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Now? 
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Asthma is a common disease in the worldwide and it affects over 3.5 million adults and children in the UK. Asthma 
is a chronic disease characterized by airway hyperresponsiveness, airway inflammation, airway remodelling and 
reversible airway obstruction. Inflammatory cells, cytokines, chemokines, adhesion molecules, and mediators are 
involved in pathogenesis of asthma. Chronic airway inflammation and remodelling are the major characters in 
asthma, which result in decreased pulmonary function. The precise processes are far understood at moment. 
Although corticosteroid therapy plus other exiting drugs (bronchodilators and oral leukotriene receptor 
antagonists) influences many different inflammatory and structural cell types and continues to be as the “gold 
standard” of therapy in asthma, many thousands have chronic, severe diseases and suffer daily symptoms which 
make their lives a misery. There remains a clear need for novel approaches to therapy, which will be informed by a 
clearer understanding of disease pathogenesis, particularly in the target organ where airway inflammation and 
remodelling, the hallmarks of asthma occur. Cellular & Molecular Immunology. 2006;3(5):321-332. 
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Introduction 
 
To better understand asthma, we have to know the definitions 
of “allergy” and “atopy”. Allergy is a term first described by 
von Pirquet (1906), where the original concept of allergy 
referred to any altered immune reactivity. However, the term 
is now used to describe an exaggerated response of the 
immune system to external substances. This response is 
harmful to the tissue or disruptive to the physiology of the 
host. Its clinical manifestations are expressed through 
complex biochemical sequences triggered by the immune and 
inflammatory processes which involve white cell events, 
release of and response to an array of biologically-active 
mediators interacting with effector cells as a consequence of 

binding to the appropriate receptors. The allergic response 
plays a role in wide range of diseases, such as summer hay 
fever, atopic asthma, atopic eczema, and urticaria. Coca and 
Cooke (1923) first used the term “atopy” to describe a state 
in which the individuals as a group possess an inherited 
susceptibility to become sensitized by ordinary exposure to 
common environmental challenges. Atopy is defined by the 
presence of elevated concentration of allergen-specific IgE 
antibody, and can easily be recognised by positive skin tests 
to extracts of common aeroallergens. In contrast, it is difficult 
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to define asthma precisely. Most definitions are operational, 
i.e. they just describe clinical manifestations. The most 
important feature is airflow obstruction which is reversible 
either spontaneously or as the result of treatment. However, 
there is a reversible component in other airway diseases, such 
as cystic fibrosis, chronic bronchitis, and atopic rhinitis (1, 2). 
Asthma is also characterized by increased airway hyper- 
responsiveness (or hyperreactivity) (AHR) to physical, 
chemical, pharmacological and/or immunological stimuli. 
The major clinical symptoms of asthma are the episodic 
occurrence of coughing, dyspnea, wheezing and chest 
tightness, alone or in combination (1, 2). Atopy and asthma 
are closely related. Atopy may predispose asthma, although 
about 30% asthmatics are non-atopic (3).  

It has been known for many years that airway 
inflammation is a feature of asthmatic deaths, but whether 
this is a result of the disease or a feature of terminal illness is 
uncertain. The characteristic histologic pattern at autopsy 
includes denudation of airway epithelium, increased collagen 
deposition beneath the basement membrane, and infiltration 
of the tissue with eosinophils and lymphocytes (4, 5). With 
the advent of bronchoscopy as a research tool in asthma it 
was appreciated that many of these changes could be found 
even in patients with mild asthma (6, 7). Attention has more 
recently focussed on the lymphocyte and the interaction 
between activated T-cells and eosinophils. For example, 
irregularly shaped lymphocytes expressing CD25 markers 
(IL-2 receptor) as well as EG2+ (cleaved form of eosinophil 
cationic protein) eosinophils were found in bronchial 
mucosal biopsies of symptomatic but mild asthmatics (7, 8).  
Additionally, increases in the numbers of activated CD4+ 
helper T lymphocytes (CD25+) and eosinophils (EG2+) were 
also predominant features of biopsies obtained from 
allergen-induced late phase nasal and skin reactions (LPR) (9, 
10). The number of eosinophils closely followed nasal 
symptoms and the diameter of late phase cutaneous reaction, 
respectively (11, 12) and there was predominance of 
“memory” T lymphocytes (CD4+/CD45RO+) after allergen 
exposure (13, 14). All these observations support the concept 
that: a) there is an inflammatory component in baseline 
clinical asthma and in models of asthma (i.e., LPR’s); b) the 
products of inflammatory cells play a critical role in asthma 
pathogenesis. 
 
Clinical models of allergy 
 
After natural exposure or provocation by allergen, atopic 
allergic individuals can exhibit immediate responses in the 
lung (early asthmatic response, EAR) such as airway 
obstruction, immediate fall in FEV1 (forced expiratory 
volume in 1 second), skin (wheal and flare reactions, WFR, 
and oedema), nose (nasal itching, sneezing, and blockage), 
and eyes (tearing, oedema and itching) (conjunctiva). The 
immediate responses are usually maximal at 15 minutes and 
spontaneously resolved within 2 to 3 hours. Symptoms may 
recur in a proportion of individuals, starting at 3 to 12 hours 
after the initial exposure. This delayed-in time response is 

termed the “late phase reaction” (LPR) (15). The peak of the 
reactions is usually at 6-12 hours post-challenge which 
gradually diminishes over the next 12-24 hours. LPR is, 
therefore, different in its kinetics from classical delayed-type 
(tuberculin) hypersensitivity which peaks at 24-48 hours. 
LPR is characterized by an antigen dose-dependent erythema 
and induration in the skin, and mucosal swelling in the 
respiratory tract, which results in decreased airflow (2). A 
comparison of allergen-induced airway response and skin 
reaction is shown in Figure 1. In human allergen-provoked 
skin, initial infiltration of neutrophils occurs within 1-2 hours 
of allergen-challenge (peaked at 6 hours) followed by 
prominent eosinophil accumulation, increasing over the next 
12-48 hours. A variable increase in the number of CD4+ 
lymphocytes, predominantly CD45RO+ memory lympho- 
cytes, with a minority expressing CD25+, was observed 
within 6 to 48 hours after allergen challenge. No 
accumulation of these inflammatory cells was found in 
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Figure 1. Comparison of allergen-induced early and late phase 
responses in asthmatic airways (A) and skin of atopic subjects 
(size of late phase reaction) (B). FEV1, forced expiratory volume 
in 1 second 
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biopsies from diluent challenge sites (13, 16). Similar cellular 
infiltration of neutrophils, eosinophils, and CD4+/CD25+ 
cells was observed in nasal biopsies 24 hours after allergen 
provocation (17). In the lung, bronchoalveolar lavage (BAL) 
obtained 18-24 hours after allergen challenge showed little 
immediate cellular response but an allergen dose-dependent 
accumulation of neutrophils, CD4+/CD25+ lymphocytes and 
eosinophils (18, 19). Similar observation has been found in 
the bronchial mucosa in isocyanate-induced asthma (20). 
Collectively, the observations described above are similar to 
those findings in many patients with atopic dermatitis, atopic 
rhinitis, and atopic asthma. These studies confirm that LPR is 
a good model for researches and possibly a reason of chronic 
atopic allergic diseases, including atopic asthma.  

In symptomatic asthma, the percentages of mast cells, 
eosinophils, and epithelial cells in BAL fluid are found to be 
higher than that in healthy controls. When compared with 
normal controls, increases in activated eosinophils (EG2+), 
and T lymphocytes (CD4+/CD25+) have also been observed 
in both BAL fluid and bronchial biopsies from patients with 
mild or asymptomatic asthma (8, 21, 22). In addition, the 
degree of bronchial hyperresponsiveness is correlated with 
the increase in the proportions of the infiltrated inflammatory 
cells and their mediators. These observations indicate that the 
airways of asthmatic subjects undergo a number of priming 
inflammatory changes which may play an important role in 
priming cells for the subsequent release of mediators in acute 
attacks.  
 
Mechanisms of Allergy and Allergic Asthma  
 
As described above, allergy is an exaggerated immune 
response. When an allergen (like other antigens) enters the 
body, it is processed by macrophages and other antigen- 
presenting cells (APCs), such as dendritic cells (DCs). 
Degraded fragments from antigen (or allergen) are then 
presented to T lymphocytes which in turn help B 
lymphocytes to produce allergen-specific immunoglobulin E 
(IgE) antibodies. These antibodies attach to IgE Fcepsilon 
receptors (FcεRI) on mast cells in tissue as well as circulating 
basophils. This step is called “sensitization”. FcεRI is also 
expressed on epidermal langerhans cells, monocytes, 
eosinophils and smooth muscle (23, 24, 25). Once the 
relative allergen encounters the sensitized cell, the allergen 
molecules bind to IgE antibodies on the cell membrane. The 
binding of allergen and IgE on mast cells/basophils leads to 
the release of mediators, which include histamine, 
platelet-activating factor (PAF), leukotrienes (LT), and 
prostaglandin D2. These constrict bronchial airways, dilate 
blood vessels, increase permeability of small blood vessels, 
stimulate nerve endings and secretion of mucus in airway, 
resulting in the symptoms of allergic diseases (2). These 
events occur rapidly (seconds to 30 min) and resolve quickly. 
Mediators may also participate in the infiltration of 
eosinophils and other inflammatory cells which contribute to 
pathogenesis of allergy and asthma. Traditionally, mast cells 
were believed to be the major cells in the pathogenesis of 

allergic disease. However, as already explained it is likely 
that other cells are involved, particularly in chronic allergic 
inflammation. In addition to FcεRI, lower-affinity IgE 
receptors (FcεRII) are expressed on various inflammatory 
cells, such as eosinophils, B lymphocytes, monocytes and 
other cell types (26). Mediators such as leukotrienes and 
prostaglandins are produced by several types of 
inflammatory cells, including eosinophils, platelets, and 
monocytes by IgE-dependent mechanisms (27). This is a 
further reason for believing that other cells, beside mast cells, 
are involved in IgE-dependent inflammatory mechanisms.  
 
Inflammatory cells in airway allergic 
inflammation 
 
Airway chronic inflammation is the feature of asthma and 
many cells are possibly involved in allergic inflammation 
include neutrophils, eosinophils, lymphocytes, monocytes/ 
macrophages, basophils, mast cells, natural killer (NK) cells, 
DCs, and platelets. Additionally, fibroblasts, endothelial, 
epithelial and smooth muscle cells may also participate under 
appropriate circumstances (i.e., remodelling, see below).  
 
Neutrophils 
Neutrophils possess three types of granules. The primary, 
azurophilic granule contains myeloperoxidase (MPO), 
neutral proteases (for example, elastase), acid hydrolyses and 
cationic proteins. The secondary “specific” granule contains 
lactoferrin, lysozyme, vitamin B12-binding protein, 
complement 5 (C5) cleaving enzymes, and specific 
collagenase. The tertiary granule is similar to the 
conventional lysosomes and contains acid hydrolases. After 
activation of neutrophils, their granule contents are secreted 
by exocytosis. Neutrophils also produce PAF and LTB4 from 
lipid membrane. Agents, such as GM-CSF (granulocyte 
macrophage-colony stimulating factor), enhance neutrophil 
effector function and other biological properties such as 
adhesion and migration. For instance, integrins such as 
endothelial leukocyte adhesion molecule 1 (ELAM-1), 
lymphocyte function-associate antigen-1 (LFA-1), and 
intercellular adhesion molecule-1 (ICAM-1) are involved in 
adhesion of neutrophils to endothelium and in their migration 
to local inflammatory sites. Neutrophils are also important 
source of cytokines such as TNF-α (tumour necrosis factor 
alpha), IFN-α (interferon alpha), M-CSF (macrophage-colony 
stimulating factor) G-CSF (granulocyte colony stimulating 
factor), IL-1 (interleukin), IL-1 receptor antagonist, IL-3, 
GM-CSF, IL-6, IL-8 and other chemokines (28). Although 
neutrophils clearly play an important role in inflammation 
(29), their role in allergy and asthma is still unclear. The 
precise role of neutrophils in the LPR and their contribution 
to atopic asthma remains to be confirmed although a few 
studies have reported that these also appear early in tissue 
after allergen challenge of skin and nose and in BAL after 
inhalational challenge (12, 17, 30). In steady state on-going 
asthma their numbers are no different from controls (8).  
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Monocytes/macrophages 
Monocytes/macrophages are part of the mononuclear 
phagocyte series. They are derived from the bone marrow. 
Promonocytes differentiate in the blood to monocytes, and 
finally reside the tissues as mature macrophages. However, 
monocytes and macrophages differ in both morphology and 
certain functions. For instance, the monocyte is relatively less 
adherent, and less “activated”. In contrast, tissue macro- 
phages have a higher capacity for adherence, and have 
efficiency at phagocytosis and antigen presentation to T 
lymphocytes. Monocytes and macrophages both express 
receptors for the Fc portion of IgG1, IgG3, IgA, IgM, IgE as 
well as complement receptor CR1, CR3 and MHC (major 
histocompatibility complex) class II antigens. These cells 
also contain a very wide variety of enzymes and mediators 
including eicosanoids, lysosomal enzymes, interleukins, 
complements and coagulation factors which are involved in 
various inflammatory reactions. Thus, macrophages are 
major phagocytic cells with a special ‘scavenger role’ in 
tissue repair. A number of cytokines can activate 
macrophages or modulate their functions, such as IL-2, IL-3, 
IL-4, GM-CSF, TNF-α, M-CSF and IFN-γ. Of these, IFN-γ is 
particularly effective at activating macrophages. It has been 
suggested that activated macrophages may contribute to the 
airway inflammation of asthma through their capacity to 
secrete performed mediators, oxidative burst metabolites, 
arachidonate metabolites, PAF and other cytokines. Usually, 
more than 80% of the cells in BAL fluid are macrophages. 
Compared to controls, the numbers of lung FcεRII+ 
macrophages and peripheral blood FcεRII+ monocytes were 
increased in atopic individuals. Furthermore, macrophages 
release LTB4 and LTC4 following treatment with anti-IgE 
antibody. Surprisingly, most studies of BAL have suggested 
that the number of macrophages in asthmatics was not 
increased compared with normal controls. Some previous 
reports have suggested that alveolar macrophages possess 
potent down-regulatory functions in both mitogen- and 
antigen-stimulated T- and B-cell proliferation as well as in 
vitro antibody responses. Elimination of alveolar macrophage 
was associated with an increase in the pulmonary immune 
response in mice. Alveolar macrophages of mice suppress the 
in vitro generation of IgM, IgA, IgG and IgE. These 
observations suggest that macrophages, or at least alveolar 
macrophages, may have a normal physiological role by such 
potent inhibitory function. However, the precise function of 
monocytes/macrophages in allergic inflammation remains to 
be determined. A very recent study showed that deficient 
induction of interferon-λ by rhinovirus in asthmatic primary 
bronchial epithelial cells and alveolar macrophages, which 
was highly correlated with severity of rhinovirus- induced 
asthma exacerbation and virus load in experimentally infected 
human volunteers (31). This suggests that some products 
from macrophages might be benefit for asthmatics.  
 
Eosinophils 
Eosinophilia in peripheral blood and local tissues is a feature 
of asthma. In 1879, Paul Ehrlich firstly identified a particular 
type of blood cell which had the remarkable ability to bind 

acidic dye eosin and termed this as the “eosinophil”.  
Eosinophils are non-dividing bone marrow-derived cells. In 
health, they constitute less 5% of the circulating white cells. 
Eosinophil accumulation is associated with the pathology and 
symptomatology of several diseases, such as pulmonary 
eosinophilic syndrome, helminth-induced inflammation, 
certain chronic digestive diseases, and allergic disorders, 
such as allergic bronchial asthma, allergic rhinitis and atopic 
dermatitis (1, 2). In patients with the rare idiopathic hyper 
eosinophilic syndrome, there is a predominance of hypodense 
eosinophils, as shown by separation on density gradients. 
These low-density cells have fewer granules in their 
cytoplasm, and increased oxygen consumption, phagocytic 
and cytotoxic capacity and generation of lipid mediators. 
These characteristics suggest that the hypodense eosinophils 
are activated. Eosinophils carry surface receptors for IgG 
(FcγRII, CD32), and for the complement fragments (CR1 and 
CR2). They also express integrins such as VLA-4 (very late 
antigen) and LFA-1. The integrins and their ligands 
(adherence molecules) are involved in immigration of 
eosinophils, basophils and T cells, particularly VLA-4- 
VCAM-1 (vascular endothelial adhesion molecule) pathways 
(32). Any factor upregulating these integrins/ligands might 
induce eosinophil migration, which might represent the 
mechanism whereby eosinophils infiltrate into local tissue. 
Of these various agents, some CC chemokines, particularly 
eotaxin 1-3 specifically upregulate eosinophil chemotaxis (28, 
33, 34). CD34+ early eosinophil precursors differentiate 
mature under the influence of IL-3, GM-CSF and IL-5. 
Terminal differentiation is mediated by IL-5. Once activated, 
eosinophils are primed for enhanced release of both granule- 
associated and membrane-derived mediators following 
contact with large surface opsonized by immunoglobulin 
and/or complement. These mediators are released from 
eosinophils by either IgE- or IgA-dependent mechanisms. 
Eosinophils are readily recognized by their bilobed nucleus 
and many granules. The major granule population in mature 
cells (secondary granules) consists of large membrane-bound 
structures with two substructural compartments, crystalline 
core and matrix-within which the granule proteins, such as 
EPO (eosinophil peroxidase), ECP (eosinophil cationic 
protein), EDN (eosinophil derived neutrotoxin) and MBP 
(major basic protein) are compartmentalized. There is a 
second less numerous primary granule devoid of central 
crystalline cores and contains the major store of 
Charcot-Leyden crystal (CLC) protein. There are also small 
granules which contain hydrolytic enzymes and numerous 
endocytic structures. Additionally, mature tissue eosinophils 
display increased numbers of lipid bodies rich in arachidonic 
acid. The eosinophil secondary granule proteins, ECP, EDN, 
MBP and EPO, have been isolated and purified and their 
biological properties have also been characterized. Basic 
proteins, such as MBP, ECP, EDN and EPO, are cytotoxic to 
parasites, bacteria, and mammalian cells. Because high- 
affinity FcεRI also expressed on eosinophils from hypereo- 
sinophilic patients, and receptor-binding enhances the release 
of EPO, suggesting that FcεRI may play a major part role in 
immune defence against parasites. EDN and ECP in 
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particular are potent ribonuclease and display neurotoxic 
properties. EPO and ECP are also cytotoxic to epithelium in 
vitro. In particular, MBP is toxic to epithelial cells in 
concentration as low as 9 × 10-7 M and MBP deposition was 
found in the bronchial wall and mucus plugs in asthma deaths 
(2). The sites of MBP deposition coincided with widespread 
epithelial damage characteristic of the airways in severe 
bronchial asthma. In addition, PAF and LTC4 produced by 
activated eosinophils may enhance the allergic response due 
to their abilities of causing vasodilation and increased 
vascular permeability, and inducing eosinophil chemotaxis. 
Corresponding this, there is increasing evidence to implicate 
eosinophils in tissue damage characteristic of asthma. For 
example, bronchial hyperresponsiveness is associated with 
increased amounts of eosinophils and their products in BAL 
fluid. Furthermore, accumulation and infiltration with 
activated eosinophils (EG2+) have been observed in 
asthmatic bronchial biopsies, and cutaneous and nasal late 
phase responses following antigen challenge in atopic 
subjects (2). Additionally, activated eosinophils are also 
important source of cytokines and chemokines, including 
TGF-α (transforming growth factor-alpha), TGF-β1, IL-1α, 
IL-3, IL-5, IL-6, IL-8, IL-10, IL-13, IL-25, TNF-α, GM-CSF, 
some CC and CXC chemokines (35). These observations, 
taken together, suggest that eosinophils and their products 
may play a direct or indirect effector role in allergic 
inflammation, especially in asthma. However, they may also 
act as repair cells by remodelling (see below) possibly 
through elaboration of TGF-β (35). Our and other recent 
studies also indicate that eosinophils are effector cells in 
process of remodelling (see below) in chronic inflammation 
including asthmatic airways (36-38). 
 
Basophils and mast cells 
Basophils and mast cells are important effector cells in 
pathogenesis of asthma and other allergic diseases. Basophils 
and mast cells have common properties. They both contain 
large intracytoplasmic histamine-containing metachromatic 
granules, and express membrane FcεRI. When cross-linked 
by anti-IgE or, by binding of specific antigen to IgE-bound to 
these receptors, both cell types can be triggered to release 
granule-derived, pre-formed products and lipid mediators 
(39). However, there are a number of important differences 
between mast cells and basophils. Basophils are smaller than 
mast cells, comprising around 0.1% of the total white cell 
count. Compared with mast cells, basophils have a 
multilobed nucleus and contain a few large more electron- 
dense granules. Basophils are attracted to tissues in certain 
inflammatory and immune reactions, e.g., a particular type of 
delayed reactions called cutaneous basophil hypersensitivity 
(40). IL-3 appears to be a major factor for the growth, 
differentiation and maturation of basophils from myelocyte 
progenitors and committed precursors. After activation, 
basophils release numerous mediators such as histamine, 
chondroitin sulphate, major basic protein, and LTC4. Mast 
cells are usually distributed throughout normal mucosa and 
connective tissues, especially in the skin, respiratory system, 
gastrointestinal and genitor-urinary tracts. In man, mast cells 

are a heterogeneous population which are according to their 
content of the neutral proteases, tryptase and chymase. Thus, 
mucosal mast cells which contain tryptase are designated 
McT, while connective tissue mast cells which contain 
tryptase and chymase are designated McTC (41). IL-3, stem 
cell growth factor and IL-4 appear to be involved in the 
growth and activation of both types of mast cells. The 
activated mast cells can rapidly release large amounts of 
histamine, neutral proteases, heparin, chondroitin sulphates, 
lipid mediators including PGD2, PAF, LTB4, and LTC4. The 
release of PGD2 and LTC4 requires about 15 minutes whereas 
histamine release is completed within 2-5 minutes. These 
mediators may cause smooth muscle contraction, vessel 
dilatation, capillary permeability, mucosal oedema, cellular 
infiltration and mucus hyper-secretion (39, 42). Mast cells 
and basophils, therefore, have been considered to participate 
in IgE-mediated immediate type hypersensitivity. It has been 
reported that there are increases in the concentrations of 
histamine and other mediators in BAL fluid during the early 
asthmatic responses provoked by allergen, suggesting that 
mast cells may dominate the process underlying early phase 
allergic reactions. Basophils appear to be mainly associated 
with the late phase responses, Naclerio et al. (43) 
demonstrated that in the early response following nasal 
allergen challenge, the levels of histamine, LTC4 and PGD2 
are increased, while in the late phase response, increases in 
histamine and LTC4, but not PGD2, were observed. This 
finding was also supported by the observations in skin blister 
and bronchial allergen challenge models (18). The 
mechanisms of basophil recruitment in allergic diseases are 
still unclear. A number of studies have suggested that 
cytokines such as IL-3, IL-5, GM-CSF and some CC 
chemokines are potential chemotactic factors for basophils 
(44). In addition to immuno-stimulation, numerous non- 
immunological agents also cause mast cell or basophil 
degranulation, including C3a, C5a, certain drugs such as 
codeine, certain cytokines, chemokines, a number of physical 
stimuli, and several neuropeptides, i.e., substance P. These 
studies indicate that the events associated with the activation 
and degranulation of mast cells and basophils are complex 
and not confined to atopic allergic diseases. Same as other 
cell types, basophils and mast cells are potential sources of 
cytokines and chemokines (39). It is possible that mast 
cell-derived cytokines, chemokines and other mediators 
implicate the relevant cells in the initiation of late phase 
responses. Collectively, basophils and mast cells may serve 
as a potent source of growth, regulatory and inflammatory 
agents. Their mediators, including cytokines, may serve as 
autocrine growth factors and influence other cells involved in 
allergic inflammation.  
 
Lymphocytes 
As far as we knew, B cell-derived IgE is an important 
mediator in pathophysiology of asthma. IgE is directly 
associated with allergic inflammation and elevated 
concentration of total and specific IgE is characteristic of 
many allergic diseases. As described above, IgE binds to 
mast cells/basophils via the high affinity receptor (FcεRI). 
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Following exposure to specific antigen, allergen-IgE complexes 
lead to the release of mediators from the sensitized cells. This 
is the basis of immediate hypersensitivity reactions. The 
exposure of B lymphocytes to antigen and direct contact with 
“helper” (CD4+) T cells are critical for IgE production since 
they provide critical co-factors, particularly IL-4 and soluble 
CD23. In addition, other soluble mediators produced by T 
cell, such as IL-2, IL-5, IL-6, IL-9, IL-13 and IFN-γ, can also 
influence the regulation of IgE production. B cells 
themselves can produce cytokines such as TNF-α, IL-6, 
IL-10 and TGF-β in vitro after stimulation. Apart of B cells, 
T lymphocytes are another kind of “memory cells”. Upon a 
primary antigen exposure, T cells differentiate from “virgin” 
or “naïve” to memory T cells. Following secondary antigen- 
stimulation, T cells mature into effector cells and accumulate 
in local tissues. T cells recognize foreign antigen via the T 
cell receptor (TCR) as the antigen is processed and presented 
on the surface of accessory cells in association with MHC 
class I or class II molecules. Cells termed APC perform this 
function. Several cell types can act as APC’s, including 
mononuclear phagocytic series (macrophages, Langerhans 
cells, and dendritic cells) as well as B cells, endothelial and 
epithelial cells and even eosinophils. The interaction of T 
cells and APC leads to T cell differentiation, proliferation and 
activation. The activated cell is then endowed with effector 
functions and secretes cytokines. In man, the majority of T 
cells can be divided into two subsets (CD4+ and CD8+). 
CD4+ T cells perform “helper” function in antibody 
production and exhibit an antigen response restricted to MHC 
class II molecules. CD8+ T cells, originally described as 
“suppressor” cells in immunoglobulin production are 
“cytotoxic” for antigen-bearing target cells, and their antigen 
recognition is class I MHC-restricted. Thus, CD4+ T cells 
perform most of their functions via the action of secreted 
cytokines and also interact with B cells to induce 
proliferation and antibody production. CD8+ cells, on the 
other hand, “kill” MHC class I-bearing neoplastic and virally 
infected cells expressing novel antigens. Αctivated T lympho- 
cytes can express a number of surface molecules that can 
serve as makers of activation. These include CD25 (IL-2 
receptor), VLA-1, human leukocyte antigen-DR (HLA-DR) 
and CD69. It is currently believed that T lymphocytes and 
their soluble products (1, 2) may mediate the characteristic 
cell pathology of allergic inflammation (i.e., eosinophil 
infiltration). Increased CD4+ T cells were also observed in 
BAL fluid 48 hours after allergen challenge and this was 
accompanied with decreases in peripheral blood CD4+ cells 
(45). This suggested that CD4+ T cells might have been 
recruited from intravascular space into BAL fluid after 
antigen provocation. It was then observed that atypical, 
irregular lymphocytes (CD25+ presumed to be activated T 
cells) were a prominent feature of asthmatic bronchial 
biopsies examined by electron microscopy (7, 8, 19, 20). 
This was in agreement with earlier observations involving 
allergen-induced late phase responses in the skin (12). This 
was also in agreement with observations in peripheral blood, 
where activated CD4+ cells (i.e., IL-2R+, HLA-DR+, and 
VLA-1+) were observed in the patients with acute, severe 

asthma. After therapy, the percentage of activated T cells 
decreased and clinical symptoms resolved (47).  

In a mouse model of delayed-type hypersensitivity 
reaction (DTH) to picryl chloride in the lung, the induced 
tracheal hyperreactivity and increased pulmonary resistance 
were shown to be T cell dependent. Airway hyper- 
responsiveness was observed after challenge of mice 
passively sensitized by intravenous injection of lymphoid 
cells from sensitized donor mice. After the depletion of T 
cells from the donor mice, the passively transferred hyper- 
responsiveness was significantly suppressed (48). Thus, in 
this model, it seems that mainly T cells mediated airway 
hyperresponsiveness and altered lung function. In another 
mouse model, antigen-induced eosinophil recruitment into 
the mouse trachea was shown to be mediated by CD4+ T cells 
and IL-5. Administration of recombinant IFN-γ prevented 
antigen-induced eosinophil infiltration and also decreased 
antigen-induced CD4+ T cell infiltration into the trachea (49, 
50). Taken together, these observations indicate that 
lymphocytes, particularly activated CD4+ T cells, may play a 
critical role in allergic inflammation, not only by “helping” B 
cells to produce IgE, but also by releasing cytokines which 
may act on the effector cells which amplify the inflammatory 
response.  
 
Th1 and Th2 cytokines  
 
Following the establishment of techniques of cell cloning, it 
became clear that there might be distinct subsets in T 
lymphocytes. In 1986, Mosmann and colleagues suggested 
that murine CD4+ T helper (Th) cell clones could be divided 
into at least two distinct subsets, termed Th1 and Th2, based 
on their different pattern of cytokine secretion (45, 46, 51, 
52). Th1 cells elaborated IL-2, IFN-γ and TNF-β (but not 
IL-4 and IL-5), whereas Th2 secreted IL-4, IL-5, IL-6, IL-10, 
IL-13 (but not IL-2 and IFN-γ). Both subsets secreted IL-3, 
GM-CSF and TNF-α. Cytokines produced by both subsets 
appear to downregulate the function of each other. A 
precursor of Th1 and Th2 cells that produces all of these 
cytokines was termed Th0. A major interest of this T cell 
dichotomy related to the different types of pathology 
associated with the murine Th1 and Th2 response. Th1 
responses were produced by immunization with tuberculin 
and were associated with classical delayed type 
hypersensitivity. In contrast, infection with helminths gave a 
Th2 pattern together with IgE and eosinophilia. The 
cytokines produced by Th1 cells can induce expression MHC 
antigens on macrophages and activate these cells to kill 
intracellular pathogens. Th1 (but not Th2) cells mediate 
delayed-type hypersensitivity, while IL-4 induces 
proliferation of Th2 cells that were effective cells in helping 
B-lymphocytes to produce IgG1 and IgE. Thus, Th2 cells are 
believed to participate mainly in humoral immune reactions 
through their ability to promote antibody synthesis. IL-4 
plays important role in IgE isotype switching, the 
upregulation of vascular cell adhesion of eosinophils, T cells 
and basophils, increasing Th2 cell commitment in the 
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airways of allergic asthmatic subjects and possibly 
contributing to allergen-induced airway eosinophilia. IL-5 is 
very specific cytokine involved in the development, 
differentiation, recruitment, activation, and survival of 
eosinophils. Additionally, IL-13, shared same receptor with 
IL-4, induces mucous hyperplasia that may be necessary for 
allergen-induced airway hyperresponsiveness, at least in 
mouse models (53). Increasing data suggest that Th1/Th2 
imbalance result in the clinical expression of allergy and 
asthma. We and others have demonstrated predominant 
expression of Th2 cytokines in asthmatic airways and in 
some allergic models (54-68). How CD4+ T helper 
lymphocytes differentiate into distinct subsets such as Th2 is 
not clear. It has been proposed that several factors may be 
involved in this process, including the nature and 
concentration of antigen, the type of APC, the tissue 
microenvironment, and route of immunization during 
priming and the clonal expansion or effector stage of 
response. In vitro, TSLP (thymic stromal lymphopoietin)- 
“educated” DC selectively drives development of Th2 
responses through its actions on CD11c+ dendritic cell (69). 
Underlining the clinical relevance of TSLP, we observed that 
expression of TSLP and Th2-attracting chemokines was 
elevated in the airway of asthmatics as compared with 
normal controls, and that expression of TSLP correlated both 
with that of Th2-attracting chemokines and with clinical lung 
function (70). Organ-specific expression of a TSLP transgene 
induced a Th2-type T cell-mediated atopic dermatitis-like 
phenotype and airways inflammation and hyperreactivity in 
mouse models (71, 72). Furthermore, TSLPR gene-deleted 
mice exhibit strong Th1 response (73). TSLP-exposed DCs 
not only induce a robust expansion of CD4+ Th2 memory 
cells, but also maintain their central memory phenotype and 
Th2 commitment (74). These observations suggest that TSLP 
favours the development of Th2 responses to allergen 
through its effects on dendritic cells, which in turn release 
Th2-attracting chemokines and prime naïve T cells forwards 
to Th2 commitment. It worth notes that T regulatory (T-reg) 
cells may protect against the development of atopic allergic 
diseases, including asthma, possibly through IL-10 although 
there are still many unclear events to be known (75, 76). 
Compared with Th2 cytokines, Th1 cytokines (i.e., IFN-γ and 
TNF-α) may play less role in mild and moderate asthma but 
may maintain chronic inflammation (77).  
 
Airway Remodelling  
 
In asthma, inflammation occurs throughout the tracheo- 
bronchial tree, even in the small airways, and is the 
underlying component to be treated. Remodelling in the 
airways results from the chronic inflammation associated 
with asthma that disrupts the normal repair process. It 
involves thickness of the airway walls accounting for mucous 
hyperplasia, mucosal neovascularisation, smooth muscle 
hyperplasia, deposition of fibrous and other extracellular 
matrix protein, myofibroblast hyperplasia, epithelial hyper- 
trophy, and mucus gland and goblet cell hyperplasia. 

Although these phenomena have been observed for long time, 
most processes are far understood. Excessive mucus 
production is a cardinal clinical feature of asthma (78). In 
animal models, the cytokines IL-13 and IL-9 have been 
directly implicated in causing mucous hyperplasia (79, 80), 
but the contribution of this phenomenon to incompletely 
reversible airway obstruction is unknown. Compelling 
evidence suggests that mucosal neovascularisation occurs in 
chronic asthma (81, 82). Studies have implicated growth 
factors including vascular endothelial growth factor (VEGF) 
and fibroblast growth factor 2 (FGF2) derived from 
eosinophils, macrophages and smooth muscle cells in its 
causation (83). Inverse correlation of mucosal vascularity 
with airway calibre (82) suggests that neovascularisation may 
contribute to airways obstruction. However, the contribution 
of neovascularisation to partial irreversibility of airway 
obstruction is unknown. Increased airway smooth muscle 
mass (increase in myocyte numbers and possibly also size) 
has long been documented in chronic severe asthma (84). 
Thickening of the airway wall caused by increased smooth 
muscle mass may cause a greater degree of airway narrowing 
for a given degree of muscle contraction (85); nevertheless 
the contribution of smooth muscle hyperplasia to partially 
reversible airways obstruction is unknown. In asthma, 
deposition of fibrous and matrix proteins such as collagen 
types I, III and V, tenascin and fibronectin beneath the 
epithelial basement membrane (lamina reticularis) and within 
the submucosa of the airways is again a pathognomonic 
feature of asthma (86, 87). Mesenchymal cells, including 
myofibroblasts and smooth muscle cells produce such 
proteins. There is good evidence that this process, somewhat 
analogously to that of scar formation, attenuates airway 
compliance as measured, for example, by distensibility (88), 
but the contribution of this phenomenon to partly irreversible 
airway obstruction is not clear. Fibroblast activation and 
myofibroblast differentiation and proliferation also occur in 
asthmatic airways. Activation of fibroblasts, with dif- 
ferentiation to myofibroblasts results in lay down of fibrous 
proteins in the airways. This is regulated by the production of 
fibrogenic growth factors produced by epithelial cells (partly 
as a result of exposure to fibrogenic cytokines such as IL-13 
and IL-9) and infiltrating inflammatory cells such as 
eosinophils and mast cells (89). The most important of these 
is TGF-β. As with fibrous protein deposition per se, this 
phenomenon has not so far been implicated in causing airway 
obstruction which is not fully reversible. Mucosal epithelial 
cell perturbation is a common feature of asthmatic airway. 
Mucosal epithelial cells are activated in asthma and produce 
mediators relevant to remodelling such as TGF-β, as well as 
other pro- inflammatory mediators such as IL-8 and GM-CSF 
(89). Although the question of whether or not they are 
“damaged” by products of inflammatory cells in asthma 
remains controversial (90), they certainly show a marked 
“repair” response by upregulating the receptor for epithelial 
growth factor (EGFR, c-erb B1) (91), although one early 
single study (92) did not suggest that they undergo rapid 
mitosis. Nevertheless epithelial cell activation, and possible 
turnover, is likely a key driving stimulus for airway 
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remodelling, but whether or not it can be implicated in 
causing airway obstruction which is not fully reversible is 
unknown. Current mechanism of atopic asthma is dia- 
grammed in Figure 2.  
 
Common and potential treatments of asthma  
 
Current asthma therapy with corticosteroid plus broncho- 
dilators and oral leukotriene receptor antagonists is aimed at 
controlling airway inflammation and relief disease symptoms. 
However, a subset of asthma patients remains symptomatic 
despite optimal therapy indicating that an unmet medical 
need exists for these patients. Also anti-airway remodelling 
may be particularly useful for benefits of asthmatics. We just 
list some potential molecular targets for consideration for 
developing further therapeutics in asthma.  
 
Anti-IgE monoclonal antibody (omalizumab) and IgE 
receptor antagonists  
IgE is important initial mediator in pathogenesis of allergic 
inflammation and atopic asthma. Thus, anti IgE is possibly 

useful treatment for these patients. Using recombinant 
humanized monoclonal IgG anti-IgE antibody (omalizumab), 
we have shown that omalizumab-treated patients had a 
progressive reduction in the LPR that was significantly 
greater than its effect on the EPR (93). There are two other 
clinical trails also showed that omalizumab reduced moderate 
and severe asthmatic exacerbations and reduced the dose of 
corticosteroids and β-agonist needed (94-96). The costing 
and safety seem to be the major question as common usage 
of this treatment.  
 
Modulate Th2- and enhance Th1-cytokines  
Because Th2 cells play role in atopic asthma and Th1 cells 
inhibit function of Th2 cells, it is possible that re-balance of 
Th1/Th2 may get some benefits for asthmatics. At moment, 
there is no convincing data showing any benefits obtained 
from anti IL-4 antibodies or antagonists of IL-4 receptor (97). 
In a double-blind, placebo-controlled study, targeting IL-5 
with monoclonal antibody (mepolizumab) in asthmatics 
showed that at baseline, airway eosinophil infiltration and 
basic protein deposition was increased in the reticular 
basement membrane (RBM) of asthmatics compared with 

Th0 cell

B cell Mast cell

Smooth 
muscle

Chronic inflammation 
Growth factors 
Fibrogenic factors

Airway 
remodelling 

Immediate 
reactions

Late reactions on-
going asthma

IL-4 
IL-5 
IL-13 

IgE

?

Chemokines

DC

Allergen

IL-4, IL-13 

TGF-β

Th2

Th2-
ch

em
ok

ines
IL-4

+ TSLP

Eosinophil

IL-5

TGF-β, GFs, 

IL-13
CC chemokines

Mediators

?

 
 

Figure 2. Mechanisms in atopic asthma. A Th0 (naïve helper T cell) is stimulated from an antigen (allergen) presenting cell (APC, here is a 
dendritic cell, DC) and IL-4, to become a Th2 cell. Th2 cell produces Th2 cytokines, induce B cell to produce IgE which will binding to mast 
cell through IgE FcεR (sensitization). When the same allergen enters body again, it will directly bind to IgE bound on mast cell and result in 
releasing of mediators causing immediate reactions. Th2 cell also promotes eosinophilia by IL-5. Activated eosinophil produces TGF-β, IL-13 
and other growth factors (GFs) participating in airway remodelling. Th2 cell might directly induce smooth muscle construction and late 
reactions of asthma. Chemokines, derived from DC and other cell types, contribute to accumulation of Th2 cells and eosinophils into local 
tissue. Additionally, thymic stromal lymphopoietin (TSLP)-educated DC favours differentiation of Th0 to Th2 cell. 
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nonasthmatic controls (37). Treating asthmatics with 
anti-IL-5 antibody, which specifically decreased airway 
eosinophil numbers, significantly reduced the expression of 
tenascin, lumican, and procollagen III in the bronchial 
mucosal RBM when compared with placebo. In addition, 
anti-IL-5 treatment was associated with a significant 
reduction in the number and percentage of airway eosino- 
phils expressing mRNA for TGF-β1 and the concentration of 
TGF-β1 in BAL fluid, suggesting that eosinophils may 
contribute to tissue remodeling processes in asthma by 
regulating the deposition of eosinophil basic proteins (37).  
Although some promising data have been obtained from 
targeting IL-13 in murine studies (53, 98), this still needs to 
be confirmed in human studies. Attentively, enhancing Th1 
cytokines such as IFN-α and γ, IL-12, IL-18 and IL-23 may 
inhibit Th2-mediated responses. However, formal clinical 
trail will need for convincing these treatments. Although 
some effects were shown in a double blind study with 
anti-human CD4 antibody (99), some risk still exists due to 
lack of target specificity and infection of HIV. Additionally, 
some effects were shown in severe asthma treated with 
anti-TNF-α antibodies and antagonist of soluble TNF-α 
receptor (77). Anti-TNF-α treatment was originally used in 
patients with rheumatoid arthritis, a typical Th1-mediated 
disease. The benefits of such treatment in asthma suggest that 
TNF-α and other Th1 cytokines may be responsible in some 
severe steroid-resistant asthma.    
 
Blocking accumulation of inflammatory cells by targeting 
chemokines and receptors or adhesion molecules  
As mentioned before, eosinophilia and predominance of Th2 
cells are the characters of atopic asthma, blocking 
accumulation of these cells may relieve asthmatic attack. 
Some effects have been shown in animal models of asthma 
by usage of blocking chemokines and their receptors as well 
as targeting adhesion molecules such as LFA-1, VCAM, and 
VLA-4 (100, 101). Again, there is still long way to go 
because many chemokines and adhesion molecules are 
involved in cellular accumulation and single blocking may 
not be sufficient to treat asthma.  
 
Targeting key factors in signal transduction and gene 
transcription  
It is reasonable for that specifically targeting some key 
factors such as in signal transduction and gene transcription 
pathways may be effective in asthma treatment because these 
factors play important roles either in up- or down-stream of 
functions of certain molecules. Using specific inhibitors or 
nucleic-acid based technologies such as antisense oligo- 
nucleotides, ribozymes, DNAzymes, decoys oligonucleo- 
tides and RNA interference, blocking action of STAT1 and 
STAT6 in signal transduction and activator protein-1 (AP-1) 
or nuclear factor (NF-κB) in gene transcription could be 
helpful in reducing asthmatic symptoms, at least in mouse 
models of asthmatic inflammation (102, 103). The major 
questions are how to employ these techniques to human and 
how to minimise or avoid the side effects derived from 
targeting these factors. 

Immunotherapy 
In a previous study, we showed that immunotherapy was 
associated with suppression of allergen-induced CD4+ T 
lymphocyte infiltration, but among the cells that are recruited, 
there is upregulation of CD25 and HLA-DR as well as 
enhancement of Th1 cytokines (without affecting Th2 
cytokines), suggesting that immunotherapy may possibly be 
working through induction of T cell tolerance (60). Oral 
administration of an allergen favours the development of 
tolerance in which T-reg secreting TGF-β is involved. 
Administration of high-dose allergen immunotherapy by 
means of subcutaneous injection also induces the 
development of T-reg, with evidence that the secretion of 
both IL-10 and TGF-β is important in the mechanism of 
tolerance (104). It has also been shown that bacterial DNA 
with CpG oligodeoxynucleotides capable to stimulate Th1 
cell but inhibits Th2 cell responses through interacting with 
toll-like receptor 9 (TLR9). These molecules, therefore, can 
be used alone or with allergen-specific immunotherapy (105). 
Thus, immunotherapy might be profitable for asthmatics and 
other atopic diseases.   
 
Mediator antagonists  
Selective mediator antagonists are the potential drugs for 
asthma treatment. A successful example is cysteinyl 
leukotriene antagonists such as montelukast which has been 
used as profitable medication for chronic asthma (106). Other 
potential drugs, including inhibitors of thromboxane and 
prostaglandin D2 (PGD2) might be also useful for treatment 
of asthma (107, 108).  
 
Inhibitors for airway remodelling  
It was reported that overexpressing VEGF caused neo- 
vascularization and Th2-like inflammation in gene- 
transgenic mice (109). However, at moment, there is still no 
promising evidence for singly targeting which could be 
useful for asthmatic therapy (110). 
 
Conclusion 
 
Asthma care cost the huge mount of money annually, not to 
mention the economic and psychosocial implications of loss 
of time from work and school. Although atopic asthma has 
been known for a quite long time, the pathogenesis is still far 
known, particularly late phase reactions and remodelling. 
Remodelling could be the results from chronic inflammation 
or parallel exist from the beginning. We do not know if the 
persistent structural changes still remain without allergen 
exposure or inflammation either. Many factors contributing 
to these processes and various clinical subtypes of asthma 
may limit our development of therapy. The data from animal 
models that cannot be fully translated to human also limit our 
knowledge of asthma. Thus, any potential treatments in late 
phase responses and airway remodelling will be great helpful, 
not only in subgroup of asthmatics, but also in other airway 
obstructive diseases.  
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