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Hypersensi)vity	Reac)ons	Outline	

•  Introduc)on	



•  Normal	immune	reac)ons	do	their	job	without	
hur)ng	the	host.	

•  Some)mes,	immune	reac)ons	can	be	excessive,	
resul)ng	in	disease.	

•  People	who	mount	normal	immune	responses	
are	sensi)zed	to	that	an)gen.	

•  People	who	have	excessive	responses	are	
hypersensi)ve.	

Introduc)on	



•  Bugs	

•  Environmental	an)gens	

•  Self	an)gens	

What	an)gens	ini)ate	these	reac)ons?	



•  The	immune	response	is	triggered	and	
maintained	inappropriately.	

•  Hard	to	eliminate	s)mulus!	

•  Hard	to	stop	response	once	it	starts!	

•  …so	hypersensi)vity	diseases	are	o2en	
chronic,	debilita)ng,	hard	to	treat.	

What	happens	in	these	reac)ons?	



Four	types	of	hypersensi)vity	reac)ons	

•  Type	I	Hypersensi)vity	
•  Type	II	Hypersensi)vity	

•  Type	III	Hypersensi)vity	
•  Type	IV	Hypersensi)vity	



Hypersensi)vity	Reac)ons	Outline	

•  Introduc)on	
•  Type	I	Hypersensi)vity	



•  ALLERGY	

•  “Immediate”	hypersensi)vity	

•  An)gen	(allergen)	binds	to	IgE	an)bodies	
on	surface	of	mast	cell	

•  Mast	cell	releases	nasty	mediators	

•  End	result:	vessels	dilate,	smooth	muscle	
contracts,	inflamma)on	persists	

Type	I	Hypersensi)vity	



•  Allergen	is	inhaled/eaten/injected	

•  Allergen	s)mulates	TH2	produc)on		

•  TH2	cell	secretes	cytokines:	
•  IL-4	s)mulates	B	cells	to	make	IgE	
•  IL-5	recruits	eosinophils	
•  IL-13	s)mulates	mucous	secre)on	

•  Mast	cell	binds	IgE	

•  Allergen	bridges	IgE	on	mast	cell	

•  Mast	cell	degranulates	

Sequence	of	Events	







Mast	cells:	Normal	(le2)	and	degranulated	(right)	



•  Granule	contents	
•  histamine		
•  some	chemotac)c	factors	

•  Membrane	phospholipid	metabolites	
•  prostaglandin	D2	
•  leukotrienes		

•  Cytokines	
•  TNF	
•  interleukins	
•  IL-13	

What	nasty	stuff	do	mast	cells	release?	



•  Act	on	blood	vessels,	smooth	muscle,	and	WBCs.	

•  Immediate	response	(minutes)	
•  vasodila)on,	vascular	leakage,	smooth	muscle	spasm		
•  granule	contents,	prostaglandin,	leukotrienes	

•  Late	phase	reac)on	(hours)	
•  inflamma)on,	)ssue	destruc)on	
•  cytokines	

What	do	these	nasty	substances	do?	



•  Local	reac)ons	
•  skin:	itching,	hives	
•  GI:	diarrhea	
•  lung:	bronchoconstric)on	

•  Anaphylaxis	
•  itching,	hives,	erythema	
•  constric)on	of	bronchioles,	wheezing	
•  laryngeal	edema,	hoarseness,	obstruc)on	
•  vomi)ng,	cramps,	diarrhea	
•  shock	
•  DEATH	

What	happens	to	the	pa)ent?	









Hypersensi)vity	Reac)ons	Outline	

•  Introduc)on	
•  Type	I	Hypersensi)vity	
•  Type	II	Hypersensi)vity	



•  ANTIBODIES	

•  “An)body-mediated”	hypersensi)vity	

•  An)bodies	bind	to	an)gens	on	cell	surface	

•  Macrophages	eat	up	cells,	complement	gets	
ac)vated,	inflamma)on	comes	in	

•  End	result:	cells	die,	inflamma)on	harms	)ssue	

Type	II	Hypersensi)vity	



Disease	 An)gen	 Symptoms	

Autoimmune		
hemoly)c	anemia	

RBC	an)gens,	drugs	 Hemolysis	

Pemphigus	vulgaris	 Proteins	between	
epithelial	cells	 Bullae	

Goodpasture	
syndrome	

Proteins	in	glomeruli	
and	alveoli	

Nephri)s,	lung	
hemorrhage	

Myasthenia	gravis	 Acetylcholine	receptor	 Muscle	weakness	

Graves	disease	 TSH	receptor	 Hyperthyroidism	

Which	diseases	involve	type	II	hypersensi)vity?	



•  An)bodies	bind	to	cell-surface	an)gens	

•  One	of	three	things	happens:	
•  Opsoniza)on	and	phagocytosis	
•  Inflamma)on	
•  Cellular	dysfunc)on	

Sequence	of	Events	



Opsoniza)on	and	phagocytosis	



Inflamma)on	



Cellular	dysfunc)on	

Graves	disease	 Myasthenia	gravis	



Hypersensi)vity	Reac)ons	Outline	

•  Introduc)on	
•  Type	I	Hypersensi)vity	
•  Type	II	Hypersensi)vity	
•  Type	III	Hypersensi)vity	



•  IMMUNE	COMPLEXES	

•  “Immune	complex-mediated”	hypersensi)vity	

•  An)bodies	bind	to	an)gens,	forming	complexes	

•  Complexes	circulate,	get	stuck	in	vessels,	
s)mulate	inflamma)on	

•  End	result:	bad	inflamma)on,	necro)zing	
vasculi)s	

Type	III	Hypersensi)vity	



Disease	 An)gen	 Symptoms	

Systemic	lupus	
erythematosus	 Nuclear	an)gens	 Nephri)s,	skin	lesions,	

arthri)s…	

Post-streptococcal	
glomerulonephri)s	 Streptococcal	an)gen	 Nephri)s	

Polyarteri)s	nodosa	 Hepa))s	B	an)gen	 Systemic	vasculi)s	

Serum	sickness	 Foreign	proteins	 Arthri)s,	vasculi)s,	
nephri)s	

Arthus	reac)on	 Foreign	proteins	 Cutaneous	vasculi)s	

Which	diseases	involve	type	III	hypersensi)vity?	



•  Systemic	immune	complex	disease	
•  complexes	formed	in	circula)on		
•  deposited	in	several	organs	
•  example:	serum	sickness	

•  Local	immune	complex	disease	
•  complexes	formed	at	site	of	an)gen	
injec)on		

•  precipitated	at	injec)on	site	
•  example:	Arthus	reac)on	

Two	Kinds	of	Type	III	Hypersensi)vity	Reac)ons	



•  In	olden	days:	used	horse	serum	for	immuniza)on	

•  Inject	foreign	protein	(an)gen)	

•  An)bodies	are	made;	they	form	complexes	with	an)gens	

•  Complexes	lodge	in	kidney,	joints,	small	vessels	

•  Inflamma)on	causes	fever,	joint	pain,	proteinuria	

Serum	Sickness	



•  “Arthus	reac)on”	=	localized	area	of	skin	necrosis	
resul)ng	from	immune	complex	vasculi)s	

•  Inject	an)gen	into	skin	of	previously-immunized	person	

•  Pre-exis)ng	an)bodies	form	complexes	with	an)gen	

•  Complexes	precipitate	at	site	of	infec)on	

•  Inflamma)on	causes	edema,	hemorrhage,	ulcera)on	

Arthus	Reac)on	



•  Immune	complexes	ac)vate	complement,	which:	
•  airacts	and	ac)vates	neutrophils	and	monocytes	
•  makes	vessels	leaky	

•  Neutrophils	and	monocytes	release	bad	stuff	(PG,	
)ssue-dissolving	enzymes,	etc.)	

•  Immune	complexes	also	ac)vate	clojng,	causing	
microthrombi	

•  Outcomes:	vasculi)s,	glomerulonephri)s,	arthri)s,	
other	-i)ses	

How	do	the	complexes	cause	inflamma)on?	









Immune-complex-mediated	vasculi)s	



•  C3b:	promotes	phagocytosis	of	complexes	(and	bugs!)	

•  C3a,	C5a	(anaphylatoxins):	increase	permeability	

•  C5a:	chemotac)c	for	neutrophils,	monocytes	

•  C5-9:	membrane	damage	or	cytolysis	

What	complement	frac)ons	are	important	to	know?	



C5a	is	chemotac)c	



Hypersensi)vity	Reac)ons	Outline	

•  Introduc)on	
•  Type	I	Hypersensi)vity	
•  Type	II	Hypersensi)vity	
•  Type	III	Hypersensi)vity	
•  Type	IV	Hypersensi)vity	



•  T	CELLS	

•  “T-cell-mediated”	hypersensi)vity	

•  Ac)vated	T	cells	do	one	of	two	things:	
•  release	cytokines	that	ac)vate	macrophages,	or	
•  kill	cells	directly	

•  This	process	is	normally	useful	against	intracellular	
organisms	(viruses,	fungi,	parasites)	

•  Here,	it	causes	bad	stuff:	inflamma)on,	cell	
destruc)on,	granuloma	forma)on	

Type	IV	Hypersensi)vity	



•  Delayed-type	hypersensi)vity	(DTH)	
•  CD4+	T	cells	secrete	cytokines	
•  macrophages	come	and	kill	cells	

•  Direct	cell	cytotoxicity	
•  CD8+	T	cells	kill	targeted	cells	

Two	Kinds	of	Type	IV	Hypersensi)vity	



•  Pa)ent	exposed	to	an)gen	
•  APC	presents	an)gen	to	CD4+	T	cell	
•  T	cells	differen)ate	into	effector	and	memory	TH1	cells	

•  Pa)ent	exposed	to	an)gen	again	
•  TH1	cells	come	to	site	of	an)gen	exposure	
•  Release	cytokines	that	ac)vate	macrophages,	increase	
inflamma)on	

•  Results	
•  Macrophages	eat	an)gen	(good)	
•  Lots	of	inflamma)on	and	)ssue	damage	(bad)	

Delayed-Type	Hypersensi)vity	





Delayed-Type	Hypersensi)vity	(DTH)	



Perivascular	cuffing	by	CD4+	cells	



•  Good	example	of	DTH:	posi)ve	Mantoux	test	

•  Pa)ent	previously	exposed	to	TB	

•  Inject	(inac)ve)	TB	an)gen	into	skin	

•  See	reddening,	indura)on.	Peaks	in	1-3	days	

Delayed-Type	Hypersensi)vity	



•  CD8+	T	cells	recognize	an)gens	on	the	surface	of	cells	

•  T	cells	differen)ate	into	cytotoxic	T	lymphocytes	(CTLs)	
which	kill	an)gen-bearing	cells	

•  CTLs	normally	kill	viruses	and	tumor	cells	

•  In	T-cell	mediated	cytotoxicity,	CTLs	kill	other	things:	
•  Transplanted	organ	cells	
•  Pancrea)c	islet	cells	(Type	I	diabetes)	

T-Cell	Mediated	Cytotoxicity	



T-Cell-Mediated	Cytotoxicity	



Type	I	
•  Allergy	
•  TH2	cells,	IgE	on	mast	cells,	nasty	mediators	

Type	II	
•  An)bodies	
•  Opsoniza)on,	complement	ac)va)on,	or	cell	dysfunc)on	

Type	III	
•  Immune	complexes	
•  Lodge,	cause	inflamma)on,	)ssue	injury	

Type	IV	
•  CD4+	or	CD8+	T	cells	
•  DTH	or	T-cell-mediated	cytotoxicity	

Summary	


