INFLAMMATORY REACTION
(FLOGOSIS)

RESPONSE TO TISSUE DAMAGE, ATTEMPT TO ELIMINATE DAMAGING
AGENT(S)




ACUTE AND CHRONIC INFLAMMATION

vascular changes

cell infiltrate

stromal changes

acute

vasodilation
T permeability

GRANULOCYTE (no proliferation)

marginal

chronic

marginal

MACROPHAGE

(proliferation)

cell proliferation
fibrosis




http://www-1.unipv.it/webchir/neuro/didattica/conoscere/storia/storianch4.htm

ACUTE INFLAMMATION (angioflogosis) |

localized process, allows:

*Transport of proteins, fluids and cells through the inflammatory exudate
Elimination damaging agent

*Removal of necrotic cells and debris

Interventions cells/molecules involved in the immune response

|Cardina| signs |
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http://wwwé6.ufrgs.br/favet/imunovet/molecular_immunology/inflammation_cartoon.jpg, modified
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POSSIBLE CAUSES

Necrosis
e ischemia - oxygen/nutrient lack = cell/tissue death

Chemicals
e acids, bases, oxidants = tissue lesion
¢ infective agent-derived substances

Physical agents
Burn, trauma, radiations, freezing

Infections/infestions

e eso/endotoxins

e cytolytic viruses

e parasite-induced IgE-mediated hypersensitivity

Hypersensitivity reactions




PHASES

INITIATION capillary changes
leucocytes exit from vessels (diapedesi)
granulocyte migration to tissues

AMPLIFICATION
chemical mediators of inflammation

SWITCH-OFF
reduced mediator concentrations/specific inhibition



VASCULAR EVENTS
- blood flux changes
- increased capillary permeability
- cell exit from capillary to tissue

Smooth muscie

/

Precapillary
sphincters

Anastomosis
(shunt)




Increased permeability
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@ Colloid osmotic pressure

EXUDATE FORMATION

Caplillary changes in dimension and permeability = accumulation in

theinterstitial space of fluid ontaining salts, proteins and leucocytes (mainly

neutrophilic granulocytes)




Colloid osmotic
pressure

Plasma proteins

Hydrostatic
pressure

A. NORMAL

Decreased colloid osmotic
pressure (decreased protein
synthesis, e.g., liver disease;
increased protein loss, e.g.,

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

kidney disease)
B. TRANSUDATE
° Fluid and protein leakage
C. EXUDATE Vasodilation and stasis |

T
Inflammation

- ~ Increased interendothelial spaces _|

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



EXUDATE

- Fluid component
High protein concentration (50 g/l)

Ilg (immune response) and fibrinogen
(- fibrin)

High turnover: persistent drainage from
local limphatic vessels and
replacement by new exudate

- Cell component

Neutrophilic granulocyte (NG)
accumulation

NG from the circulation (slight damage) or
from bone marrow (severe damage)
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endothelium activation

ENDOTHELIUM

e ] #

{TNFIL-1,LPS)

Induced adhesion molecules {e.g. E-
Selectin, P-selectin, VCAM-1,ICAM-1) and
expression of growth factors




Neutrophil Characteristics

60-70% of leukocytes
diameter 10-12 pm

nucleus 2-8 lobes

chromatin in dense coarse lumps

'drumstick’ on lobe in 3% of neutrophils in
females (Barr body)

primary granules

secondary granules

azurophilic;
characteristic of young
neutrophils;

lysozyme, defensins,
elastase and

myeloperoxidase

contain cationic proteins,

specific for mature neutrophils

contain lysozyme, NADPH
oxidase components,
lactoferrin and B12-binding
protein




Integrin activation

Rolling by chemokines Stable adhesion
Sialyl-Lewis X-modified glycoprotein
= —Integrin (low affinity state)
Integrin (high-
afﬁr}ity state)

Migration through
endothelium

|
Integrin ligand

Proteoglycan (ICAM-1)
a &
b dq » Q
Chemokines o]
Macrophage
with microbes
Fibrin and fibronectin

(extracellular matrix)

© Elsevier 2005

https://www.youtube.com/watch?v=0TvTy|5FAaQ




PHAGOCYTOSIS

1. RECOGNITION AND ATTACHMENT
Microbes bind to phagocyte receptors

Mac-1  Scavenger 2. ENGULFMENT
integrin  receptor
g o Phagocyte membrane

Zips up around
microbe

Mannose
receptor

Phagosome TR PIRG
with ingested %L

Killing of microbes Phagolysosome

— by lysosomal enzymes
Killing of microbes by ROIs and NO in phagolysosome

3. KILLING AND DEGRADATION
© Elsevier 2005

I pathogen destruction, ROS production, cytokine/chemokine release, Ag presentation




Oxygen-dependent killing Oxygen-independent killing

Reactive oxygen intermediates Defensins
O, (superoxide anion) Tumor necrosis factor a
OH-* (hydroxyl radicals) (macrophage only)
H,0, (hydrogen peroxide) Lysozyme
CIO™ (hypochlorite anion) Hydrolytic enzymes
Reactive nitrogen intermediates
NO (nitric oxide)
NO, (nitrogen dioxide)
HNO, (nitrous acid)
Others
NH,CL (monochloramine)



CELLULAR MEDIATORS SOURCE

Preformed mediators. [ HiSEMine Mastcells, basophils, platelets

— Serotonin Platelets
Insecrelry granves | | cosomalenzymes  Neutophis, maciophages

- Prostaglandins All leukocytes, platelets, EC
Leukotrienes All leukocytes
oad | Platelet-activating factors  All leukocytes, EC
oy e Activated oxygen species Al leukocytes
Nitric oxide Macrophages
- Cytokines Lymphocytes, macrophages, EC

Factor XII (Hageman _[ Kinin system (bradykinin)
factor) activation Coagulation / fibrinolysis system

e [CC:}anaphylaloxins
activation Ca

Cspo (membrane attack complex)




‘ ACUTE PHASE REACTION

Malarial antigans from schizogony

. Phagoeytosis of malarial parasites
X :

Dendritic cells L Pattern-recognition-receptor ligation || Macrophages
| IL-6, IL-1, TNF-c se-cretiunl
|
Brain Liver

Hypothalamus
Pituitarygland
Hippocampus
Cerebral cortex

Example of Acute
Phase Response

Increased cytokine
receplor expression

Acute-phase protein production
e.g. C-reactive protein, mannan-binding lectin

v : . l

Altered appetite

Pathogen opsonisation

Altered thermoregulation

The acute-phase reaction
Expert Reviews in Molecular Medicine® 2008 Cambridge University Press

Ab P A A 8a. ¥
Parameter Results | Reference Interval

Total Protein (g/dL) | 7.4 6.3-8.3

Albumin (g/dL) | 2.11 L 242-383
al (g/dl) | 0.68 0.6-1.4

a2 (g/dl) | 2.45 H 0.76 -1.43

B1(g/dL) | 0.61 0.34 - 0.67

B2 (g/dL) | 0.51 0.12-057

v (g/dL) | 1.03 0.57-2.1

A/G | 0.40 L 0.54 ~1.15




ACUTE PHASE PROTEINS

Group

Individual proteins

Positive APRs

Major APRs

Complement profeins

Coagrlation proteins

Protemase inhibifors

Metal-binding proteins

(Jther proteins

Serum amyloid A, C-reactive protein,
serum amyleid P component

C2, C3, C4, C5, C9. B, Cl inhibitor.
C4 binding, protein

Fibrinopern., vor. Willebrand factor

- Antitrypsin, ap-antichymotrypsin,
a;-antiplasmin, heparin cofactor 11,
plasminogen activator inhibitor 1

Haptoplobin, haemopexin, ceruloplasmin,
manganese superexide dismutase

a1-Acid plycoprotein, haeme oxypenase,
mannose-binding, protein, leukocyte pro-
tein I, lipoprotein {a), lipopolysaccharide-
binding,

protein

Negative APRs

Albumin, pre-albumin, transferin, apoAl,
apoAll, ay-
HS plycoprotein, inter-a-trypsin inhibitor,
histidine-rich glycoprotein

Acute phase Biological activity

protein

Haptoglobin Binds with hemoglobin

C-reactive
protein

Serum
amyloid A

Bacteriostatic effect

Stimulation of angiogenesis

Role in lipid metabolism/development of fatty liver in cattle
Immunomodulatory effect

Inhibition of neutrophils respiratory burst activity
Complement activation and opsonization

Modulation of monocytes and macrophages, cytokine
production

Binding of chromatin

Prevention of tissue migration of neutrophils

Transport of cholesterol from dying cells to hepatocytes
Inhibitory effect on fever

Inhibitory effect on the oxidative burst of neutrophilic
granulocytes

Inhibitory effect on in vitro immune response
Chemotexic effect on monocytes, leukocytes, and T cells
Induction of calcium mobilization by monocytes
Inhibition of platelet activation




PENTRAXINS |

Amine acid sequence of PTX3 and other Peatraxin family members C1q
T Sigw seauence P Short Pentraxin
e L ———— CRP o "W
AT famiy sequence ——————————————————————————
1920 2508 A-face
SAP L —— -
P Long Pentraxin 1920 2488
cell
PTX3
1718 1 Maa -
O : Cevection protale Phagocytosis Complement
SAP 1 Serum amylol P comoasent Fujita Y. ef ol. Clinical Chemistry 57:10, 1398-1405 (2011).  @ctivation
g jta Y. et al. Chinical Chemistry 57:10, ).
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Macrophage Dendritic cell
Infection or inflammation
IL-1, TNF, LPS
¥ se's)
% PTX3 ono &
_ 5
Liver v Apoptatic cell
IL-1
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The Acute Phase Response

Somnolence, lethargy, anorexia

changes 1n plasma protein synthesis like increased
C-reactive protein, ferritin, and decreased albumin
changes in hormone synthesis

inhibition of bone formation

negative nitrogen balance, changes 1n lipid
metabolism

decreased serum 1ron, Zn

clevated white blood cells and platelets, decreased
synthesis of red blood cells

(c) 2004, Cheleste M. Thorpe, M.D.




ACUTE INFLAMMATION OUTCOME

ACUTE INFLAMMATION |_A. RESOLUTION |
* Vascular changes * Clearance of injurious stimuli
» Neutrophil recruitment « Clearance of mediators and acute
* Mediators inflammatory cells
* Replacement of injured cells
* Normal function

* Infarction

» Bacterial infections
* Toxins

* Trauma

Progression

Healing

il ) |
= “IQ’:(A';’; 9,
L

e X « nJ7 A Q?
Healing \"0‘\3!}5: f ‘
* Viral infections : = v aS K
» Chronic infections VRN A
* Persistent injury FIBROSIS
* Autoimmune diseases « Loss of function
C. CHRONIC INFLAMMATION B. REPAIR
* Angiogenesis
* Mononuclear cell infiltrate
* Fibrosis (scar)

© Elsevier 2005



RESOLUTION

Blood

Fluid and
proteins

-
......

Necrotic
tissue
Neutrophil
Monocyte @
: Neutrophil
\ apoptosis
Maturation ‘
ot
Macrophage Debris

New blood vessels

)
|

it & —> Repaif

factors '___ S
T
Fibroblasts

© Elsevier 2005




TISSUE REPAIR

GRANULATION TISSUE: results from angiogenesis, macrophage/fibroblast

recruitment and proliferation, collagen deposition

Macroscopic aspect: redness, granulous tissue, easy bleeding, occurring in

the first phases of wound healing or surrounding the scab

Granules: clusters of small new capillaries
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wound healing: phases

B

Wound 27
contraction /]
I"
'
s I’
Granulation z,
tissue 5
,4 Collagen
’/ accumulation
Inflammation Le Remodeling
I',
4
s
'l
’l
| 1 | I 1 1
0.3 1 3 10 30 100
Days

© Elsevier 2005




| ANGIOGENEsIS |

Capillary vessel Destabilization Sprouting

Basement
membrane

[Pericyte—<
Hypoxia VEGF -
? NO Notch & Delta 4 Ang 2
I : Ang 2 Growth factors Cytokines
Proteases Guidance molecules Statin
Proteases Integrins
Proteases

0,
Blood flow
Ang 1
PDGF
Notch
S,P,
TGFB
Proteases
Antiangiogenic
proteolytic fragments




| MEDIATORS OF ANGIOGENESIS |

® activators @ inhibitors

VEGF-A thrombospondin-1, -2
VEGF-B, -C interferon o/

FGF1 (aFGF) angiostatin

FGF2 (bFGF) endostatin

other FGFs collagen IV fragments
etc. etc.




CHRONIC INFLAMMATION

Histoflogosis or productive flogosis

Etiology (causative agent persistence)

Cell infiltrate
macrophages
lymphocytes, plasmacells
fibroblasts (fibrogenesis)
vascular component (angiogenesis)

Relationship chronic inflammation and delayed hypersensitivity reactions

Repeated healing attempts lead to tissue damage

Chronic inflammatory diseases (cyrrhosis, atherosclerosis, etc.)




CAUSES OF CHRONIC INFLAMMATION

Persistent microorganisms
M. tuberculosis, Actinomycetes, parasites (intrinsic defense mechanisms)

Infective organisms protected by host defence (es. bacteria replicating into an abscess)

External materials
Metals, plastic, wood, etc

Immune complexes formed with autoantigens in autoimmune diseases

Chronic inflammatory diseases (es. Crohn disease)

Few vascular alterations
High cell infiltrate
phagocytes: macrophages (long survival, proliferation, evolution)
lymphocytes and plasmacells (cf. immune response)
fibroblasts
NG rare or absent




GRANULOMAS |

@,

— IL-12
I

Antigen-presenting cell

CD4+ Ty1 cell

Giant cell Epithelioid

N\

N
Mon S
ocyte \)

1\

Fibroblast

Lymphocyte Macrophage

© Elsevier 2005

Figure 1. Infection with M. tuberculosis: Establishment of
a Balance

Pieters, 2008



ATHEROSCLEROSIS

ENDOTHEHELIAL DYSFUNCTION

NOMANCLATURE AND
MAIN HISTOLOGY

Initial lesion

* histologically "normal”
*» macrophage infiltration
* isolated foam cells

Fatty streak

mainly intracellular lipid
accumulation

Intermediate lesion

e intracellular lipid accumulation
« small extracellular lipid pools

Atheroma

¢ intracellular lipid accumulation
e core of extracellular lipid

Fibroatheroma
* single or multiple lipid cores
» fibrotic/calcific layers

Complicated lesion
* surface defect

* hematoma-hemorrhage
* thrombosis

SEQUENCES IN PROGRESSION

EARLIEST  MAIN GROWTH CLINICAL
OF ATHEROSCLEROSIS ONSET MECHANISM COLLERLATION
from
first
decade
clinically
silent
growth
mainly by
lipid
addition
from
third ——
decade
increased
smooth clinically
muscle silent
and or overt
collagen
e increase
fourth
decade
thrombosis
and/or
hematoma




A Microscopic view
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Thrombus
formation
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M - e
Foam Cholesterol Vasa Migrating e e A e e A < <
// cell  crystal vasorum SMC

Libby et al., 2011
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Nature Reviews | Rheumatology

Skeoch and Bruce, 2015




CAUSES OF LIVER CIRRHOSIS

-Infections:post hepatitic cirrhosis(B,D,C).
-Toxins:Alcohol.

-Cholestatic liver disease:PBC,PSC...
-Autoimmune diseases:autoimmune hepatitis.

-Vascular disorders: cardiac cirrhosis,Budd-Chiari
syndrome ,Veno occlusive disease

-Metabolic and genetic :Wilson disease
,hemochromatosis,alpha 1- antitrypsin deficiency

-Non alcoholic steato hepatitis(NASH).
Cryptogenic.






