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  Thus the pathophysiology of allergic asthma is tradi-
tionally explained by mast cell- and/or Th2 cell-mediated 
airway inflammation, which is a manifestation of the 
 acquired immune response. On the other hand, recent 
studies have identified various other important mole-
cules associated with phenotypes of asthma, including 
tumor necrosis factor (TNF)- �   [2, 3] , thymic stromal 
lymphoprotein  [4, 5] , interleukin (IL)-33  [6, 7]  and IL-25 
 [8, 9] . TNF- �  is produced mainly in macrophages and 
mast cells, and thymic stromal lymphoprotein, IL-33 and 
IL-25 are mainly from epithelial cells and various leuko-
cytes. Those molecules are considered to play roles in the 
innate immune response. In order to understand novel 
pathophysiological mechanisms of asthma, a recent trend 
has been toward the generation of novel animal models, 
including asthma associated with both acquired and in-
nate immunity, severe asthma such as steroid-resistant 
phenotypes  [10–12] , neutrophilic asthma  [13, 14]  and the 
viral exacerbation of allergic inflammation  [15, 16] . It is 
believed that these new asthma models will lead to the 
development of new strategies for asthma.

  In this issue of  International Archives of Allergy and 
Immunology , Kim et al.  [17]  present a well-conducted mu-
rine asthma model of AHR, where part of the mechanism 
reported was TNF- � -mediated airway inflammation. 
They observed detailed time-course changes in the oc-
currence of AHR after antigen (ovalbumin) challenge in 

 According to established knowledge, the mechanisms 
of allergic asthma are as follows: when an inhaled aller-
gen penetrates the airway epithelium, it is detected by 
dendritic cells, which migrate to the lymph node and 
present the processed antigen to T cells, and B cells start 
to produce antigen-specific immunoglobulin E (IgE). IgE 
binds to Fc �  receptors on a variety of cell types including 
mast cells and basophils. When an allergic individual is 
subsequently exposed to the specific allergen, the aller-
gen binds to the specific IgE on the cells, causing activa-
tion of mast cells and basophils to release chemical me-
diators, such as histamine, arachidonic acid metabolites 
and proteases into the airway tissue. These mediators 
cause an early asthmatic response, which is an airway ob-
struction induced within 30 min after allergen exposure. 
There is also a specific population of asthmatic subjects 
which exhibits a late asthmatic response, i.e. an airway 
obstruction triggered several hours after allergen chal-
lenge and persisting for a relatively long time.

  The late asthmatic response has been thought to be 
based on airway inflammation orchestrated by Th2 cells 
and eosinophils  [1] . In addition to the early and late asth-
matic responses, Th2-biased airway inflammation leads 
to airway hyperresponsiveness (AHR) to nonspecific 
stimuli and structural remodeling of airway tissues. Var-
ious experimental models reproduce these phenotypes of 
asthma.
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sensitized C57BL/6 mice, and found that a late AHR con-
sists of 2 phases, with first and second phases peaking at 
10 and 24 h, respectively. It was interesting that the first 
phase of late AHR was a TNF- � -dependent response be-
cause anti-TNF- �  antibody and TNF- �  knockout ani-
mals impaired the response. The second phase of late 
AHR, however, was not mediated by TNF- � . TNF- �  was 
transiently produced in the airway 1.5–2 h after the anti-
gen challenge, whereas only a single exogenous adminis-
tration of TNF- �  could reproduce the induction of AHR 
10 h but not 24 h after administration. They suggested 
that the cellular source early after antigen challenge could 
be not only mast cells but also other inflammatory cells, 
such as macrophages, dendritic cells, eosinophils and 
platelets (which possess Fc �  receptors on their cell sur-
face), because intratracheal instillation of the immune 
complex of IgG and antigen markedly developed AHR at 
12 h in a TNF- � -dependent manner. In addition, they 
suggested that TNF- � -induced AHR was mediated by 
leukotriene B 4 , which was produced by the activation of 
cytosolic phospholipase A 2  and 5-lipoxygenase. Finally, 
the second phase of late AHR was suggested to be induced 
by Th2 cell activation because its response (but not the 
first-phase response) was prevented by CpG-oligonucle-
otide, a well-established Th1 inducer. Collectively, first- 
and second-phase late AHR are caused by TNF- �  and 
Th2 responses, respectively.

  The first impact of this study is that authors found that 
late AHR clearly consists of 2 phases. In most studies of 
AHR in murine asthma, airway responsiveness to a stim-
ulus is normally and conventionally measured 1–2 days 
after exposure to an allergen. Thus, previous studies may 
have observed the second phase of late AHR and may 
have overlooked the phase of a TNF- � -mediated re-
sponse. Although C57BL/6 mice were mainly used in the 
study by Kim et al.  [17] , it is also important to know 
whether biphasic late AHR is a universal phenomenon in 
this species.

  Striking about this asthma model is the clear data that 
the first phase of late AHR was mediated by TNF- �   [17] . 
Indeed, elevated levels of TNF- �  have been observed in 
the airway tissues of asthmatic subjects and upregulated 
TNF- �  expression has been detected in alveolar macro-
phages, mast cells and bronchial epithelial cells  [18] . 
TNF- �  exerts a variety of proinflammatory actions in the 
airway tissues, including the expression of cytokines, 
chemokines, adhesion molecules and mucins  [18] . Some 
clinical trials have explored the possibility of using TNF-
 �  inhibitors in asthmatic patients. Etanercept, a human 
dimeric fusion protein composed of a TNF- �  type-II re-

ceptor and the Fc portion of IgG1, has been demonstrated 
to improve asthma pathogenesis, especially in severe 
asthma patients  [19, 20] ; there are, however, other clinical 
trials that reject the role of TNF- �  in asthma pathogen-
esis  [21, 22] . It is expected that TNF- � -mediated asthma 
models, including that reported by Kim et al.  [17] , could 
be utilized to further clarify the detailed roles of TNF- �  
in asthma.

  It is also interesting to focus on the relationship be-
tween TNF- �  and airway neutrophilia because it is well 
known that TNF- �  promotes neutrophil chemotaxis 
 [23] . In the model reported by Kim et al.  [17] , airway neu-
trophilia clearly followed the production of TNF- � . This 
axis of TNF- �  and neutrophils may be involved in the 
induction of the first phase of late AHR. This concept is 
supported by the findings that (1) the TNF- �  inhibitor 
exhibited efficacy in severe asthma patients  [19, 20]  and 
(2) neutrophils are found increasingly in the lungs of pa-
tients with severe asthma  [24] .

  Identification of the cellular source of TNF- �  is also 
important. As mentioned by Kim et al.  [17] , macrophages 
could be the cellular source of TNF- �  produced 1.5–2 h 
after the antigen challenge. Macrophages can be classi-
fied as M1 and M2 macrophages; the former is known to 
be proinflammatory and induced by chronic inflamma-
tion  [25] . Although only 2 antigen challenges were car-
ried out in their study  [17] , chronic exposure to an antigen 
may induce M1 macrophages to produce more TNF- �  
and amplify the magnitude of TNF- �  contribution to the 
first phase of late AHR.

  It is expected that the TNF- � -induced AHR model re-
ported by Kim et al.  [17]  will be utilized to elucidate nov-
el mechanisms underlying the pathogenesis of asthma 
and to develop new strategies against the disease.
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