Science is like looking through a keyhole: The closer

A Day in the Life of a Phagocytic Leukocyte



Selectin-mediated Adhesion is Weak and Promotes
"Rolling" of Leukocyte Along Endothelia

Firm Adhesion is Triggered by Chemokine
Activation of Leukocyte Integrins
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Diapedesis: Crawling Through Endothelial
Junctions and Into the Tissue
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Intravital Imaging of a Subset of
Mouse Monocytes in Dermal Blood Vessels

A Subset of Monocytes "Patrol"
the Vasculature, Primed for Diapedesis




The Innate Immune Response

Relative Risk of Death Associated With
Death of a Biological Parent Before the Age of 50

Cause of Death




Distinctions Between
Innate and Adaptive Immunity

Innate immune system Adaptive immune system

Receptors

What Really Happens During the Lag Period
Before the Acquired Immune Response?

Antibody 104 4
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Figure 1-20 Immunobiology, 6/e. (© Garland Science 2005)
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Extension of an F-actin-rich
"Phagocytic Cup” Around Phagocytic Targets

Mast Cells Can Phagocytose Tool!




Most, but not all Leukocytes Can Perform Phagocytosis
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Opsonic vs Non-opsonic Phagocytosis

¢ Non-opsonic phagocytosis is typically mediated by cell
surface receptors on leukocytes that recognize repeating
carbohydrate subunits (comprising “molecular patterns”) on
microbes.




The Scavenger Receptor Superfamily
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Opsonic Phagocytosis

11



Complement Proteins Deposit on Pathogen
Surfaces, Triggering Phagocytosis,
Inflammation, and Pathogen Lysis
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Complement Activation Triggers
Opsonic Phagocytosis
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Metchnikoff is the First to Describe a Role for
Phagocytosis in Immunity

F16. 34.—Microphage of guinea-
pig filled with cholera vibrios,
the majority of which are
transformed into granules.

MACROPHAGE:
Another white blood cell
responsible for killing
microbes is ingesting the
yeast Candida albicans
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NECROSIS:

After a meal of these
“leukotoxic" Streptococcus
pyogenes, a white blood cell

dies
Speed=x 3

BACTERIAL CAPSULE:
The slippery capsule of
Streptococcus pheumoniae
enables these bacteria to
avoid being eaten by
neutrophils
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Post-phagocytic Events:
Phagosome-Lysosome Fusion

Pathogen Macrophage

Lysosomes
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Phagocytosis of Bacteria
is Followed by Phagosome-Lysosome Fusion
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The Granuloma: a Delayed Response to
Indigestible Pathogens and Particles in Macrophages

Langhans-type
Giant Cells

Granulomas

Epithelioid Cells

Oxidant-dependent Killing of
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OXIDATIVE BURST:
Neutrophils kill microbes by
producing reactive oxygen
species, demonstrated here
with the dye nitroblue
tetrazolium (NBT)

Chronic Granulomatis Disease (CGD),
an Inherited Defect of the NADPH Oxidase Complex

Glucose-6-phosphate 6-phosphogluconolactone

P P
Glucose-6-phosphate
OH  dehydrogenase
0
H
NADP* NADPH+H*
NADPH oxidase = Superoxide
H,0+0, 0; dismutase
i Electron f22a
Approxima ite ¥ MPO, CI-
Gene  Chromosome Frequency (%) HOCI-
gp9rPhex  Xp211 67

p22°hor 16924 5
pa7zPhox 7q11.23 33

p67Phor 125 = 1‘;‘)
. 9 B _p2ohox

G6PD Xqg28 <0.01
4 ' p47phox
f' e
Cell

B ~—p22phox activation

f L paohos
= e
¥ p67ehox %‘

18



Chronic Granulomatous Disease:
Clinical Manifestations

* 1/250,000 live births in the US

« Characterized by recurrent infections with catalase-positive organisms,

Chronic Granulomatous Disease:
Clinical Manifestations
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Post-phagocytic Events:
"Phagosome-Oxidase Fusion”
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Post-phagocytic Events:
Myeloperoxidase Activity
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Bacterial Virulence Factors Subvert Host Defenses

Modification of
phagocytic receptors ‘

(P. aeruginosa) .

Escape from phagosome

‘: \‘ / into cytosol (Listeria, Shigella)
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Non-oxidative Killing Mechanisms of Phagocytes

* Principally proteins within granules that are released upon
cell stimulation

 These proteins include lysozyme, lactoferrin, proteases,
defensins and other cationic proteins

Epithelial Cells Express Defensins, Too
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Phagocytosis: Not Just for Bugs

Phagocytosis is the Principal Mechanism
of Disposal of Apoptotic Corpses

¢ Phagocytosis is the means of disposal of
apoptotic corpses, and occurs continuously
during the lifetime of an individual.

Apoptotic Thymocyte

e In this setting, phagocytosis is not
accompanied by inflammation, but rather
leads to an “anti-inflammatol i
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Immunological Consequences
of Phagocytosis

Summary

1. Innate immunity represents the first-line of host defense. Its receptors are germline-
encoded and recognize pathogen-associated “molecular patterns.”

2. Phagocytosis is a component of innate and aquired immunity. It is the principal
means of destroying pathogenic bacteria and fungi. Phagocytosis initiates the
process of antigen presentation.
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