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*i Inflammation may be of two types, acute
y and chronic.
)

Table 3.1 Features of Acute and Chronic Inﬂarnmafim

Feature Acute Chronic
— Onset Fast: minutes or Slow: days
l Cellular infiltrate Mainly neutrophils Monocytes/macrophages
W and lymphocytes
Tissue injury, Usually mild and May be severe and
-— fibrosis self-limited progressive
| Local and systemic Prominent Less

sgns

**if the initial response fails to clear the stimulus, the reaction progresses to
chronic inflammation
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Table 3.2 Disorders Caused by Inflammatory Reactions
Cells and Molecules Involved in

|
:

Acute respiratory Neutrophils

distress syndrome
Asthma Eosinophils; IgE antibodies
Glomerulonephritis  Antibodies and complement: neutrophils,
B m
— Septic shock Cytokines
s

| BhL Arthritis Lymphocytes, macrophages; antibodies?

’ Asthma Eosinophils; IgE antibodies

l Atherosclerosis Macrophages; lymphocytes

Pulmonary fibrosis Macrophages; fibroblasts
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= ¥ Table 3.3 Properties of Neutrophils and Macrophages
| -
] ' s
' Origin HSCs in bone marrow * HSCs in bone marrow (in inflammatory reactions)
- ] * Many tissue-resident macrophages: stem cells in yolk
= sac or fetal liver (early in development)
l ':?{':'_"] Life span in tissues I-2 days Inflammatory macrophages: days or weeks
] Tissue-resident macrophages: years
3 R Responses to activating stimuli Rapid, short-lived, mostly degranulation More prolonged, slower, often dependent on new gene
s = and enzymatic activity transcription
] * Reactive oxygen species Rapidly induced by assembly of phagocyte Less prominent
l oxidase (respiratory burst)
| ] * Nitric oxide Low levels or none Induced following transcriptional activation of INOS
_.J * Degranulation Major response; induced by cytoskeletal Not prominent
’ rearrangement
l ' * Cytokine production Low levels or none Major functional activity, requires transcriptional
: ] activation of cytokine genes
, ===+ NET formation Rapidly induced, by extrusion of nuclear No
= = contents
1! T pr— Rrominent Less
— HSC, Hematopoietic stem cells; iNOS, inducible nitric oxide synthase; NET, neutrophil extracellular traps.

This table lists the major differences between neutrophils and macrophages. The reactions summarized above are described in the text. Note that the two cell types share many
i features, such as phagocytosis, ability to migrate through blood vessels into tissues, and chemotaxis.

Neutrophil
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Neutrophils Macrophages
HSCs in bone marrow (in
inflammatory reactions)
Many tissue-resident
= Origin Bkl o e macrophages: stem cells
— . in yolk sac or fetal liver
! ’ P ro pe rt] es of (early in development)
| . Inflammatory
macrophages: days or
. ﬂ, NGUtrophl ls Life span in tissues 1-2 days weeks
Tissue-resident
= ’ an d macrophages: years
Rapid, short-lived, mostly | More prolonged, slower, | HSC:
| ’ Ma c ro p h a ges :ﬂe:m?ses toactivating degranulation and enzymatic | often dependent on new
, activity gene transcription iNOS:
— Rapidly induced by assembly i s
. Reactive oxygen species |of phagocyte oxidase Less prominent mtric
=== (respiratory burst)

e Induced following synthase
E Nitric oxide Low levels or none transcriptional NET: neu
activation of iNOS :
- Major functional
i activity, requires
Syecaeme Cytokine production Low levels or none transcriptional
: activation of cytokine
genes
Rapidly induced, by
NET formation extrusion of nuclear No




Endothelial and L

TABLE3.4 Endothelial and Leukocyte Adhesion Molecules

Family Molecule

Selectin

Integrin
Ig

L-selectin
(CD62L)

E-selectin
(CD62E)

P-selectin
(CDB2P)

LFA-1
(CD11aCD18)

MAC-1
(CD11bCD18)

VLA-4
(CD49aCD29)

adi7
(CD49DCD29)

CD31

 Distribution

Neutrophils, monocytes
T cells (naive and central
memory)

B cells (naive)

Endothelium activated by
cytokines (TNF, IL-1)

Endothelium activated by
cytokines (TNF, IL-1),
histamine, or thrombin;
platelets

Neutrophils, monocytes, T
cells (naive, effector,
memory)

Monocytes, DCs

Monocytes
T cells (naive, effector,
memory)

Monocytes
T cells (gut homing naive
effector, memory)

Endothellal cells, leukocytes

Sialyl-Lewis X/PNAd on GlyCAM-1,
CD34, MAdCAM-1, others; expressed
on endothelium (HEV)

Sialyl-Lewis X (e.g., CLA) on
glycoproteins; expressed on
neutrophils, monocytes, T cells
(effector, memory)

Sialyl-Lewis X on PSGL-1 and other
glycoproteins; expressed on
neutrophils, monocytes, T cells
(effector, memory)

ICAM-1 (CD54), ICAM-2 (CD102);
expressed on endothelium
(upregulated on activated
endothelium)

ICAM-1 (CD54), ICAM-2 (CD102);
expressed on endothelium
(upregulated on activated
endothelium)

VCAM-1 (CD106); expressed on
endothelium (uprequlated on
activated endothelium)

VCAM-1 (CD106), MAdCAM-1;
expressed on endothelium in gut and
gut-associated lymphoid tissues

CD31 (homotypic interaction)

eukocyte Adhesion Molecules

| Ligend

Pollaall oSy Byg:Sall

Family/ molecule/ Distribution

CLA, Cutaneous lymphocyte
antigen-1
GlyCAM-1, glycan-bearingcell
adhesion molecule-1
HEV, high endothelial venule
ICAM, intercellularadhesion
molecule
Ig, immunoglobulin
IL-1, interleukin-1
MAdCAM-1, mucosal adhesion

cell adhesion molecule-1

PSGL-1, P-selectin glycoprotein
ligand-1

TNF, tumor necrosis factor

VCAM, vascular cell adhesion
molecule.



Endothelial and Leukocyte Adhesion Molecule Interactions

‘ WBC FUNCTION
P & E-selectins X Sialyl-Lewis Rolling
'GIvEAM-l, CD34 | L-selectin Rolling

N e

ICAM-1 CD11/CD138 Adhesion
(LFA1, MAC1)

CD31 (PECAM-1) | cp31 Transmigration
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Genetic defects in leukocyte funct

Disease

Leukocyte adhesion deficiency 1 CD18 unit of integrin
Leukocyte adhesion deficiency 2 Sialyl-Lewis X
Neutrophil-specific granule deficiency Absent specific granules

Chronic Granulomatous Disease, X-linked = Membrane component of NADPH oxidase

Chronic Granulomatous Disease, autosomal Cytoplasmic component of NADPH oxidase
recessive

Myeloperoxidase (MPO) deficiency Absent MPO-H202 system
Chediak-Higashi disease Organelle trafficking

Acquired defects in leukocyte function
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Systemic Mediators of Inflamma

MEDIATORS SOURCE
;o @7 ™ preformed mediators | Histamine Mast cells, basophils, platelets
E Y in secretory granules | Serotonin Platelets
Prostaglandins All leukocytes, mast cells
Leukotrienes All leukocytes, mast cells
Platelet-activating factor  All leukocytes, EC
w » Newly synthesized — Reactive oxygen species All leukocytes
= o Nitric oxide Macrophages, EC
s— Cytokines Macrophages, lymphocytes, EC, mast cells
. | Neuropeptides Leukocytes, nerve fibers

[ C3a latoxi
Goo ot Csa anaphylatoxins
C3b

activation
| C5b-9 (membrane attack complex)

Factor XIl (Hageman | Kinin system (bradykinin)
factor) activation | Coagulation / fibrinolysis system

(major source)

PLASMA PROTEIN-DERIVED

Kumar et al: Robbins Basic Pathology, 9e.
Copyright © 2013 by Saunders, an imprint of Elsevier Inc.

Chemical Mediators of Inflamm

e = . Franmaeal alecace abooclcobl o.
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Vasodilation, increased vascular
Histamine Mast cells, basophils, platelets  permeability, endothelial

=

5" 1 activation
)
]

Prostaglandins Mast cells, leukocytes Vasodilation, pain, fever
Increased vascular permeability,

Leukotrienes Mast cells, leukocytes chemotaxis, leukocyte adhesion,
and activation '

Local: endothelial activation
. (expression of adhesion
:nla;trncpel;la;ges, endothelial cells, moII:s.ucul es). Systemic: fever,
- metabolic abnormalities,
hypotension (shock)
Leukocytes, activated Chemotaxis, leukocyte
macrophages activation

b et Vasodilation, increased vascular
_ _ permeability, leukocyte

Platelet-activating factor Leukocytes, mast cells adhesion, chemotaxis, |
—— degranulation, oxidative burst

L5 Leukocyte chemotaxis and

- activation, direct target killing

= Complement Plasma (produced in liver) (membrane attack complex),

’ vasodilation (mast cell

Cytokines (T HF,_'IL-'!, IL-6)

= — 9 Chemokines

stimulation)
Increased vascular permeability,
Kinins Plasma (produced in liver) smooth muscle contraction,

Vasoactive Amines
Histamine and Serotonin
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Cytokine
W In Acute Inflammation

Principal Sources Principal Actions in Inflammation

oF == M Oohagas. rast callss T Stimulates expression of endothelial
l TNF L hg cytges 2 4 adhesion molecules and secretion of
l ; Yy other cytokines; systemic effects
, ) v Macrophages, endothelial cells, s : 2
s IL-1 some epithelial cells Similar to TNF; greater role in fever
---=_! IL-6 Macrophages, other cells Systemic effects (acute phase response)
4 Macrophages, endothelial cells, T Recruitment of leukocytes to sites of
l Chemokines lymphocytes, mast cells, other cell inflammation; migration of cells in
' ____‘_] types normal tissues
Recruitment of neutrophils and
| _"] IL-17 T lymphocytes monocytes
= In Chronic Inflammation
= , IL-12 Dendritic cells, macrophages Increased production of IFN-y
’ Activation of macrophages (increased
- Y Tymphacytes, (NK cells ability to kill microbes and tumor cells)
I IL-17 T tympl - Recruitment of neutrophils and

monocytes

Major roles of cytokines in acute inflammation
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Principal Actions of Arachidonic Acid Metab
Inflammation

Action Eicosanoid

Prostaglandins PGI, (prostacyclin), PGE,,

. ;_) Vasodilation PGE,, PGD,
I__:: ___—_—_-—_1 Vasoconstriction Thromboxane A,, leukotrienesC,, D,, E,
l * ‘ Increased vascular permeability LeukotrienesC,, D,, E,
_.:] Chemotaxis, leukocyte adhesion Leukotriene B,
= Smooth muscle contraction Prostaglandins PGC4, PGD4, PGE4

Bt et |

Pharmacologic Inhibitors of Prostaglan
Leukotrienes
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=02, eaction of Inflammation Principal Mediators

Histamine
Prostaglandins
Histamine

Vasodilation

S PN T |

3 Increased vascular permeability C3q and Cha (by liberating vasoactive
— amines from mast cells, other cells)
= ? Leukotrienes Cy4, Dy, E4
mnel TNF, IL-1

" Chemotaxis, leukocyte Chemokines

RE recruitment and activation C3a, C5a
' ﬁ Leukotriene B,

’ IL-1, TNF

nexer Prostaglandins
Pain Prostaglandins

Bradykinin
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Cause Tissue Reaction
Mycobacterium tuberculosis Caseating granuloma (tubercle):focus of activated macrophages

Mycobacterium leprae
Treponema palldum

(epithelioid cels), rimmed by fibroblasts, ymphocytes,
histiocytes, occasional Langhans giant cells, central necrosis
with amorphous granular debrs; acid-fast bacill

Acid-fast bacill in macrophages; noncaseating granulomas

Gumma: microscopic to grossly visible lesion, enclosing wall of
macrophages; plasma cell infiltrate; central cells are necrotic
without loss of celluar outline; organisms difficult to identify n

@ s )

st j tissue |
L_ J Cat-scratch disease Gram-negative bacilus Rounded or stellate granuloma containing central granular debris
el and recognizable neutrophil; iant cells uncommon

= % @ Unknown ediology Noncaseating granulomas with abundant activated macrophages
& Crohn diseae (infammatory Immune reaction against Occasional noncaseating granulomas in the wall of the intestine,
BEY bowel disease) undefined gut microbes with dense chronic inflammatory infitrate

and, possibly self antigens




%+ CD4+ T lymphocytes promote inflammation

« TH1 cells *TH2 cells « TH17 cells

against helminthic
Against parasites and in Against
bacteria allergic bacteria
inflammation



