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T cell-
endothelial
cell adhesion

; % Cytokine storm Capillary leak
g $ TNFa, IFNY —p | yncrome
E < IL-1B, IL-2, IL-4, IL-6, Endothelial
=0 IL-8, IL-10, IL-12 damage
: v y
§° Multiple organ failure
3 « Pulmonary infiltrates
c » Lung injury
g’ « Acute respiratory distress syndrome

« Cardiovascular shock
:g » Disseminated intravascular coagulant
« Renal failure




Into the Eye of the
Cytokine Storm

Microbiol Mol Biol Rev 2012; DOI 10.1128/MMBR.08(15
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CELLULAR IMMUNOLOGY 12, 150-159 (1974)

COMMENTARY

Similarities of T Cell Function In Cell-Mediated Immunity
and Antibody Production *

STANLEY CoHEN, PrERLUIGT E. Brecazzr, AND TAKESHI YOSHIDA

Departments of Microbiology and Patholoyy, State University of New York at Buffdlo,
Buffalo, New York 14214

Received November 12, 1973

which may play a role in various aspects of host defense. Thus, such mediator
substances should be more properly called “cytokines.” Lymphokines represent a
restricted set of cytokines made by one class of cells (lymphocytes) activated in
certain unique ways. In this view, the lymphocyte has acquired some specialized
means for triggering such production, not available to other cells.
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includes all the immunologic reactions which are mediated by sensitized lympho-



> > >y >y D>

-~ N R

X1

= |

- >~ -

Vq\’A
y _
¢ ¢
B h
B h *
- A
1 A ‘
h " h s
f> aw A X

7 \ 4 )
< ]
T8 "'<h >j h

>' ¢ h '

h 1 Y A h * h
> ! <B >,
R S S A ¢

B >, 7 C h
1 A4 Zq\

V—VYII‘ICB

I/\ B-!cvl
xBh TR IANB KX
o~ < AB_

LY A T
Vl !q‘v

?(;‘ll_ vy o

B ¢ C A
h ¢ h 1 7
V—V)h J

AB Y >
Ch' <
. 9

¢ n ‘B!__

Interleukins
Interferons

Tumour necrosis factors

Growth factors

Colony stimulating factors

Chemokines

FromRoitt Immunology, 8 Ed (2001)

VR




Anp -~ ¢7 <! < ' . A T Y <«<h
¢ h A 1 ' h v 7B Y A ¢

A[V<<h'<h ">h h  hv"'A
Ap“>"
AU‘"\ﬁsrt',’“‘_'_'v,sB'hy\“"“"h'l_'
AJ"V,<BJ>VvShAA._{‘|5,'<IBJ>VA_15'
Agan<c uin >s v ¢ hc> -

Al" ‘5"“'_5 > h'V{BC_
> B Y AL WY A h

A Typ_e | lematopoietinfamily) cytdkine receptors

Type Il (interferofamily) cytokine receptors,
Tumornecrosis factor (TNF) famigceptors,
A Interleukin (ILL receptor and the related Tdikereceptors (TLRS),

IL-17 receptors,
A Receptor tyrosine kinases,
A Transforming growth facter

O-CtODCTI YATL e

< - A <I5‘_"‘ 1
h 7 - YW < B

>l‘l

w

h.l L n { h 1
J-ll>h hV!A

KidaseS LJG 2 NJ aSNRA Y S

The Cytokine Handbog4™ Ed 2003; Ch !



o[hv‘/\'>' . N

TABLE 4-2 ESIVESGGIRGER ETRITES

Family name Representative members of family Comments

Interleukin 1 family IL-Tey, IL-1B, IL-1Ra, IL-18, IL-33 IL-1 was the first noninterferon cytokine to be identified.
Members of this family include important inflammatory
mediators.

Hematopoietin (Class | IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-12, IL-13, IL15, This large family of small cytokine molecules exhibits

cytokine) family [L-21, IL-23, GM-CSF, G-CSF, Growth hormone, striking sequence and functional diversity.

Prolactin, Erythropoietin/hematopoietin

Interferon (Class Il IFN-ct, IFN-B, IFN-y, IL-10, IL-19, IL-20, While the IFNs have important roles in anti-viral responses,

cytokine) family IL-22, 1L-24 all are important modulators of immune responses.

Tumor Necrosis Factor TNF-a, TNF-3, CD40L, Fas (CD95), BAFF, Members of this family may be either soluble or mem-

family APRIL, LTB brane bound; they are involved in immune system devel-

opment, effector functions, and homeostasis.

Interleukin 17 family [L-17 (IL17-A), IL17B,C, D, and F This is the most recently discovered family; members
function to promote neutrophil accumulation and activa-
tion, and are proinflammatory.

Chemokines (see [L-8, CCL19, CCL21, RANTES, CCL2 (MCP-1), All serve chemoattractant function.
Appendix III) CCL3 (MIP-Ta)

NS .
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Molecular aspects of primary immunodeficiencies:
lessons from cytokine and other signaling pathways

Class of defect

Defects leading to primary immune deficiency

Class of defect

Disorders of cytokines and
cvrakine cionaline

Disorders of cytokines and

cytokine signaling

Accessory and adhesion molecules

Metabolic

Gene

v lal3 1I-7R

Gene

Y., Jak3, IL-7R
IL-2R01

IFN-YR1, IFN-yR2, IL-12p40,

TNFR1

Fas, caspase-10

CD40, CD40L, AID

IKKy
FOXP3

CD3y, CD3e,
Lck

Zap70

CD45

WASP

CD18 (B2 integrin)
GDP-fucose transporter
SH2D1A

ADA

PNP

Disease

T-R+*SCIN

IL-12RP1, Stat1

T cell deficiency
SCID

CD8* T cell deficiency
SCID

WAS

LAD |

LAD I

XLP

SCID

CID

Disease

T-B* SCID

Lymphoproliferative disease
Atypical mycobacterial infection
TRAPS

ALPS

HIGM

Hypohidrotic ectodermal dysplasia
IPEX

J Clin Inves2001109:126 %69
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| ‘Bubble boy disease’

Severe combined immunodeficiency (SCID) became widely known during the 1970s

and 1980s as ‘bubble boy disease’ (see the illustration), when the world learned of David,
a boy with X-linked SCID who lived for 12 years in a plastic-enclosed, protected
environment before he died. Nowadays, bone marrow transplantation and in some
instances gene therapy or enzyme replacement therapy are offered, providing a normal
immune system that affords a full healthy life. Although protective isolation is sometimes
still required (for example, for patients receiving T cell-depleted transplants or gene
therapy), practices have changed over time, and now include particulate air filtration

and prophylactic antimicrobial therapy.

Severe Combine
Immunodeficienc
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Molecular philosophy of cytokines

A PleiotropyCytokines often have multiple target cells and multiple
actions

A RedundancyDifferent cytokines may have similar actions

A Synergism/Antagonisrixposure of cells to two or more cytokines at
a time may lead to qualitatively different responses

A Cytokine cascadé: cytokine may increase (or decrease) the
production of another cytokine

A ReceptotransmodulationA cytokine may increase (or decrease) the
expression of receptors for another cytokine or growth factor

7z

A Receptor transignallingA cytokine may increase (or decrease)
sighalingoy receptors for other cytokines or growth factors

The Cytokine Handbog4™ Ed 2003; Ch !



Macrophage

The cells of the
Immune system are
subject to control by

a network of
cytokine actions

16 IFN-a
10 TNF-B

-1 N
12 TFN
114 TNy

11-6

IL-10
IL-13
IL-14

Neutrophil

Basophil

12 1116
114 1117
116 TFN-o.
1L-8 IFNB
11-9 TFN-y

IL-10 IL-10

Mast cell KUbyImmunC)lOg)C 8th Ed 2013, Ch ¢
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s h JJAKSTAT

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

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 gene transcription

cyt@ Q d

JAK

JAK

N pmm M

N domain
SH2 domain

tyrosine inactive
STAT dimer

N\ A

active
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CLINICAL RELEVANCE
Type I and Il Cytokine Receptors

Mutations of genes encoding interleukin (IL)-7R, yc, and Janus kinase
3 (JAK3) cause severe combined immunodeficiency (SCID).

TYK2 and signal transducer and activator of transcription 3 (STAT3)
mutations cause hyper-IgE syndrome (HIES).

STAT1 mutations cause autosomal dominant chronic mucocutaneous
candidiasis (CMC) with increased susceptibility to mycobacterial and
viral infections.

Mutations of genes encoding IL-12, IL-12R, and interferon-y receptor
(IFN-yR) are associated with susceptibility to intracellular infections.
Polymorphisms of [L-2R and IL-7R are associated with multiple sclerosis
(MS).

Polymorphisms of |IL-23R are associated with inflammatory bowel
disease (IBD).

Polymorphisms of STAT4 are associated with rheumatoid arthritis
(RA) and systemic lupus erythematosus (SLE).

Erythropoietin (EPO), granulocyte—colony-stimulating factor (G-CSF),
and thrombopoietin (TPO) are used to treat cytopenias.
Anticytokine and/or cytokine receptor monoclonal antibodies (mAbs)
are used to prevent transplant rejection and treat several autoimmune
and inflammatory diseases.
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TOLERANCE, DANGER, AND THE
EXTENDED FAMILY*

Polly Matzinger

Laboratory of Cellular and Molecular Immunology, National Institute of
Allergy and Infectious Diseases, National Institutes of Health,
Building 10, Room 111, Bethesda, Maryland 20892

KEY WORDS: antigen presentation, immunity, T cells, dendritic cells, viruses

non-self. I believe that it 1s time to change viewpoints and, in this essay, I
discuss the possibility that the immune system does not care about self
and non-self, that its primary driving force is the need to detect and protect
against danger, and that it does not do the job alone, but recelves posmve

“u’sﬁlmmm’rswmauu tiiact 1Lt UuvUuLo 11VUL uUvU uiv JUU aluuu, UutL ILvLLUIvULO PUDII.IVD
and negative communications from an extended network of other bodily
tissues.

Annu. Rev. Immunol. 1994. 12:99]1-1045



REFLECTIONS ON SELF: IMMUNITY AND BEYOND

The Danger Model: A Renewed
Sense of Self

Polly Matzinger

SCIENCE VOL 296 12 APRIL 2002

For over 50 years immunologists have based their thoughts, experiments,
and clinical treatments on the idea that the immune system functions by
making a distinction between self and nonself. Although this paradigm has
often served us well, years of detailed examination have revealed a
number of inherent problems. This Viewpoint outlines a model of immu-
nity based on the idea that the immune system is more concerned with
entities that do damage than with those that are foreign.
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Comparison of theharacteristics of recognition
molecules of the innate and adaptwmemune systems

Receptor characteristic il:::"::rtl?ty ﬁ;ﬁ:’;
Specificity inherited in the genome Yes No
Expressed by all cells of a particular type (e.g., macrophages) Variable No
Triggers immediate response Yes No
Recognizes broad classes of pathogens Yes No
Interacts with a range of molecular structures of a given type Yes No
Encoded in multiple gene segments No Yes
Requires gene rearrangement No Yes
Clonal distribution No Yes
Able to discriminate between even closely related molecular structures Yes Yes

WE v § dmmiir@iologye Ed, 2016
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\TCytokine

DV = =
Principal
) cell source(s)

i Principal cellular targets
) and biologic effects

J

(Tumor necrosis
factor (TNF)

A Macrophages, T cells,

mast cells

Interleukin-1 (IL-1)

Macrophages, dendritic
cells, endothelial cells,
some epithelial cells,
mast cells

Chemokines

Macrophages, dendritic
cells, endothelial cells,

T lymphocytes, fibroblasts,
platelets

Interleukin-12 (IL-12)

Dendritic cells,
macrophages,

Interferon-y (IFN-y)

NK cells, T lymphocytes

Type | IFNs
(IFN-o, IFN-B)

IFN-o:: Dendritic cells,
macrophages
IFN-B: Fibroblasts

Interleukin-10 (IL-10)

Macro_Phages, dendritic
cells, T cells

Interleukin-6 (IL-6)

Macrophages, endothelial
cells, T cells

Interleukin-15 (IL-15)

Interleukin-18 (IL-18)

Macrophages, others

Macrophages

TGF-B

(.

Many cell types

Endothelial cells: activation (inflammation,
coagulation)

Neutrophils: activation

Hypothalamus: fever

Liver: synthesis of acute-phase proteins

Muscle, fat: catabolism (cachexia)

Many cell types: apoptosis

Endothelial cells: activation (inflammation,
coagulation)

Hypothalamus: fever

Liver: synthesis of acute-phase proteins

T cells: Th17 differentiation

Leukocytes: increased integrin affinity,
chemotaxis, activation

Natural killer (NK) cells and T cells: IFN-y
production,increased cytotoxic activity
T cells: Th1 differentiation

Activation of macrophages
Stimulation of some antibody responses

All cells: antiviral state, increased class |
major histocompatibility complex (MHC)
expression

NK cells: activation

Macrophages, dendritic cells: inhibition of
cytokine and chemokine production,
reduced expression of costimulators and
class Il MHC molecules

Liver: synthesis of acute-phase proteins
B celllls: proliferation of antibody-producing
cells

NK cells: proliferation
T cells: proliferation

NK cells and T cells: IFN-y synthesis
Inhibition of inflammation

T cells: differentiation of Th17,
regulatory T cells

N

“ Basic Immunology™Ed, 2015
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