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Inflammation
Objectives:

A) Be able to identify the cardinal and systemic signs of inflammation and
to understand the underlying mechanisms that produce these signs.

B) Understands the vascular changes occurring as a response to tissue
injury.

C) Appreciate the importance of fluid production in inflammation including
the difference between exudates and transudates.

D) Have some understanding of various chemical mediators of
inflammation and their link with the complement system and potentially
with coagulation factors.

E) Have good knowledge about the types and functions of various
inflammatory cells including their role in both acute and chronic
inflammation.

F) Be aware of the various complication of the inflammatory response,
formation of pus and the production and manifestation of chronic
inflammation.

G) Understands the concept of healing and repair with wounds healing by
first and second intention as an example.

H) Knows the factors leading to poor healing and inadequate tissue repair.

Definitions: blue
Examples: green
Doctor’s note: red
Extra explanation: grey

Diseases names: Highlight



A) Be able to identify the cardinal and systemic signs of inflammation and to
understand the underlying mechanisms that produce these signs.

What is Inflammation?

[ Inflammation is a local response of the vascularized living
tissue to infection and damaged tissue that brings cells and
molecules of host defense from the circulation to the sites
where they are needed. It's considered “Innate immunity”

Aim of Inflammation?
eliminate the initial cause of cell injury as well as the necrotic cells and tissues
resulting from the original insult. (4= Ul ) pall 5 (i jell el e Galas)
e Although inflammation sometimes causes pain, it gradually
disappears leaving little or no damage.
e Inflammation is important for human survival, it's a protective
response. It attacks the initial cause of injury and the
consequences of such injury.

When is inflammation terminated?
Inflammation is terminated when the offending agent is
eliminated and the secreted mediators are broken down or
dissipated. ) cyja S DAY 4 oyia jall Lmaall LAY @ ga8 Ladie et Lty
Ja gty oluiayl) ol MG o ) (0 pall
« There are active anti-inflammatory mechanisms that serve to
control the response and prevent it from causing excessive
damage to the host.
Leanled 5 alud) LAY jaxtus dbanl) oda <y jaliad Jla A 0S) 9 pupll 0o pilaS ke Y o ppaua
anti-inflammatory mechanisms 2
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Inflammatory reaction development:

1) The offending agent, which is located in extravascular
tissues, is recognized by host cells and molecules.
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2) Leukocytes and plasma proteins are recruited from the
circulation to the site where the offending agent is
located. dual) alua¥) pead 5 dla¥l lSa I Lelas o8y adlai 3l LI aes
e sliadll (1l

3) The leukocytes and proteins are activated and work
together to destroy and eliminate the offending
substance.. _o el L) sl S Jidll o jaenil) dlac T

4) The reaction is controlled and terminated.g&l o) J& L L iy
Zadlaall LAY Caliy) g Albaally pSatl) o3 ¢ palung ¥ g (o yall dppaaal) plup | Sy Juid
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5) The damaged tissue is repaired.

Can inflammation be harmful?
It can sometime cause harm, such as:

e Anaphylactic reaction “allergic reactions”
e Rheumatoid arthritis “inflammation in the joints”
e Atherosclerosis.

Note:

e Sometime inflammation can cause cell injury.

o The suffix ( itis) means inflamed tissue or organ , such as (
pancreatitis ,appendicitis).



Signs of inflammation

Local signs (cardinal) : (at
location of illness, injury, or
infection) are restricted to a
specific area.

1- Redness (Rubor)

2- Swelling (tumor)

3- Warmth (Calor): local heat.

4- Pain (dolor)

5- Loss of function (Functio
laesa)

if someone has an acute
inflammation in his right arm
and the doctor asks him to
move it away and he can’t
move it because it is very
painful and he has lost the
function of that organ

because of the inflammation.

Systemic manifestations
(generalized signs): affect the
entire body or present all over
the body and aren’t restricted
to a specific area.

1- Fever:

usually caused by chemical
mediators of inflammation
which act on the thermo
regulator centers in the
thalamus and call the fever to
raise.

2- vomiting:

It can be seen even if the
inflammation is not in GIT.
It's usually seen in children.
3- anorexic: lack of appetite
4- Malaise: tiredness or
weakness.

NOTE:

These signs can be seen in the external organs like the skin or in the

internal organs.




C-reactive protein:

It is a type of acute phase proteins (non-specific) that is secreted by the liver in
response to cellular stress or inflammation.
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erythrocytes sedimentation rate (ESR):
it is the rate at which red blood cells sediment in a period of
one hour.

If there is inflammation the ESR will increase because of the exudate of
the fluids from the blood vessels to interstitial tissue which will cause
viscosity (a=93J), and also it is non-specific test.



systemic effects of inflammation (acute-phase
reaction):

the cytokines TNF (Tumor Necrosis Factor), IL 1(interleukin 1), IL 6
(interleukin 6) are the most important mediators of the acute-phase reaction.
These cytokines are produced by leukocytes (and other cell types:
macrophages, mast cells and endothelial cells) in response to infection or in
Immune reactions and are released systemically.

The acute-phase consist of several clinical and pathologic changes:

1-Fever:

It's an elevation of body temperature.

produced in response to substances called pyrogens (a substance that
produces fever when released into the blood).

pyrogens act by stimulating prostaglandin synthesis in the hypothalamus.
In the hypothalamus, the prostaglandins, especially PGE, stimulate the
production of neurotransmitters such as cyclic AMP, which function to
reset the temperature set-point at a higher level (instead of 37 it will be
38,39,40°c).

NSAID, including aspirin, reduce fever by inhibiting cyclooxgygenase and
thus blocking prostaglandin synthesis.

INFECTIONS, TOXINS,
IMMUNE COMPLEXES, NEOPLASIA

{ } Types of pyrogens:
-eX0genous pyrogens:

P R bacterial products
* / Stimulate leukocytes to release cytokines
Hypothalamus (IL1 & TNF) that increases the enzymes
* (cyclooxygenase) which will convert AA
Prostaglandins (E) into prostaglandin
P e R — -endogenous pyrogens:
* IL 1 AND TNF
Sympathetic nerves
Skin vasoconstriction
}Heat dissipation

{

=




2-Elevated plasma levels of acute-phase

proteins:

These proteins are mostly synthesized in the liver, and in the place of acute
inflammation. their synthesis is stimulated by cytokines especially IL 6
(interleukin 6).

These proteins include:
C-reactive protein (CRP)
Serum amyloid A (SAA)
Lipopolysaccharide binding protein
a-2 macroglobulin
Haptoglobin
Ceruloplasmin
Fibrinogen (increases Sedimentation, which will cause erythrocytes to
form stacks “rouleaux”)

Detection of elevated levels of acute phase proteins is an indication of an
inflammatory response.

3 Leukocytosis:

Leukocytosis occurs because of accelerated release of cells (under the
influence of cytokines, including TNF & IL1) from the bone marrow.
WBC climbs to 15,000 to 20,000 cells/ml

both mature and immature neutrophils may be seen in the blood.

the presence of immature cells is referred to as “shift to the left”.

Neutrophilia (increased neutrophil count) Bacterial Infection

Lymphocytosis (increased lymphocytes count) Viral infection (mononucleosis, mumps, and
german measles)

Eosinophilia (increased eosinophil count) Bronchial asthma, hay fever, and parasite
infections
Leukopenia (decreased number of WBC) Typhoid fever, infection caused by some viruses,

rickettsiae, and certain protozoa




4-other manifestations of the acute-phase
response:

Increased heart rate and blood pressure
decreased sweating

chills

anorexia

malaise

Summary:

1. Chronic inflammation is different from acute inflammation with respect to
causes, nature of the inflammatory response, and tissue changes.

2. Different clinical settings associated with different types of inflammatory
cells (e.g. eosinophils, monocyte-macrophages, and lymphocytes)
accumulate in the tissues.

3. The systemic manifestations of inflammation include fever, leukocyte left
shift, and acute phase reactants.

M sUMMARY

Systemic Effects of Inflammation

* Fever: cytokines (TNF, IL-1) stimulate production of pros-
taglandins in hypothalamus

* Production of acute-phase proteins: C-reactive protein,
others; synthesis stimulated by cytokines (IL-6, others)
acting on liver cells

* Leukocytosis: cytokines (CSFs) stimulate production of
leukocytes from precursors in the bone marrow

* In some severe infections, septic shock: fall in blood pres-
sure, disseminated intravascular coagulation, metabolic
abnormalities; induced by high levels of TNF



B)Understands the vascular changes occurring as a response to tissue injury.

Phases of acute inflammation

G’hases of acute inﬂammation)

2 vascular phases 1 cellular phase

(Hemodynamlc changes> Increased vascular Emigration of the leukocytes
permeab|llty from the microcirculation

; Z : = their accumulation in the focus of
alterations in vascular structur§l changes in th microvasculature injury, and their activation to eliminate
caliber *diameter* that lead to an that permit plasma proteins and leukocytes to

The offending agent
increase in blood flow leave the circulation into the inflamed tissue 929

NORMAL

Occasional resident

s lymphocyte or o .
Extracellular =7/ macrophage Vasodilation (hemodynamic chnages )

THE FIGURES:

Vascular and cellular reactions of
acute inflammation. The major local

e manifestations of acute inflammation.

INFLAMED Edema expands extracellular matrix compared with normal are :
. Deposition of fibrin
Neutrophil R .
® emigrggon = @ and other plasma (1) vascular dilation and increased

ol proteins
% / blood flow (causing erythema and

warmth).

(2) extravasation of plasma fluid and
proteins (edema) .

(3) Leukocyte (mainly neutrophil)
emigration and accumulation.

Arteriole
dilation Expansion of capillary bed dilation

Increased blood flow

®




Phases of changes in vascular caliber and flow

Vasodilatation
Vasoconstriction

Transient
(temporary) of

It involves the
arterioles (or venules or

arterioles Which vessels )
lasts for 3-5 Leading to increase the
seconds blood flow by histamine

('which produced in
mast cells ) .

A Normal postcapillary venule

Pavementing
neutrophil

Cellular axial slream/

Zone of plasma

Marginating
neutrophil

B Acute inflammation

Erythrocyte
rouleaux

Increase permeability
Slowing of the circulation Stasis

due to increase . )
Slow circulation

due to dilated
small vessels
packed with red
cells

permeability of the
microvasculature, this
leads to outpouring of
protein-rich fluid in the
extravascular in tissues.

It will make the area
warm and red

Emigrating
neutrophil

Escaping
erythrocytes

N histamine
A hallmark of acute
inflammation (escape
of a protein- rich fluid)
induced by : .
y / Kinins , and other
Increased vascular mediator
permeability
It affects through the small and medium size
gaps between | venules
endothelial cells the : ’




Mechanisms lead to increased vascular permeability

*

Endothelial cell contraction 15-30 min

Endothelial injury

immediate sustained response 6-24 hours

delayed prolonged leakage 12 hours-days
Leukocyte-mediated endothelial injury

Transcytosis (occurs via channels formed by fusion of
intracellular vesicles)

%+ Leakage from new blood vessels

7

A

R/
o

R/
o

K/
°e

K/
°e

K/
o

Gaps due to ondotholial
contraction

- Vanues

~ Vasoactve madstor
(histamine, laukotrianas, &)

- Aot cCommon

* Fast and shomtdived (minutas)

Direct injury

= Artecioles, Capelanes, Sr
venulas

- Toxina, bums. chamicals

s Fast and may be long-lvecs
(hours to aays)

Leukocyte-dependent injury

= Maostly vonuies

= PuiMmonary caplliorss
- Late resoonso

= Longdived (hours)

ot e
- »
- Vanules
= Vascular ondothaliium—derivod
growth tactor

Neow blood vessel formation

= Sitas of anglogenasis
= Parsists untd irtercellualar
Juncticns form

u Mechanisms lead to vascular permeability


https://www.youtube.com/watch?v=-_db9B23v0E

Cellular events:

steps involved in extravasation of Leukocytes from the blood to the

tissue:

e Animportant function of inflammation is Leukocyte Extravasation.
e Leukocyte Extravasation: delivering Leukocytes to the site of injury and
activate them to perform their normal functions in host defense.

Leukocytes Functions

get rid of necrotic
tissue and foreign
substances

ingest offending Kill bacteria and

agents microbes

e Because Leukocytes’ function is to defend the host, once they are activated they
might cause harm to healthy tissue (tissue damage and inflammation).

Removal of offending agents mechanism:

Activate
Leukocytes
Recognize by increase in
the microbe cytosolic Ca2+

Destroying
microbes
through:

through the and activation of 1. phagocytosis

enzymes(Protein
kinase C and 2. intracellular

phospholipase killing
A2

Recruitment of Leukocytes:

.. Rolling and . . . . .

receptors




Margination
Leukocyte exudation

Sticking

Migration

Insertion into jct.

Diapedesis

1- Margination:
e Leukocytes usually travel in the middle of the blood stream but when an
injury happens they go to the margin. (Uisla)
e because blood flow slows early in inflammation (stasis), the
endothelium can be lined by white cells (pavementation).
2- Rolling and Tumbling: z_~2i
3- Adhesion:gb<ll
e They adhere to the endothelial cells due to the action of adhesion
molecules.
e Adhesion molecules:
Selectin: outer surface of endothelial cells.

Integrin: outer surface of Leukocytes.

4- Diapedesis (Transmigration):
° T Vascular permeability
e cells (leukocytes) travel from the vessels to the tissue
e occurs in postcapillary venules.
5- Migration (3_>»)
e Cells move towards the site of injury.
e They are directed through chemotaxis
e Chemotaxis: movement of organism in response to a chemical stimulus.
e Neutrophils, monocytes, lymphocytes, eosinophils and basophils all use
the same pathway to migrate from blood to tissue.

Note: Differentiate between migration and margination.




Inflammasome:

e isa protein complex that recognizes products of dead cells and microbes.

e |nduce secretion of active IL1

e Consists of a sensor protein (leucine rich protein called NLRP3) and enzyme

Caspase 1, which is converted from inactive to an active form.

Leukocyte Adhesion:

mediators such as histamine, thrombin, and platelet activating factor (PAF) stimulate
the redistribution of P-selectin from its normal intracellular stores in granules (Weibel-

Palade bodies) to the cell surface.

Weibel-Palade bodies are the “glue factory” of endothelial cells, because they

synthesize P-selectin, an adhesion molecule for leukocytes, and von Willebrand factor,

the adhesion molecule of the platelet
Adhesion molecules and receptors:

1-selectins

2- Integrin

e E- selectin: confined to endothelium,
induced by TNF & IL1.

e P- selectin: present in endothelium and
platelets from Weibel-Palade bodies.

e L-selectin: expressed on most leukocyte and
endothelium.

3- immunoglobulin molecules

* are transmembrane heterodimeric
glycoproteins, made up of a and 8
chains expressed on leukocytes and bind
to ligands on endothelial cells.

* up regulated on leukocytes by:
C5a & LTB4 resulting in firm adhesion
with vessel wall.

4- Mucin-link glycoproteins (PECAM 1)

e |CAM-1:
(intercellular adhesion molecule 1)
e VCAM-1:
(vascular cell adhesion molecule 1)
IL-1 and TNF activate (ICAM) and (VCAM) on
venular endothelial cells.

these glycoproteins are found in the
extracellular matrix and on cell surfaces.
Neutrophils moving along the venular
endothelium dissolve the venular

basement membrane (release type IV
collagenase) exposed by previous
histamine-mediated endothelial cell
contraction and enter the interstitial

tissue.




Activated integrins

ADHESION
Sialyl-Lewis
X-modified
glycoprotein
PECAM-1

(CD31)

SN’ R
=)

L-selectin E-selectin ICAM-1 P-selectin
ligand

L-selectin e

Leukocyte Adhesion Deficiency:

* Autosomal recessive defect of integrins, there are two types:
— LAD type 1 is a deficiency of B,-integrin.
— LAD type 2 is a deficiency of an endothelial cell selectin that
normally binds neutrophils.
* Clinical findings:
— Delayed separation of umbilical cord.
— Increased circulating neutrophils (leukocytosis due to loss of the
marginating pool).
— Recurrent bacterial infection that lack pus formation.
— Poor wound healing.




C- Appreciate the importance of fluid production in inflammation including the
difference between exudates and transudates.
There are three types of pressures that control the fluids inside the vessels

Pressures
[ |
Osmotic colloid Hydrostatic
pressure pressure presssure

the defernce

between the
content of ions (

Na, ca...etc)

NOTE:

is a form of osmotic
pressure exerted by
proteins in a blood
vessel's plasma that
usually tends to pull
water into the
circulatory system

Increased blood volume
leads to increased local
hydrostatic pressure
leading to transudation of
protein-poor fluid into the
extravascular space

NOTE: seen in heart faluire

because of the stagnaion
('&A_,SJ)

Colloid pressure is seen in Renal and Liver diseases which shows a transudate edema.
(protein is produced by the live, so if there is a problem with the liver there will
be decrease in colloid pressure).



Edema

Excess of fluid in
the interstitial
space.

Transudate

- is a fluid with low protein content
and a specific gravity of less than
1.012

- Low inflammatory cells

-It is essentially an ultra filtrate of
blood plasma that results from osmatic
or hydrostatic imbalance across the
vessel wall Without an increase in
vascular permeability

Note:
¢ Exudate happens because of:

Exudate

an inflammatory extravascular fluid
that has a high protein concentration,
cellular debris, and a specific gravity
above 1.020

- large number of inflammatory cells.

It implies significant alteration in the
normal permeability of small blood
vessels in the area of injury.

1- Gaps between endothelial cells (which lining the blood vessels)
2- Inflammation cells destroy endothelial cells.

Hydrostatic g
pressure

A. NORMAL

Colloid osmotic
pressure

Plasma proteins

e ® Fluid and protein leakage

B. EXUDATE
(high protein content, and
may contain some white
and red cells)

e Vasodilation and stasis

SR

Fluid leakage

Inflammation

Increased interendothelial spaces

Decreased colloid osmotic
pressure (decreased protein

Increased hydrostatic pressure
(venous outflow obstruction,
[e.g., congestive heart failure])

C. TRANSUDATE
(low protein content, few cells)

synthesis [e.g. liver disease];
increased protein loss [e.g.,
kidney disease])




C) Have some understanding of various chemical mediators of inflammation and
their link with the complement system and potentially with coagulation factors.

Chemical mediators of inflammation

-Chemical mediators of inflammation are substances produced during
inflammation inducing specific events in acute inflammation, responsible for
the vascular and cellular events in acute inflammation.

Chemical mediators

of inflammation

. J
Triggered by Regulated by
/Lmicrobial products \ Most mediators have the potential to cause

. , harmful effects.
2-host proteins, such as the proteins

of the complement, kinin and (e a2kl e 35 13 ¢ 24 (S)

coagulation systems. .
& y Therefore, there should be a mechanism to

( these are themselves activated by check and balance their action.

microbes and damaged tissues)

\_

/ Mediator function is tightly regulated by:

1) decay (e.g. AA metabolites) & Laial
(Arachidonic acid)

2) inactivated by enzymes (c.g. kininase
inactivates bradykinin)

3) eliminated (c.g. antioxidants scavenge
toxic oxygen metabolites)




CELL-DERIVED

PLASMA PROTEIN-DERIVED

Chemical Mediators of

Inflammation
|
1 |
Cell-Derived Plasma-Protein-
Derived
- mast cells Comolement
system
~— Macrophages Kinin system
platlets coagulation
factors
—— lymphocytes
basophils
Endothelilal
cells
MEDIATORS SOURCE
“ ﬁ Preformed mediators _' Histamine Mast cells, basophils, platelets
in secretory granules | Serotonin Platelets
B Prostaglandins All leukocytes, mast cells
Leukotrienes All leukocytes, mast cells

2 s Newly synthesized —

Platelet-activating factor  All leukocytes, EC
Reactive oxygen species All leukocytes

Complement
activation

PLASMA

Factor Xl (Hageman _|
factor) activation

Nitric oxide Macrophages, EC
Cytokines Macrophages, lymphocytes, EC, mast cells
| Neuropeptides Leukocytes, nerve fibers

[ C3a ;
Ca } anaphylatoxins

C3b
| C5b-9 (membrane attack complex)

[ Kinin system (bradykinin)

LIVER
(major source)

| Coagulation / fibrinolysis system

Figure 2-15 Mediators of inflammation. The principal cell-derived and plasma protein mediators are shown. EC, endothelial cells.



1-Cell derived

Serotonin
(5-hydroxytryptamine)
(5-HT)

Histamine

Platelet activating
factor
(PAF)

e Secreted by mast cells, e Secreted by platelets Secreted by leukocytes,
basophils and platelets. endothelial cells, mast
It causes: cells, Platelets, -Neutrophils
It Causes: e Vasoconstriction. ,Eosinophils .
e Vasodilation.
e Increased vascular It causes:
permeability (venular e it comes from e Vasodilation.
gaps) _ o metabolized amino acid e Increase
* Endothelial activation called tryptophan. vascular

E.g.:

When there is a physical injury,
such as trauma or heat, immune
reactions involving binding of IgE
antibodies to their receptors on
mast cells. After this binding, mast
cells will release histamine from its
granules. 17 When a bee stings
you, its antigen will cause a
hypersensitivity reaction in the
body. This will lead to increased
production of IgE, which will bind
to mast cells and make it produce
histamine. This explains how the
bee sting leads to the production
of all these effects on the body.

permeability
e Leukocytes
adhesion.

Prostaglandins

Leukotrienes

Are metabolites of Arachidonic Acid (found in cytoplasmic membranes of
inflammatory cells (cell membrane phospholipids)
they both are secreted by : mast cells and leukocytes.

It Causes:
< Vasodilation.
< Pain.
% fever.

e all medicines (s, ,alls A saladll) are
(antiprostaglandin)

¢ when the phospholipids in the cell
membrane is metabolized by
(phospholipase) of inflammatory
cell neutrophils, macrophages and
others, arachidonic acid will be
produced, then Cyclooxygenase
enzymes act on it and produce
thromboxane A2 and
Prostaglandins.

It causes:

0,

“* increased vascular permeability.
R/

“ chemotaxis.
“» leukocyte adhesion and activation.

It has 4 types: D4 - B4-C4-E4

o D4-C4-E4: -increase vascular permeability.
-bronchospasm.

e B4: Chemotaxis—> (directional migration of
inflammatory cells from blood vessels to site
of injury (site of antigen).

It is produced when arachidonic acid is
metabolized by 5-lipoxegenase




Reactive Oxygen Species Nitric oxide

(ROS)

(NO)

Cytokines

e Secreted by leukocytes. o
¢ ROS causes damage of
tissue and killing of

Secreted by endothelial
cells, macrophages.

microbes. Causes:
Vasodilation which cause
ROS types: relaxation of the smooth
H,0, muscles in the blood vessels.
OH Killing of the microbe.
0,-

e Small proteins.
e Secreted by leukocytes and activated macrophages.

Main functions:

e - Leukocyte recruitment & activation in inflammation

¢ - Normal anatomic organization of cells in lymphoid and
other tissues

e They activate the movement of the neutrophils.

¢ Chemotaxis.

Lysosomal Enzymes of Leukocytes

e Secreted by Neutrophils & Monocytes granules.

Enzymes:
e Acid proteases

e Neutral proteases (e.g. elastase, collagenase, &
cathepsin)

e **A|| of these lead to killing the microbe.

e Their action is checked by:

e Serum anti-proteases (e.g. al-antitrypsin)

Secreted by macrophages,
lymphocytes and endothelial
cells.

Function:
e They activate endothelial
cells

e Increase integrin and
selectin®.

e Shock and fever.

e induce the activation of T

Lymphocytes and B
lymphocytes

¢ induce formation of active
macrophages

Acute inflammation cytokines:
- Interleukin 1 (IL-1) and
Tumor necrosis factor (TNF)
Chronic inflammation
cytokines:
e Interferon Gamma (INF- y)
and Interleukin 12 (IL-12).

IL1 & TNF stimulate
-expression of L-selectin on the

surface on neutrophils.

-the expression of E-selectin
and P-selectin on the surface of
venular endothelial cells.

Cytokines
(e.g., IL-12)

Activated
T lymphocyte

pr— TNF
- " / O
W : Other
inflammatory
mediators
Inflammation

H B Iymphocyteo

|~

Presents
antigen to
T cells

N

Macrophage

Activated
macrophage

N

inflammatory
mediators

TNF,

Inflammation

'1- selectin and integrin are two adhesion molecules and they cause activation and

adhesion of leukocytes.




This picture shows the function of Cytokines:

Bacterial products, )
immune complexes, ACUTE-PHASE REACTIONS (;{/}
toxins, physical injury, P -«
other cytokines Fever ( \
_4 ’M / ‘\- " .1 1“
‘w'e / "l’ .'I \
t Acute-phase proteins £ 1
MACROPHAGE ittt bl RN
(and other cell) wlon ! m
ACTIVATION
l ENDOTHELIAL EFFECTS
1 Leukocyte adherence
IL-1/ TNF PGl synthesis
t Procoagulant activity
+ activity
"L". 'L{l IL'SU PDGF
FIBROBLAST EFFECTS
t Proliferation
— 1 Collagen synthesis
t Collagenase
t Protease
t PGE synthesis
LEUKOCYTE EFFECTS
t Cytokine secretion (IL-1, IL-6)

*Major roles of cytokines in acute inflammation:

LOCAL INFLAMMATION SYSTEMIC PROTECTIVE EFFECTS SYSTEMIC PATHOLOGICAL EFFECTS
. : Brain Heart
TNE, [TNF Increased TNF, . [TNE |
\ permeability ek LTNF N

| IL-5:]

' Low
| expression of Fever output
|/ adhesion molecules - -
‘r"fp,"'xh ?(:’7:-&1,—7'#?““ 4 | '|IL-_15 Liver Endothelial cells, blood vessels
Endothelial cells .'\fo =
% ©
L,
chemokines Acute p—
seaxAh R ret Lrrodbortadit phtas'e = ==
proteins Increased
Leukocytes permeability
; TNF,
IL-1, IL-6, IL-1, Multiple tissues /
P L\,_, _chemokines | L IL6 ] ‘/\i\

£\

Activation 0,00° ‘ ‘ TNF, | Skeletal .
~ e Lia [ ™ \
) . 4) = 5 ".'.\'
J Leukocyte —

- production /\ T
Insulin resistance




Arachidonic acid

Cyclooxygenase

Lipoxygenase

COX-1, COX-2
=formation of prostaglandin G2 , H2 this will transform
into: thromboxane A2 and prostacyclin PGI2

*Formation of lipoxin and leukotriene

Thromboxane A2 Prostacyclin PGI2

Lipoxin Leukotriene

*vasoconstriction *vasodilation

*inhibits platelet-
aggregation

*aggregation to platelets

*platelets contribute in
thrombosis (coagulation)

*platelets are different from
coagulation factor;
because : platelets are
cells coagulation factor is
a substance

If this metabolic pathway CONTINUED we will have

Prostaglandins E2 , D2 ; which cause
vasodilation, increase vascular permeability that
we see in inflammation..

antagonize the *C4, D4, E4, B4

prostaglandins

“anti-prostaglandins” C4, D4, E4:
*|
*inhibit neutrophil (grggfgofrﬁ’ats()ﬁ"n -
adhesion and chemotaxis J ymp
asthma)

*increased vascular
permeability

B4 :
*chemotaxis

TO STOP THE FORMATION OF PROSTAGLANDINS

| may give the patient steroids cortisone and this is
one of the actions of cortisone; as it inhibits the action
of phospholipase and stop the formation of
arachidonic acid. *steroids are very important in
inhibiting action of phospholipase.

Steroids inhibit ==3-»

Other
lipoxygenases

ICOX-1 and COX-2 inhibitors, __
aspirin, indomethacin inhibit

Prostaglandin G, (PGG;)

__12-Lipoxygenase

Prostaglandin H, (PGH_)

Prostacyclin Thromboxane A,
_____(pGh) (XA
Causes Causes
vasodilation, vasoconstriction,
inhibits platelet promotes platelet
aggregation aggregation
—

\. 5-Lipoxygenase ,
5-HPETE ———— > 5-HETE

’ Chemotaxis

Leukotriene A4 (LTA,) ——» Leukotriene B,

(LTB,)
Leukotriene C4 (LTC,) = - g
Vasoconstriction
Bronchospasm
Leukotriene D4 (LTD,) Increased
vascular ‘
Leukotriene E, (LTE,) ol ol

o

PGD, PGE,

Vasodilation
Increased vascular permeability

Lipoxin A,
(LXA,)

Inhibit neutrophil adhesion
and chemotaxis

Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

Lipoxin B,
(LXB,)




Source Major inflammatory action

Mast cells/Basophils Increased vascular permeability
Neutrophils Leukocytes aggregation
Monocytes/Macrophages Leukocytes adhesion
Endothelium Leukocyte priming/chemotaxis
Platelets Platelets activation
Other Stimulation of other mediators (LT,02-)

2-Plasma Derived mediators:

A variety of phenomena in the inflammatory response are mediated by
plasma proteins that belong to three interrelated systems:

1) complement system: (is an important part of immunological reactions,
they are proteins found in the plasma and their function is to control
inflammation, they are 9: C1, C2, C3, ...etc.)

2) Kinin: (activated by clotting factors, important in hemodynamic and in
the control of the blood pressure).

3) clotting system.

. 1) Complement system:

Are proteins that are secreted by the liver and released to the circulation (plasma) when
there is cell injury, damage or inflammation.

- Usually found inactive in the blood, inflammation leads to cleavage and activation.

**C reactive protein: Is released and activated in inflammation and cell injury, it is not specific
but gives you a brief idea.

C5a, C3a: Inflammation

PN Voo
Alternaﬂve Microbe C>' \ X )
pathway 5 A 74 5 /
A o \ >
Recruitment and Destruction of microbes
activation of leukocytes by leukocytes

C3a D Csb Phagocytosis
Classical /
pathway =:> =;>
Anlsbody cag,:snfigffﬂed Recognition of bound cab Phagqcytoss
by phagocyte C3b receptor of microbe

MAC: Lysis of
Lectln 4 ﬁ

microbe
pathway Mannose Formation of ,ﬁ
binding lectin membrane attack — &
complex (MAC) @




Complement system is activated by two ways:

1) Classical pathway: Antibodies formed and then attach to the surface of the
bacteria, the attachment leads to the cleavage of the complement 3 to C3a and C3b.

2) Alternative pathway: The bacteria directly attack the complement C3 and
converts it to C3a and C3b.

C5a, C3a: Inflammation

Allemallve

0 @ &
pa(hway Gliciobe 9 0)
A

B

Recruitment and Destruction of microbes
activation of leukocytes by leukocytes

C3a D C3b: Phagocytoms

/ — ’ .
Classical 4
pathway =}> :>

Anhbody ngr:sr:igfgsged Recognition of bound C3b Phagocylosns
by phagocyte C3b receptor of microbe
MAC: Lysis of
Laclln microbe ﬂ h
PM"W!Y Mannose Formation of @&
binding lectin membrane attack &
complex (MAC)

The components of the complement that have a role in inflammation: C3a, C5a,
C3b and Cb5ab, they increase and activate leukocytes chemotaxis and cause
opsonization, they are opsonins.

- Opsonin (C3b): Is a substance which when it coats the antigen or any foreign
material it will make it susceptible for phagocytosis by the lysosomal enzymes
and by reactive oxygen species (ROS).

- Immunoglobulin: Are also opsonins, they help in opsonization.

Q: What are the substances that will predispose and prepare those particles for
phagocytosis?

Answer: Opsonins.

Complement components functions:

- Increase vascular permeability (anaphylatoxins), causes
C3a & C5a | vasodilation

- Chemotaxis (mainly C5a), killing of bacteria, inflammatory
reaction, vasodilation and activation of the vessels and
inflammatory cells.

C3a - Leads to recruitment and activation of leukocytes, then
destruction of the microbe.

C3b - Opsonization and phagocytosis.

C5 to C9 - Membrane attack complex (MAC) and kill the bacteria.




2- Kinin & clotting system:

c Factor XII (Hageman factor) |

Cofactor = Collagen, basement membrane,
high-molecular- activated platelets
weight kininogen "
(HMWK)
- (a) stands for activated.
|
+
Clotting cascade
XIIa xrl
Kall-krem 4— Prekallikrein Factor X| ——— Xla
Factor X —— Xa Protease-
l activated
ibri i receptors
HMWK —— Elradyklnm Gy LC Prothrombin —— Thrombin prors. Acute
system inflammation
y (Factor I) (la)
Kallikrein
Plasminogen =——————— Plasmin Fibrin f Fibrinogen
Fibrinopeptides
Complement Fibrin-split
cascade products

Plasmin

C3 ———» C3a

**please pay attention to the red notes written on the mind maps they are

very important.

- Kinin has multiple factors.
- Factor XII = Factor 12 = Hageman factor.

- The factors are soluble Proteins found in plasma and they are inactive,
they're activated whenever needed.

- Activation of factor 12 (Hageman factor):

After injury.

After bacterial infection.

After cut of the basement membrane of the blood vessels.
After exposure to collagen fiber.

After activation of platelets.

Y V V

A%



A) Clotting cascade(pathway):

Factor XII (Hageman factor)

i Collagen, basement membrane,
/ activated platelets
—=

[

a Factor Xlla
|
Clotting cascade

Factor X| ————» Xla

Factor X ——— Xa
Prothrombin l
{Factor I}

Thrombin: Enhanced leukocyte

1 {increase the selectin vascular
adhesion molecule on the leukocytes).

adhesion & activation.

Protease-
activated
receptors

Acute
inflammation

lasmin ———s|Fibrin|

Fibrim-split
products

lasmin

f—» C3a

Fibrinopeptides

Fibrin: is an important factor
in inflammation, it increases
the wascular permeability and chemotaxis.

e Factor 12 (Hageman Factor) stimulates two systems: clotting system

and Kinin system.

e Clotting system: F11 stimulates f10, F10 stimulates F8 ... until Fibrinogen

> Fibrin.
e Among the clotting cascade, thrombin
mediator in acute inflammation.

is formed which is an important

e During the inflammation, the coagulation factors are activated (when
checking an inflamed area, you can see a small thrombi and fibrin in the

blood vessel )

e When factor 8 is efficient it causes hemophilia, which is a hereditary

disease affecting males.

B) Kinin cascade (pathway):

« Kinins are produced by the liver

1) Prekallikrein is activated by F XIIa to form
Kallikrein.

2) Kallikrein converts HMWK into Bradykinin.

**Pain: Prostaglandin E2 and Bradykinin.

Cofactor =
high-molecular-
weight kininogen
{(HMWIK)

@]
—=g
LA

Kinin cascade

a

Kallikrein <«———— Prekallikrein

/ \ Fibrinolytic
system

H MWK
Kallikrain

Plasminogen ————————— Plasmin

Plasmin

Bradykinin: very important vasodilator,
it increases vascular permeability
and induces pain.

c3




Summary of Plasma-protein derived chemical

Complement

mediators

Clotting

- Is an important part of
immunological reactions, they
are proteins found in the
plasma and their function is to
control inflammation, they are
9: C1, C2, C3, ..etc.)

- Are proteins that are secreted
by the liver and released to the
circulation (plasma) when there
is cell injury, damage or
inflammation.

- Usually found inactive in the
blood, inflammation leads to
cleavage and activation.

- activated by two ways:
1) Classical pathway.
2) Alternative pathway.

- The components of the
complement that have a role in
inflammation: C3a, C5a, C3b
and Cbhab, they increase and
activate leukocytes chemotaxis
and cause opsonization, they
are opsonins.

- C3a: Leads to recruitment and
activation of leukocytes, then
destruction of the microbe.

- Kinins are produced by

the liver.

- activated by clotting
factors, important in
hemodynamic and in the
control of the blood
pressure).

1) Prekallikrein is activated
by FXIIa to form Kallikrein.
2) Kallikrein converts HMWK
into Bradykinin.

Bradykinin: Very important
vasodilator, it increases
vascular permeability and
induces pain.

**Pain: Prostaglandin E2
and Bradykinin.

- stimulated by Factor XIIa.

- When factor 8 is efficient
it causes hemophilia, which
is a hereditary disease
affecting males.

- During the inflammation
the coagulation factors are
activated (when checking
an inflamed area, you can
see a small thrombi and
fibrin in the blood vessel).

- Among the clotting
cascade, thrombin is
formed which is an
important mediator in
acute inflammation.

- Thrombin: Enhanced
leukocytes adhesion &
activation. (increase the
selectin vascular adhesion
molecule on the
leukocytes).

- Fibrin: Is an important
factor in inflammation, it
increases the vascular
permeability and
chemotaxis.




T Cells
/'f \
CD8 CD4

Cytotoxic Helper

Cell-mediated Immunity:

Dendritic cells (DCs) capture microbial antigens from epithelia and tissues and
transport the antigens to lymph nodes.

During this process, the DCs mature, and express high levels of MHC* molecules
and co-stimulators.

Naive® T cells recognize MHC-associated peptide antigens displayed on DCs.

The T cells are activated to proliferate and to differentiate into effector and
memory cells, which migrate to sites of infection and serve various functions in

cell-mediated immunity.

CD4+ effector T cells of the TH1? subset recognize the antigens of microbes
ingested by phagocytes, and activate the phagocytes to kill the microbes; other
subsets of effector cells enhance leukocyte recruitment and stimulate different

types of immune responses.

CD8+ cytotoxic T lymphocytes (CTLs) kill infected cells harboring microbes in the

cytoplasm.

Some activated T cells remain in the lymphoid organs and help B cells to
produce antibodies, and some T cells differentiate into long-lived memory cells.

1- MHC: Major Histocompatibility Complex is a set of cell surface proteins essential for the
acquired immune system to recognize foreign molecules. it has 2 types: MCH | & MCH Il

2- There are two main types of helper T cells: Thl cells and Th2 cells. Thl cells work
to eliminate invaders that occur inside our cells (viruses and some intracellular
bacteria). Th2 cells aim to destroy pathogens that occur outside our cells (bacteria
and parasites).

3- Naive: natural and unaffected or haven’t encountered any antigens yet.



CD4* T cells

Activated

Helper T cell B cell

Epitope CD4

: B cell clones itself

cD8*
T cell

@

™=~ Cytokines

Antigen presenting immune cell cD8* cell becomes
cytotoxic
1. When a CD4* helper T cell 2. In response (o 3. The cloned T cells
binds MCH Il-antigen complex cytokines the produce different
on an antigen-presenting cell, T cells clones cytokines that activate
both the antigen-presenting cell itself. B cells and CD8* cells.

and the T cell release cytokines.

CD8* T cells
Granzymes
Perforins \ CcD8

1. When a cytotoxic 2. The perforins form
T cellinteracts with the pores in the plasma
MHC I-epitope complex membrane. Granzymes
on an infected cell it enter the cell and break
produces granzymes down proteins, lysing
and perforins. the cell.

For further understanding:



https://youtu.be/j_kSmmEpvQk
https://youtu.be/uwMYpTYsNZM

D) Have good knowledge about the types and functions of various inflammatory
cells including their role in both acute and chronic inflammation.

Cells involved in both acute and chronic inflammation:
Neutrophils:

e Cell that has 3-5 lobess of nucleus.

e rich of lysosomes.

¢ Rich of lysosomal enzymes and has a role in phagocytosis.
e seen in bacterial inflammation and acute inflammation.

e (neutrophilia) means increase in neutrophils.

Lymphocytes:

e seen in viral infection and chronic inflammation.
¢ (lymphocytosis) means increase in lymphocytes.

Eosinophils:

e It has two lobes.

e It has eosinophilic granules (reddish, acidophilic)

o Weak phagocytosis

e Seen in both chronic and acute inflammation.

e Increased in patients with_parasitic and allergic (asthma).

Plasma cells:

e They produce immunoglobulin E (IgE) which plays a major role in
chronic inflammation.

e Seen in the bone marrow and tissue.

e Plasma cells shouldn't be seen in blood, if it's seen in a patient's
blood that means he has leukemia.

e Progenitor (LMl salgs L),

Mast cells:

e Seen in bone marrow and tissue

e Never seen in blood.

e Their granules contain histamine, products of AA oxidative and
serotonin.

e When there is an allergic reaction, IGE will bind on receptor on the
surface of the mast cells and then the mast cell will release its
granules.



Macrophages and monocytes:

Location name - .
Under the Spesific Location
influence of Blood monocytes
adhesion liver Kupffer cells

molecules and

spleen & lymph nodes sinus histiocytes

i . Macrophages
chemokines, they Tissue CNS microglial cells
begin to emigrate
. lungs alveolar macrophages
into extravascular
tissues (to a site of
injury) quite early
in acute Bone marrow Blood
Activated macrophages
Epithelioid cells
/ Giant cells
- Activation
— — [Monoeyte] > [Macrophage]
wenﬂaﬂm
Microglia (CNS)
Kupfier cells (liver)
Alveolar macrophages (lung)
Osteoclasts (bone)

< Macrophages may be activated by a variety of stimuli, including:

A- cytokines (e.g.,
cells.
B- bacterial endotoxins.

T lymphocyte Cytokines
(e.g., IL-12,
’YIL 23)
Activated
\ Activated

IFN-vy) secreted by Th1 lymphocytes and by NK

T lymphocyte
Tyl, Tu17 macrophage
(Tt Tt?) Presents .

antigen to

T cell
IL17, e TNF,
TNF IL-1
IFN-y Leukocyte
Leukocyte Other Other recruitment,
recruitment, inflammatory ) inflammatory  inflammation
inflammation mediators ClaSS't‘:a“ mediators
macrophage
activation
Macrophage
activated T "NV __ njacrophages
lymphocytes Become active 55m) Gt ol 5y sl e 58 (538 Rmns )
~> S : sl &
/=
S~ (© Leaals 4
ki IL-
MActlvar‘:ed eyto +( ) T lymphocytes
acropnages . Become active




<+ The roles of activated macrophages in chronic inflammation:

A- display antigens to T lymphocytes and
respond to signals from T cells, thus setting up
a feedback loop.

B- secrete mediators of inflammation, such as
cytokines (TNF, IL-1, chemokines, and
eicosanoids).

C- to eliminate injurious agents such as
microbes (by phagocytosis).

D- It is responsible for much of the tissue injury in
chronic inflammation (by producing ROS & others free
radicals)

E- to initiate the process of repair.

Fibrosis: increase in extracellular matrix (ECM) - formed of
collagen.

Angiogenesis: formation of new blood vessels from old
blood vessels. This can be seen in connective tissue to
increase the blood supply and help in the healing process.
and they are mediated by some chemical mediators
(vascular proliferation factor / vascular derived
proliferation factor) (VPF/VDPF)

0’0

NONIMMUNE
ACTIVATION
(endotoxin,

Tissue macrophage

@ Activated T cel

fibronectin,
chemical
mediators)

Q\

; l Cytokine (IFN-Y)

Activated macrophage

TISSUE INJURY FIBROSIS

+ Toxic oxygen metabolites + Growth factors

+ Proteases (PDGF, FGF, TGFf)

+ Neutrophil chemotactic + Fibrogenic cytokines
factors + Angiogenesis

+ Coagulation factors factors (FGF)

+ AA metabolites +"Remodeling"

+ Nitric oxide collagenesis

» macrophage accumulation (in tissue) persists by:

A- Recruitment of monocytes from the circulation

B- Local proliferation of macrophages
C- Immobilization of macrophages

IChemotactic 4 °

s, @
@

others)
‘ N

Recruitment

Collection of
macrophages




Lymphocytes

*T- lymphocytes function is

the nature of the

*B — lymphocytes function in
humoral immunity .

cell mediated immunity . *B — lymphocytes transferred
*CD4+T lymphocytes promote to plasma cells ( when it is
inflammation and influence activated).

inflammatory reaction. *plasma cells found in tissue.

\ y,
Y

They are characterized chronic inflammation

Subsets of helper T (TH) cells(cell mediated immunity )

In response to stimuli (mostly cytokines )
CD4+T cells will differentiate to

- -

Ty2
TH2 cells secrete IL-4, IL-5,
and IL-13

- =

Tyl
TH1 cells produce the
cytokine IFN-y

. . Function: recruit and
Function: activates

activate eosinophils and

macrophages in the
responsible for macrophage

classical pathway
activation.

T|ﬁ 17/

TH17 cells secrete IL-17 and
other cytokines

Function: induce the secretion
of chemokines responsible for
recruiting neutrophils and
monocvtes into the reaction.



Activating and inhibitory receptors of natural killer (NK)

cells

(

In infected and stressed cells,
class | MHC expression is
reduced so that the inhibitory
receptors are not engaged, and
ligands for activating receptors
are expressed

The result is that NK cells are
activated and the infected cells
are killed.

Al ¢ Lol A0al) e uSal) e )
(ligand ) abu Ao oS Abadl)
a5 Lgle il o Ly

NK ULy (activating receptors )

AL Inhibitory receptor engaged

= = \NK cell
¢ 4
Activating—__ " ~ __—Inhibitory

\

Healthy cells express self
class | MHC molecules, which
are recognized by inhibitory
receptors, thus ensuring that
NK cells do not attack normal
cells

e dal s 4l i dalld) LAY
adle o L MHC leadan
<= (inhibitory receptors )
Lo a0} o) (panad 13 5 NK el
NK Jzéy Jais

receptor receptor
Self class |
MHC-self

Normal peptide

cell complex

B. Inhibitory receptor not engaged,
activating receptor enga

— NK cell

¢
-

T x/'

Activating
ligand for
NK cell

for NK cells
Virus-infected cell
{class | MHC negative)

° Natural killer cells (NK)

NK cell
activated:
Killing of
infected cell

Virus inhibits class | - =
MHC expression.

-
of activating ligands =3 E=4

increases expression —


https://www.youtube.com/watch?v=hbX2D3_GSdo
https://www.youtube.com/watch?v=hbX2D3_GSdo

Humoral immunity ( B - lymphocytes )

- lymphocytes recognize
antigens

under the influence of TH
cells and other stimuli
they transfer to

4

Plasma cells (anti-
body secreting cells )

Activated B — cells
undergo

A 4

(

\

long-lived affinity
-chai itchi maturation
memory cells heavy-chain class switching
Function : activate ion -
Function : mast cell and eosinophil I . Function : mucosal
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Elimination of microbes,

S = dead tissue

ce o mune — Source of mediators

'2::‘ mediators response (cytokines, others)
(histamine, others) Role in immune

response

Source of mediators
(nitric oxide,
cytokines, others)

Imembrane

Elimination | | Complement: mediators of inflammation, flul
of microbes, elimination of microbes * mEa,::: ?)?olt,e?r:s —i@
deadtissue | | Clotting factors and kininogens: and cells
mediators of inflammation ;
Fibroblasts

kocyte Activation: g Jaudyi ) Gilbleall)
apdl anll LA

PhagocytOSiS : 1-Phagocytosis

2-Intracellular destruction
3-Liberation of substances that

(a-.\-l'ﬂ‘ ebﬂ%‘}”\’ ﬁ'ﬁ‘#‘ &}t\,ﬁ‘ @Aﬁ G‘A) destroy extracellular microbes
B and dead tissues Jlis 3l ge (3llaT)
(Rl Ay il sSaall e
4-Production of mediators.

The phagocytic cells are :

1- Neutrophils.

2- Macrophages (histiocytes). «ulS 13 L mis S leas) s o sl salall ddais S 13)
Gl st Lpan! i £ (5 onid La 3351

3- Eosinophil (weakly phagocytic).

Note : In some diseases we check the blood for complement system
protein. If they were low, this means that they have been used, and this
means that I am dealing with an inflammatory process or inflammation.
If it was normal it means that the immunologic system is not activated
and I am not dealing with an inflammatory process.(434 team)



Phagocytosis occur in three steps:

1- Recognition and Attachment of the particle to be ingested by the
leukocyte.

This step occur by opsonins_: which are substances that coating
particle , such as a microbe, to target it for phagocytosis.

Important opsonins are :

1) C3b “complement protein” : It is an opsonin, it prepares the
microorganism for phagocytosis. It will coat the antigen and
prepare it for phagocytosis.

2) Immunoglobulins : it is “Fc proteins” of “IGg antibodies.

When immunoglobulins coat the bacteria or antigen they make
them amenable.

3) Plasma proteins : such as collectins and lectins (mannose-
binding lectin).

Note: C3b & Fc proteins , act as a receptors in phagocytosis.

2- Engulfment by the cytoplasm (pseudopods) resulting in vacuole

called phagosome.
3- The phagosome fuses with lysosomal granule resulting in
phagolysosome, than the ingested material is killed.

Phagocytosis
Killing and Degradation

Microbial killing mechanisms “

using NADPH oxidase,
myeloperoxidase

g

"y,
",
"
",
0
,,,,,,
n,
iy,
",
D

the most eﬁjcient bacte.ricidal through the action of substances in
system in neutrophils leukocyte granules. These include:

-bactericidal permeability increasing
protein -lysozyme -lactoferrin -major
basic protein defensins

neutrophil granules contain many enzymes, such as elastase, that
also contribute to microbial killing



CYTOPLASM

Cytoplasmic
oxidase

NADPH

Active oxidase //'

NADP*

Membrane
oxidase

Membrane

B PHAGOCYTIC VACUOLE

Summary of phagocytosis:

1. RECOGNITION AND ATTACHMENT
Microbes bind to 2. ENGULFMENT
phagocyte receptors Phagocyte membrane

2ips up around

1 FHHN 0, 8
Degradation of microbes by lysosomal £
enzymes in phagolysosome Killing of microbes by ROS and NO

3. KILLING AND DEGRADATION

microbe Jrvevereen

NADPH Oxidase
02 . 0,

O' SOD » HO

] (SuperOxide 272
Dismutase)

HO MPO in presence 01 cl HOCL

22

Microbe ingested
in phagosome

Fusion of
phagosome
with
lysosome

Phagolysosome



Defects in Leukocyte Function and Associated Diseases:

Defects in leukocyte function, both genetic and acquired, lead to increased
vulnerability to infections:

o Defects in leukocyte adhesion.
o Defects in phagolysosome function.
o Defects in microbicidal activity.

1) Genetic:

Defects in Adhesion: Leukocyte adhesion deficiency type 1 and 2.

Defects in Phagocytosis: Chédiak-Higashi syndrome. (Protein involved in
organelle membrane fusion)

Defects in Microbicidal Activity: Chronic granulomatous disease.
(Decreased oxidative burst).

2) Acquired

Chemotaxis: Thermal injury, diabetes, malignancy, sepsis,
immunodeficiencies.

Adhesion: Hemodialysis, diabetes mellitus.

Phagocytosis and microbicidal activity: | eukemia, anemia, sepsis,
diabetes, neonates, malnutrition.



Chediak-Higashi syndrome
-a defect in phagolysosome formations.

-an autosomal recessive disease that results
from disordered intracellular trafficking of
organelles, ultimately impairing the fusion of
lysosomes with phagosomes. Pncn
phagolysosomes)

Clinical feature;
+ Increased risk of pyogenic infection.
. Neutroﬂenia (defect in generation
from BM).

. Gianlégranule formation (granules
formed cannot move in cytoplasm).
Defective primary hemostasis (
platelet granule are not secreted).

= Albinism.

Peripheral neuropathy.

Chronic granulomatous (CGD)

2 types:
A. ¥-linked: MADPH oxidase (membrane component)

B. Autosomal recessive:

1. NADPH oxidase (cytoplasmic components)

2. Myeloperoxidase deficiency: (absent MPO-H202
system) pt. have increased risk of candida infection.

-Due to MADPH oxidase defect (X-linked or autosomal
recessive)

-Leads to i i ion with catalase-
positive organisms, particularly staphylococcus aureus,
pseudomonas cepacia, serratia marcescens, nocardia and
aspergillus.

-Mitroblue tetrazolium test (NBT): is used to screen for
CGD. Leucocytes are incubated with NBT dye, which turns
blue if NADPH oxidase can convert 02 to 02-, but remain
colorless if NADPH oxidase is defected.

-MBT test is normal in Myeloperoxidase deficiency type.

Comparison of Chronic Granulomatous Disease and
Myeloperoxidase Deficiency

CHRONIC GRANULOMATOUS MYELOPEROXIDASE

DISEASE DEFICIENCY
Inheritance X-linked recessive Autosomal recessive
pattern
NADPH oxidase Absent Present
Myeloperoxidase Present Absent
Respiratory Absent Present
burst
Peroxide (H,0,) Absent Present
Bleach (HOCI) Absent Absent




E) Be aware of the various complication of the inflammatory response, formation
of pus and the production and manifestation of chronic inflammation.

Types of inflammation

Acute inflammation Chronic inflammation

definition

A rapid response to an
injurious agent that serves
to deliver mediators of host
defense-leukocytes and
plasma proteins-to the site
of injury

outcome

is either

1-elimination of the noxious stimulus, followed by decline
of the reaction and repair of the damaged tissue.

2-persistent injury resulting in chronic inflammation.




Acute inflammation may have one of the four outcomes:

ethe residual
infection agent
lead to chronic
inflammation

Progression

~

eHow does it occur?
The fluid has to be
reabsorb back, and
the microphages will
eat all the dead
neutrophils so there
will be complete
resolution.

~

Abscess contain pus
which is consist of :

e Necrotic cells.
e Neutrophils

of the tissue Complete
response to .
chronic resolution
inflammation
e Healing by }
connective (GUA)
tissue
*Because of replacement Absce-s >
excessive tissue formation
damage the (fibrosis)
fibrosis will be - o
formed . 4l g) Liyli)
(scar formation)

.

e Fibrin

)

ACUTE INFLAMMATTON
» Vascular changes
* Neutrophil recruitment
* Mediators

I

« Infarction
» Bacterial infections
» Toxins

* Trauma

e

« Viral infections

« Chronic infections
* Persistent injury

* Autoimmune diseases

CHRONIC INFLAMMATION
* Angiogenesis
* Mononuclear cell infiltrate
* Fibrosis (scar)

* Clearance of injurious stimuli

« Clearance of mediators and acute
inflammatory cells

* Replacement of injured cells

* Normal function

FIBROSIS
* Loss of function




Events in the resolution of inflammation:

= This involves neutralization, decay, or enzymatic

degradation of the various chemical mediators;
normalization of vascular permeability; and cessation -y
of leukocyte emigration s> and apoptosis

The necrotic debris, edema fluid, and inflammatory cells
are cleared by phagocytes and lymphatic drainage

Blcod
1 =
Neaecrotic
tissue
== — — \Neutrophil
Fluid and BAonocyte

proteins ’
/ Neutrophil
=2

apopltosis

A
= Maturation

—— RepaAairn

Fibroblasts




chronic inflammation

it is Inflammation of prolonged duration
(weeks to years) in which continuing
inflammation,tissue injury, and healing,

often by fibrosis,proceed

simultaneously

| |
essensial changes in chronic
inflammation

Absence of polymorphs (natural life span
of 1-3 days); the appearance of:

macrophages,lymphocytes and often
plasma cells

Proliferation of vascular
endothelium by ‘budding’

- formation of new capillaries
(angiogenesis).

Proliferation of fibroblasts with
collagen production leading to
Fibrosis

causes of chronic inflammation

A

Persistent infections by microbes that are difficult to
eradicate These include :
e Mycobacterium tuberculosis

e Treponema pallidum (the causative organism of syphilis)
e certain viruses and fungi

— All of which tend to establish persistent infections and elicit (&)
a T lymphocyte-mediated immune response called delayed-type

hypersensitivity.
/ [/

Immune-mediated inflammatory diseases
(hypersensitivity diseases):

Diseases that are caused by excessive and inappropriate activation of
the immune system leading to autoimmune diseases.
e.g.
- Rheumatoid arthritis
- inflammatory bowel disease
- psoriasis (&iwa)
- Immune responses against common environmental substances that
cause allergic diseases, such as bronchial asthma.

[ [

Prolonged exposure to potentially toxic agents:

e Examples are non-degradable exogenous materials such as inhaled
particulate silica, which can induce a chronic inflammatory response in
the lungs (silicosis)

e Endogenous agents such as cholesterol crystals, which may

contribute to atherosclerosis

Mild forms of chronic inflammation may be important in
the pathogenesis

of many diseases that includes:

¢ neurodegenerative disorders such as Alzheimer disease
e atherosclerosis
* metabolic syndrome and the associated type 2 diabetes,
¢ and some forms of cancer in which inflammatory reactions promote
tumor development




Characteristics of chronic inflammation

Macrophages

A

eGeehage

Lymphocytes

Plasma cells

induced by the products of the inflammatory
cells

vessel proliferation (angiogenesis) and fibrosis

1. Infiltration with mononuclear cells:

2. Tissue destruction

3. Repair

*Acute inflammation is distinguished by vascular changes, edema,

and a predominantly neutrophilic infiltrate.

Remember

L LR S
LAY T »

s
b

o

3

: )
Sl

Lung chronic inflammation

Lung acute inflammation




The difference between acute and chronic inflammation:

Feature Acute Chronic
Onset Fast: minutes or hours Slow: days, weeks
Cellular infiltrate Neutrophils lymphocytes and
macrophages
Tissue injury, fibrosis Mild Often severe &
self-limited progressive
Local & systemic signs Prominent Less prominent
may be subtle
BOTH - Eosinophil.
- Macrophages or histiocytes :
Histiocytes (inactive during phagocytosis and found in
tissue).
Macrophages(Active during phagocytosis).

NOTE: some types of inflammation start acute and then develop to chronic
and some are chronic from the beginning, such as :

Tuberculosis , viral infection (hepatitis B and C), Autoimmune diseases and
Brucellosis (kW <),



[ Morphologic Patterns of Inflammation ]

- Characterized by the production of large
amounts of pus or purulent exudate
consisting of neutrophils, necrotic cells,
and edema fluid.

- Caused by pyogenic bacteria (pus-

producing) E.g. (Staphylococcus aureus

and streptococci).

- Suppurative abscess: An enclosed

collection of pus consists of a mixture of

neutrophils and necrotic debris.

————
- Abscesses : localized collections of
purulent inflammatory tissue caused by
suppuration = buried in a tissue, an

organ, or a confined space.(deep down in
organ) , and it contains pus.

NOTE : 4kl sipus Js3, Abscesses sdic iy ol
cell culture LosSWl ¢ 58 o lie

FIBRINOUS
INFLAMMATION :

** bread and butter appearance.

It consists of fibrin which comes from
activation of coagulative cascade by
factor 12 (Hageman).

- A fibrinous exudate is
characteristic of inflammation in
the lining of body cavities, such

as the meninges, pericardium
(membrane closing the heart)
and pleura.

(Larger molecules such as
fibrinogen -one of the clotting
factor- pass the vascular
barrier)

- Fibrinous exudates may be
removed by fibrinolysis, if not: it
may stimulate the ingrowth of
granulation tissue (organization)

: SEROUS
| INFLAMMATION .

marked by the accumulation h

a thin fluid into subcutaneous
tissue or epidermis
(Characteristicly occur in burn
or physical rubbing)

NOTE: there is no proteins in
serous inflammation so it is
Transudate.




| . )

Catarrhal \ | Pseudomembranous
| Inflammation . . Inflammation :
L /7

cluse membrane which had been formed\

by inflammation (caused by fibrin and

** increased secretion of mucus
Inflammation affects mucosa-lined

surfaces with the outpouring of neutrophils) _
watery mucus. More explanation :a form of exudative

Eg: (;S sl =3,1) common cold inflammation that involves mucous and

: serous membranes; relatively large
guantities of fibrin in the exudate result in a
rather tenacious membrane-like covering
that is fairly adherent to the underlying
acutely inflamed tissue.

Eg: colitis and tonsillitis.

ﬂ" Widespread infection \ / v is chronic * \
Denotes a spreading acute usually Is chronic

inflammation through interstitial is a local defect of the _:\Aﬂ'An nger

tissue. surface of an organ or tlssue_that is

Usually caused by staphylococcus ¢>iproduced by the sloughing

and streptococcus. (shedding) of inflammatory necrotic
tissue

APy
B ]

A, % ]
Necrotic base

Flbn'nogulent exudas -




| Sinus and Fistula .

L 7

- Sinus: Blind track lined by
granulation tissue leading from
epithelial surface down into the
surrounding tissues.(has 1
opening ) (Us~4 Jis) usually
chronic inflammation.

- Fistula : is an abnormal
u communication between the
lumen or surface of one organ
and the lumen or surface of
another, or between vessels.(has
2 opening), usually chronic
inflammation.

Fistula

| Anal
| sphincter
muscles

Anal fistula connects skin surface
with the inside of GIT.

—_—— e ——
| Gangrenous
inflammation

Sometimes the inflammation
becomes

Severe and will activate the
coagulation

Cascade, this will result in
accumulation

Of platelets, thrombin, and fibrin
and will clot the blood vessels.

If inflammation occurs for a long
time, local ischemia happens—
gangrene.

e.g. gangrenous appendicitis

|ICILI|III”IIH]III!]HII||ll”|lll|l|l!|llll|lll!]




F) Understands the concept of healing and repair with wounds healing by first
and second intention as an example.

The aim of repair process:
To restore the tissue to it is original state after inflammatory reaction.

The repair depends on the type of .

Folverrogeneration afe

Intac fssue amework ~~ Regeneraton restution perale hepatecoy
(supefical wounds) of normal structure Examples;

2superfiialskin wounds

Stimulus removed (acute
jun)

Besorpution of exudate
Inlobar pneumonia.

Célllar and vescular

Iy fespons Damaged tissue Healng; searfomaion ~~ Scar only fomed in the
framework desp wounds|  organaztion of xucale  area thathave been
Injuried. Examples: ~1-egp wounds,
2-myocardium infection,
Pessettssucanage  Hoang by o6 g omadin e b dho
(ohonie iy s Xample: chronic
i Lol s gl

Pulmanary fhrosis




The repair depending on the type of cells:

1- Labile cells:

e have short live span, rapidly regenerate

e have the power to divide all the time.

e E.g: Squamous, columnar, transitional epithelia,
hematopoietic, lymphoid tissue (Epidermis of the skin).

2-Stable cells:

e longer living cells than the labile cells

low mitotic rate (divide whenever needed)

regenerate under proper condition.

E.g: liver ( hepatocytes), renal tubular cells, glandular
organs and mesenchymal cells.

3-Permanent cells:

- have a long live span.

- Nno mitotic activity (can't reproduce themselves after
birth).

. E.g: Neurons, cardiac muscle cells.

Supporting Tissues

- Collagens: are supporting tissues secreted by fibroblasts.
They are a series of complex polypeptides that bind epithelial
tissues and other connective tissues to themselves and to each
other providing tensile strength.

- Basement membranes: which lie at the interface of cells and
stroma, and they support the overlying cells. They include the
following materials:

1- Entactin

2- Heparan sulfate

3- Laminin

4- Proteoglycans and

5- type IV (Four) collagen.



Healing

As early as 24 hr. after injury fibroblast and vascular endothelial cells
begin to form Granulation tissue at the site of inflammation (by 3-5
days).
Granulation tissue consist of:

1- Fibroblasts surrounded by extracellular matrix.

2- Newly formed blood vessels.

3- Macrophages and some other inflammatory cells.

The role of macrophages in wound healing:

1- Cleanup of debris, fibrin and other foreign material

2- Induce other cells such as fibroblast and angioblast.

3- Stimulation of matrix production

4- Secrete collagenases enzyme, which causes the scar formation.

Macrophage has two types as shown in the picture:

Classically activated Alternatively activated
macrophage (M1) Microbes, macrophage (M2)
[— FN-y _I :
5'[\ N y v 5:1:'
il L w13 | :
| IL-4 |
ROS, NO, IL-1, IL-12, Growth IL-l10
lysosomal IL-283, factors, TGF- ’
enzymes chemokines TGF-B B

Microbicidal actions: = _ P t
phagocytosis and : ISsue repair, nti-inflammatory
killing of many inflammation fibrosis ‘ effects
bacteria and fungi :




Fibroblast Migration and Proliferation:

— Migration of fibroblasts to the site of injury and their subsequent
proliferation are triggered by multiple growth factors, including mainly
TGF-B and others e.g. PDGF, EGF, FGF, and the cytokines IL-1 and TNF

— This lead to:

1. increased synthesis of collagen and fibronectin.
2. Decreased  degradation of  extracellular  matrix (ECM) by
metalloproteinases.

— Extra Cellular Matrix Deposition and Scar Formation:

— As repair continues, the number of proliferating endothelial cells and
fibroblasts decreases.

— Net collagen accumulation, however, depends not only on increased
collagen synthesis but also on decreased degradation.

Functions of the
extracellular matrix :

The ECM is much more
than a space filler around

the cells. Its various
functions :

Establishment of
tissue
microenvironments

Control of cell Scaffolding for

Mechanical support proliferation tissue renewal

BASEMENT MEMBRANE
*Type IV collagen
* Laminin

* Proteoglycan

Adhesive
glycoproteins

INTERSTITIAL MATRIX
« Fibrillar collagens
* Elastin
( * Proteoglycan and
Proteoglycan collagen triple helices hyaluronan




increased collagen

W

Further healing :
‘ e -

decreased active fibroblasts
and new vessels(thrombosis
and degeneration)

Scar formation :

- /
-

W scar (inactive fibroblasts, dense
At the end : ! 'collagen, fragments of glastlc
tissue, extracellular matrix, few

vessels).

1\Healing by first intention (Primary union):

Healing by first intention occurs when edges of the wound are
approximated and the wound is quickly covered with epithelium and
bound together by collagen. At first, the surface epithelial gap and the
opposed connective tissues contain blood clot and debris. The epithelium
regenerates, and the Capillaries, Neutrophils, Macrophages and
Fibrocytes migrate into the clot. Within a few days, the scab at the
surface falls, revealing re-epithelialization and the blood clot is removed
by macrophages. Collagen laid down by fibroblasts causing endothelial
cells to proliferate, and producing granulation tissue: neutrophils
decrease in number,, macrophages increase in number,, collagen in the
gap increases,, blood vessels decrease in number,, the scar begins to
contract.

Healing by first intention is best exemplified by the healing of an
appeased surgical incision.

24 hr.: hematoma & neutrophils, mitotic activity of basal layer, thin
epithelial layer

Hageman factor (factor 12) will activate both the coagulation
sequence and the kinin system as an initial response to this injury

day 3: macrophages, granulation tissue

day 5: collagen bridges the incision, epidermis thickens
2nd continued collagen and fibroblasts, blanching
week::

End of 1st | scar (cellular connective tissue, intact epidermis, lost
month: appendages).




Cont. primary union( healing by first intention):

Later, collagen type lll is a

slowly replaced by

collagen type | and the .
wound acquires tensile By the end of third month,

strength. the tissue has approximately
80% of its original strength.

2\Healing by second intention (Secondary Union):

Edges of the wound cannot be opposed in healing by second intention,
leaving a defect containing blood clot and debris. The process of wound
healing is similar to that in first intention, but takes longer time. The
same cells take part in the process, but Granulation tissue is much more
pronounced.

*Both types of healing lead to contraction of the wound in later stages
due to the presence of myofibroblasts (contractile cells with properties of
both fibroblasts and smooth muscle cells) The tensile strength of wounds
in both types of healing increases by fibroblasts and the laying down of
collagen.

*Healing by First and Second intentions are similar in the Process, the
Activity and the Fate of the wound, but they differ in time, as the second
intention takes longer period.

3\Abnormal repair:

The wound repair does not go well. The laying down of excessive
collagen result in the formation of Keloid and Fibrous adhesions.
Retardation of the healing occurs due to: Bacterial infection of the
wound,, the presence of foreign bodies,, poor blood supply,, lack of
mobility.

Deficient scar formation may result from deficiency of Vitamin C or

Severe Protein deficiencies. Retarded wound healing and deficient scar
formation may cause wound dehiscence (a wound separation at wound
margin). If a large wound cannot be covered by epithelium, the resulting

ulcer may require a skin graft. Wound contractures are related due to the

action of myofibroblasts. This is seen especially after burns.




Mechanisms of fibrosis: ——

» Persistent tissue injury leads to chronic =ece
inflammation and loss of tissue / l.pumm..,..,
architecture. i m

« Cytokines produced by macrophages and Limited injury \nmmormww
other leukocytes stimulate the migration
and proliferation of fibroblasts and
myofibroblasts and the deposition of
collagen and other extracellular matrix
proteins.

« The net result is replacement of normal
tissue by fibrosis.




G) Knows the factors leading to poor healing and inadequate tissue repair.

Causes of Delayed Wound Healing

1. Infection — it prolongs inflammation —>increase the local tissue injury.

2. Foreign bodies in the wound: inhibit formation of granulation tissue and
the wound never heals.

3. Mechanical factors: movement slows healing because it needs
Stab|||tycju_:;\ );)_1 Jc\\ C);j\ c_xs_a u&um\);l\ "\_\Lu.j\ Az 45);&\

4. Nutritional deficiencies:

e Protein deficiency: No collagen fibers formed

e Vitamin C deficiency: will inhibit collagen synthesis and retard(delay)
healing. *collagen fiber consist of 3 peptide chains ,we need vitamin
C to bond them.

e Zinc and Copper deficiency.

5. Poor perfusion: lack of blood supply due to arteriosclerosis, diabetes or
obstructed venous drainage. It may lead to wound ulceration.

6. Chronic diseases: example: diabetes mellitus; it causes abnormal
leukocytes function such as weak phagocytosis and weak migration to
the site of injury.

7. Excess corticosteroid: steroid drugs can be administered as anti-
inflammatory drugs by inhibiting the metabolize of cyclooxygenase and
arachidonic acid and delay the formation of inflammatory factors. But
this will result in weakness of the scar and delayed wound healing.
However, the anti-inflammatory effects of glucocorticoids are
sometimes desirable, for example, in corneal infections (=) 45 3

*Note: surgical sutures 4l all Ja sdll help
heal the scar faster because they hold body
tissues together after an injury or surgery.




Complications in Cutaneous Wound Healing

Deficient scar

formation:

e No scar formed.

e (Caused by deficiency
of Vitamin C or severe
protein
deficiency,etc. (i
b Wil ) )

e |t may cause wound

dehiscence iy sl
Al jall Aleall 2ay

Formation of

contractures:

e Most common in
large wounds and
burns.

e Contraction of the
wound is related to
myofibroblasts.

Excessive formation of

the repair components

(collagen fibers and
scar tissue)
e Keloid.

e Hypertrophic scars
e Fibrous adhesions:
associated with

Empyema and
major abdominal
surgeries.

NOT enough formation of the
repair components

e Atrophic Scars: not enough
connective tissue is formed
to fill the wound.

One more example of the complications is wound ulceration. It is

caused by poor blood supply that leads to abnormal healing.




Keloid Both Hypertrophic scar

Definition: Excessive scars | ¢ Overgrowth e The tissue does NOT expand
composed of irregularly Of dense beyond the boundaries of
deposited hyalinized fibrous tissue. the initial injury.(take the
collagen bands. They e Appear after same shape of injury)
may appear as bulging burns or e Characterized by
masses. surgical erythematous and
e The tissue extends wounds. pruritic(itch).

beyond the borders e May undergo partial

of original wound. spontaneous resolution.

e Does not regress with
time, and tends to
recur after excision.

e ltis hypertrophic and
hyperplastic C.T.

e |tis more common in
people with very dark
skin (black)

® May appear after ear
piercing oY) a Al

keloid Hypertrophic
scar
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