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NORMAL
Extracellular matrix Occasional resident
hymphocyte or macrophage

INFLAMED D I Iincreased blood flow |
1
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Figure 2-2 Vascular and cellular reacgons of acute inflarmmation. The
major local manifestations of acute inflammation, compared with normal,
are (1) vascular diation and increased blood flow (causing erythema and
warmth), (2) extravasation of plasma fluid and proteins (edema), and (3}

leukocyte (mainly neutrophil) emigration and accumulation. 14
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A B
EXTRACELLULAR I ) .
i Pathogenic bacteria

Fungal Extracellular ATP

polysaccharide :

K+ efflux
CYTOSOLIC <—TRoS
Bacterial cell N%Endngenum crystals
wall lipid (MSLU, CPP,
cholesterol)
Exogenous crystals

(Alum, asbestos)

Cytokines (e.q., TNF) Secreted
Increased expression of adhesion molecules IL1p

| - | ACUTE INFLAMMATION I<—|

Figure 1-3 Sensors of microbes and dead cells: Phagocytes, dendritic cells, and many types of epithelial cells express different classes of receptors
that sense the presence of microbes and dead cells. A, Toll-like receptors (TLRs) located in the plasma membrane and endoscmes and other cyto-
plasmic and plasma membrane receptors (members of families other than TLRs) recognize products of different classes of microbes. The proteins
produced by TLR activation have numerous functions; only their role in inflammation is shown. B, The inflammasome is a protein complex that
recognizes products of dead cells and some microbes and induces the secretion of biclogically active interleukin-1 {IL-1). The inflammasome consists
of a sensor protein (a leucine-rich protein called NLRP3), an adaptor, and the enzyme caspase- |, which is converted from an inactive to an active form.
{Mote that the inflammasome is distinct from phagolysosomes, which also are present in the cytoplasm but are vesicles that serve different funrzigns

in inflammation, as discussed later in the chapter) CPP, calciumn pyrophosphate; MSU, monosodium urate. 1 =
20
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pressure

A. NORMAL _
Plasma proteins
Increased hydrostatic pressure Fluid leakage Decreased colloid osmeotic
(venous outflow obstruction, t t t pressure (decreased protein

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

[e.g., congestive heart failure])

B. TRANSUDATE
(low protein content, few cells)

Fluid and protein leakage

C. EXUDATE
(high protein content, and g © ° 90 o o9 - Vasodiationand stasis | §
may contain some white @ ® s ® =
and red cells) = B S E
: * * E
m
@ Q a _
fo" a%% o7 0 '\‘ Increased interendothelial spaces | €

Figure 2—4 Formation of transudates and exudates. A, Normal hydrostatic pressure (blue arrows) is approximately 32 mm Hg at the arterial end of
a capillary bed and 12 mm Hg at the venous end; the mean colloid osmotic pressure of tissues is approximately 25 mm Hg (green arrows), which is
nearly equal to the mean capillary pressure. Therefore, the net flow of fluid across the vascular bed is almost nil. B, A transudate is formed when fluid
leaks cut because of increased hydrostatic pressure or decreased osmotic pressure. C, An exudate is formed in inflammation because vascular perme-
ability increases as a result of the increase in interendothelial spaces.
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Migration through

Integrin activation
Stable adhesion endothellum

Rolling by chemokines

Sialyl-Lewis X—medified glycoprotein

Integrin (high-
affinity state)

P-selectin E-selectin Pmteughrclan Q ¥ Integrin ligand
(ICAM-1)

Cytokines e 4 Ghermlunes

(TNF,IL-1) ® o a
& » <=
Macrophage & v ge Fibrin and fibronectin
with microbes & Microbes (extracellular matrix)

Figure 1-5 Mechanisms of leukocyte migration through blood wessels. The leukocytes (neutrophils shown here) first roll, then become activated
and adhere to endothelium, then transmigrate across the endothelium, pierce the basernent membrane, and migrate toward chemoattractants emanat-
ing from the scurce of injury. Different molecules play predominant roles in different steps of this process: selectins in rolling: chemckines (usually
displayed bound to proteoglycans) in activating the neutrophils to increase avidity of integrins, integrins in firm adhesion; and CD31 (PECAM-1) in
transmigration. 1CAM-1, intercellular adhesicn molecule-1; IL-1, interleukin-1; PECAM-1, platelet endothelial cell adhesion molecule-1; TMFE, turnor

necrosis factor
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Table 2=2 Endothelial and Leukocyte Adhesion Molecules

Endothelial Molecule Leukocyte Molecule Major Role(s)
P-selectin Sialyl-Lewis X-modified proteins Rolling
E-selectin Sialyl-Lewis X—modified proteins Rolling and adhesion
GlyCam-1, CD34 L-selectin® Rolling (neutrophils, monocytes)
ICAM-1 (immunoglobulin family) CDIICD 18 integrins (LFA-1, Mac-1) Firm adhesion, arrest. transmigration
VCAM-I (immunoglobulin family) VLA-4 integrin Adhesion

cD3| CD31 (homotypic interaction) Transmigration of leukecytes through endothelium

¥ -zelectin is also invohled in the binding of arculating kmphocoytes to the high endothelal venules in kmph nodes and mucosal miphoid tssues, and subsequent homing of kmph-
ocytes to these tissues.

ICAM-1, intercelluar adheson maolecule-1; LFA-|, lekoote funchion—asoozted anmbigen-1; Mac-1, macrophage-| antipen; YCAM-|, vascular cell adhesion molecule-1; WLA-4,
wvery late antipen-4.
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Monocytes/
Edema Neutrophils macrophages

ACTNITY ——

—r

w-

2
C DAYS —

Figure 2-6 Nature of leukocyte infiltrates in inflammatory reactions. The photomicrographs show an inflammatory reaction in the myocardium after
ischemic necrosis (infarction). A, Early (neutrophilic) infiltrates and congested blood vessels. B, Later (mononuclear) cellular infiltrates. C, The approxi-
mate kinetics of edema and cellular infiltration. For sake of simplicity, edema is shown as an acute transient response, although secondary waves of
delayed edema and neutrophil infiltration also can occur.
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Table 1=3 Clinical Examples of Leukocyte-Induced Injury
Cells and Molecules Involved in

Disorder* Injury

Acute respiratory distress MNeutrophils

syndrome

Acute transplant rejection Lymphocytes; antibodies and
complement

Asthma Ecsinophils; IgE antibodies

Glomerulonephritis Antibodies and complement;
neutrophils, monocytes

Septic shock Cytokines

Rheumatoid arthritis Lymphocytes, macrophages,
antibodies?

Asthma Eosinophils; IgE antibodies

Atherosclerosis Macrophages; lymphocytes?

Chronic transplant rejection Lymphocytes, macrophages; cytokines

Pulmonary fibrosis Macrophages; fibroblasts

*Listed are selected examples of diseases in which the host response plays a sipnifiant
role in tissue ingury. Some, such as asthma, can manifest with aoste inflammation or 2
chronic illness with repeated bouts of acute exacerbation. These diseases and their

pathogeness are discussed in much more detail in relevant chapters.
IgE, immunoglobulin E.

’1|‘
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Table 2=-4 Defects in Leukocyte Functions

Disease Defect

Bone marrow suppression: Production of leukocytes
tumors (including leukemias),

radiation, and chemotherapy

Diabetes. malignancy. sepsis. Adhesion and chemotaxis
chronic dialysis

Anemia. sepsis, diabetes, Phagocytosis and microbicidal activity

malnutrition

Leukocyte adhesion Defective leukocyte adhesion because

deficiency | of mutations in [} chain of CD 11/
CD 18 integrins

Leukocyte adhesion Defective leukocyte adhesion because

deficiency 2 of mutations in fucosyl transferase

required for synthesis of sialylated
oligosaccharide (receptor for selectins)

Chronic granulomatous Decreased oxidative burst

disease

X inked Phagocyte oxidase (membrane
component)

Autosomal recessive Phagocyte oxidase (cytoplasmic
components)

Myeloperoxidase deficiency Drecreased microbial killing because of
defective MPO-—H,O, system

Chediak-Higashi syndrome Decreased leukocyte functions because
of mutations affecting protein involved
in lysosomal membrane traffic

H O, hydrogen peroside; MPC, myeloperoxidase.
Modified from Gallin JI: Disorders of phagocytic cells. In Callin I, et &l (eds): Inflamma-

tion: Basic Prinaples and Clinical Correlates, 2nd ed. Mew York, Raven Press, 1992,
pp 860, B&1.
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ACUTE INFLAMMATION 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

Healing

T

« Viral infections

« Chronic infections
« Persistent injury

* Autoimmune diseases

Healing

FIBROSIS
» Loss of function

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

Figure 2-10 Outcomes of acute inflammation: resolution, healing by scarring (fibrosis), or chronic inflammation (see text).
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Figure 2-11 Serous inflammation. Low-power view of a cross-section
of a skin blister showing the epidermis separated from the dermis by a
focal collection of serous effusion.
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Figure 2-12 Fibrinous pericarditis. A, Deposits of fibrin on the pericardium. B, A pink meshwork of fibrin exudate (F) overlies the pericardial
surface (P).
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Figure 2-13 Purulent inflammation with abscess formation. A, Multiple bacterial abscesses in the lung (amows) in a case of bronchopneumonia.
B, The abscess contains neutrophils and cellular debris and is surrounded by congested blood vessels.
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section of a duodenal ulcer crater with an acute inflammatory exudate in
the base.
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