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General pathology, acute inflammation, cytokines
Introduction:
-

-
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Definition: cytokines are secreted, small proteins that regulate the immune system. They
do that and much more. Cytokines are produced by and responded to by every cell except
RBCs.
o The distinction of cytokines from hormones rests mostly on the fact that cytokines are
not produced by a specific cell to act on a specific target. There are other differences.
Hormones are produced in nanomolar concentrations (i.e. 10-9M) while cytokines have
a concentration of 10-12 M at rest, but can rise 1000 fold when stimulated. The
classification is somewhat arbitrary.
Cytokines are the effector cells of adaptation. For further discussion, see: General
pathology, Homeostasis, adaptation and disease.
o In the control system theory of biomachines, homeostasis refers to the mechanisms
by which the body, an organ or a cell responds to the usual changes in the external
environment, such as intermittent eating and drinking. Changes in performance are
usually mediated by the autonomic nervous system (ANS) or endocrine system.
o Changes in the external environment that exceed the body’s ability to compensate
through homeostasis are called stressors. Stressors include injury, infection and a
prolonged increase in demand over months to years. Stressors require a change in the
nature of the cell which can only be achieved by genetic changes that can produce
different proteins and other compounds. This change in cell structure is called
adaptation and includes the pathology of hyperplasia, hypertrophy and metaplasia.
Adaptation is most commonly achieved via cytokines.
o Adaptation may compensate to an adequate if lower level of function. If adaptation is
inadequate, then there is a progressive loss of function that leads to a disease state.
Disease is defined as an inability to achieve a person’s desired integration into their
environment.
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o When comparing homeostasis to adaptation, it is important to note that homeostasis
works by feedback control while adaptation is signal driven, usually cytokines.
 Homeostasis (e.g. thyroid regulation of basal metabolism):



Adaptation (e.g. alcohol injury to the liver)

Complexity of cytokine signaling
-

2

Cytokine actions are complex because of these properties:
o Pleiotropy: one cytokine may signal multiple different cells (e.g. IL-1 to endothelial
cells, B & T lymphocytes and antigen presenting cells (APC))
o Redundancy: different cytokines may have the same effect on a given cell (e.g. Il-4 and
IL-13 affect the same receptor and are important in IgE allergic diseases such as
asthma).
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o Synergy: a combination of cytokines may give a unique signal (e.g. IL-5 & IL-4 together
cause isotype switching of B lymphocytes from IgM to IgE synthesis).
o Antagonism: different cytokines may have antagonistic effects to each other (e.g. IFNϒ and IL-4).
o Change in receptor expression: in B lymphocytes, IFN-ϒ ↓IL-2 receptor expression
while IL-4/IL-5 increase IL-2 receptor expression)
Most discussion about cytokine function is in the immune system, where it is best
understood.

Nomenclature of cytokines:
-

-

-

-

-
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There is no unified approach to the naming of these critical proteins. Different groups have
used different systems over different decades. It is confusing. The different classifications
include:
Historical classification (Interleukins (IL-1 to IL-39))
o Cytokines were first discovered in the 1960’s in lymphocytes and so they were initially
called lymphokines. Monokines soon followed and as pleiotropy became apparent,
cytokines.
o The 1974 Nomenclature Panel attempted to bring order by calling these small
molecules interleukins and numbering them by order of discovery.
o This system has problems:
 There are now 39 interleukins with no end in sight.
 The name gives no indication of function.
 Many cytokines are not included (e.g. TNF, IFN, TGF, CSFs)
Structural families (useful to protein biochemists)
o A cytokine is assigned to the family with which is has the most physical and chemical
properties in common.
o Examples include: hematopoietins, interferons, tumor necrosis factor, chemokines.
o The major limitation is the lack of correlation to function.
Receptor families (correlates to redundancy and antagonism)
o This classification helps biochemists and immunologists experimenting with signaling.
o Receptors can be grouped into superfamilies:
 Ig superfamily
 INF
 TNF
 TGF
 Hematopoietin (colony stimulating factors, EPO, TPO etc.)
 Chemokine receptors (e.g. CXCR-4 on neutrophils)
o These are not highly predictive of function and they do not have good clinical
correlation.
Immunologic classification (common in textbooks and medical school):
o Pro-inflammatory (associated with innate immunity)
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 Il-1, Il-6, TNF-α, chemokines (e.g. IL-8), chemoattractants (e.g. C3a, C5a, LTB4)
o Anti-inflammatory
 IL-10, IL-1Ra, TGF-β
o Anti-viral
 Interferons (IFN-α, IFN-β)
o Macrophage activating (granulomas)
 IFN-ϒ
o Lymphocyte activating (associated with adaptive immunity)
 B lymphocytes: IL-4, IL-5, IL-6, IL-21
 T lymphocytes: IL-2, IL-4 (TH2), IL-12 (TH1), TGF-β & IL-6 (TH17), TGF-β (TREG)
o Eosinophils and mast cells (allergic disease)
 IL-3, IL-4, IL-5, IL-13 and IL-9 mast cells
o This system does not include hematopoietic growth factors (EPO, TPO, G-CSF…)
Clinical pathologic correlation (cytokines by pathology)
o Cytokine storm and the endotheliopathies
 When a large number of macrophages become activated, the large release of
cytokines triggers a cytokine release syndrome (or SIRS, systemic inflammatory
response syndrome or cytokine storm). This can be seen in sepsis, especially
Gram (-) sepsis, viral infections (e.g. COVID-19) and cancer immunotherapies
with monoclonal antibodies.
 Key cytokines include IL-1, IL-6 and TNF-α.
 Central to the pathophysiology is dysregulation of the endothelial cell, hence
the designation Endotheliopathy. Pathology reflects abnormalities of
endothelial functions:
• Regulation of BP…………………………….. shock
• Regulation of coagulation………………. DIC
• Lung……………………………………………….. ARDS
• Kidney (glomerulus)……………………….. renal failure
o IL-6 and the acute phase reactants (APR)
 Definition: any protein that varies >25% in acute inflammation is called an APR.
 There are over 30 proteins and cells in this group. Notable examples include:
• CRP (C reactive protein): a secreted pathogen recognition receptor (PRR),
this is activated by bacterial surfaces and dead cells. CRP activates C1q of
the classic complement cascade.
• ↑coagulation:
o Fibrinogen: the most important component of the erythrocyte
sedimentation rate (ESR)
o Platelet count
• Iron sequestration:
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o Iron is a key rate limiting element in bacterial proliferation. Its
bioavailability is decreased by:
o Hepcidin: blocks ferroportin, limiting iron release from the
enterocyte, macrophages and hepatocytes. This is an important cause
of anemia of chronic disease (ACD)
o Ferritin: increases iron storage in all cells
o Transferrin (total iron binding capacity): its decrease will decrease
iron in the blood.
• SAA (serum amyloid A): associated with lipoproteins (especially HDL).
When elevated for long periods, it can β-pleat, causing amyloidosis. This
used to be a common complication of rheumatoid arthritis.
• Procalcitonin: normally produced in C-cells of the thyroid gland,
inflammation induces production in lipocytes at high levels. It is used to
differentiate bacterial sepsis (elevated) from systemic viral infections (not
elevated).
o Tuberculosis and immunologic testing
 Tuberculosis has 2 clinical patterns:
• Latent disease
• Active disease: diagnosed by symptoms (e.g. hemoptysis is a sign of
necrosis, fever (IL-6) and weight loss (TNF-α), imaging and lung fluids such
as sputum for direct exam, culture and nucleic acid antigens (NAA).
 The 2 screening tests only indicate prior exposure to the bacteria and not the
state of disease activity.
 Tuberculin skin test (TBT)
• This uses a protein purified derivative (PPD) of a glycerol extract of the
mycobacterial cell wall (tuberculin).
• The PPD is injected intradermally and an inflammatory response is looked
for over 3-5 days.
o Induration (i.e. edema) is used as it is more specific than redness (i.e.
vasodilation)
• Immunology: the TB antigen acts as a PAMP for resident macrophage /
APC PRRs (e.g. TLR 1). Previous exposure allows macrophage secreted
cytokines and chemokines to traffic TH1 and other inflammatory cells to
the site of injection. These pathways are not well described. This is a Type
IV immune inflammatory response but it does not develop granulomas.
 IGRA (Interferon gamma release assay)
• This is used interchangeably with TBT. IGRA is preferred if the patient will
not return after 3-5 days, results are needed within 24 hours or if the
patient has had BCG vaccination.
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Whole blood is incubated with a TB-specific antigen and the level of
interferon gamma (IFN-ϒ) released is measured after overnight incubation.
• Immunology: memory circulating T-cells are stimulated by the TB antigens
and secrete IFN-ϒ.
o Asthma (for further discussion, see: Lung, asthma)
 The immunology of asthma has 2 phases: sensitization and the attack.
 Sensitization:
• Asthma with eosinophils is a Type I hypersensitivity disease driven by IgE
antibody production and mast cell degranulation.
• The key cytokines are IL-4, IL-5 and IL-13.
•

1.
2.
3.
4.
5.
6.

o Sensitization
Gout
in asthma
o Rheumatoid arthritis (RA)
Antigen presenting
cell (APC)
presents
allergen to
naïve TH0
o Systemic
lupus
erythematosus
(SLE)
lymphocyte (signal
1, signal 2, IL-4)
o Psoriasis
Naïve TH0 lymphocyte
becomes
2 lymphocyte
o Chemokines
andTHtheir
receptorsproducing
IL-4, 5, 6,- 9, TGF-β
10, 13
IL-4 immunotype switching of B lymphocytes to IgE,
regulation of TH2 differentiation
IL-9 local increase of basophils
IL-5 eosinophil production and recruitment
IL-13 mucus production, smooth muscle proliferation,
enhanced effects of IL-4 and IL-5
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Acute attack:
• Cytokines are released from mast cell degranulation. They include TNF-α,
IL-1, 4, 5, 6, and 13.
• Cytokines play a general roll in the inflammation, but do not directly cause
bronchospasm.
• IL-13 induces sputum production, resulting in coughing which is a central
symptom in an acute asthma attack.
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•
•

IL-4 and IL-13 together induce isotype switching in B-lymphocytes to
produce IgE.
IL-5 influences eosinophil proliferation, recruitment and activation.

Acute asthma attack
1. Allergen binds to IgE and this complex to the IgE receptor on the mast cell. Mast cells
degranulate.
2. Key mast cell products include the:
i. Leukotrienes: synthesized from arachidonic acid by arachidonate 5’ lipoxygenase, this
family is responsible for 75% of smooth muscle contraction, as well as vasodilation and
edema.
ii. Histamine: responsible for 25% of smooth muscle contraction as well as vasodilation
iii. Cytokines: there are several, including TNF-α, IL-1, 4, 5, 6, and 13.
iv. Enzymes: Tryptase which is an important mediator of the delayed phase. Tryptase is
important in the recruitment and activation of eosinophils
3. Eosinophils release major basic protein (MBP) and other mediators that result in epithelial
damage and edema.
4. TH2 lymphocytes and other cells release cytokines that potentiate the inflammatory
response. IL-13 enhances the effects of other cytokines, induces mucus production and
smooth muscle proliferation.
5. Vasodilation and swelling from edema further narrow the bronchiolar lumen.
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o Gout
 Uric acid crystals are a non-protein damage associated molecular pattern
(DAMP) that are ingested by macrophages in the synovial fluid. In the
cytoplasm, NOD-like receptors initiate formation of the inflammasome that has
caspase-1 activity. This produces IL-1.
 IL-1 initiates acute inflammation with an in flooding of neutrophils into the joint
fluid. And acute arthritis.
 Anti-IL-1 drugs (e.g. anakinra) are used in treatment resistant gout.
o Rheumatoid arthritis (RA)
 Sensitization:
• Sensitization is thought to occur from the formation of neoantigens. For
example, smoking creates neoisotopes by citrullination. Cigarette smoke
induces PAD (peptidyl arginine deaminase) in alveolar macrophages. This
enzyme converts arginine to citrulline which forms a neoantigen leading to
the formation of anti-cyclic citrulline protein antibodies (anti-CCP). This
suggests that RA may start as a mucosal disease in the lung.
• The development of anti-citrullinated protein antibodies (ACPA) activates
the innate immune system. APC then activate the adaptive immune
system in complex ways. Autoantibodies can be found for a decade before
clinical symptoms.
 Active disease:
• RA expresses pathology in 2 compartments. There is no unifying
explanation connecting the two.
o Synovium:
 The inflammatory process converts synoviocytes into fibroblastlike synoviocytes that behave like a low grade invasive neoplasm.
 The tumor mass, the pannus invades and destroys the cartilage
and bone.
 The key cytokine is TNF-α.
o Synovial fluid:
 Neutrophils are the key cell.
 Activation of the immune response includes antigen-antibody
complexes of rheumatoid factor (RF) and anti-CCP with activation
of the complement system and anaphylatoxin formation.
o Systemic lupus erythematosus (SLE)
 SLE is the model Type III hypersensitivity disease in which circulating immune
complexes get filtered into membranes like the synovium or glomerulus where
they activate the complement system. Inflammatory cells are recruited by
anaphylatoxins.
 Cytokines play the usual role in the innate inflammatory response.
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o Psoriasis
 Psoriasis is a complex immune-mediated disease that produces inflammatory
plaques of the skin.
 Pathophysiology is an area of active research, but current understanding is that
antigen presenting cells (APC) of the skin produce IL-23 and other cytokines that
activate TH17 lymphocytes in the skin. TH17 cells produce IL-17 and IL-22. IL-17
has many immune functions including recruitment of neutrophils. IL-22
stimulates the growth of keratinocytes, resulting in epidermal hyperplasia.
 Treatment is typically uses immune therapies:
• Limited disease can be controlled with topical steroids.
• Moderate to severe disease (>10% of body surface area) requires systemic
treatment of chemotherapy such as methotrexate or the biologics, such as
anti-TNF, anti-IL-17 and anti-IL-23.
TGF-β
o This cytokine is produced by many cells and has complex effects. Some of the most
important in clinical medicine include:
o Immune modulation:
 Some key immune effects of TGF-β include production of Treg lymphocytes,
together with IL-1 and IL-6 production of TH17 lymphocyte and complex effects
on macrophages.
o Marfan syndrome and modulation of extracellular matrix (ECM)
 Fibrillin and fibronectin in the ECM act as storage sinks for TGF-β. The defective
fibrillin of Marfan syndrome allows for overactivity of dysregulated TGF-β,
which results in loss of elastic tissue.
 Marfan syndrome can be treated with anti- TGF-β drugs.

Structure of the aortic wall
Regulation of the elastic medial lamellar
units (MLU) in the aorta includes
production of TGF-β by smooth muscle
cells (SMC) that is bound in the ECM by
fibrillin. With abnormal fibrillin, TGF-β
dysregulation leads to rapid degeneration
of the elastic lamina in Marfan disease.

o Fibrosis and repair:
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TGF-β is a key cytokine in the M2 pathway of anti-inflammatory signaling and
fibrosis after injury or infection. Cytokines of the M2 pathway include IL-4, IL-10,
IL-13 and TGF-β.
 Conversion of the fibroblast and stellate cells to myofibroblasts. TGF-β is the
central cytokine in diseases that result in fibrous effacement of normal organ
architecture in:
• Cirrhosis
• Chronic pancreatitis
• Scleroderma ( an anti- TGF-β antibody (Fresolimumab) has shown benefit)
• Myelofibrosis (+ PDGF)
• Pulmonary fibrosis
o Cancer (for further discussion, see: General pathology: neoplasia)
 TGF-β has anti-proliferation activity at the G1-S checkpoint. It is particularly
important in regulation of the stromal cells (fibroblasts and angiogenesis). Most
cancers have a loss of function mutation in TGF-β.
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General pathology, acute inflammation, cytokines
Do You Know It?
1. Define the following terms related to cytokines and give an example for each:
a. Pleiotropy
b. Redundancy
c. Synergy
d. Inhibition
e. Receptor expression
2. Describe the cytokines associated with:
a. Pro-inflammatory effect
b. Anti-inflammatory effect
c. Anti-viral
d. Macrophage activating
e. B-cell lymphocyte activating
f. T-cell lymphocyte activating
g. Eosinophil and mast cell activating (allergic disease)
3. Describe the immunologic pathophysiology in:
a. Endotheliopathies
b. Acute phase reactants
c. Testing in tuberculosis
d. Asthma
e. Gout
f. Rheumatoid arthritis
g. Psoriasis
4. Describe the role of TGF-β in:
a. 5 diseases in which there is fibrosis of the entire organ
b. Marfan syndrome
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