Acute Inflammation

Dr. Henry Sanchez, M.D.



INNATE IMMUNITY

s Microbe

Epithelial barriers

@e

Components of Immunity

B lymphocytes

ADAPTIVE IMMUNITY

T lymphocytes

>

Antibodies

N
2

38

Effector
T cells

Phagocytes
% {é
Complement NK cells
/ L
0 6 12 1 2 3 4 5
Hours Days

Time after infection =————




Acute Cellulitis




Uninvolved Normal Skin




Acute Cellulitis

’\\.\.’
5 s

[ PN
R

7

£

i
F o

" S

593
“‘? 55

SuA TR

‘Y.

; ,.f.'__.‘




| Causes of Inflammation: '

® Physical trauma

® Infection

® Tissue necrosis

® Immune reactions

® Thermal injury

® Foreign bodies

® Inoculated host-derived materials



Manifestations of an

Variable:

® Fever

® Sleepiness (somnolence)
® ltching

® Local blood clotting



Components of the Acute

Universal (almost):
® Microvascular dilatation and leakiness
® Endothelial cell activation

® Leukocyte migration from blood into
the tissue (“inflammatory infiltrate”)
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® Redness rubor
® Swelling (edema) tumor
® Warmth calor
® Pain dolor

® Loss of function
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Components of the Acute

® Microvascular dilatation & leakiness
® Endothelial cell activation

® Leukocyte migration from blood (intravascular
space) into the tissue (extravascular space)



[ Inflammatory Mediators: J

Soluble molecules that activate or regulate
facets of the acute inflammatory response

Three major sources:
® Secreted by injured/distressed cells

® Byproducts of tissue injury and/or host
response from plasma proteins - blood
clotting, complement

® Unigue microbial products
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Arachidonic Acid
Metabolites

Cell membrane phospholipids
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Other
lipoxygenases

ARACHIDONIC ACID

HETEs €«—— HPETEs <€

, . COX-1 and COX-2 inhibitors,
aspirin, indomethacin inhibit

5-Lipoxygenase

5-HETE «— 5-HPETE Prostaglandin G, (PGGy)
1
Chemotaxis l 12-Lipoxygenase
\

|
Leukotriene B; €—— Leukotriene A4 (LTA,) Prostaglandin H, (PGHy)
[ Leukotriene C4 (LTCy) ¢ ¢
Vasoconstriction ¢ Prostacyclin Thromboxane A,
Bronchospasm | | . PGl, TXA,
ereascd Leukotriene D4 (LTD,)
permeability Causes Causes
. vasodilation, vasoconstriction,
| Leukotriene E4 (LTE,) inhibits platelet promotes platelet
aggregation aggregation
Lipoxin A4 Lipoxin B, ¢ ¢
(LXAq) (LXBy) M
PGD, PGE, PGF,,
Vasodilation
Inhibit neutrophil chemotaxis Vasodilation
Stimulate monocyte adhesion Potentiate edema
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Activation and Functions of
the Complement System

Effector functions

C5a, C3a: Inflammation

Alternative
pathway
Recruitment and Destruction of microbes
activation of leukocytes by leukocytes
C3b: Phagocytosis
Classical 7
pathway o — @
,\\
Antibody

C3b is deposited Recognition of bound C3b Phagocytosis

on microbe by phagocyte C3b receptor of microbe
MAC: Lysis of % %
Lectin microbe
pathway Mannose Formation of -
binding lectin membrane attack ({1l | —> % 0808080 g
complex (MAC) Y (%OO%
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Summary of Chemical Mediators

CELLULAR
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Preformed mediators |
in secretory granules

Newly synthesized ——

MEDIATORS SOURCE
- Histamine Mast cells, basophils, platelets
Serotonin Platelets

- Lysosomal enzymes Neutrophils, macrophages
All leukocytes, platelets, EC
All leukocytes

All leukocytes, EC

All leukocytes
Macrophages

- Prostaglandins
Leukotrienes
Platelet-activating factors
Activated oxygen species
Nitric oxide

Factor Xl (Hageman
factor) activation

PLASMA

LIVER
(major source)
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- Cytokines Lymphocytes, macrophages, EC

Kinin system (bradykinin)
Coagulation / fibrinolysis system

CSa .
Complement Csa, } anaphylatoxins
activation Cap

Csp-9 (membrane attack complex)



Vascular Vascular Endothelial | Leukocyte Pain Fever
Dilatation | Permeability | Activation Attraction

Secreted by Host Cells

Histamine XXX XXX XXX

Protasglandins, leukotrienes XXX XXX XXX XXX

Nitric Oxide XXX

Chemokines XXX

Cytokines XXX XXX XXX

Byproducts of

Complement activation XXX XXX XXX

Congulation, eg: fibrin, thrombin XXX XXX

Collagen degradation XXX

Uniquely Microbial Products

Bactenal lipopolysaccharide XXX

N-formylated peptides XXX
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Acute Inflammatory Response:

® Relaxation of vascular smooth muscle

® Arterioles, capillaries, and venules

® Effects: local blood volume increases
(erythema and warmth!) leukocytes drift along
slowly and collide more often against vessel

walls
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The Inflammatory Response:
Increased Permeability

® Endothelial cells retract

® Only in post-capillary venules

® Effects: protein-rich fluid leaks out of

vessel and into tissue (edema) sludging of

blood cells

® Benefits: dilute foreign substances,
release serum immune proteins, increase
lymphatic drainage
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Vasodilatation and vascular leakage. Vasodilatation affects arterioles, capillaries, and venules. Leakage
results from endothelial retraction that occurs only in postcapillary venules.
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Acute Inflammatory Response:
Endothelial Cell Activation

® Only in post-capillary venules

® Histamine, many other inflammatory mediators

® Activated endothelial cells in the post-capillary
venules begin to express surface proteins that
bind to other proteins on leukocyte surfaces:
selectins bind to glycoproteins ICAM, VCAM bind
to integrins

® Effect: Activated endothelium is “sticky” for
leukocytes!
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Adhesion Molecules

REDISTRIBUTION OF P-SELECTIN

Weibel-Palade bodies
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The Inflammatory Response:
Leukocyte Chemoattraction

Inflamed tissues attract leukocytes because:

® WBCs drift slowly through, bumping along
vessel walls

® Activated endothelial cells express
selectins that bind WBC surface

® Some of the inflammatory mediators
produced by distressed/injured tissue act
as leukocyte chemotactic factors!



|Leukoc¥te Chemotactic Factors: |

® Chemokines
® Collagen or fibrin debris
® Complement byproducts - C3a, C5a

® Unique microbial molecules - N-
formylated peptides



Integrin activation
by chemokines
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Neutrophils in the

® Neutrophils = polymorphonuclear
leukocytes, PMNs

® First leukocytes to arrive and have a short
lifespan in the extravascular space (24-48
hrs) followed by monocytes becoming
macrophages
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Opsinization

1. RECOGNITION AND ATTACHMENT
Microbes bind to phagocyte receptors

Phagocytosis

Mac-1  Scavenger 2. ENGULFMENT

taat ¢

i Phagocyte membrane . :

Zips 'up around Microbe ingested
Mannose microbe in phagosome
receptor RUNEINNRL D
Phagosome
with ingested
microbe
ST n
Lysosome
LEesoe Fusion of
with enzymes phagqsome
with
X lysosome
WL eyl
~~Arginine ‘
¥
prael N >
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<« ROI *, Activation
H Phagocyte AN, s / AX of phagocyte
} oxidase - et
0,” Killing of microbes Phagolysosome
y lysosomal enzymes

Killing of microbes by ROIs and NO  in'phagolysosome

3. KILLING AND DEGRADATION

38



| How Neutroghils Kill Microbes: '

® Microbicidal Proteins

® Alpha-defensins

® Lysozyme

® Lactoferrin

® Proteases

® Vitamin B12 binding protein
® Acid
® Oxidation
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NADPH NADPH nitric oxide arginine
oxidases synthase
NADP* + H* citrulline
205 NO
spontaneous K 2H* spontaneous (—— O,”
0, :
H,0, OONO-
myeloperoxidase Cl-, H* spontaneous
H,O \
HOCI Bleach! NO,™ + OH'

spontaneous K R-NH Peroxynitrite
H,0

R-NC2 | Chloramines
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Serous Inflammation: Blister

Normal skin

epidermis
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Fibrinous Inflammation: Fibrinous Pericarditis

Fibrin deposition on pericardium
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Purulent Inflammation: Acute Purulent Meningitis
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Acute Cellulitis




Chronic Duodenal Ulcer
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Early Lung Abscess
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Lung Abscesses
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® Cardinal signs of inflammation
)

Redness
Swelling (edema)
Warmth

Pain

Loss of function

rubor
tumor
calor
dolor
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® Fever (IL-1, TNF, prostaglandins)
® Left-shift

® “Acute phase response”

® Septic shock







Bacterial products,
immune complexes,
toxins, physical injury,
other cytokines

/

MACROPHAGE
(and other cell)
ACTIVATION

l

ACUTE-PHASE REACTIONS

Fever

tSleep

¥ Appetite

t Acute-phase proteins
Hemodynamic effects (shock)
Neutrophilia

IL-1/TNF

ENDOTHELIAL EFFECTS

t Leukocyte adherence
$ PGl synthesis

t Procoagulant activity

¥ Anticoagulant activity
tIL-1, IL-8, IL-6, PDGF

FIBROBLAST EFFECTS

t Proliferation

t Collagen synthesis
tCollagenase

t Protease

$PGE synthesis

LEUKOCYTE EFFECTS

t Cytokine secretion (IL-1, IL-6)
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(__Outcomes of Acute Inflammation )

ACUTE INFLAMMATION RESOLUTION
* Vascular changes * Clearance of injurious stimuli
* Neutrophil recruitment I « Clearance of mediators and acute
inflammatory cells

* Mediators

+ Replacemenit of injured cells
« Normal function

* Infarction e —_—
- Bacterial infections Ly S @
* Toxins 2o o e o) i
« Trauma St @\@.} ®®® Pus formation (abscess)

2

Progression

Healing

Healing

« Viral infections
» Chronic infections
+ Persistent injury

Autoimmune diseases CHRONlC |NF|__A|V||V|AT|ON
- Angiogenesis o
« Mononuclear cell infiltrate
* Fibrosis (scar)

FIBROSIS _ 3
* Loss of function
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