
Time course of immune response



Route of entry



Route of entry (cont.)



Steps in infection



Barriers to infection



Mf receptors
• Facilitate engulfment

– Glucan, mannose
– Scavenger
– CD11b/CD18

• Allows immediate response
by lipid mediators
– Leukotrienes
– Prostaglandins
– Platelet-activating factor

• Allows initiation of
inflammatory response via
cytokines
– fMet-Leu-Phe receptor
– Toll-like receptors (e.g. LPS

receptor CD14)





Mf functions



LPS stimulation of
Mf and inflammatory
response



Signal transduction:
LPS stimulation



LPS stimulation of Mf

• NFkB

– Induces costimulatory
molecules (B7.1, B7.2)

– Increased MHC expression

–  Stimulates  transcription of
cytokines (IL-6, IL-12, IFN-a,
IFN-g, TNF-a)



LPS stimulation of
dendritic cells

• Resting to migrating cells

• Immature, in tissues:
– Express many receptors
– Highly phagocytic
– Cannot stimulate T cells

• Mature, in lymph nodes:
– No longer uptake Ag
– Express costimulatory molecules
– Activate T cells



A conserved theme:
Different Toll-like
receptors (TLR)
recognize various
molecular patterns of
pathogens



Pathogens work hard to evade phagocytosis!



Preventing engulfment: Capsule of
Klebsiella pneumoniae



Inhibiting phagocytosis
via Fc receptor:
Protein A
of Staphylococcus aureus



Preventing engulfment:
Type III secretion of Yersinia pestis



Escape from the vacuole:
Listeria monocytogenes



Prevent phagosome:lysosome fusion:
Legionella pneumophila
Mycobacterium tuberculosis

Survival in phagolysosome:
Mycobacterium leprae
Salmonella

Kill macrophage after engulfment:
Bacillus anthracis LF toxin



Inflammation



Cytokine properties

• Usually small ~25 kD
• Produced in response to an activating

stimulus
• Function by binding to a specific receptor
• Usually soluble, but can be membrane

associated
• Can work locally or at a distance



Main families of cytokines
• Hematopoietins (Interleukins)
• Interferons (a, b, and g)
• TNF family (TNF- a)
• Chemokines (CXCL-8)



Activated Mf cytokines



How to identify the site of infection

• Endothelium activation
– Selectin binding to

carbohydrates
– ICAM binding to

integrins

• Chemokine gradient



Selectins of endothelium bind to
leukocyte surface carbohydrates



Integrin:ICAM binding mediates
higher affinity binding



Integrin:ICAM tight binding
allows extravasation





Similar proccesses mediate:

• Naïve T/B cell entry into lymphatic tissue
from blood

• Homing of lymphocytes to site of infection
at later time points



The good and
the bad of
TNF-a:

 Inflammation
vs. shock

Inflammation Endotoxic shock



Inflammation Endotoxic shock



Activated Mf cytokines



Complement pathways



All roads lead to C3 convertase





Complement proteins



C1q
• Initiates classical pathway
• Binds to Ab (Fc portion)
• Only binds to Ab bound to

pathogen surface







IL-6 and acute phase proteins

Can activate complement
• Mannan-binding lectin
• C-reactive protein



MB-Lectin pathway
• Mannan binding lectin binds to mannose
• MASP-1,-2 bind to bound MBL
• Mimics C1q
• Cleavage of C2 and C4 leads to C3 convertase



Alternative Pathway







Amplification of complement
deposition by alternative pathway



Complement
receptors

• Enhance
phagocytosis

• Respond to
inflammatory
mediators



C5 convertase

• Cleaves C5

• Composed of:
• Classical/MBL pathway

– C4b,C2b,C3b
• Alternative pathway

– C3b2/Bb

• C5a required for efficient
phagocytosis in absence of Ab



Complement mediated
phagocytosis (no Ab)



Complement mediated
phagocytosis + Ab



Complement as
inflammatory

mediators



Terminal attack complex



Complement regulatory proteins
protect host cells



Interferons
a= leukocytes
b= fibroblasts
g= NK, T cells

a,b=

important in early viral infection
signal= dsRNA

a,b
– Inhibit viral replication

• Endoribonuclease
• Tranlation inhibition

– Increased MHC expression
– Activate NK cells 20-100-fold



a,b Interferons stimulate NK cell
activity



Natural Killer Cells

• Contain cytoplasmic granules

• Mechanism of killing similar to CTLs
– Perforins
– Induction of apotosis pathway in target cell

• NK cells produce g-interferon after
activation by a and b interferon



NK cell
cytotoxicity
• Activating signal=

– NK receptors bind
to carbohydrates

• Inhibitory signal=
– KIR/lectin

molecules
recognize MHC
class I



g-interferon

• Activates macrophages
• Increased MHC expression
• Increased Ag processing components
• Isotype switching
• Supresses TH2 response



gd T cells

• Found near epithelial surfaces
• Low diversity of TCR specificity
• Unknown ligand (something that changes

upon infection?)
• Recognize Ag directly, not in MHC



B-1 B Cells

• Found in pleural/peritoneal cavities
• Low diversity of Ig specificity
• Commonly bind to polysaccharides
• Self-renewing in periphery



Innate immunity

• Barriers
• Phagocytosis (Neutrophils and Mf)

– Mf activation
– Dendritic cell Ag presentation
– Mf cytokines and effects

• Complement activation
– Opsonization
– Terminal attack complex

• Interferons
• NK cells
• B-1 B cells/gd T cells


