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Week 6
Allergies



Questions and Loose Ends

• Is it good for kids to be exposed to dirt?









Atopy

What atopy means?


Atopy: The genetic tendency to develop the classic allergic diseases -- atopic dermatitis, allergic rhinitis (hay fever), and 
asthma. Atopy involves the capacity to produce IgE in response to common environmental proteins such as house dustmite, 
grass pollen, and food allergens.Mar 29, 2021


Medical Definition of Atopy - MedicineNet

https://www.medicinenet.com › atopy › definiti


•https://www.google.com/search?
q=pronounce+atopy&oq=pronounce+atopy&aqs=chrome.0.69i59.4344j0j4&sourceid=chrome&ie=UTF-8

https://www.medicinenet.com/atopy/definition.htm
https://www.medicinenet.com/atopy/definition.htm
https://www.medicinenet.com/atopy/definition.htm


Review

• Variations in Fc region of antibodies determine effector function (Fc receptors)


• Multiple Signals to Activate T cells:


• First signal for T cell activation: peptide/MHC binding to TCR


• Second signal: costimulation through binding of B7 to CD28 on T cell


• Third signal: cytokines secreted by APC direct differentiation of Helper T 
cells



Antibody Structure (Immunoglobulin)
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Constant Region

• Constant from antibody to antibody, but there are several different “classes” or 
“isotypes”


• IgM, IgG, IgA, IgE


• As B cell is activated, the secreted antibody may change class


• The class determines the Effector Mechanism, and is specific to a given species


• If you inject a mouse IgG antibody into a donkey, the donkey will make antibodies that 
bind to all mouse IgG antibodies; useful for research. Humans will also make antibodies 
against mouse IgG, neutralizing the therapeutic antibody, problematic for therapies


• Therapeutic antibodies are now “humanized” before being injected into people



Different Constant Regions (Isotypes)
These are called Isotypes, IgM, IgD, IgE, IgG, IgA, have different functions
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anti-CD8 (made in Rat)

anti-Rat (made in Donkey), 
!uoresces green



CD8 cells in ID8KO tumor, CD45.1 donorCD8 cells in ID8KO tumor, C57 donor



Costimulation

• Activation	sets	in	motion	mechanisms	to	end	
the	T	cell	response:		CD28	then	CTLA-4



Engagement	of	CTLA-4	shuts	down	T	
cell	activation


A) Once	activated	T	cells	begin	to	express	
CTLA-4	which	competitively	prevents	
CD28	binding	to	B7.


B)	Following	binding	to	B7,	the	ITIM	motif	
of	CTLA-4	associates	with	phosphatases	
resulting	in	dephosphorylation	of	the	
CD3	complex	and	subsequent	
inactivation	of	TCR-dependent	signaling	
pathways.	


This	reduces	T-cell	receptor	(TCR)-
dependent	activation	of	transcription	
factors	NF-kB,	AP-1	and	NF-AT.


This	results	in	decreased	cytokine	
production	by	T	cells	and	cell-cycle	
arrest.



Signal	Three

Cytokines	provide	a	Signal	Three	that	prolongs	
survival	(IL-12	for	CD8+	T	cells,	and	IL-1	for	
CD4+	T	cells)	and	determines	differentiation.	
Differentiation	of	CD4+	T	cells	goes	in	one	of	
several	different	paths,	suited	to	different	
pathogens.



Differentiation	to	a	particular	TH	cell	type	is	influenced	by	the	DC	type,	innate	
immune	sensing/response,	and	local	cytokines	(tissue	type	infected).

Type	of	Stimulus

Local	Cytokines



Allergies start with TH2 T cells acting on B cells

• IL-4 from APC promotes TH2 differentiation and IL-4 from TH2 cells promotes 
class switching of antibodies to IgE by B cells


• Proposed physiological function is defense against parasites like worms


• IgE allows triggering of mast cells by antigen


•



Differentiation	to	a	particular	TH	cell	type	is	influenced	by	the	DC	type,	innate	
immune	sensing/response,	and	local	cytokines	(tissue	type	infected).

Type	of	Stimulus

Local	Cytokines



•Represent over-reactions of the immune system 


•Can be directed against environmental, medically introduced, or even 
self antigens


•Most often refers to reactions against harmless environmental 
antigens (also called allergens)


•The term “Allergy” means ‘altered reactivity’

Allergies are a type of Hypersensitivity Reaction:



Classification of hypersensitivity reactions.





Autosomal-dominant Compelling Helio-Ophthalmic Outburst syndrome, or, of course, ACHOO.



Dust	Mites


•		Ugly	cousins	of	spiders

•		Survive	on	flakes	of	human	skin

•		Adult	sheds	enough	skin	each	day	to	feed	a	million	dust	mites

•		Protein	in	waste	of	mite	is	allergen

•		Cysteine	protease,	Der	p1



Ragweed


•		Named	for	the	ragged	shape	of	its	leaves

•		Most	common	plant	allergen

•		A	single	plant	can	produce	a	million	grains	of	pollen	in	a	single	day

•		A	billion	grains	during	its	growing	season



Grass	Pollen


•		Grasses	rely	on	the	wind	to	spread	their	pollen

•		Of	the	1,200	or	so	species	of	grass	in	North	America,	

	 	 only	about	20	cause	allergic	reactions



Tree	Pollen


•		Of	the	650	trees	native	to	the	U.S.,	

	 the	pollens	of	about	100	are	allergens	



Mold


•		Like	mildew,	are	fungi;	reproduce	by	releasing	spores	into	atmosphere

•		Allergies	to	mold	are	most	common	in	midsummer	to	fall,	triggered	by	

	 molds	that	grow	on	rotting	logs,	falling	leaves	and	composts	piles

•		However,	mold	allergy	symptoms	can	occur	year-round	due	to	molds	

	 that	grow	inside	bathrooms,	kitchens	and	basements	




Animal	Dander


•		Allergens	are	actually	proteins	secreted	by	oil	glands	in	the	pet's	skin	

	 and	shed	in	its	dander

•		Proteins	in	saliva	and	urine	are	also	potent	allergens



6% of children

2% of adults

0.25 mm long

Peptide sequences are known



Sensitization stage of immediate hypersensitivity reaction

IL-4





Mast Cell Granules
contain

• histamine


• serotonin


• Tumor Necrosis Factor


• Lipid mediators like prostaglandins and leukotrienes





Figure 12-11

The effects of mast cell degranulation depend upon the tissue that has been 
exposed to allergen.



Sneezing increases ciliary beat frequency



Bronchial constriction in lower airways traps air which makes expiration of air 
difficult (trapped air).

Asthma is a chronic condition with lung damage

Asthma is dominated by presence of T cells (Th2 type).

Both acute and a chronic responses contribute to asthma



Circulating	Antigen:	Anaphylaxis

• Injected,	insect	bites,	high	levels	of	antigen	via	other	routes	

• Systemic	response	of	IgE	cross	linking	receptors	on	connective	

tissue	mast	cells	and	circulating	basophils

• Systemic	antigen,	like	bee	sting





Treatment of Allergy

Inhibit leukotriene synthesis



Figure 10-20

Anaphylactic reactions are treated with epinephrine

Epinephrine acts at β2-adrenergic receptors to stimulate vascular 
smooth muscle contraction which raises blood pressure. Also relaxes 
constricted bronchial smooth muscle and stimulates the heart.

Patients prone to these reactions carry an “Epi-Pen”

Albuterol, also a B2-adrenergic reagent can be inhaled

Epinephrine also used to treat “anaphylactoid” reactions caused by non-
immune mediated mast cell activation (certain drugs/chemicals)



Immediate Hypersensitivity

• Involves a sensitization stage in which IgE is generated 
against the antigen (allergen)


• IgE binds to the receptor FcεR1 expressed by mast cells and 
activated eosinophils


• Binding of antigen to IgE causes cross-linking of associated 
FcεR1 which triggers release of inflammatory mediators from 
granules.


• Reaction is immediate and often widespread as mast cells are 
resident in mucosal and epithelial surfaces lining the body.


• This reaction exists to mediate host defense against helminth 
(worm) infections




Mast Cell Activation



Clinical and pathologic presentation of allergy

and bronchial smooth muscle contraction



Mast Cell Activation



Food	allergy

• 6%	of	children,	2%	of	US	adults

• Leading	cause	of	anaphylaxis	outside	of	
hospitals,	30,000	ER	cases	per	year


• May	lead	to	IgE	or	cell	mediated	responses,	
and	be	expressed	at	any	of	atopic	sites	(gut,	
skin,	bronchi,	systemic)


• Gut	largest	immunologic	organ	





Food	Allergy

• Maybe	inflated	danger	claims:		Food	Allergy	and	Anaphylaxis	
Network	(supported	by	maker	of	EpiPen	adrenaline	injector)	
claims	food	allergy	kills	150-200	people	per	year	in	US,	but	
CDC	number	for	confirmed	cases	is	10-20



Ingested	Antigen

• Food	allergy	(there	are	non-allergy	food	
intolerances,	such	as	lactose	intolerance)


• Local	or	systemic	responses	(antigen	absorbed	
and	distributed	by	circulation)	can	produce	
skin	responses





Gene-Environment	Interactions

• Twin	studies	support	genetic	role	
(monozygotic	twins	compared	to	dizygotic	
twins),	as	do	SNPs	via	23	and	Me


• E.g.,	one	environmental	factor	is	endotoxin	
(LPS)	exposure	(related	to	hygiene	
hypothesis)


• Endotoxin	acts	via	TLR-4	and	CD14	(binds	
LPS	and	LPS	binding	protein)


• Polymorphisms	in	promoter	for	CD14	gene	
related	to	asthma





…Gene-Environment	Interactions

• CD14	promoter	polymorphism	T:		houses	with	
low	endotoxin,	polymorphism	is	protective	for	
asthma


• But,	in	houses	with	high	endotoxin	levels,	this	
polymorphism	is	associated	with	higher	
asthma	incidence

Steinke, ‘08



Allergy	Therapies

• Symptomatic:		antihistamine,	adrenaline,	corticosteroid,	
anti-leukotrienene,	cromolyn	(stabilizes	mast	cell	granules)


• Desensitization	with	protein	or	peptide	antigens,	with	or	
without	adjuvant	(adjuvant	may	shift	to	Th1).	
Desensitization	may	also	generate	IgG	antibodies	that	
prevent	allergic	antigen	from	reaching	IgE	coated	mast	cells


• Anti-IgE	antibodies





Maternal	factors

• Transplacental	and	lactating	exchange	of	antibodies

• Mice:		maternal	exposure	of	peanut	allergic	moms	to	
low	dose	peanut	reduced	response	of	offspring	to	
peanut	and	altered	IgG2a	to	IgG1


• Airborne	exposure	of	mom	to	allergen	(OVA)	who	
nursed	pups	reduced	allergic	airway	responses	in	
offspring


• Exposure	of	mom	mice	to	bacteria	isolated	from	
cowsheds	reduced	allergic	responses	in	offspring	and	
induced	DCs	with	Th1	biasing	properties



Inhaled	Antigen

• Allergic	rhinitis	for	upper	respiratory	tract

• Asthma	for	lower	respiratory	tract

• Chronic	response	leads	to	destruction	of	
epithelium	and	nonspecific	inflammation	to	
other	irritants



Desensitization	and	Redirection

• Low	doses	of	allergic	peptides

• Traditionally	s.c.,	but	recent	trials	with	sublingual	
route	to	employ	mechanisms	of	oral	tolerance


– Grazax	in	Europe	for	grass	hay	fever

• New	adjuvants	like	CpG	DNA	(TLR9	ligand)	promote	
TH1	response


• Induces	Tregs	and	IgG	secreting	B	cells	r/t	IgE

• Treatment	with	helminths	may	shift	helper	T	cell	
phenotype



Fel d 1 by RNAi



aka Lifestyle Pets

• claiming to use gene silencing, RNAi, to reduce expression of Fel d 1, main 
cat allergen protein


• Time Magazine Invention of the Year for 2006


• prices ranged from $7,000 to $29,000


• ABC News did expose, stated Allerca cats no less allergenic than ordinary 
cats


