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TABLE 3.2 Selected Chemokines and Chemokine Receptors

CcL2 MCP-1 CCR2 Mixed leukoeyte recruitment

CCL3 MIP-Tex CCR1, CCRS Mixed leukocyte recruitment

CCL4 MIP-1B CCRS T cell, dendritic cell, monocyte, and NK recruitment; HIV
coreceptor

CCLS RANTES CCR1, CCR3, CCRS Mixed leukocyte recruitment

CCL1 Eotaxin CCR3 Eosinophil, basophil, and Th2 recruitment

ccu? TARC CCR4 T cell recruitment

CCL19 MIP-3B/ELC CCR? T cell and dendritic cell migration into parafollicular zones of
lymph nodes

CCL21 SLC CCR? T cell and dendritic cell migration into parafollicular zones of
lymph nodes

ccL2? MDC CCR4 NK cell, T cell recruitment

CCL25 TECK CCR3 Lymphocyte recruitment into intestine

ccLzr CTACK CCR10 T cell recruitment into skin

|excehemoknes

CXCL1 GRO CXCR2 Neutrophil recruitment

CXCL8 IL-8 CXCR1, CXCR-2 Neutrophil recruitment

CXCL9 Mig CXCR3 Effector T cell recruitment

CXcL10 IP-10 CXCR3 Effector T cell recruitment

CXCL12 SDF1 CXCR4 B cell migration into lymph nodes; plasma cell migration into
bone marrow

CXCL13 BCA-1 CXCRS B cell migration into lymph nodes and into follicles; T follicular
helper cell migration into follicles

Lymphotactin T cell and NK cell recruitment

CX3cL1 Fractalkine CX3CR1 T cell, NK cell, and monocyte recruitment

CTL, Cytotoxic T lymphocyte; I, Interleukin; NK, natural killer cells.
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CYTOKINE BINDING
Each cytokine binds to a unigue
cell membrane receptor and triggers

specific intracellular pathways.
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Classes of Cytokine receptors

A Cytokine receptor families

Type | cytokine Type |l cytokine  TNF receptor family IL-1 receptor
(hemopoietin) receptors family
receptors

Conserved<}w
cysteines

WSXWS~

RO

LAGET T EET§

=IO

Jak ] Rruak i 3

UL . i AR L G~imak ]

STAT | : ; i

Ligands: Ligands: Ligands: i Ligands:

IL-2, IL-3, IL-4, IL-5, : [IFN-0/B, IFN-y, : TNF-o, TNF-B, LT, : IL-1,IL-18,
IL-6, IL-7, IL-8, IL-11, IL-10, IL-22 : CD40, FasL, BAFF,: IL-33 ;
IL-12, IL-13, IL-15, IL-21, { April, Ox40, GITR, ! :
IL-23, GM-CSF, G-CSF ; + nerve growth factor ; ;

Abbas AK, et al. Cellular and molecular immunology Ed 8"



Type | Cytokine Receptors
(Hematopoietin Receptor Family)

 Dimers or trimers

Conserved <l = . . .
4. « Contain 1 or 2 domains with

cysteines
WSXWS~ a conserved cysteines
g0 bt + Proximal peptide stretch

1| containing a tryptophan-

| serine-X-tryptophan-serine
(WSXWS) motif (X = amino
acid)

Ligands:

IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-9, IL-11,
IL-12, IL-13, IL-15, IL-21,
IL-23, GM-CSF, G-CSF

Abbas AK, et al. Cellular and molecular immunology Ed 8™



Subunit composition of cytokine receptors

Common y chain family GM-CSF IL-6 receptor family
receptor family ~ (common gp130 subunit)

(common B chain) gp130 gp130 gp130

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

.......

B B o
IL-2 IL-15 IL-4 IL-6  IL-11 IL-27
(also: IL-7, IL-9, IL-21) & (also: LIF, CNTF)
Abbas AK, et al. Cellular and molecular immunology Ed 8"

GM-CSF IL-5

Divided into subgroups based on structural
homologies or use of shared signaling polypeptides

Common y chain (CD132)

— Receptors for IL-2, IL-4, IL-7, IL-9, IL-15, IL-21
Common B chain (CD131) subunit

— Receptors for IL-3, IL-5, GM-CSF

Common gp130 signaling component

- For IL-6, IL-11, IL-27, LIF, CNTF



Type Il Cytokine Receptors
(IFN Receptor Family)

o 2 extracellular
domains with
Conserved<

conserved cysteines  cysteines
WSXWS-|

. '
¢ DO nOt Contal n L *ﬁ?ﬁ:‘é}.f’&%%i;ﬁ:iw'-‘ i

W S XW S mo t| f RIS .‘,-,;su..'-ymx?ﬁmmm : B
- Signaling through A
type I, type Il cytokine Ligands: i Ligands:

IL-2, IL-3, IL-4, IL-5, : IFN-o/B, IFN-y,

receptor: JAK-STAT IL-6, IL-7,IL-9, IL-11, i IL-10, IL-22

. ‘ IL-12, IL-13, IL-15, IL-21,:
signaling IL-23, GM-CSF, G-CSF !

Abbas AK, et al. Cellular and molecular immunology Ed 81



TNF Receptor Family

Preformed trimers

Conserved cysteine-rich
extracellular domains

Shared intracellular signaling
mechanisms

TNFRI & TNFRII, CD40
protein, Fas, lymphotoxin
receptor & BAFF receptor e

family TNF-c, TNF-B, LT,
CD40, FasL, BAFF
April, Ox40, GITR,
nerve growth factor

Abbas AK, et al. Cellular and molecular immunology Ed 8"



IL-1/TLR Family

« Share a conserved cytosolic
sequence, called Toll-like/lL-1
receptor (TIR) domain - engage
similar signal transduction
pathways - induce new gene
transcription

IRAK
» Adaptors link TLRs to different
IRAK (IL-1R-associated kinase) Ligands:
IL-?I,_-Ié_;B,

Abbas AK, et al. Cellular and molecular immunology Ed 8™
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(a)

PLEIOTROPY

Activated Ty cells

Target Cell

Effect

Mast cell
REDUNDANCY
2@ L2 )
° >IL-4 —>
) IL-5 —>
o,
Activated Ty cells B cell
SYNERGY \
2 @ R IL-4
S S ¥
O @ IL-5 >9
o,
/]
Activated Ty cells B cell

ANTAGONISM

OOQ

° SIL-4
@

O

Activated Ty cells IFN-y

)

B cell

Activation
Proliferation
Differentiation

Proliferation

Proliferation

Proliferation

Induces class switch to IgE

Blocks class switch to IgE
induced by IL-4

(b) CASCADE INDUCTION

IL-12

Activated Ty cells

IFN-y, TNF, IL-2, and
other cytokines



SHARED CYTOKINE RECEPTORS SUBUNITS

Shared Cytokine-Receptor Subunits

Shared receptor chain
Ye

IL-2RB

IL-4R«x

IL-13Ra1

Be
gp130

IL-12RB1
IL-10R2
IL-20R2
IL-22R

Cytokines recognized
IL-2, -4, -7, -9, -15, -21
IL-2, IL-15

IL-4, -13

IL-4, -13

IL-3, -5, GM-CSF

IL-6, -11, <27, -31, LIF,
OSM, CNTF, CT-1, CLC

IL-12, -23
IL-10, -22
IL-20, -19, -24
IL-22. -24. -20

* Sharing of signal transducing molecules
explains the redundancy and antagonism
exhibited by some cytokines



Cytokine* Secreted by**

I:IIMPRE Functional groups of selected cytokines’

Targets and effects

SOME CYTOKINES OF INNATE IMMUNITY

Interleukin 1 (IL-1) Monocytes, macrophages,

endothelial cells, epithelial cells

Tumor necrosis
factor-a (TNF-a)

Macrophages

Interleukin 12 (IL-12)
Interleukin 6 (IL-6)

Macrophages, dendritic cells

Macrophages, endothelial cells

Interferon a (IFN-a) Macrophages
(this is a family of molecules)
Interferon 3 (IFN-B) Fibroblasts

SOME CYTOKINES OF ADAPTIVE IMMUNITY

Interleukin 2 (1L-2) Tcells

Interleukin 4 (1L-4)
Interleukin 5 (IL-5)
Interleukin 25 (IL-25)

Transforming growth
factor B (TGF-B)

T2 cells; mast cells
T, 2 cells
Unknown

T cells, macrophages,
other cell types

Interferon y (IFN-y) T,,1 cells; CD8* cells; NK cells

'Many cytokines play roles in more than one functional category.

Vasculature (inflammation); hypothalamus (fever);
liver (induction of acute phase proteins)

Vasculature (inflammation); liver (induction of acute phase
proteins); loss of muscle, body fat (cachexia); induction of
death in many cell types; neutrophil activation

NK cells; influences adaptive immunity (promotes T, 1 subset)

Liver (induces acute phase proteins); influences adaptive
immunity (proliferation and antibody secretion of B cell lineage)

Induces an antiviral state in most nucleated cells; increases MHC
class | expression; activates NK cells

Induces an antiviral state in most nucleated cells; increases MHC
class | expression; activates NK cells

T-cell proliferation; can promote AICD. NK cell activation and
proliferation; B-cell proliferation

Promotes T2 differentiation; isotype switch to IgE
Eosinophil activation and generation
Induces secretion of T ,2 cytokine profile

Inhibits T-cell proliferation and effector functions; inhibits
B-cell proliferation; promotes isotype switch to IgE;
inhibits macrophages

Activates macrophages; increases expression MHC class |
and class Il molecules; increases antigen presentation

*Only the major cell types providing cytokines for the indicated activity are listed; other cell types may also have the capacity to synthesize the given cytokine.
**Also note that activated cells generally secrete greater amounts of cytokine than unactivated cells.



Histamine
Prostaglandins
Leukotrienes

@

IFN=y IL-5
-2 IL-12
IL-4 TGF-B

@ |d§l‘“d cell

IL-6

QJ

Clonal Expansion



Virus/ | Extracellular Virus/

Infection Intracellular | Pal 38| Bacteria/ | Intracellular
Bacteria Fungi Bacteria

Antigen Presenting Cell

Immune response

Initiation IFNo/B  IL-4

' p— IFNy - IL-10
Amplification IL-17
P TNFa Perforin | »,  |TGFB
- 3 e
- Autoimmunity Asthma Autoimmunity Cytokine Tumor
Exaggeration Allergy — T storm

Fibrosis



Microbe

Cytokine
Toll-like (e.g., IFN-y)
L,/’:“\ ‘ receptor S Complement

1| Cytokine fragment
4/ receptor
Complement
receptor

G

Activation

' Cytokines "Phagocy’[el iNOS

' Phagocytosis |

(TNF, IL-1, oxidase of microbe into
IL-6, IL-12) ‘ phagosome
( He\lactive 1.
ny‘g.en NIIE_IrIC
species  OXide
(ROS)

\

(Killing of micrubes]

Inflammation,
enhanced
adaptive
immunity
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Cytopenias
Coagulopathy (PTT 1, INR |)
Febrile Neutropenia
DIC

Tachykardia
Hypotension
Troponin elevation
Arrhythmia

QT prolongation
Stress
cardiomyopathy
Acute heart failure

Hypofibrinogeniemia

Hepatomegaly
Elevated liver
enzymes
Liver failure

Headaches
Confusion
Hallucinations
Delirium
Aphasia
Paresis
Seizures

Diarrhea -‘ /g ‘\ I\ [: ‘I,
2 WY

R

\a§_|§i~a

Unspecific sympto

- Fever

- Fatigue
- Anorexia

Tachypnea
Hypoxia
Pulmonary edema
Respiratory failure

Splenomegaly

Nausea
Vomiting

Acute kidney inju
Renal failure

Myalgia
Arthralgia
Rigor
Rash
Edema
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Table 1. Soluble Mediators in Cytokine Storm.*

Mediator

Cytokines and growth
factors

Interleukin-1

Interleukin-2

Interleukin-6
Interleukin-9
Interleukin-10
Interleukin-12
Interleukin-17
Interleukin-18
Interleukin-33
Interferon-y

Tumor necrosis factor
GM-CSF

VEGF

Chemokines
Interleukin-8 (CXCL8)
MIG (CXCL9)

1P-10 (CXCL10)
MCP-1 (CCL2)

MIP-1a (CCL3)
MIP-18 (CCL4)

BLC (CXCL13)
Plasma Pﬂ)tﬁilﬁ
CRP

Complement

Ferritin

Main Cell Source

Macrophages, epithelial cells; pyroptotic cells

T cells

Macrophages, T cells, endothelial cells

Tha cells

Regulatory T cells, Th9 cells

Dendritic cells, macrophages

Th17 cells, NK cells, group 3 innate lymphoid
cells

Monocytes, macrophages, dendritic cells

Macrophages, dendritic cells, mast cells,
epithelial cells

Lo d

Thl cells, CTLs, group 1 innate lymp

Type and Function

Proinflammatory alarmin cytokine; pyrogenic function, macrophage
and Th17 cell activation

Effector T-cell and regulatory T-cell growth factor

Proinflammatory cytokine; pyrogenic function, increased antibody
production, induction of acute-phase reactants

Protection from helminth infections, activation of mast cells,
association with type | interferon in Covid-19*%

inhibiti

imatory cytoki n of Thl cells and cytokine

release

Activation of the Thl pathway; induction of interferon-y from Thl
cells, CTLs, and NK cells; acting in synergy with interleukin-18

Promoting neutrophilic inflammation, protection from bacterial and
fungal infections

Proinflammatory alarmin cytokine; activation of Thl pathway, acting
in synergy with interleukin-12

Proinflammatory alarmin cytokine; amplification of Thl and Th2
cells, activation of NK cells, CTLs, and mast cells

Proinflammatory cytokine; acti of macrophages

cells, and NK cells
Macrophages, T cells, NK cells, mast cells
Th17 cells
Macrophages

Macrophages, epithelial cells

Monocytes, endothelial cells, keratinocytes

Maonocytes, endothelial cells, keratinocytes

Macrophages, dendritic cells, cardiac
myocytes

Monocytes, neutrophils, dendritic cells, NK
cells, mast cells

Macrophages, neutrophils, endothelium

B cells, follicular dendritic cells

Hepatocytes

Hepatocytes, other cells

Ubiquitous

Increasing vascular permeability; pyrogenic function
Proinflammatory cytokine

Angiogenesis

Recruitment of neutrophils

Interferon-inducible chemokine; recruitment of Thl cells, NK cells,
plasmacytoid dendritic cells

Interferon-inducible chemokine; recruitment of macrophages, Thl
cells, NK cells

Recruitment of Th2 cells, monocytes, dendritic cells, basophils

Recruitment of macrophages, Thl cells, NK cells, eosinophils,
dendritic cells; pyrogenic function

Recruitment of macrophages, Thl cells, NK cells,
dendritic cells

Recruitment of B cells, CD4 T cells, dendritic cells{

Monomeric CRP increases interleukin-8 and MCP-1 secretion;
interleukin-6 increases CRP expression

Complement activation contrit to tissue damage in cytokine
storm; complement inhibition can reduce immunopathologic
effects of cytokine storm

Primary site of iron storage in cells
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