
Cytokines and Cytokine storm



 A large family of proteins (more than 60)
critical for the communication between
immune and haematopoietic cells, as well as
cells of the microenvironment

 Low-molecular-weight proteins (~25kDa)
secreted by various types of immune as well
as stromal cells in response to an activating
stimulus

 Exert several biological activities through
binding to cognate receptors on cell surface

Cytokines



 Cytokines can act in an autocrine manner, affecting
the behavior of the cell that releases the cytokine,
or in a paracrine manner, affecting adjacent cells

 Some cytokines are stable enough to act in an
endocrine manner, affecting distant cells (ability to
enter the circulation and half-life in the blood)

Action mode of cytokines



 Based on their structure cytokines are grouped into 5 families:

• the IL-1 family
• the hematopoietin superfamily
• the interferons
• the TNF family
• the chemokine family

Classification of cytokines

 IL-1 family

• consists of 11 members (e.g. IL-1α, IL-β, IL-18)
• most members are produced as inactive proproteins
• proteolytic cleavage leads to the formation of the mature form
• bind to IL-1-family receptors and signal through the NFκB pathway



 Hematopoietin family

• non-immune-system growth and differentiation factors (e.g. erythropoietin), growth
hormones, interleukins with roles in innate and adaptive immunity (IL-6, GM-CSF)

• bind to tyrosine kinase-associated receptors that form dimers upon ligand binding and
intracellular signaling is initiated

 Interferons

• the first family of cytokines to be discovered
• named for their ability to "interfere" with viral replication
• classified into three major types : type I (IFN-α, IFN-β), type II (IFN-γ) and type ΙΙΙ (IFN-λ)
• very important role in anti-viral defense
• interferon receptors signal through the JAK–STAT pathway



 TNF family

• contains more than 17 cytokines (TNF-α, lymphotoxins, CD40L)
• important functions in innate and adaptive immunity
• mainly transmembrane but also found in soluble form
• TNFRI and II receptors signal through the NFκB pathway

 Chemokine family

• chemoattractant cytokines with small molecular weight (8-10kDa)
• more than 50 known chemokines
• 4 subfamilies: CXC, CC, lymphotactin (XC) and fractalkine (CX3C)
• recruitment of leukocyte subsets under homeostatic and pathological conditions
• signal through 7-transmembrane G-protein coupled receptors changes in cell

adhesiveness and in the cell’s cytoskeleton       migration





Cytokine Receptors

 Binding of cytokines with their receptors
initiates complex intracellular molecular
interactions that ultimately cause
changes in cellular gene transcription

 The vast majority of known cytokine
receptors are transmembrane proteins,
consisting of extracellular,
transmembrane, and cytoplasmic regions

 The extracellular membrane region is the
site that recognizes binding cytokines and
the cytoplasmic region initiates signal
transduction after receptor activation















Action of Cytokines

• Pleiotropy
• Affects multiple cell types

• Redundancy
• Multiple cytokines affect cells of the same type

• Synergy
• Cytokines acting in concert on the same cell

• Antagonism
• Competing actions

• Cascading
• Cytokines acting sequentially













 The immune system is expected to
recognize foreign invaders, respond
proportionally to the pathogen
burden and then return to
homeostasis

 A balance is required between
sufficient cytokine production to
eliminate the pathogen and
avoidance of a hyperinflammatory
response which causes clinically
significant collateral damage.



Cytokine Storm

 Unifying definition based on 3 criteria:
1. elevated circulating cytokine levels
2. acute systemic inflammatory symptoms
3. secondary organ dysfunction beyond that which could be attributed to a normal response to a

pathogen

 Cytokine storm is a life-threatening systemic inflammatory syndrome that can be
triggered by various therapies, pathogens, cancers, autoimmune conditions, and
monogenic disorders.

 Important for the clinician to recognize cytokine storm as it has prognostic and
therapeutic implications.



Clinical Symptoms

o The onset and duration
of cytokine storm vary,
depending on the cause
and treatments
administered.

o Although the initial drivers
may differ, late-stage
clinical manifestations of
cytokine storm converge
and often overlap.



Potential triggers and initiators
of cytokine storm

 Iatrogenic cytokine storm: CAR T-cell therapy, other T-cell engaging
immunotherapies, bi-specific antibodies, immune checkpoint inhibitors

 Pathogen-induced cytokine storm: bacterial infections (streptococcus species,
Staphylococcus aureus), viral infections (Epstein-Barr Virus, cytomegalovirus,
coronavirus..)

Monogenic (single gene-associated) cytokine storm: rare diseases with mutations
in genes regulating the innate immune system, inflammasomes or the cytotoxic
capacity of NK cells or CTLs





Participation of innate immune cells
in cytokine storm

(a) secretion of excessive
amounts of cytokines
(b)  produce neutrophil
extracellular traps, a network
of fibers that contribute to
thrombi formation and
amplify cytokine production
during cytokine storm

(a) secrete excessive
amounts of cytokines
(severe tissue damage
and organ failure)
(b) Interferon-γ-induced
hemophagocytosis by
macrophages
(cytopenias)

(a) secretion of excessive
amounts of cytokines
(b) difficulty to  resolve
inflammation due to IL-6-
induce impairment of the
cytolytic function of NK cells



Participation of adaptive immune
cells in cytokine storm



Therapeutic regimes for cytokine storm






