Basic Immunology

Lecture 7t - 8

Communication between cellular
components of the immune
system

Co-receptors and adhesion molecules.
Cytokines, chemokines and their receptors.

Microvesicles.



Mediators of cell-cell interactions

Cell-cell interactions play basic biological role in
development and function of multicellular organisms.
These interactions allow cells to communicate with
each other. This ability to send and receive signals is
essential for the further functions of the cells.

- Direct interactions: adhesion molecules

- Microparticles: microvesicles, microtubes

- Soluble mediators perform indirect
interactions: cytokines, chemokines,
interleukins, interferons, growth factors,
tissue hormones, complement factors, etc.



Main fields of immunological
,cross-talk”

-Haematopoiesis: adhesion between stromal cells of the
bone marrow and the differentiating leukocytes

-Lymphocyte recirculation and recruitment: adhesion
between endothelial cells and the circulating leukocytes,
recruiting immune active cells into the inflammatory tissues

-Immune response: T cell and APC/B cell interactions

during antigen presentation, activation and differentiation of
immune cells, cytotoxic effector reactions



Adhesion molecules

Cell surface molecules whose function is to
promote adhesive interactions with other cells or
the extracellular matrix and initiate signal
transduction.

Leukocytes express various types of adhesion
molecules, such as selectins, integrins, and
members of the Ig superfamily, and these
molecules play crucial role in cell migration and
cellular activation both in innate and adaptive
Immune response.




Families of adhesion molecules
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Types of cell adhesion molecules

Intracellular
Integrin(a381) Mucin-like CAMs Cadherin lg-superfamily CAMs
_ (E-cadhegrin) (N-CAM)
...Q )..WOQ.”.O ' MO.
T :::666¢aooob¢ooééoéo$ P ODEODPPS
el —
T o o & :
Carbohydrate £ g P - = Ca2+-binding
/ f'(r ( /f/'r ; sites
P CPey c
\\/'/- -
&€ £
e

. | Ilg domains
Fibronectin

Selectins

P-selecti

(P-selectin) ok

fibronectin

Extracellular pe @7 i
ecsccscees®

P000POOD¢

Intracellular

Heterophilic interactions @hilic inte@




Family of accessory molecules, adhesion
molecules, co-receptors
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Accessory molecules on T cells
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Activation of adheseion molecules
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Cell signalling initiated by receptors such as chemokine receptors, T-cell
receptor (TCR), Toll-like receptors (TLR) activate selectins and trigger

activation of the ligand-binding domain.



Lymphocyte recirculation: continuous migration of cells from
the blood flow and lymph to the lymphatic organs and to the inflammation = HOMING

Efferent lymph
(52"”)

Role:
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- Promotes the antigen capturing

Naive
lymphocytes

- Promotes the development of

Afferent inflammatory reactions

lymph (10%)

Mechanism:

Nonrecirculating / N Activated
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-Extravasation: leucocyte adhesion
to the endothel, and migration
across the wall of the blood vessels
to the tissue

Tertiary extralymphoid
tissue:

Mucosal epithelia in gut,
lungs, and genitourinary tracts
Liver
Brain
Skin

Bone marrow
Epithelial surface
Peritoneum

1-2 total circle managed by all white blood cells pro day



e Selectin-mediated adhesion to leukocyte sialyl-Lewis* is weak, and allows leukocytes
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See more details in the
Inflammation lecture
(Lecture 4)

Neutrophils leave the blood and migrate to sites of infection in a multistep
process mediated through adhesive interactions that are regulated by
macrophage-derived cytokines and chemokines.



Migration of neutrophil granulocytes to the
inflammed tissues throgh the endothel
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Naive lymphocytes migrating to the

peripheral lymphatic tissues
The role of the high endothelial venules (HEV), and the
adhesion molecules

Rolling Activation Arrest/adhesion
Naive ) 2 3)
T cell \ ?}.)
*~ \ =

L-selectin / / \LFAI (4) Transendothelial
¢ ( m% 3 migration
(":hcmukinc';’ gﬂﬁd\\ M{é ?ﬁ:ﬁ’\\

CD34 == & : . : / l( SAM- l :
usv.@z@r@/@() O
1. Sél>ectiﬁ;7rnediated. 727.?:rflem6atrt_réct—a;t 3, Integrln medlated / /— \ -

mediated \ \
=/



Different adhesion molecules determine
the migration of naive and memory
(effector) cells
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See more details in the lecture about T
cell activation (Lecture 12)



High endothelial venules (HEV)

T cells binding to the luminal surface of a
HEV (electron microscopy image)
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-5 Lymphocytes use HEVs to enter
lymphoid organs. (through L-
selectin, see later)

HEV Found in all secondary lymphoid

' s organs (e.g. lymph nodes, tonsils,
T cells HEV Peyer's patches), EXCEPT THE
SPLEENL(]



Filtration of Iymph by nodes 1.
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Infection on the periphery
The same antigen may enter
the lymphatic vessels in
different forms:

« Native bound antigen
(e.g. living bacteria)

* Native soluble form
(e.g. proteins derived
from dead bacteria)

* Processed form:
dendritic cells
phagocytose the antigen
and present it as a
peptide to helper T cells
(see later)

Lymphocytes enter lymph
nodes either through afferent
lymph vessels or HEVs and
meet W|th the antlgens (see

41 1 \



Ig-superfamily member CD2

CD2 Binds to CD58

,Sheep red-blood cell receptor” (LFA3) expressed

on APCs
» 1 cell rosette”

Adhesion
Cell activation

T cell activation, CTL- and NK-mediated lysis



Ig Superfamily members CD4 and CD8:

extracellular domain: binding to MHC constant domain
intracellular domain: signal transduction, binding kinases

CD4 expressedin T
cells and macrophages
- HIV-receptor as well

CD4 - MHCII

APC

Mll( ll H }/

55 kDa

Th, Mo,
Mf, DC

CD4

See more details in the lecture about
MHC and ag presentation (Lecture 5-6)
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Co-stimulatory molecules in APCs and T cells
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B7 (CDBO, CDBG), CD28 and CTLA-4 molecules
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CD28 and CTLA-4 of T cells g APC
bind to the B7-1 (cDbso), B7-2 32
(cD86) molecules of the APC »
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CD28: - co-stimulatory molecule in T
cell activation
- Increases IL-2 and IL-2R expression,
- Induces T cell proliferation : Cicms ELAB
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CTLA: Cytolytic T lymphocyte associated Antigen



Co-stimulatory molecules with blocking
effects on T cells and APCs
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Immune checkpoint inhibitors

PD-1 inhibitors
-Nivolumab
-Pembrolizumab

CTLA-4 inhibitors

-lpilimumab
-Tremelimumab

PD-L1 inhibitors
-Atezolizumab
-Durvalumab

James P. Allison, PhD Tasuku Honjo, MD, PhD
2018 Nobel Prize: use of immune checkpoint inhibitors to treat cancer.

See more details in the Tumor
immunology lecture (Lecture 28)



»OTHER” accessory molecules
CD45 @

Expressed on every leukocyte jirB o
“pan-leukocyte marker” ’Afﬁ
- Highly glycosylated,
- More isoforms (180, 190, 200, 205, 220 kDa) :\Cg
- alternate splicing -
|-
Plays important role in cell activation and in T 1l
regulation of signal transduction T
- protein-tyrosine-phosphatase domain: .
dephosphorylation \ CE



CDA45 isoforms
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Cell-cell communication with
cytokines



Basic characteristics of cytokies

 Low molecular weight (10-40 kDa), and genetically
well conserved glycoproteins

- |Isolated cells secrete them, due to gene activation
 They mediate cell-cell interaction:
- sending information

- general regulation of biological homeostasis
including immune response

 Mechanism of action:
- produced after transient gene activation
- act through receptors triggering signal-transduction
- high affinity
- picomolar concentration
- they act mostly locally



Mechanism of cytokine action |I.
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Autocrine, paracrine and endocrine action of IL-1
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Enhanced cytotoxicity
Cytokine production
Adhesion mol. Expr.

Activation,
IL-2R expression
Cytokine secretion.

Prostaglandin
Production, fever
Acute phase protein




Mechanism of cytokine action lI.

o Starting a cascade
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Functional groups of cytokines

l. Regulators of natural IFNa., IFNB, TNFa, TNFB (LT),
immunity and inflammation IL-1a, IL-18, IL-6, IL-12,

MIF, chemokines

Il. Regulators of lymphocyte IL-2, IL-4, IL-5, IL-6, IL-13, IL-15,
activation and differentiation INFy,

IL-10 and TGFf

lll. Regulators of IL-3, IL-7, GM-CSF, SCF
haematopoiesis




Cytokine receptors



Cytokine receptors

@ Cytokine receptor families

Type | cytokine Type Il cytokine
(hemopoietin) receptors ~ receptors
Conserved
cysteines
WSXWS-

f

ﬁ

IL-9, IL-11, IL-12, IL-13,
IL-15, GM-CSF, G-CSF

TNF receptors

Receptor for: IL-2, IL-3, Receptor for: IFN-a/[,
IL-4, IL-5, IL-6, IL-7, IFN-y, IL-10

Receptor for: TNF,
LT, CD40L, Fas, OX-40L

Immunoglobulin
superfamily
receptors

: Seven

tran smembra ne
v-helical receptors

fﬁ Receptor for:

Receptor for: IL-1, Chemokines

M-CSF, stem cell factor

€ Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology Se www.studentconsult.com




Multichain cytokine receptors

Common i GM-CSF  :IL-6 receptor family
v chain family :receptor family: (common gp130
i (common subunit)
B chain)
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(also: IL-7, IL-9, IL-21) " (also: LIF, CNTF)




IL-2 receptor chains:

Intermediate High affinity Low affinity
affinity IL-2R IL-2R IL-2R
o a=CD2!
Y @ Y &
B B
Subunit
composition:  IL-2Rf IL-2Rat IL-2Rat
IL-2Ry IL-2RB
IL-2Ry
Affinity
constant (K,):  10'M 10110 108Mm
Dissociation
constant (K;): 107°M 10°1 M 10-8M
Cells \ % J
expressed by:  NK cells Activated CD4+ and CD8+ T cells
Resting T cells Activated B cells
(low numbers) (low numbers)

\J1

See more details in the lecture about T

cell activation (Lecture 12)



%%%Fﬁ”%ﬂi‘ Cytokine Induction of JAK-STAT Signaling

Cytokine

Cytokine
receptors

Cytokine-mediated
receptor dimerization;
JAK-mediated
phosphorylation
of receptor chains

Recruitment 7 S JAK-mediated
of STATs to phosphorylation and
cytokine receptor “dimerization of STATs
1 .
Inactive STAT Translocation of / Acti T

proteins

ﬂs to nucleuslw)teins

Transcription
N

l_' -
STAT-binding Cytokine-responsive
sequences in promoter gene

Fig. 7-25

Abbas, Lichtman, and Pillai. Cellular and Molecular Immunology, 7t" edition. Copyright © 2012 by Saunders, an imprint



JAK inhibitors

IL-6, IL-13,
IL-12, IL-22,

IL-2 IL-4 IL-7 IFNa, IENB, IL-31
IFNy IL-9 IL-15 IL-21 IL-31L-5 IFNA, IL-10 IL-23

IL-6R l IL-12R l

L l IL-2R IL-3R $ IFNAR, l
. IFNGR ‘family family ' IL-10R, ... family ‘ family ‘

A——
——
o Psoriasis Atopic dermatitis SLE L
Sarcoidosis . Psoriasis
IBD Alopecia areata Graft vs Tgst disease Psoriasis IBD
Psoriasis SL[_E SLE Sarcoidosis
Alopecia areata Behget disease IBD Ankylosing spondylitis
Rheumatoid arthritis Bl GthA Multiple sclerosis
SLE ies o encet disease
uPdac.'t'_mb Sarcoidosis Th17
filgotinib AOSD environement
itacitinib HLH
tofacitinib solcitinib

baricitinib
ruxolitinib

delgocitinib

== JAK1 specific
= Non specific

= Pan JAK
JAK inhibitors are such kinase inhibitors which are used to inhibit the cytokine

signaling pathways in bone marrow hemopoetic diseases (eg. Polycythaemia vera)
or inflammatory/autoimmune conditions.



%%‘?Frrﬂ%[ﬁ‘ TNF Receptor Signaling
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Abbas, Lichtman, and Pillai. Cellular and Molecular Immunology, 7t" edition. Copyright © 2012 by Saunders, an imprint



Functional groups of cytokines:

1. Haemopoetic cytokines



Cytokines regulating the production of the cells in
the iImmune system
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© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com




Functional groups of cytokines:

2. Inflammatory cytokines,
chemokines



Role of macrophages in acute inflammation:
inflammatory cytokines

Figurs 8.10

TNFa
| B \/ - Lokalis hatasok B -
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{with TNF-x)
A & o D &
: Szisztémas hatasok
Fever oM-C S Moblaation of |an::J't'o-pme
ProugionolB#g: [ fomplement metabolites. Shock protein production
Janeway CA Jr, Travers P, Walport M, Shlomchik MJ. Immunobiology, 2005. © 2000 Garar Publshing/Elsevier Sclance




Concentration-dependent effects of TNF in the
inflammatory reaction

Low quantities
(plasma conc. <10-° M)

TNF
Moderate High quantities
quantities (plasma conc. 2107 M)

Systemi‘c effects

Sepﬁc shock

Local inflammation
Endothelial cell Brain Heart
IL-1,
chemokines
Adhesion OC e ‘
molecule & 3 S R
57 = Fever 3/ output
4 Liver
= PSS RS ;
- Blood vessel
Y Acute-phase
Leukocyte proteins
Low
——__-_\ Bone marrow Thrombus resistance

,."/53 { Liver

\ |

l\'\__ _/ ,\\

Activation

‘! 4 / J%
Leukocytes L Hypoglycemia

[© Elsevier 2005. Abbas & Lichtman: Cellular and Molecular Immunology 5e www.studentconsult.com

Cytokine “storm”
(tsunami):

Extreme overproduction
of the inflammatory
cytokines leads to organ
damage and
dysfunction.



Systemic effects of the infalmmatory cytokines
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Chemokines

- Chemotactic cytokines: ,attractant” molecules

Function: Induction of chemotaxis: - migration of cells
- recruitment
- increasing adhesion
- Lymphocyte migration to the lymph nodes
- Homing of effector lymphocytes
- Migration of phagocytes to the inflammatory tissue
- Homeostatic chemokines: normal lymphatic tissue structure

Chemokine concen

Direction of chemotaxis =————ly


file:///upload.wikimedia.org/wikipedia/commons/f/f6/IL8_Solution_Structure.rsh.png
file:///upload.wikimedia.org/wikipedia/commons/8/8a/Chemokine_concentration_chemotaxis.svg

Chemokine structure

Three dimensional structure of chemokines

disulphide bridges of Cys-Cys

\Tjé-' b 30s loop
.:' Q antiparallel
© B-sheets

<+ - helix

40s loop
© Kohidali, L.

- ,small cytokines”: MW: (8-10 kD)
- 4 cysteins (C) in conserved positions -
- Tertiary structure like a greek key


file:///upload.wikimedia.org/wikipedia/commons/4/46/ChtxChemkinStr2.png

Groups based on the position of ,C”:

a chemokines (CXC)
b chemokines (CC)

9, d Chemoklnes Structure of chemokine classes
I T
Gb G
C C
C chemokines CC chemokines CXC chemokines

\\\\\ hydrophobe

peptide — c S damain
chain | /////
disulphide s XXX C mucine-like
bridge | : domain \
C

CX,C chemokines

© Kohidai, L.

CXCLS(IL-8), CCL3,4 (MCP, MIF)
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Chemokines signal through receptors
coupled with G-proteins
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Functional groups of cytokines:

3. Cytokines regulating the specific
immune response



T helper cell polarization
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