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Abstract


Asthma is a chronic lung disease that affects over millions of individuals around the world. Over the past 20 to 30 years, this respiratory disease has been rising among individuals in America. This chronic lung disease is caused by an inflammation in the lungs that creates a constriction in the airways of the lungs. The inflammation is caused by the antibody IgE, which is an antibody that is prevalent in allergic reactions, and is highly abundant in an asthma individual’s blood. The increased levels in IgE caused recruitment of cells to contribute to this inflammation in the lungs, causing asthma individuals to cough, wheeze, and have chest tightness whenever these cells are active. Therapies used today to treat asthma include simple symptoms treaters that ease the symptom, while others are disease modifying agents. Other researches are currently going on to help provide a better future in treating asthma, such as research on monoclonal antibodies, new techniques on immunotherapy, and gene recombination. 
Introduction 
Background

Becoming the number one chronic disease in children, and the number three chronic disease in the general population, asthma is estimated to affect as many as 21.5 million Americans (Lieberman 1999). It is a chronic lung disease that is increasing in frequency in millions of individuals around the world. From children to adults, this respiratory disease has increased incidences in children and young adults over the past 20 and 30 years, bringing upon many admissions and deaths in hospitals today.

Asthma is a chronic inflammatory disease in the lungs that causes a constriction in the airways in which many cells take part in contributing to the inflammation. Such cells are mast cells, eosinophils, macrophages, T-lymphocytes, neutrophils, and epithelial cells. The inflammation contributed from these cells cause asthma individuals to suffer from wheezing, coughing, chest tightness, and breathlessness, which is associated with air flow obstruction in the lungs and even bronchial hyperresponsiveness (Lieberman 1999).  In this paper the history, diagnoses, future treatments, and mechanisms of asthma will be discussed. 
History

Asthma was first defined by Sir William Osler in the late 1800s as a “special form of inflammation of the small bronchioles” (Lieberman 1999). From that time period until the 1980s, the inflammation process of asthma was forgotten, and asthma was only understood as an abnormality in the smooth muscle surrounding the bronchi (Lieberman). In 1962, the American Thoracic Society defined asthma as a disease that was “characterized by an increased responsiveness of the trachea and bronchi…and manifested by widespread narrowing of the airways that changes in severity…” This definition was rejected by the participants of the CIBA foundation, which is a scientific and educational charity now known as the Novartis foundation. In 1986, the American Thoracic Society tried to define asthma again, as an “infiltration in the lung by inflammatory cells”. That definition of asthma was never truly accepted until 1991 by the National Institutes of Health, when they defined asthma as a lung disease that held certain characteristics such as airway obstruction that is reversible, airway inflammation, and increased airway responsiveness to a variety of stimuli (Lieberman 1999). 
Diagnosis


When a patient is admitted with a possible diagnosis of having asthma, a physician first administers his physical examination. He listens to the lungs with the stethoscope, and may then order x-rays to rule out breathing problems that could be due to other factors other than asthma. After this, physicians then assess the degree of air flow in the bronchial tubes through two techniques, one by taking the peak flow rate, in which a patient a home uses a portable device known as the peak flow meter, and the other technique by using a spirometry at the physician’s office, which also measure the peak flow rate, but gives more accurate information by measuring the maximal volume of air that the patient is able to expire (Price et. al, 2004). 
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Figure 1. - The Spirometer (Indiana University, 1998) 
Physicians also order lab work that consists of an eosinophil count of the blood, which helps the physician evaluate the activity of the illness. The greater amount of eosinophils there are, the more severe the asthma is (Lieberman, 1999). A methacholine or histamine challenge test can also be administered to patients who are considered to have asthma by having the patient inhale histamine or metacholine, which causes the patient to have shortness of breath if he or she has asthma due to the contraction of the muscles. This contraction of the muscles is also known as bronchial hyperresponsiveness (Lieberman, 1999). If no reaction occurs from the inhalation, the patient is not diagnosed with asthma. 
Physicians may also do an allergy test through a skin test or a blood test. In the skin test, the skin is pricked at the forearm and allergen is then placed underneath the skin. If the patient has asthma, the patient’s arm results in itchiness, redness, and swelling on the skin within 15 minutes (Price et. al, 2004). In the allergy blood test, the affixation of allergen to a solid surface, such as a test tube, is incubated, and is then washed off to see if IgE has bound to the allergen. Next, an antibody against human IgE is then added to bind to the IgE, activating the indicator system, which usually would be based on the activity of an enzyme that produces a color change. If antibody binds to the IgE, a color change would be produced when a substrate is added. However intense the color change is reflects how much IgE is in the patient’s blood. 
Future Treatments

Future treatments in asthma consist of many new advances that may provide better therapy in treating asthma. Improvements in immunotherapy have been made to prevent asthma from happening. One form of immunotherapy is gene vaccination, where recombination occurs by combining a gene from a plant that produces an allergen with a plasmid, and injecting the recombinant plasmid into an animal that would result in an “immunization” profile, by shifting from a TH2 to a TH1 profile (Lieberman 1999). 

Peptide immunotherapy is another promising method that uses new technology in developing small epitope peptides to inject into an individual, which would cause tolerance to allergens by having the small peptides escape from antigen-presenting cells, and go directly to a T-cell where tolerance is induced (Lieberman 1999). 
Body

What happens in the lung?

Asthma is a disease the affects the lung. First of all, to understand how asthma affects the lung, we must first understand the anatomy of the lung. The lung consists of a trachea, which is the trunk of the lung that divides into bronchioles, in which consists of alveoli at each end. 
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Figure 2. - Anatomy of the lung (MedicineNet, 2002)
Asthma causes the narrowing of the bronchial tubes which causes wheezing, coughing, and shortness of breath. This is all due to the factors of the constriction of the muscles that surround the tube, thickening of the bronchus wall, excess production of mucus, and swelling of the bronchial tube’s endothelium, which can be seen in Figure3. 

[image: image3]
Figure 3. Inflamed bronchial tube vs. normal bronchial tube

(AAAAI Public Education Committee, 2002)
Relationship of allergy to asthma
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Figure 4. Once chemical mediators are released from the mast cell, an early response is triggered by causing bronchospasm, edema, or airflow obstruction, while a late response causes airway inflammation and airway hyperresponsiveness. (Massachusetts Medical Society, 2001) 
An allergic reaction has two phases, a sensitization phase and an effector phase, which requires three components, the allergen, the allergic antibody (IgE), and the mast cell (Figure 4). In the sensitization phase, the initial exposure of the allergen causes the plasma B cells to secrete IgE. The IgE then travels through the bloodstream, which then attaches itself to mast cells that line the respiratory tract. In the effector phase, the mast cell and antibody complex end up binding to the allergen. This results with degranulation, in which the mast cell releases its inner components of its cell, releasing contents that cause an allergic reaction. The reaction following the effector phase is the immediate response phase, which occurs five to thirty minutes after exposure to the allergen. The muscles of the lung start to contract, causing an increase in mucus production and increase in the permeability of the wall vessels of the lung for mucus to seep into the tissue, resulting in cough from irritating the lung’s nerves. This phase, also called the early phase, may resolve over two to three hours (Wolf 2004). Following the immediate phase is the late phase, which occurs two to six hours after the previous phase. Lead by the eosinophil, a swarm of cells invade the lung, causing the mast cells to degranulate and release chemical mediators, damaging the lung, causing wheezing and shortness of breath. This phase typically lasts about 2-4 days (Wolf 2004).
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Figure 5. – The immediate and late phase reactions. The immediate phase occurs within 5-30 minutes after its exposure to antigen, causing the mast cells to release chemical mediators on the muscle, blood vessels, mucus glands, and nerves of the bronchioles. In the plate phase that occurs 2-6 hours after the immediate phase, an army of eosinophils invade the lung, producing inflammation, thus causing wheezing and shortness of breath. (Lieberman, 1999)

Cells that cause inflammation


The inflammation of the lung is caused by the lymphocytes, eosinophils, mast cells, epithelial cells, fibroblast, macrophages, and neutrophils. The activities of these cells will be discussed later. B-lymphocytes are cells that produce antibodies that aide the immune system in helping to protect our bodies from certain illnesses. One antibody that is produced by the B-lymphocyte is IgE, which is an allergic antibody that causes allergies. In order for these B-lymphocytes to work and know how much antibodies to make, they must receive signals from T-lymphocytes. T-lymphocytes are divided into two groups, suppressor/cytoxic T cells and helper T cells. The helper T cells consist of two classes, which are TH1 and TH2, in which they enhance immune response. TH1 cells defend against intracellular infections, whereas TH2 cells defend against other organisms such as parasite. An abundance of TH2 response can trigger allergic asthma that results in the overproduction of IgE, the allergic antibody. These helper cells produce cytokines, which are proteins that have an effect on other cells in the immune system. TH1 produces the cytokine IL-2, which aid in defense against infection and intracellular organisms, whereas TH2 cells produce the cytokines IL-4, IL-5, IL-10 and IL-13, which help kill parasites that are involved with respiratory allergies. 
[image: image6.jpg]* Alrgen
anC
3
@
. @
v (

Expansion. - Histarine
Lis Lpid meciators
T2 e i Enzymes
Cytoines
ey Chemokines
s 13
< Gucse
3
Recrutment Basic roteins
+ actvaton . Enymes
- Lipd medisors
Cytokines
Chemoines

Eosinophil




Figure 6. – The role of allergy in the development of asthma

(Price et. al, 2004)
Frequent uses of vaccination and antibiotics, or increased indoor activity in developed countries causes an overproduction of TH2, making the immune system more reactive to any foreign substance entering the body, such as pollen, causing more allergic reactions. Overproduction of TH2 can also be due to a cleaner environment, since there are fewer antigens for the immune system to work on (TH1 system), causing the immune system to be weaker. This results in an overabundance of cytokines, which causes an increase in the production of IgE. Children who live in environments that expose them to more infectious, endogenous, and environmental antigens, such as a farm, report lower prevalence of allergies and have more protection against allergic disease, thus causing the immune system to shift towards healthy TH1/TH2 balance (Price et. al, 2004). 
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Figure 7. – The impact of genetic and environmental factors on TH1/TH2 balance in asthma 

An increase in TH2 may shift toward the development of asthma, while a balance in TH1 and TH2 suggest a “healthy” immune system (Price et. al, 2004)
A recent study in mice has observed that by introducing parasitic worm infections into mice, such as an intestinal helminth, a decrease in airway inflammation and TH2 cytokine production resulted after its exposure to inhaled allergens, when compared to uninfected mice (Van Epps 2005). This signifies that parasitic infections can suppress allergic responses, since it causes a shift toward the TH1 system. The TH2 system was strengthened from its exposure to these parasites, since it had something to fight, causing the immune system to be more tolerant to allergens.
Activity of Cells

In an asthmatic individual, eosinophils act as major effector cells that damage the lungs once they enter by releasing toxic substances, causing damage to the bronchial tree. One of the cells types that is the primary cause of asthma is the mast cell, which releases chemicals that can cause various effects in the lungs once it is attached to IgE. These chemicals include histamine, leukotrienes, kallikreines platelet activating factor, and others. These mediators cause the constriction of the smooth muscle that surrounds the bronchi, leakage of the serum that comes from the lungs into the bronchi, and an increased population of lymphocytes and eosinophils into the lungs. The result from the release of these chemicals from the mast cells cause wheezing, coughing, and shortness of breath in the individual.  
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Figure 8. - Submucosal inflammation consisting of eosinophils and lymphocytes. (Cardio control, 2005)
Epithelial cells are cells that line organs, such as the breathing tubes, and secrete substances that can activate other cells, such as the fibroblasts. Fibroblasts are cells that are involved in producing tissue such as ground substances to help repair wounds. However, if the fibroblasts become overactive, they can cause tissue scarring. Macrophages on the other hand, are cells that are involved in engulfing foreign material and destroying them after ingestion. From this process, macrophages produce chemicals such as leukotrienes that activate the inflammatory response, causing a constriction in the smooth muscle that surrounds the bronchi. There has been evidence that macrophages are hyperactive in patients with asthma (Lieberman, 1999).
Triggers of Asthma


Asthma can be triggered by many factors other than allergy triggers. Such triggers include upper respiratory tract infections, cold air, exercise, irritants such as cigarette smoke, air pollution, perfumes, aerosols, associated medical conditions, and medications such as NSAIDs (Wolf 2004). Exercise causes an asthma individual’s bronchial tubes to contract during the end of exercise. The more vigorous the exercise is, the more constriction occurs in the bronchial tubes (Lieberman 1999). This is due to hyperventilation. Irritants such as cigarette smoke and air pollution obviously lower pulmonary functions, aggravating asthma. Irritants stimulate the lung’s nerves by sending a message to the brain, resulting in the contraction of the bronchi, causing a narrowing of the airway (Figure 9).  
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Figure 9. The broncho-constrictive reflex. 

(Lieberman, 1999)
Asthma Treatments


Asthma therapy is classified under three main categories, environmental controls, allergen immunotherapy, and symptomatic controls. The first category is based on therapy that uses environmental control, which can be done by avoiding allergens such as house dust mites, grass pollen, indoor pets, and feathers and down (Lieberman 1999). The second category uses allergen immunotherapy, where allergens are injected gradually, increasing the doses each time until the immune response to the allergen is altered, and tolerance to the inhalation is reached. (Figure 10).  


[image: image10]
Figure 10. – Allergen Immunotherapy (Lieberman, 1999)
The third category is symptomatic control with medication, which uses agents to simply make an asthmatic feel better by controlling the inflammation and preventing the lung from being permanently damaged. Such symptom treaters are beta-adrenergic drugs such as albuterol, bitolterol, and salmeterol (Lieberman 1999). These drugs are typically used as an inhaler during an asthma attack. Other symptom treaters are theophylline, which is used as a bronchodilating agent to relax smooth muscles that surround the bronchial tubes, causing them to dilate. Another symptom treater is ipatropium (Atrovent), which is an anticholinertic drug that blocks the activity of the vagus nerve that plays a role in producing chronic constant contractions of the smooth muscle in the lung, thus reducing the amount of constant chronic muscle contraction (Lieberman 1999). From the symptomatic control category comes disease modifiers, where the disease of asthma can be modified along with controlling the symptoms. An example of a disease modifier are corticosteroids, which are beneficial in treating asthma by reducing inflammation in the airways, and preventing inflammation from developing when asthma is triggered. Cromolyns are another set of drugs that affects inflammation by having modest bronchodilating activity. Through studies, the efficacy of corticosteroids has also shown improvement in lung function by decreasing airway hyper-responsiveness when responded to triggers (Price et. al, 2004). Anti-leukotrienes are another category of treatment that selectively blocks the leukotrienes cysLT1 receptor to inhibit the bronchoconstrictive and inflammatory effects of the leukotrienes (Price et. al, 2004). These drugs inhibit leukotriene production which results in bronchodilation, decrease in mucus secretion and eosinophil influx into the lung. The effects of theses certain drugs in the bronchial tubes can be referred to the figure below.
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Figure 11. The effects of various medications on the bronchial tubes. 

The most current disease modifying treatment is Omalizumab (Xolair), which is the first humanized therapeutic antibody to treat asthma. This therapy is only used for asthma patients who have persistent, moderate to severe activity of asthma. Xolair consists of monoclonal antibodies that bind to IgE on the surface of mast cells and eosinophils, reducing mast cells’ and eosinophils’ ability to release allergy inducing chemicals (eMedicine).

Summary


Inflammation is seen as a main factor in the cause of asthma. The antibody that is the main cause of the inflammation is IgE, which is the antibody that is found during allergic reactions. IgE attaches itself to the mast cell, and causes the mast cell to release certain chemicals such as histamine, that triggers an allergic reaction that causes a contraction of the bronchial smooth muscles. Eosinophils, macrophages, T-lymphocytes, neutrophils, and epithelial cells are also other cells that contribute to the inflammation of the lungs in asthma individuals. Non-allergy triggers also take part in starting an allergy reaction. Such triggers are cold air, exercise, or even irritants such as air pollution, cigarette smoke, or aerosols. Many kinds of therapy are being used to treat asthma. Such treatments are medications that control inflammation, or disease modifying agents such as corticosteroids, environmental control, immunotherapy, that prevent inflammation from happening. Many researchers are now being done to provide a better future in providing new therapies in treating asthma. Monoclonal antibodies against IgE and gene vaccination are currently being researched to stop the inflammation in allergy patients. 
Conclusion


Asthma is a chronic disease that is becoming more prevalent in developed countries, and affects up to 150 million people in the world. Many advances in asthma therapy have been made to improve the treatment of the disease in the lungs, however, this disease still affects many individuals, thus generating a growing number of asthma patients today. Asthma, like many other diseases, can be controlled, but not cured, like many other diseases. Since many children are affected by asthma, parents who smoke need to quit, since cigarette smoke is a great contributor in developing respiratory problems. To prevent asthma from developing, environmental factors that are non-allergy triggers need to be controlled better. If the world was free from cigarette smoking and air pollution, there would definitely be a much smaller number of asthma individuals. Other than controlling environmental factors, research that specifically targets the role of IgE in asthmatics and how its production can be stopped is a great start for finding new way to treat asthma patients. All of the current researches hold a promising future to new treatments for asthma, since the research over the last three decades have shown great improvement in controlling the condition. If this progress can continue on like this until the next few decades, the condition will be able to be controlled to a much greater extent, and maybe some forms of the condition can be abolished. 
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