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What	is	immunology?

• Immunity
– Freedom	from	disease,	in	particular	from	infections

• Immune	system
– A	collection	of	molecules,	cells,	organs	in	the	body	
mediating	immunity

• Immune	responses
– A	coordinated	immune	reaction	against	infections

• Immunology
– The	study	of	the	immune	system	in	health	and	disease
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Importance	of	the	immune	system	in	
health	and	disease
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Effectiveness	of	vaccination	
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Effectiveness	of	vaccination	
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It	is	more	than	protection	from	infections

• Cancer	immunotherapy
– Recent	progress	show	remarkable	efficiency

• Monoclonal	antibodies	as	drugs
– Fastest	growing	class	of	new	therapeutic	molecules		

• Antibodies	in	diagnostics
– Sensitive	and	specific	detection	of	antigens	of	clinical	
relevance

• Antibodies	in	research	and	biotechnology
– Identification,	characterization,	purification,	
manipulation	etc.
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Poliomyelitis,	Los	Angeles,	1953



Poliomyelitis	2011-14



Innate	&	adaptive	immunity
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Types	of	adaptive	immunity
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Active	vs.	passive	immunization

• Active	immunization	(slow,	long-lived)
– Natural	infection
– Vaccination

• Passive	immunization	(immediate,	short-lived)
– Transfer	of	specific	immune	components	(newborns)

• Antibodies
• (T	cells)
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Properties	of	adaptive	immune	responses

• Specificity
• Diversity
• Clonal	distribution,	selection
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Clonal	Selection

Jan	2nd,	2018 Immunological	Bioinformatics	@	Center	for	Biological	Sequence	Analysis 14



Properties	of	adaptive	immune	responses

• Specificity
• Diversity
• Clonal	distribution,	selection
• Auto-tolerance
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Properties	of	adaptive	immune	responses

• Specificity
• Diversity
• Clonal	distribution,	selection
• Auto-tolerance
• Control	immune	responses
– Expansion,	contraction
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Primary	&	secondary	immune	responses
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Properties	of	adaptive	immune	responses

• Specificity
• Diversity
• Clonal	distribution,	selection
• Auto-tolerance
• Control	immune	responses
– Expansion,	contraction

• Memory
• Specialization
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Principal	cells	of	the	immune	system
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Classes	of	lymphocytes
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Maturation	of	lymphocytes
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Stages	in	the	life	history	of	lymphocytes
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Stages	in	the	life	history	of	lymphocytes
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Antigen	presenting	cells	(APC)

• Professional	APC	presents	antigen	to	T	cells
– Dendritic	cells
– Macrophages
– B	cells

• Capture	antigen	and	process	it
• Presents	it	in	association	with	MHC	(Signal	1)
• Express	co-stimulatory	molecules	(Signal	2)

• Follicular	dendritic	cells	(FDC)	presents	antigen	to	B	
cells
– Reservoir	of	conformationally intact	antigen

Jan	2nd,	2018 Immunological	Bioinformatics	@	Center	for	Biological	Sequence	Analysis 26



Morphology	of	lymph	nodes.
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Segregation	of	T	and	B	lymphocytes	
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Migration	of	T	lymphocytes
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Morphology	of	the	spleen.
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Mucosal	immune	system
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Figure	1-4
Innate	immune	responses

• Immediate
– Barriers
– Complement

• Early	induced
– Phagocytosis
– Cytokine	secretion
– Inflammation

• Activate	the	adaptive	immune	system
– APC	migrate	to	regional	lymph	tissue
– Makes	antigen	available	to	B	&	T	cells

• Signal	1	– antigen	specific
– Becomes	stimulatory

• Signal	2	– co-stimulation

Jan	2nd,	2018 Immunological	Bioinformatics	@	Center	for	Biological	Sequence	Analysis 32



Figure	1-4
Adaptive	immune	responses

• T	helper	cells	respond	to	extracellular	antigens
– Orchestrates	the	immune	response
– Stimulate	other	immune	cells	(innate	as	well	as	adaptive)
– Recruits	immune	cells

• Antibodies	eliminate	extracellular	threats
– Neutralize
– Opsonize
– Activate	complement

• T	cytotoxic	cells	eliminate	intracellular	threats
– Detect	intracellular	threats
– Neutralize	/	kills
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Phases	of	adaptive	immune	response
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