre B-KneTok NpoxoanT HECKONbLKO CTaaumn, XxapaktepusyemblX
peapaHXUpOBKON N IKCNPECCUEN TEHOB TAXerbIX U NIErkKnUX Leneu
MMMYHOTTI00YNMHOB
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Koppenauusa pa3sutnsa B-kneTok ¢ peapaHXMpoBKOU reHHbIX CErMEHTOB U
aKcnpeccuen psga 6enkoB KIeToO4YHOWM NOBEPXHOCTH
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[TpoayKTUBHO peapaHXMPOBAHHbIN FEH TAXENOW Lenu MMMYHOrnooynmHa
B KOMMNIeKce C CypporaTtHOW Nerkou Lenb HavynHaeT SKCnpeccmpoBaTbCA
HemMeaJIeHHO

V,-DJ, rearrangements occur

Large pre-B cell
Yy Cu

pre-B receptor

Mature B cell

Figure 7-17 Immunobiology, 6/e. (© Garland Science 2005)




Repeated rearrangements are possible at the light-chain loci

vKn VK2 K1—5
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Figure 7-18 Immunobiology, 6/e. (© Garland Science 2005)
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MyTauma B reHe Foxn-1, paHee nssectHasa kak nude, npnBoauT K
Hedopas3BUTUIO aNUTENnS TuMyca. PYHKUMOHASTbHLIA TPaHCreH NPMBOAUT K
BOCCTaAHOBJIEHUIO Pa3BUTUA TUMYCA

nu/nu mouse

bone marrow

stem cells Thymus defect

thymic rudiment

Grafted cells repopulate Normal cells repopulate
normal thymus grafted thymus

Cell Cell
numbers numbers

Q Foxn1'-/- |

Foxn1::Foxn1

Functional validation of a Foxn1 promoter fragment. The expression of a Foxn1 cDNA fragment under the control of the Foxn7 promoter [25]
rescues the hair phenotype of Foxn7-deficient mice (top panels) and restores normal thymopoiesis (bottom panels). The size of the thymus i
oxn1~'~; Foxn1::Foxn1 transgenic mice varies but always leads to normal T cell development (CC Bleul, T Boehm, unpublished data).
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CD3 48 Pa3BuTtmne T-KNeToK - Koppenauua c

‘double-negative’ thymocytes peapaHXXMPOBKOW FEHHbIX CETMEHTOB U
O 3Knpeccuen NoBePXHOCTHbIX MOMNEKYI
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CTaanmn peapaHXMpOBKU reHoB B off T-KneTkax
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BpeMeHHble naTTepHbI 3KCNPECCUN HEKOTOPLIX OENKOB B
paHHeM pa3BuUTUKN T-KNeTok
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KomMmutupoBaHue passutns aff- n yo- T-KNeTok

Double-negative T cells
rearrange their v, 8, and g genes
o B

Signals through the y:6 TCR Signals through the pre-TCR switch
switch off the B-chain gene and off the y- and 8-chain genes and
commit the cell to the v:3 lineage commit the cell to the «:f lineage
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[ToBTOpPHbIE peapaHXUPOBKN MOrYyT MMeTb MecTo B a-uenn TCR

Repeated rearrangements can rescue nonproductive V,J, joins
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