Therapy for Immediate Hypersensitivity Reactions
Targeted steps of immediate allergic hypersensitivity

The TH2 lymphocyte

These cells promote the production of IgE and the recruitment of eosinophils and basophils via  
IL4 and IL13.  IL4 also promotes differentiation of T cells into TH2 cells.  Strategies to 
interfere with the development or activation of TH2 cells include:
--inhibiting IL4, which is required for the development of TH2 cells, using antibodies or soluble 
receptors of IL4.

--exposure to stimuli that promote TH1 phenotype, such as immunostimulatory motifs in 
bacterial DNA.  This is also the idea behind allergen immunotherapy, which tends to 
suppress TH2 and promote TH1.

Production of IgE by B-lymphocytes
IgE is absolutely required for immediate hypersensitivity reactions.  In addition to IL4 and IL13, 
a direct interaction of T and B cells via CD40 and CD40-ligand is required for IgE 
production.  However, targeting this interaction may lead to non-specific 
hypogammaglobulinemia.
Allergen immunotherapy and local glucocorticosteroids suppress IgE antibodies.
Diffusion and binding of IgE to mast cells and basophils
The amount of circulating IgE controls the number of IgE receptors expressed on mast cells and 
basophils.  Thus, the effect of reducing free IgE is multiplied by a concomitant reduction 
of receptors.  Strategies to reduce IgE include:
--anti-IgE antibodies

--antagonists of the IgE receptor binding site
Cross-bridging of IgE and release of mediators  (Nedocromil, Cromolyn, Zileuton)
--mast cells and basophils are activated by drops in cAMP.  Thus, increasing cAMP can inhibit 
their activation.  Drugs that do this include beta-adrenergic agonists and theophylline.
--inhibiting the release of mediators is best achieved with cromone drugs such as cromolyn and 
nedocromil.  However, their primary effect is to antagonize histamine at the H1 receptor.
--inhibition of 5-lipoxygenase, which converts arachidonic acid into leukotrienes.  The primary    
5-lipoxygenase inhibitor is zileuton.
--production of IgG antibodies as blocking antibodies that bind antigen before it gets to mast 
cells.  This is another part of the rationale for allergen immunotherapy.
Effect of mediators on target organs
For example, histamine stimulates H1 receptors, causing pruritus, sneezing, vasodilation 
(congestion), and rhinorrhea.  Sulfidopeptide leukotrienes cause direct glandular 
activation, vasodilation, and airway smooth muscle constriction.  To block all these 
effects, we can use receptor or functional antagonists.  Receptor antagonists include:
--Antihistamines are antagonists of the H1 receptor.  Effective at reducing pruritus, sneezing, 
rhinorrhea, vasodilation, vasopermeability.  However, they are weak decongestants and 
bronchodilators during allergic reactions, because leukotrienes are also powerful, and 
because histamine acts at H2 and H3 receptors.  Leukotrienes are 1000x more potent than 
histamine in inducing airway smooth muscle constriction.
--Leukotriene receptor antagonists include zafirlukast and montelukast.  Their major effect is 
against airway smooth muscle constriction.  Not very effective against nasal symptoms.
Functional antagonists act against the symptoms such as vascular dilation, gland secretion, and 
airway smooth muscle contraction.  Functional antagonists include:

--Alpha-adrenergic agonists contract vascular smooth muscle and cause vasoconstriction.  These 
decongest nasal mucosa well and are used with antihistamines.  Side effects are 
stimulation of the CNS, causing insomnia, tachycardia, and increased blood pressure.

--Beta-adrenergic agonists relax the airway smooth muscle, and are the classic inhaler drugs for 
asthma.
--Ipratropium bromide and atropine are antagonists of ACh at muscarinic receptors.  These 
inhibit activation of the submucosal glands by the parasympathetic system.  They also 
relax airway smooth muscle.
Mast cells and other resident cells release cytokines
These cells reside in respiratory mucosa and skin.

--Glucocorticosteroids inhibit these cells from releasing cytokines that act on endothelium and 
which recruit eosinophils and basophils.  So these help nip the allergic reaction in the 
bud, and are the most effective anti-inflammatory drugs.  Often used topically.
--Allergen immunotherapy and allergen vaccines treat allergic rhinitis and hymenoptera 
allergies, but not food allergies.  Therapy desensitizes the allergic response by building 
up to large doses of allergen.  Mechanism may be to downregulate TH2 cells or to 
upregulate IgG that serve as “blocking antibodies.”
Steps in the development of an allergic disease

1.  Uptake of antigen by antigen presenting cell

2.  Antigen presenting cell interacts with T cell

3.  T cell differentiates into TH1 and TH2 types

4.  T cell activates Be cell, which secretes IgE

5.  IgE binds high affinity receptors

6.  Mast cells and basophils are activated and degranulate

7.  Released mediators affect blood vessels, nerves, glands, smooth muscle

8.  Leukocytes such as eosinophils are recruited and activated, causing short-term inflammation

9.  Activation of tissue repair mechanisms stimulates long-term inflammation

	Target
	Description of theoretical therapeutic strategy
	Currently available therapy?

	TH (undifferentiated) to TH2
	Inhibit IL-4 which stimulates IgE production

Give cytokines that turn off the TH2 response (IL-12, IFN). Co-stimulation to turn-off TH2 response (bacterial immunostimulatory DNA motifs shift it to TH1)
	No; although allergy immunotherapy may suppress TH2 response 

	IL-4 and IL-13 driven B cell production of IgE
	Antagonize cytokines**

Give cytokines that are functional antagonists

Eliminated IgE specific B cells
	No; allergy immuno- therapy and local steroids suppress IgE production 

	IgE interaction with its receptors
	Block interaction with an antibody against the portion of IgE that binds to the receptor

Use a peptide or non-peptide antagonist to the receptor
	Humanized monoclonal Ab against receptor-binding site  of IgE (omalizumab)

	Crosslinking of IgE by allergen followed by signal transduction and release of mediators
	Increasing intracellular cyclic AMP has anti-release effects 

Inhibit mediator release from basophils and mast cells
Inhibit mediator release from basophils
Inhibit production of mediators, specifically leukotrienes


	-adrenergic receptor agonists, theophylline

(clinical concentrations are too low for this effect to be significant)

Antihistamines, tricyclic anti-depressants, cromones: cromolyn, nedocromil

glucocorticosteroids

5-LO (lipoxygenase) inhibitor: zileuton

	Mediator effects on target organs:
	Anti-histamines antagonize the H1 receptor (pruritus, sneezing, rhinorrhea, plasma extravasation)

Leukotriene (cysLT-1) receptor antagonists (vascular permeability, vasodilation, airway smooth muscle constriction)

[may also be anti-inflammatory by inhibiting influx of eosinophils]

Functional antagonism of the effects of mediators:

-vasoconstriction and contract vascular smooth muscle

-competitive antagonist of Ach, inhibit rhinorrhea

(also, bronchodilation)

-increase cyclic AMP and relax airway smooth muscle (bronchodilator)
	many available

(old-sedating, new-nonsedating)

zafirlukast, montelukast

pranlukast (not in US)

-- adrenergic agonists

(decongestants)

- ipatropium bromide and atropine

--adrenergic agonists

	Release of cytokines by leukocytes
	inhibition of release 


	glucocorticosteroids



	Leukocyte influx
	Antagonize adhesion molecules and chemokines
	glucocorticosteroids

	Tissue repair/ scarring
	“airway remodeling”
	No


