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Inflammation and Repair

M DEFINITION AND GENERAL FEATURES

Q1. Define inflammation. Briefly comment on its etiology.

Definition Inflammation is local response of living mammalian tissues to injury from any agent. It is
a body defense reaction to eliminate or limit the spread of injurious agent, followed by removal of the
necrosed cells and tissues.

Etiology Inflammation may be caused by numerous injurious agents, the most important of which
are the following:

i. Infectious agents

ii. Necrotic tissues resulting from the action of ischaemia, physical agents (e.g. heat, cold, mechanical
force, etc.), chemical agents

ii. Immunologic agents

iv. Inert foreign material such as sutures or thorns

Pathophysiology Infection involves two processes: inflammatory response and repair.
Classification According to the duration and the defense capacity of the organism, there are two
principal forms of inflammation: acute and chronic inflammation.

Q2. What are the cardinal signs of inflammation?

The cardinal signs of inflammation, as described by the Roman medical writer Celsus, and expanded
by Galen are as follows:

i. Rubor (redness)

ii. Tumor (swelling)

iii. Calor (heat)

iv. Dolor (pain)

v. Functio laesa (loss of function)

W ACUTE INFLAMMATORY RESPONSE

03: How does inflammation begin?

Inflammation begins through the interaction of i) receptors on the etiologic agent and the host cells,
as well as ii) some host proteins in the interstitial tissue and blood.

|. Receptors on etiologic agents and host cells Three sets of receptors play a key role in the initiation
of inflammation. They are expressed on: i) infectious agents (e.g. pathogen associated molecular
patterns, PAMPs), i) necrotic cells, and iii) leucocytes.

i. Receptors for the recognition of microbes These include several proteins expressed on lymphocytes,
macrophages and many other participating cells. The most important of these receptors are toll-like
receptors (TLR), NOD-like receptors (NLRs) and RIG-like receptors (RIR).

(51)
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ii. Receptors for recognition of necrotic cells Cytosolic and nuclear molecules released from necrotic
leucocytes react with cytosolic receptors such as NLRs, forming inflammasomes, which directly activate
caspase-1, triggering the release of proinflammatory cytokines, such as interleukin-1.

iii. Receptors for the opsonised microbes Two most important opsonins, the Fc component of
immunoglobulins and C3 component of the complement system, are ligands for the receptors on
leucocytes, thus stimulating inflammation.

II. Circulating host proteins These initiators of inflammation are certain circulating proteins liberated
by activation of complement system after microbial infection. These include:

i. mannose-binding lectins, and

ii. collectins.

These act against invading organisms and trigger inflammation.

Q4. What are the key events in acute inflammatory response?

There are two principal components of the acute inflammatory response:
I. Vascular events These include:

i. Haemodynamic changes

ii. Altered vascular permeability

II. Cellular events These are:

i. Exudation of leucocytes

ii. Phagocytosis

Q5. What is the sequence of haemodynamic changes in acute inflammation?

i. Transient vasoconstriction of arterioles, that lasts 3-5 seconds, except in more severe injury when it
can last longer, up to 5 minutes.

ii. Persistent progressive vasodilatation, involving all compartments of the microcirculation. It is
obvious within half an hour and it accounts for the increased blood volume and redness of the
involved area.

iii. Increased local hydrostatic pressure and transudation of the fluids into the extracellular space.

iv. Slowing or stasis of microcirculation and increased viscosity of the blood.

v. Margination of leucocytes along the endothelium, followed by their emigration into the perivascular
spaces.

Q6. What is the triple response in Lewis ‘flare and wheel’ experiment?

Lewis experiment included stroking the skin of the forearm with a blunt point object. The response
included sequentially the following changes, corresponding to signs of inflammation (redness, heat
and swelling) as follows (Fig. 4.1):

i. Red line due to the dilatation of the capillaries and venules.

ii. Flare of reddish colour surrounding the red line due to the vasodilation of arterioles.

iii. Wheel of the surrounding skin due to transudation of fluids to form oedema.

_ Flare Wheal

Red line —

Red lina

DERMIS

#‘_E“ Pain (Marve)

FIGURE 4.1: A, ‘Triple response’elicited by firm stroking of skin of forearm with a pencil. B, Diagrammatic view of microscopic features of
triple response of the skin.



Q7. What are the mechanisms of oedema formation due to altered vascular permeability?
These are as under (Fig. 4.2):
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A, NORMAL FLUID EXCHANGES B. IN ACUTE INFLAMMATION
FIGURE 4.2: Fluid interchange between blood and extracellular fluid (ECF).
(HP, hydrostatic pressure; OP, osmotic pressure).
i. Transudation of fluid due to increased intravascular pressure following vasodilation of arterioles and
the flooding of the microcirculation with arterial blood.
ii. Increased permeability of blood vessel walls.
iii. Increased colloid osmotic pressure of the interstitial fluid that now contains more albumin.
iv. Decreased intravascular colloid osmotic pressure due to a loss of albumin from circulating blood.

Q8. What are the mechanisms of increased vascular leakiness?
These changes include the following (Fig. 4.3):
vi) Leakiness from neovascularisation
i) Contraction/mild endoihalisl damage  iv) Endothalial injury by PMNs
I} Contraction of endothedial cells v) Transeylosis i) Direct injury

Normal endothalial layer Basemen! membrane
INTERSTITIAL FLUID (OEDEMA)

FIGURE 4.3: Schematic illustration of pathogenesis of increased vascular permeability in acute inflammation. The serial numbers in the
figure correspond to six numbers described in the text.

i. Contraction of endothelial cells, e.g. transient, short (15-30 minutes) response to mild thermal injury.
It is mediated by histamine and bradykinin and other mediators of inflammation. It affects venules
and it is the most common form of increased vascular leakiness.

ii. Contraction/mild damage of endothelial cells, e.g. longer reaction (4-6 hours) sunburn skin injury,
mediated by interleukin-1 (IL-1) and tumour necrosis factor-a (TNF-a).

iii. Direct injury, e.g. severe bacterial infection or moderate thermal and irradiation injury. It may start
immediately or be delayed in onset. It affects all parts of the microcirculation, and lasts hours and days
and may be associated with thrombosis.

iv. Endothelial cell injury by PMNs, e.g. pulmonary oedema due to the adherence of leucocytes to
endothelial cells in lung capillaries. It is a late response affecting venules.
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v. Transcytosis, e.g. VEGF-induced oedema.
vi. Leakiness from neovascularisation, e.g. granulation tissue or oedema in tumours.

Q9. What are the cellular events during the exudation of leucocytes?
The sequential changes are illustrated in Figure 4.4 and listed as follows:

——SHalecting, Intogens—ps FECAM-1—=
A, NORMAL B, MARGINATION AND C, ADHESION AND O, TRANSMIGRATION
AXIAL FLOW PAVEMENTING ROLLING OF LEUCOCYTES, RBCs

FIGURE 4.4: Sequence of changes in the exudation of leucocytes. A, Normal axial flow of blood with central column of cells and peripheral
zone of cell-free plasma. B, Margination and pavementing of neutrophils with narrow plasmatic zone. C, Adhesion of neutrophils to
endothelial cells with pseudopods in the intercellular junctions. D, Emigration of neutrophils and diapedesis with damaged basement
membrane.

i. Margination of PMNs due to the blood flow changes, followed by pavementing of PMNs on the
surface of endothelial cells.

ii. Rolling of PMNs and their early contact with endothelial cells mediated by selectins. Stronger
adhesion of PMNs to endothelial cells is mediated by integrins.

iii. Transmigration or diapedesis is mediated by platelet-endothelial cell adhesion molecule (PECAM-1
or CD31). RBCs may passively follow it and this gives the exudate a haemorrhagic appearance.

iv. Chemotaxis and movement of PMNs toward the chemoattractants.

Q10. What are chemoattractants? How are they classified?

Definition Chemoattractants are biologically active compounds, which mediate chemotaxis, i.e. they
direct the neutrophils (PMNs) to migrate along a chemical gradients toward them.

Pathogenesis of cell movement Chemoattractants bind to specific transmembrane G-protein
coupled receptors (GPCR), which upon activation, increase the influx into the cytoplasm of PMNs,
leading to cytoskeletal changes, resulting in directional migration of these cells.

Classification Chemoattractants can be exogenous (e.g. derived from bacteria) or endogenous:

I. Exogenous chemoattractants are mostly formylated peptides.

Il. Endogenous chemoattractants include several groups of substances as given below:

i. Leukotriene B4 formed from arachidonic acid through the lipoxygenase pathway

ii. Activated fragments of the complement system like C5a

iii. Cytokines such as IL-8, MCP-1, MIP

iv. Kallikrein

Q11. Define phagocytosis. How do leucocytes phagocytise microbes?

Definition Phagocytosis is a cellular process during which the cells engulf solid particles. Microbes
are phagocytised like any other foreign material by two types of cells:

¢ Polymorphonuclear leucocytes (PMNs) called microphages

¢ Circulating monocytes and their descendant in tissue called macrophages

Phagocytosis of microbes is a specialised form of phagocytosis, which occurs in three phases: i)
recognition, ii) engulfment, and iii) killing and degradation (Fig. 4.5).
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FIGURE 4.5: Stages in phagocytosis of a foreign particle. A, Opsonisation of the particle. B, Pseudopod engulfing the opsonised particle.
C, Incorporation within the cell (phagocytic vacuole) and degranulation. D, Phagolysosome formation after fusion of lysosome of the cell.

I. Recognition is mediated by mannose receptor and scavenger receptor on the cell membrane of
macrophages. It is facilitated by opsonisation with one of the following three opsonins:

i. C3b component of complement

ii. Fc part of IgG

iii. Collectins (carbohydrate binding lectin in the plasma which bind to the bacterial wall).

Il. Engulfment involves formation of a phagocytic invagination of the plasma membrane which
becomes a vesicle called phagosome.

Phagosomes fuse with lysosomes forming phagolysosomes. Phagolysosome is a membrane-bound
vesicle that contains the microbe and is full of lysosomal lytic enzymes.

lIl. Killing and degradation in the phagolysosomes is mediated by the following substances:

i. Reactive oxygen species generation which may be:

¢ myeloperoxidase (MPO) dependent, or

e myeloperoxidase independent

ii. Nitric oxide (mostly in macrophages and endothelial cells)

iii. Lysosomal enzymes (in PMNs and macrophages)

Q12. Which is the most efficient form of bacterial killing?

Reactive oxygen species (ROS) are the most potent bactericidal substances in the phagolysosomes
containing microbes. They include superoxide, hydrogen peroxide and hydroxyl radical, and halide
derivatives such as hypochlorous acid.

ROS are generated by two ways:

¢ MPO dependent, and

¢ MPO independent pathway.

These include several steps:

i. Both processes begin with an oxygen burst mediated by NADPH oxidase, resulting in the production
of superoxide anion.

ii. MPO dependent system works in PMNs and monocytes. It involves a conversion of superoxide into
hydrogen peroxide, which is then converted by MPO into hypochlorous acid, in the presence of chloride ion.
iii. MPO independent system takes place in mature macrophages which lack the enzyme MPO and,
therefore, cannot form halide derivatives like hypochlorous acid. Instead, macrophages form hydroxy!
radical and superoxide that have a less potent bactericidal activity.

Q13. Which extracellular mechanisms are used for bacterial killing?

i. Release of granules from the cytoplasm of PMNs and macrophages floods the tissue with lytic
enzymes, which have bactericidal activity. Unfortunately, these lytic enzymes act non-selectively; they
not only kill microbes but may also cause tissue damage by proteolysis.

ii. Another mechanism is formation of neutrophil extracellular traps (NETs), a fibrillar network
composed of nuclear material of dead neutrophils. This fibrillar network may trap microbes and
prevent the spread of infection.

iii. Immune mechanism also provides a defense against the bacteria.
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[l CHEMICAL MEDIATORS OF INFLAMMATION

Q14. What are the common properties of all chemical mediators of inflammation?

Mediators of inflammation have the following common properties:

i. They belong to two groups: cell derived and plasma derived.

o Cell derived mediators are stored in cytoplasmic granules from which they are released when needed.
e Plasma derived mediators circulate in an inactive form in blood and require activation. Most of these
plasma proteins are synthesised by the liver.

ii. Spectrum of their actions include the following: increased vascular permeability, vasodilation,
chemotaxis, fever, pain and tissue damage.

iii. Mediators have a short life span after their release.

iv. All mediators are released in response to certain stimuli.

v. Mediators act on different targets.

Q15. Classify chemical mediators of inflammation.

Two main groups of substances acting as chemical mediators of inflammation—released from the cells
and those from the plasma proteins, and members in each group are listed in Table 4.1.

TABLE 4.1 Mediators of inflammation.

|. CELL-DERIVED MEDIATORS

1. Vasoactive amines (Histamine, 5-hydroxytryptamine, neuropeptides)

2. Arachidonic acid metabolites (eicosanoids)
i. Metabolites via cyclo-oxygenase pathway (prostaglandins, thromboxane A,, prostacyclin, resolvins)
ii. Metabolites via lipo-oxygenase pathway (5-HETE, leukotrienes, lipoxins)

3. Cytokines: interleukins (IL-1, IL-6, IL-8, IL-12, IIL-17) TNF -a, TNF-{3; IFN-y; other chemokines

4. Platelet activating factor

5. Free radicals (oxygen intermediates, nitric oxide)

IIl. PLASMA PROTEIN-DERIVED MEDIATORS (PLASMA PROTEASES) PRODUCTS OF:

1. The kinin system (kallikrein, bradykinin)
2.The clotting system (fibrin, firinopeptides)

3. The fibrinolytic system (plasmin)

4.The complement system (C3a, C3b, C5a, MAC)

Q16. Discuss histamine as a chemical mediator of inflammation briefly.

Storage site Biogenic amine stored in cytoplasmic granules of basophils, mast cells and platelets.
Stimulants for release Agents in acute inflammation, e.g. heat, cold, trauma, irritant chemicals,
irradiation, type | hypersensitivity (anaphylactic or allergic) reaction.

Actions Acts on blood vessels and nerves:

i. Vasodilation of arterioles

ii. Increased vascular permeability

iii. Itching

iv. Pain

NOTE: Histamine is similar to another biogenic amine which has similar actions, i.e. serotonin
(5-hydroxytryptamin); the latter is stored in platelets granules. Serotonin has similar pro-inflammatory
activities as histamine, even though serotonin actions are much weaker.

Q17. Which are the mediators of inflammation produced from the arachidonic acid and how are they
formed?

Arachidonic acid (eicosanoids) derivatives are the most potent mediators of inflammation. They are
fatty acids released from the phospholipids in the cell membrane through the action of phospholipases.
The biologically active derivatives are formed through one of the two pathways: cyclo-oxygenase
pathway and lipo-oxygenase pathways (Fig. 4.6):

I. Cyclo-oxygenases (two enzymes, COX-1 and COX-2) generate the following biologically active
compounds:

i. Prostaglandins
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FIGURE 4.6: Arachidonic acid metabolites via cyclooxygenase and lipo-oxygenase pathway and their major actions.

ii. Prostacycline (also known as PGL)

iii. Thromboxane

iv. Resolvins

II. Lipo-oxygenase (an enzyme most abundant in PMNSs) acts on the activated arachidonic acid to form
hydroxyperoxy-eicosatetraenoic acid (5-HPETE), which then gives rise to:

i. 5-HETE, a potent chemoattractant of neutrophils

ii. Leukotrienes (chemoattractants, bronchoconstrictors, and vasoconstrictors)

iii. Lipoxins (vasodilators, bronchodilators, counteracting leukotrienes)

Certain key facts on arachidonic acid metabolites:

i. Arachidonic acid derivatives are called autacoids because they have predominantly autocrine and
paracrine actions.

ii. Prostaglandins act on blood vessels, bronchial smooth muscles, or uterine smooth muscle, in
synergy or opposing each other’s actions (for details see Fig. 4.6).

iii. Thromboxane and prostacyclin counteract one another: Thromboxane is produced by platelets
favouring aggregation of platelets and promoting vasoconstriction. Prostacyclin is produced by
endothelial cells, counteracting aggregation of platelets and acting as a vasodilator.

iv. Resolvins inhibit production of pro-inflammatory cytokines.

v. The effects of pro-inflammatory prostaglandins can be inhibited by acetylsalicylic acid (aspirin),
which inhibits COX-2.

vi. Leukotrienes are synthesised and slowly releases from mast cells as type | hypersensitivity
(anaphylactic) reactions, e.g. hay fever or bronchial asthma. Therefore, they are also known as slow
reacting substances of anaphylaxis SRS-As.

vii. Lipoxins counteract leukotrienes.

Q18. What are cytokines and chemokines? Discuss their classification and their major functions.

Definition Cytokines are polypeptides produced by activated lymphocytes (thus also known as
lymphokines) or monocytes (monokines). Cytokines may act on ‘self’ cells (autocrine action) or on other
cells. The term chemokine is used for small cytokines that act as chemoattractants.

Sources Most cytokines are produced by a variety of cells:

i. The most common sources of cytokines are monocytes/macrophages, lymphocytes, dendritic cells,
mast cells, neutrophils.

ii. Some connective tissue cells such as fibroblasts, endothelial cells and smooth muscle cells.
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iii. Some epithelial cells such as pulmonary alveolar cells.

Targets Many cytokines have multiple target cells, and many act on almost all cells in the body.
Selective targets are most often T or B lymphocytes, NK cells and other white blood cells.
Classification Several groups of cytokines are recognised, the most important of which are as follows:
i) interleukins, ii) tumour necrosis factor family, and iii) interferons (Table 4.2).

I Interleukins (IL-1, IL-2, IL-3, etc.) which have the following main functions:

i. Emigration of neutrophils and macrophages

ii. Expression of adhesion molecules

iii. Regulation of fever, shock

iv. Hepatic production of acute phase reactants

v. Increased production of IFN-y or other cytokines

vi. Induction of formation of T-cell subsets, like T helper or cytotoxic T cells

vii. Promote CTL activity

viii. Stimulate angiogenesis

Il. Tumour necrosis factors (TNF-a TNF-B) which is produced by T cells and NK cells and has the
following main functions:

i. Fever, shock, anorexia

ii. Hepatic production of acute phase reactants

iii. Increased production of pro-inflammatory cytokines

iv. Expression of endothelial cell adhesion molecules

Ill. Interferon (IFN-y):

i. Activation of macrophages and NK killer cells

ii. Stimulation of immunoglobulins by B cells

iii. Differentiation of T helper cells

IV. Chemokines (monocyte chemoattractant protein, MCP-1; macrophage inflammatory protein, MIP1-a;
eotaxin; regulated and normal T cell expressed and secreted, RANTES):

i. Chemoattractant action for specific inflammatory cell types

ii. Release of histamine from basophils

Q19. What is platelet activating factor (PAF)?

Definition PAF is a phospholipid-derived mediator of inflammation, initially identified as a mediator
of platelet aggregation and degranulation. It is a multifunctional molecule synthesised by leucocytes,
endothelial cells and many other cells. Receptors of PAF are found on numerous cells.

Main functions Binding of PAF to cell receptor may have the following effects:

i. Increase vascular permeability

ii. Vasodilatation or vasoconstriction depending on the concentration of PAF

iii. Bronchoconstriction

iv. Chemotaxis

v. Adhesion of PMNs to endothelium

Q20. What are the main plasma-derived mediators of inflammation?

Mediators circulating in the blood are mostly synthesised by the liver and belong to four interlinked
systems:

i. Kinin

ii. Clotting

iii. Fibrinolytic

iv. Complement

Hageman factor (clotting factor XII) plays a key role in interactions of the four systems (Fig. 4.7).

Q21. What are the components of the kinin system and the main functions?

Kinin system is involved in the production of bradykinin from kininogen which is activated by kallikrein.
Kallikrein is formed from prekallikrein under the action of prekallikrein activator derived from Factor
XlI (Fig. 4.8).



TABLE 4.2 Major cytokines in inflammation.

CYTOKINE CELL SOURCE

I. INTERLEUKINS

IL-1 Monocytes/
macrophages, B cells,
fibroblasts, endothelial
cells, some epithelial
cells

IL-6 Same as for IL-1

IL-8 Monocytes/
macrophages, T
cells, neutrophils,
fibroblasts, endothelial
cells, epithelial cells

IL-12 Macrophages,
dendritic cells,
neutrophils

IL-17 CDA4+T cells

II. TNF FAMILY

TNF-a Monocytes/

macrophages, mast
cells/basophils,
eosinophils, B cells, T
cells, NK cells

IIl. INTERFERON FAMILY
IFN-y T cells, NK cells

IV. OTHER CHEMOKINES (BESIDES IL-8)

MCP-1 Fibroblasts, smooth
muscle cells, blood

mononuclear cells

MIP-1a Monocyte—
macrophages

Eotaxin Alveolar cells,
myocardium

RANTES Monocytes—
macrophages, T
cells, fiilbroblasts and
eosinophils

Lymphotactin - NK cells, T cells, mast
cells

Fractalkine Endothelial cells

CELL TARGET

All cells

T and B cells,

epithelial cells,
hepatocytes,
monocytes/macrophages

Neutrophils, basophils,

T cells, monocytes/
macrophages, endothelial
cells

T cells, NK cells

Fibroblasts, endothelial
cells, epithelial cells

All cells except RBCs

All cells

Monocytes/macrophages,
NK cells, T cells

Monocyte-macrophages, T
cells, NK cells

Eosinophils, basophils

Monocytes-macrophages,
T cells, NK cells, dendritic
cells, eosinophils

T cell and NK cells

NK cells, T cells, monocytes-

macrophages

MAIN ACTIONS

> Expression of adhesion molecules

> Emigration of neutrophils and
macrophages

> Rolein fever and shock

> Hepatic production of acute phase
reactant

> Hepatic production of acute phase
reactant

> Differentiation and growth of T and B
cells

> Induces migration of neutrophils,
macrophages and T cells

> Stimulates release of histamine from
basophils
Stimulates angiogenesis

A7

Induces formation of T helper cells and
killer cells

Promotes CTL cytolytic activity
Increases production of IFN-y
Decreases production of IL-17

Increases secretion of other cytokines
Migration of neutrophils and monocytes

YV V VYV
»  J3)dey)
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> Hepatic production of acute phase
reactant

> Systemic features (fever, shock, anorexia)

> Expression of endothelial adhesion
molecules

> Enhanced leucocyte cytotoxicity

> Induction of pro-inflammatory cytokines

Jieday pue uonewweyu

> Activation of macrophages and NK cells
> Stimulates secretion of Igs by B cells
> Differentiation of T helper cells

» Chemoattractant for monocytes, T cells
and NK cells

> Stimulates release of histamine from
basophils

Chemoattractant for monocytes, dendritic

cells, T cells, NK cells

> Chemoattractant for eosinophils and
basophils

> Induces allergic pulmonary disease

Chemoattractant for monocytes—

macrophages, T cells and NK cells

Chemoattractant specific for lymphocytes

Dual role for monocytes and T cells:
> as cell-surface chemoattractant
> as cell adhesion molecule

(IL, interleukin; TNF, tumour necrosis factor; IFN, interferon; MCP, monocyte chemotactic protein; RANTES, regulated and normal T cell

expressed and secreted).
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FIGURE 4.7: Inter-relationship among clotting, fibrinolytic, kinin and complement systems.

Bradykinin participates in early stages of
inflammation and has the following effects:

i. Smooth muscle contraction

ii. Vasodilatation

iii. Increased vascular permeability

iv. Pain

Q22. What are the main components of the clotting
system and their major functions?

Activation of Factor XII through contact of the
blood with a hard surface leads to the initiation of
the clotting cascade that ends in the formation of
fibrin and clot formation (Fig. 4.9).

Plasmin acts on fibrin, splitting it into fibrino-
peptides, which may act on the inflammatory
process as follows:

i. Increased vascular permeability

ii. Chemotaxis for leucocytes

iii. Anticoagulant activity

023. What are the main functions of the fibrinolytic
system in inflammation?

Plasmin, the most important fibrinolytic protein,
is formed from plasminogen. There are several
plasminogen activators, including kallikrein,
endothelial cells or leucocytes (Fig. 4.10).
Plasmin has the following effects in the
inflammatory process:

i. Activation of factor Xll to form prekallikrein,
ultimately leading to the formation of bradykinin.

Factor Xl
Contact
v

Facior Xlin

v

Prekallikremn actvalos

Plasma prak.alllk.ram; Hallikrein

Kiinogen et [ BRADVRINN ]
FIGURE 4.8: Pathway of kinin system.

Contact
Factor X || ee— |4

Xl ;J‘Hh

WVillA

PF3

w —*-xﬁ,
-
WA

PF3
ProAhrcambin se— Thrombin

Fibrinogan e— i

Plasmin *
FIBRINOPEPTIDES

FIGURE 4.9: Pathway of the clotting system.



ii. Splitting of complement component C3 to Plasminogen activator

form C3a, which leads to increased vascular Meionin, AT, Aaucocymes. Sceiein)

permeability. v )

iii. Breakdown of fibrin which gives rise to Fi N L

fibrinopeptides or fibrin split products. These ¥ c3 Flbrlnﬂgﬂn—‘
compounds increase vascular permeability and

are chemotactic for leucocytes. (Fibrin spif products |

) ) FIGURE 4.10: The activation of fibrinolytic system.
Q24. What is the complement system? Briefly

discuss its main features and its pathways of
generation.

Definition Complement system comprises
some 30 plasma proteins, cell surface proteins

and receptors, as well as specific inhibitors. CLASSICAL ALTERNATIVE LECTIN

. P P PATHWAY PATHWAY PATHWAY
Main features v Antibody
i. Complement plasma proteins, which circulate in = 4::._ 4 ”'E’“bﬂ# MBL—"
blood in an inactive form, are labeled numerically 7’* c:ﬁ.,'pgx v v
from 1to9. C3a.C3b C3b,C6,7.8.9 Cda,Cab,
ii. Upon activation, complement proteins form + C2a.Cn
fragments which are labeled such as 3a, 3b, 5a, | - C3 convenased |
etc. l
iii. Fragments and activated complement
proteins assemble into intermediate complexes Clﬁf ':5? . Cf}h S
and also form the final membrane attack complex I::mm“ g‘::’"""ﬂs ml" s
(MAC), comprising C5b, C6, C7, C8, and C9). Chaftia: e il

iv. Activation of the complement pathway by one
of the three pathways (Fig. 4.11):

a. Classical pathway, activated by antigen-
antibody complexes containing IgG or IgM.

b. Alternative pathway which can be activated by a non-immunologic agent such as bacterial toxins or
lipopolysaccharides and cobra venom.

¢. Mannose-binding lectin pathway in which this lectin binds to mannose residues on the microbial
surface and activates serine protease.

v. All three pathways converge on the activation of C3 convertase which activates more complement
proteins that have an important role in inflammation.

vi. Excessive activity of complement components is controlled by specific inhibitors. Clinically, the most
important inhibitors are as follows:

e (Tl inhibitor, blocking the first step of the classical pathway. Congenital deficiency of C1 INH causes
hereditary angioedema.

e Decay accelerating factor (DAF) prevents formation of C3 convertase. It is linked to plasma
glycophosphatidyl and its deficiency causes paroxysmal nocturnal haematuria.

e (D59 prevents the formation of MAC.

FIGURE 4.11: Activation pathways of complement system and
actions of activated products.

025. What are the principal functions of complement in the inflammatory process?

Proteins forming the complements have many important functions in the inflammatory process in
which they act as:

i. Anaphylatoxins, which activate mast cells, stimulate release of histamine and increase vascular
permeability.

ii. Chemoattractants, which attract leucocytes to the area of inflammation.

iii. Opsonins, which coat microbes and facilitate their phagocytosis.

iv. Membrane attack complex (MAC), which leads to perforation of the phospholipid cell membrane
and lysis of cells (e.g. lysis of RBC in haemolysis) and killing of microbes.
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B INFLAMMATORY CELLS

Q26. What are the principal inflammatory cells and what are their major functions?

The principal inflammatory cells are: i) polymorphonuclear neutrophils (PMNs), ii) eosinophils,
iii) basophils/mast cells, iv) lymphocytes, v) plasma cells, and vi) monocytes/macrophages
(Table 4.3). They are all found in the circulating blood except macrophages, mast cells and

plasma cells, which are found only in tissues.
|. Polymorphonuclear leucocytes

i. Most numerous white blood cells in circulation (40-75% of all leucocytes).

ii. Nucleus is polymorphous, i.e. segmented in up to 5 lobes.

iii. Cytoplasmic granules are classified as primary, secondary, tertiary — rich in lytic enzymes.

iv. Phagocytic activity strong — killing of microbes.

v. Lytic enzymes released from granules — damage tissues and basement membranes.
vi. They are the first inflammatory cells to reach the area of bacterial infections.

vii. In tissues, they live only 2 days.

viii. Main function: Most prominent cells in acute inflammation caused by microbes or tissue necrosis.

TABLE 4.3 Morphology and functions of inflammatory cells.

MORPHOLOGY MAIN FUNCTIONS
ST i Initial phagocytosis of bacteria
n.:"‘ L) and foreign body
4 i ii. Engulfment of antigen-antibody
I complexes

i
\ iii. Basement membrane destruction
iv. Acute inflammatory cell

A, POLYMORPH
i. Allergic states
ii. Parasitic infestations
iii. Dermatoses
iv. Malignant lymphomas
v. Chronic inflammatory cell

i. Receptor for IgE molecules
ii. Electron-dense granules

T
C, BASOPHIL/MAST CELL

i. Humoral and cell-mediated
immune responses
ii. Chronic inflammatory cell
iii. Regulates macrophage response

D, LYMPHOCYTE

E, PLASMA CELL

i. Derived from B cells
ii. Plasma cell dyscrasias
iii. Chronic inflammatory cell

i. Microbial phagocytosis and killing
ii. Induce repair by fibrosis
iii. Chronic inflammatory cell
iv. Regulate lymphocyte response

F, MONOCYTE/MACROPHAGE

FEATURES

i. Primary granules (MPO, lysozyme, cationic
proteins, acid hydrolases, elastase)
ii. Secondary granules (lysozyme, alk.
phosph, collagenase, lactoferrin)
iii. Tertiary granules (gelatinase, cathepsin)

i. Contains MPO
ii. Granules contain major basic protein,
cationic protein
iii. Lack lysosomes

i. Histamine
ii. Leukotrienes
iii. Platelet activating factor

i. B cells: antibody production
ii. T cells: delayed hypersensitivity,
cytotoxicity

i. Antibody synthesis
ii. Antibody secretion

i. Require activation by: classic (non-
immunologic) or alternate (IL-4, IL-13) way
ii. Release proteases (collagenase, elastase)
iii. Activation of coagulation pathway
iv. Prostaglandins, leukotrienes
v. Chemoattractant for other leucocytes

(MPO, myeloperoxidase).
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