MaLwunHHoe oby4yeHune B
MMMYHOJIOTUN N MeAULIMHE

KneTku UMMYyHHOU CUCTeMbI. Bsaanmogencteme mexxay
BPOXXAEHHbIM U NPUOOPETEHHBIM UMMYHUTETOM



CTyneHu 3alMTbl OpraHM3ma

Anatomic barriers

Skin, oral mucosa, respiratory epithelium, intestine

omplement/antimicrobial proteins

C3, defensins, Regllly
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AN A

Innate immune cells

rophages, granulocytes, natural killer
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Adaptive immunity

B cells/antibodies, T cells




Cuctema KoMMniemMeHTa

Alternative pathway Lectin pathway

Triggered by Triggered by
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Triggered by
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C3b binding to microbial invaders Mannose-binding lectin (MBL) binding to Antibodies binding to microbial invaders

microbial invaders
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‘ Formation of C3 convertase ‘

Inflammatory response
C3a and C5a induce changes that
contribute to local vascular permeability

and attract phagocytes. — a a P .

Combines with C3
convertase to form an
enzyme that splits C5

Lysis of foreign cells
C5b combines with complement
proteins C6, C7, C8, and C9
to form membrane attack
complexes that insert

into cell membranes.
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Opsonization
C3b binds to microbial cells,
functioning as an opsonin.




Heutpodunbi

Tissue injury

KntoyeBble atTpakTaHTbl: IL-8, TNFq, C5a, LTB4

Phagocytes migrate from blood to site of tissue injury



HeliTpodun pomkeH pewnTb, Kak OH NOCTYNUT

Phagocytosis
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NETosis

NETosis
(slow cell death)

Neutrophil

Non-lytic NETosis
(rapid release from

live cells)

Granule

* Nuclesr ¢ Cellular
delobulstion depolarization
* Disassembly of * Chromatin
nuclear envelope decondensation
Extracellular
assembly of NET

* Degranulstion
* Expulsion of
nuclear chromatin

¢ Plasma membrane
rupture
* Release of NETs

Phagocytic
cytoplast




NK kneTku

He dbarouymtupytoT, He NPUHNUMAKOT HEMOCPEACTBEHHOMO Y4aCTUA B YHUUTOXEHUM
NaToOreHoB

YHUYTOXKaIOT KNeTKU OpraHn3mMa (3apa)keHHble, pakoBble 1 TA) 3a cYeT
LUMTOTOKCMYHOCTM (Kak CD8 T kneTkn)

B otnnume ot untotokcmyeckmnx CD8 T knetok, peuentopbl NK KneTok He
ABNAKOTCA cneymbuyeckumm



NK KneTku

Induction of apoptosis
__— Cytolytic T cell

MHC | inhibitory
receptor

— Natural killer cell

Pathogenic antigen

MHC class |
molecule

Normal MHC Class |
expression

Intracellular pathogen

MHC Class | downregulation
by pathogen: "Missing Self"

KTo-To gomkeH youTtb, unn NK nnu CD8 T kneTka

Inhibitory MHC
receptor class |

Healthy cell

Activating

Activating
receptor

Activated NK cell Tumour cell

Loss of MHC molecule
expression promotes
killing of tumour cell

Cytokines and
cytotoxic mediators

Tumour cell

Activated NK cell

Upregulation of
stress-induced
ligands promotes
killing of tumour cell

Cytokines and
cytotoxic mediators



AHTUTENo3aBUCUMasA KJIETOYHO-0ONoCpeaoBaHHas
uutoTokcuuHoctb (ADCC)

Antibody binds antigens on the Fc receptors on NK cells Cross-linking of Fc receptors signals

surface of target cells recognize bound antibody the NK cell to kill the target cell Target coN dies by apoplosis

FeyRIll

activated
NK cell

target cell @
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Complement
receptor

FCYR/CR-mediated
phagocytosis or ADCC

Putykcumab

\ Direct
\ apoptosis

\ Lipid raft
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AHTU-CD20 MOHOKJIOHaNbHblIe aHTUTena
AN Tepanum HEXOOXKKUHCKNX TMMEBOM



Makpodarm

MpeawecTBeHHNKaMN Makpodaros ABNAKTCA MOHOLMUTbI, MOHOLIMTbI MOTYT CTAHOBUTbCSA
Makpodaramu B TKaHAX, pe3epByap MOHOLIUTOB - ceNle3eHKa

CylwiecTByOT pe3uaieHTHble Makpodaru (kneTku Kyndepa, MUKpOrIMoUnUTbl, OCTEOKNACTHI...),
KOTOpble MOIYT XWUTb rogamMu, Ux 3azlaya M36aBnsATbCA OT OCTAHKOB MEPTBbIX K/TIETOK

fABnstoTca paroyuTaMm, yHUUTOXAKOT BUPYChI, 6aKTEpPUM, FPMObI 3a CYET paroumTosa u
ceKkpeLuum aHTUMUKPOBHbIX NeNTUA0B

Y6upatoT nocneacTBus NepBov BOSTHbI HEUTPOPUNOB (OCTaHKN HEMTPODUIOB M BCErO, YTO OHU
YHUUTOXNIIN)

JlocTaBNAKT aHTUrEHbI B J'II/IM(I)aTI/I‘-IeCKI/Ie y3J1bl, OCYLLLECTB/IAKOT aHTUT€HNPEe3EeHTaUntro

NmetoT Fc peuenTopbl, pacno3HatoT U YHUUTOXAOT ONCOHU3UPOBAaHHbIE aHTUMEHbI



LIMTOKMHDbI MOTFYyT MEHATb NoBegeHne Mmakpodaros

NK cell

Tl cell .{/ ILX
O APC
1

IFNy\A
Classically activated

O — macrophage

(microbicidal activity)

Tissue macrophage

T2 cell
\ﬁ:t
Wound-healing
macrophage
(tissue repair)
Regulatory T cell Immune complexes
Prostaglandins
GPCR ligands
Glucocorticoids
Apoptotic cells
\ IL-10
IL-10 Regulatory macrophage
D (anti-inflammatory

activity)



LPS, IFN-y, TNF-a

TIR2 L
TIR-4 L/
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iNOS ’\

V4

MHCHI &
TNF-q IL-10,, IL-18, IL-6, 0o
1L-12, 1L-23, CXCLS, oo (o}
CXCL10, CXCL11, 0%
CXCL16, CCLS (&) o°
Functions

Pro-inflammatory, microbial and tumoral

activity, tissue damage

[Mpo-BocnanuTenbHble
AkTusupyrotca IFN-gamma

NF-kB, STAT1, STATS, (»)
F3,IRFS, HIF-1a

M1 Macrophages
-~ .

Makpodaru M1 u M2

IL-4,1L-13, IL-10, IL-21

a

Classically activated Alternatively activated
macrophages macrophages
v T M

b Classically activated macrophages

Regulatory
macrophages

o — .

Wound-healin,

P0l O womrs e, eciephes
O O cauy,ceus, ccl2z,

Op O  couag cxcuas, vecr

Functions

Anti-inflammatory, tissue regeneration and
repair, phagocytosis capacity, angiogenesis
and immunomodulation, tumor formation
and progression

PereHepauuns, nogaep)xaHve romeocrtasa
Pe3nageHTHble, KonnyecTBo 3aBUCUT oT IL4

CekpeTupytoT IL12 => ctumynupytoT CekpeTupyrot IL10, TGF-beta =>

Th1 T knetkn, CD8 kneTku

ctumynupytoT Treg CD4 T KneTku



YaaneHue MMMYHHDbIX KOMINJIeKCOB U ONCOHU3UPOBAHHDbIX
naToreHoB

Bacterium is coated with
complement and IgG
antibody

When C3b binds to CR1 and
antibody binds to Fc receptor,
bacteria are phagocytosed

Macrophage membranes fuse,
creating a membrane-enclosed
vesicle, the phagosome

Lysosomes fuse with these
vesicles, delivering enzymes
that degrade the bacterium

bacterium

Fc
receptors

CR1

® macrophage @

lysosome




LeHapUTHbIe KNeTKHU

bazanbHan Knetka
membpana Naurepramca
Bazanbmbie
Menanoumr

KepartuHOUNTH



Cnocobbl 3aXxBaTa aHTUreHOB AeHAPUTHbIMU K/leTKaMm

Routes of antigen processing and presentation by dendritic cells

aHTUreHoB And npeseHTaunn  Ha

MHC I

Receptor- viral Cross-presentation Transfer from incoming
mediated Macropinocytosis infection after phagocytic or dendritic cell to resident
phagocytosis macropinocytic uptake dendritic cell
®e
f~| & | % @@ i
o "8
Extracellular bacteria,
Type of pathogen presented Exg:gglrligar soluble antigens, Viruses Viruses Viruses
virus particles
MHC molecules loaded MHC class Il MHC class Il MHC class | MHC class | MHC class |
Type of naive T cell activated CD4T cells CDAT cells CD8T cells CD8 T cells CD8T cells
N J N J
Y Y
OcHoBHOM nyTb npoLeccuHra MyTb npoLEeCCUHra

BHEKJIETOYHbIX @HTUrEeHOB A1
npeseHTauumnm Ha MHC | kpoce-

npe3eHTauus



AkTtuBauus n agupdepeHumposka HauBHbix CD4* T

[nsa akTnBaunm HamBHblix CD4 T KNeTok pacno3HaBaHue komnnekca nentuna:.MHC Il Heobxoanmo, HO

HeJoCTaTOYHO

TGF-p
iy IL-4 IL-6 IL-6 L
IL-23
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IFN-y -4, 15,113 | | 117, 122 IL-21 TGF-p, IL-10
T, cells 1,2 cells T,17 cells Ty cells iT,qg Colls

IL-2
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RECOGNITION

> ’ PROLIFERATION

DIFFERENTIANUN> |

EFFECTOR FUNCTION




CTLA 4 HTMOUTOPHbIN KOCTUMYNISTOPHbIN peLenTop

CTLA 4 He  oKCMpeccupyeTcs  KOHCTUTYTUBHO,
NOSABMIAETCH MOCSIe aKTUBALMN HAVBHOW T KJETKN

Ces3biBaeTca ¢ CD80/86 (B7.1/2)
B 100 pas cunbHee 4em CD28





https://www.sciencedirect.com/science/article/pii/S1471490614002269

AkTuBauua CD8* T kneTok

oz &
CD4

CD8
C040 MHC I MHC |

B7
antigen-presenting cell

‘—-by

IL-2




AHTUreHnpe3eHTUPYIOLLNE KITIETKW

Professional APCs

QY
DCs and macrophages

B cells

Dendritic cells Macrophages B cells
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Key features

* Phagocytic

* Express receptors for apoptotic
cells, DAMPs and PAMPs

* Localize to tissues

* Localize to T cell zone of lymph
nodes following activation (DCs)

* Constitutively express high levels
of MHC class Il molecules and
antigen processing machinery

* Express co-stimulatory molecules
following activation

Key features

* Internalize antigens via
BCRs

* Constitutively express
MHC class Il molecules
and antigen processing
machinery

* Express co-stimulatory
molecules following
activation

+++ Macropinocytosis

Antigen-specific

Antigen 2 +++ Macropinocytosis
and phagocytosis i receptor (Ig)
uptake by tissue dendritic cells +++ Phagocytosis -
Low on tissue-resident i e
MHC dendritic calls bat:telr[i];1 uacr:gliyt;gkines Increa(s:gzs(t)lrtlugggvation
expression High on dendritic cells in Bo et AT
lymphoid tissues
Inducible
Co-stimulation | High on dendritic cells in Inducible Inducible
delivery lymphoid tissues —to +++ —t0 +++
+4+++
Ubiquitous Lymphoid tissue -
Location throughout Connective tissue Egr?pr?:rlgl tt"slggg
the body Body cavities P
Effect Results in activation Results in activation Results in delivery of

of naive T cells

of macrophages

help to B cell




AkTuBupoBaHHble CD4* T KneTku onpegensaior
AanbHeULlee pa3BUTUE UMMYHHOIO OTBeTa

CD4 T cells: peptide + MHC class Il
Tyl cells Ty2 cells Ty17 cells Tpy cells
Major IL-4, IL-5 IL-13 IL-17 IL-22
cytokines mucus Y
and their
actions
dendritic cell
bone goblet stromal  epithelial
marrow cell cells cells
intra-
cellular G-CSF,  antimicrobial
macrophage bacteria chemokines  peptides
< = 2 = 2 = < = 2 =
0
&> ooy ¢
) B cel
Immune @
cell types Q @ @
targeted for %ogg 3
enhanced )
recruitment/ plasma cg
function 5
dead intracellular bacteria neutrophils isotype switching, lack of
affinity maturation T-cell activation
Microbes that persist Helminth Extracellular bacteria All types
in macrophage parasites (e.g., K/ebsjie//a
Microbes vesicles (e.g., pneumoniae)
targeted mycobacteria, Listeria, Fungi
Leishmania donovani, (Candida albicans)
Pneumocystis carinii)
Extracellular bacteria




Th1 oTBeT

T,1 effector functions in infections by intracellular bacteria

Tyl cells produce Fas ligand and LT- IL-3 and GM-CSF ]
IFN-y and CD40L, | | produced by T,1 cells | | IL-2 produced by T,1 | | produced by T, cells T{_,:“t::ells ";ﬁ“ce cgrLz; '(':‘:I:'scfs"a"v
which induce and induce apoptosis of cells acts on naive stimulate production it ;’ at" | o l el
activate M1 bacteria-laden CD4 and CD8 Tcells | | of monocytes by bone MONGE act o1 10ca .
macrophages macrophages marrow blood vessels or monocytes

IL-2

|

00

LT-a

blood
vessel
lumen

intra-
cellular naive naive
Ly macrophage ' cteria CD4 Tcell CD8T cell
2 = 2 = 2 = NI

chemotaxis

Enhances macrophage
killing of engulfed
bacteria

Kills chronically
infected cells,
releasing bacteria
to be destroyed by
fresh macrophages

Alters balance of Ty1

versus Ty differentiation
to favor Ty1;

supports expansion
of CD8 CTLs

Induces monocyte
differentiation in the
bone marrow

Activates endothelium
to induce macrophage
binding and exit from
blood vessel at site
of infection

Causes macrophages
to accumulate at site
of infection




Th2 oTBeT

Ty2 cell effector functions in helminth infections

T,2 cells produce IL-13,
which induces epithelial
cell repair and mucus

IL-13 produced by T,2

cells increases smooth
muscle contractility that
enhances worm expulsion

Ty2 cells recruit and
activate M2 macrophages
via IL-4 and IL-13

IL-5 produced by T2 cells
recruits and activates
eosinophils

Ty2 cells drive mast cell
recruitment via IL-3, IL-9.
Specific IgE arms mast
cells against helminths
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Increased cell turnover and
movement helps shedding
of parasitized epithelial
cells. Mucus prevents
adherence and accelerates
loss of parasite

Increased contractility of
mucosal smooth muscle
enhances worm expulsion

Products of arginase-1
expressed by M2
macrophages increase
smooth muscle contraction
and enhance tissue
remodeling and repair

Eosinophils produce MBP,
which Kills parasites. They
can also mediate ADCC
using parasite-specific Ig

Mast cells produce
mediators such as histamine,
TNF-a, and MMCP. These
recruit inflammatory cells
and remodel the mucosa




Th17 oTBeT

T,17 effector functions in infections by extracellular bacteria

IL-17 and IL-22 produced 'l'l-"g.”“dt:s"g’r:y T|H1 4 IL-17 produced by T,17
by T,17 cells induce IL-22 produced by T,17 cous A g a il I:I'atce 8 cells activates stromal CCL20 produced by T,17
the production of increases epithelial cell argd my%o;:sgew?‘_ oh cells and epithelial cells cells is a chemoattractant
antimicrobial peptides turnover I;ﬁmltllf:tes- = u’troplltl:il to produce chemokines for other T,17 cells
by epithelial cells production in bone marrow that recruit neutrophils
Y

EIL-T? IL-2Zj

EILJ 7 IL-1 727

EIL-W IL-17j

LO|O|O
01010 stromal cell myeloid cell stromal cell epithelial cells
/\‘ ‘(. G-CSF chemokines. w
antimicrobial Hurnover N neutrophil
peptides marrow production neutrophil
N N N N N

Direct killing or growth
inhibition of bacteria
attached to the epithelium

Increased epithelial cell
division and shedding
impairs bacterial
colonization

Increases numbers of
circulating neutrophils to
sustain supply of
short-lived innate effectors
at infection site

Recruitment of neutrophils
to the site of infection

Increased recruitment of
Ty17 cells to site of
infection




PerynatopHble T KNneTkKu

MEDIATOR-DEPENDENT INHIBITION

CYTOTOXIC SUPPRESSION

IL-2 STARVATION “ CONTACT DEPENDENT INHIBITION



