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Background: Asthma and related respiratory tract allergic diseases are among the most common chronic
diseases of adults and children. Despite their importance, disease course cannot be predicted and treatment
remains non-specific and potentially hazardous, with no means for cure. Improved clinical management of
asthma will require an improved understanding of the fundamental factors that initiate allergic inflammation,
especially T helper type 2 (Ty2) cell induction.
Scope of review: In this review, we explore the Proteinase Hypothesis of allergic airway disease, considering
specifically how organismal proteinases contribute to the expression of allergic disease and potentially
important proteinase signaling pathways.
Major conclusions: Proteinases from diverse sources (bacteria, fungi, plants) may cause occupational asthma
by acting as immune adjuvant factors that specifically elicit T2 cell-dependent allergic inflammation.
However, more conventional allergic airway diseases (asthma, allergic sinusitis) are more likely to arise from
contained fungal or viral infections of the airway in which proteinases are produced and serve as major
virulence factors. Proteinases may elicit allergic disease by disrupting numerous cellular proteins, potentially
including Toll like receptor (TLR) 4, but critical proteinase-activated signaling pathways remain largely
unknown.
General significance: Clarification of how proteinases cause allergic disease, specifically confirming an
infectious basis for airway proteinase exposure, will likely radically advance how asthma and related
respiratory tract disorders are diagnosed and treated. This article is part of a Special Issue entitled
Biochemistry of Asthma.

© 2011 Published by Elsevier B.V.

1. Asthma: a disease potentially driven by exogenous proteinases

Asthma afflicts roughly 300 million adults and children world-
wide, making it one of the most common causes of human suffering
[1,2]. In the United States, nearly 23 million people currently suffer
from asthma, conferring an annual economic disease burden of
approximately $30 billion[3-5]. As with all diseases, genetic suscep-
tibility is a critically important factor driving the expression of asthma.
However, genetic changes in large populations are far too slow to
explain the large increase in asthma incidence observed over the last
several decades. Rather, such relatively sudden increases in disease
frequency indicate more important changes occurring within the
environment.

* This article is part of a Special Issue entitled Biochemistry of Asthma.
* Corresponding author at: Baylor College of Medicine, One Baylor Plaza, BCM285,
Houston, TX 77030, USA. Tel.: +1 11 713 798 8740 (Office); fax: +1 11 713 798 3619.
E-mail address: dcorry@bcm.edu (D.B. Corry).

0304-4165/$ - see front matter © 2011 Published by Elsevier B.V.
doi:10.1016/j.bbagen.2011.04.019

The pathophysiology of asthma is best viewed as a combination of
two fundamental elements, a physiological aspect in which airway
obstruction increases in response to a wide variety of provocative
stimuli, and an allergic immunological component in which increased
eosinophilia, immunoglobulin E (IgE) production, and T helper cell
type 2 (Ty2) activity are observed. A critical advance in asthma
research was the demonstration through experimental systems that
rather than distinct elements of asthma pathophysiology, allergic
inflammation and airway obstruction were intimately linked [6].
Additional observations from mice confirmed that Ty2 cytokines such
as interleukins (IL) -4, IL-5, and IL-13 mediate both inflammation and
airway obstruction in the setting of allergen challenge [7-10]. Since
these seminal observations, efforts have increasingly focused on
determining the environmental causes of asthma, i.e., those elements
that when (presumably) inhaled elicit T2 cell responses and allergic
lung disease.

Asthma has long been known to be associated with atopy, the
predilection to making antigen-specific antibodies (IgE and IgG)
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against environmental allergens that can mediate hypersensitivity
reactions, especially immediate skin reactions [11,12]. The Hygiene
Hypothesis posits that Ty2 responses, atopy and allergic inflammation
arise in individuals who have been relatively under-exposed to
infectious organisms that typically elicit Th1-predominant immune
responses [13,14]. Putatively, humans are naturally born with a
predilection to making Ty2 responses and atopy, but this tendency is
re-directed to producing Th1 responses after sufficient encounters
with viruses, bacteria and other microbes that either suppress Ty2
responses or favor the emergence of T regulatory cells with the
potential to suppress allergic inflammation [13,15]. Despite its
popularity, a detailed review of the relevant literature failed to find
support for the Hygiene Hypothesis [16], suggesting that asthma
pathophysiology remains both more complex and obscure than
previously thought.

We explore here an alternative concept for the development of
allergic disease that is based on exposure to proteinases. Intrinsic to
the “Proteinase Hypothesis” is the concept that immunological
responses are triggered by exposure to specific danger signals, or
adjuvant moieties, possessing two fundamental properties. The first
is an ability to induce effector immunity, i.e., active inflammation,
and second is an additional capacity to determine the direction or
bias of the immune response, generally Tyl-, Ty17- or Ty2-
predominant. Much is currently known about Tyl- and Tyl17-
inducing adjuvants, which consist largely of pathogen associated
molecular patterns (PAMPs) that trigger Tyl and Ty17 immune
responses by signaling through Toll like receptors (TLRs) and related
signaling pathways [17]. In this review, we will consider an entirely
distinct type of Ty2-inducing adjuvant factor based on proteinase
activity and how developing this concept has the potential to
revolutionize the clinical management of diverse allergic airway
diseases.

2. Proteinases are linked to human asthma

Abundant circumstantial evidence links proteinases to human
asthma. A direct relation between proteinase inhalation and
human allergic lung disease has been shown through occupa-
tional exposure to microbial and plant proteinases used in
industrial settings. Workers handling or directly exposed to
proteinases such as Bacillus subtilis-derived proteinases (subtil-
isin) that are added to detergents [18,19], pepsin [20], bromelain
[21], and papain [22] were more likely to develop asthma than
unexposed workers. Furthermore, asthmatic subjects frequently
exhibit atopy, i.e., specific IgE and IgG antibodies, to antigens
that contain proteinase activity. For example, several of the
most common human allergens, including Der p 1, the major
dust mite allergen, and Fel d 1, the major allergen of the domestic
cat, are proteinases (Table 1; http://fermi.utmb.edu/cgi-bin/
SDAP/sdap_07?dB_Type=0&Code=10). The sheer abundance of
proteinase in virtually all organisms suggests that finding active

Table 1

proteinases in the environment is expected and not necessarily
relevant to expression of allergic disease. However, allergens
tend to derive from micron-sized sources that contain concen-
trated proteinase activity and which are readily dispersed
through aerosols. Foremost among these unique sources with
relevance to asthma are pollens and fungi [23,24]. Upon contact
with the female reproductive structures of the flower, pollens
must release potent proteinases that are required to breach
proteinaceous protective layers to reach the egg for fertilization.
Fungi must secrete active proteinases in order to obtain
necessary amino acids from the environment. Thus, evidence
exists to support proteinases as potent factors driving allergic
disease, but a true causal relationship can only be established
through controlled experimentation.

3. Proteinases induce allergic lung disease in experimental mice
by bypassing lung-intrinsic tolerogenic mechanisms

The most commonly used model of asthma involves intraperito-
neal or cutaneous injections of chicken egg ovalbumin (OVA)
prepared with an aluminum salt-based vehicle to induce sensitization
and ovalbumin-specific T and B cell responses [25]. Subsequent
inhalation of ovalbumin will then result in robust lung Ty2 responses,
allergic inflammation and airway obstruction resembling asthma. This
two-stage protocol is necessary because ovalbumin given strictly
through the airway induces only antigen tolerance, i.e., T regulatory
cell (Treg) responses that suppress antigen-specific IgE and T cell
responses and lung inflammation [26]. Because allergic airway
inflammation presumably arises through direct inhalation of antigens
without peripheral sensitization, other models are needed to
understand how more relevant allergens elicit inflammation.

In contrast to ovalbumin, our laboratory established that diverse
proteinases derived from ragweed pollen and multiple fungi were
potent inducers of lung Ty2 responses and asthma-like allergic lung
disease through direct inhalation, i.e., prior intraperitoneal immuni-
zation was not required for proteinases to induce allergic disease [27].
Similarly, inhalation of the papaya fruit proteinase papain is sufficient
to elicit allergic lung disease (Table 1; [28]). Most recently, we have
shown that viral proteinases, especially those derived from human
rhinovirus (HRV), are potent inducers of lung Ty2 responses and
allergic lung disease (Table 1; [29]). Regarding structure, binding site
specificity, proteinase class (cysteine, serine, metallo, etc.) and
sources, the described allergenic proteinases all differ greatly, with
no consistent features other than proteinase activity that suggest a
specific link to allergic disease (Table 1; http://fermi.utmb.edu/cgi-
bin/SDAP/sdap_07?dB_Type=0&Code=10). Similarly, allergens lack
structural motifs that uniquely induce Ty2 and IgE responses [30].
These observations suggest therefore that proteinases are allergenic
not due to their structural features, but rather due to their proteinase
activity. Indeed, proteinase activity has been shown experimentally to
be required for allergic responses due to proteinases [27]. Proteinases

Exemplary proteinases linked to human and experimental asthma and the major organisms producing them.

Proteinase Source Link to asthma Mechanism of action

Subtilisin Bacillus spp. Induces human asthma Unknown

Derp 1 Dermatophagoides pteronyssinus Most common human allergen; induces Cleave of CD23[53], CD25[52]; alters IL-4/IFN cytokine balance[54]; induction of

(common dust mite) experimental asthma allergic cytokine secretion[51,78]

Feld 1 Felis domesticus (domestic cat) Common allergen Unknown

Bromelain Ananas comosus (pineapple) Induces human asthma Unknown

Papain Carica papaya (papaya fruit) Induces human and experimental Promotes basophil and airway epithelial activation; production of TSLP
asthma [28,45,60]

Aspergillopepsin Aspergillus spp.
[
Proteinase 2A

Induces experimental asthma

Rhinoviruses Induces experimental asthma

Activation of dendritic cells[46]; induction of IL-25, TSLP, and allergy-related
chemokines[37,42,43]
Unknown
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should therefore be viewed as immune adjuvant factors or danger
signals that both activate the immune system and determine its bias,
i.e., predominant Ty2 character. Allergens, in contrast, have none of
these properties, but rather serve predominantly to elicit T and B cell
memory allergic responses. Despite such insights, the precise
molecular mechanisms by which allergenic proteinases elicit allergic
disease are complex and poorly understood as discussed below.
However, one essential feature of proteinase action is to bypass the
normal tolerogenic immune processes mediated by Tregs that are
triggered by non-proteinase allergens such as ovalbumin [27].

4. Environmental proteinases associating with human allergic
disease are largely fungal in origin

Abundant experimental evidence thus establishes proteinases as
potent allergenic adjuvants in rodents, but far less data exist to link
such proteinases to typical human allergic lung diseases outside of the
occupational setting. To gain further insight into the causes of
perennial childhood asthma, we determined if active proteinases
exist in house dust of pediatric subjects with asthma living in
Houston. A critical aspect of these studies was to discover proteinases
that remained active as we have previously shown that enzymatic
activity is critical for allergenicity [27]. Proteinases linked to allergic
disease such as Der p 1 are already known to be widespread in house
dust, but no studies have determined if Der p 1 exits in native or
denatured forms in situ. Using a combination of total proteinase
activity assays and zymography, we determined that numerous active
proteinases exist in typical household dust samples, but the majority
of proteinase activity appeared to reside in an ~85 kD multimer of
aspergillopepsin I, the major secreted proteinase of many members of
the Aspergillus genus. Of particular interest was whether proteinase
activity occurring at ~23 kD, corresponding to Der p 1 and other mite-
derived proteinases, would be found. However, no such proteinase
activity was observed in this molecular size range in over 40 dust
samples tested, although Der p 1 was readily detected in many of
these samples by immunoassay. We further were unable to reactivate
the apparently denatured Der p 1 by treatment under reducing
conditions. These findings confirmed that fungi, particularly from the
Aspergillus genus, comprised the predominant source of active
household proteinases [31].

The unexpected discovery of the dominance of fungi as sources of
active proteinases in domestic human environments raised interest-
ing questions regarding the mechanism by which proteinases might
induce allergic disease. Studies from mice and analysis of human
occupational proteinase exposures clearly indicate that direct inha-
lation of proteinase is sufficient to cause disease under some
conditions. However, active proteinases exist in household dust only
in trace quantities, probably far less than what is required to elicit
allergic disease through inhalation [31]. Thus, rather than inhalation
of proteinase alone, a plausible alternative possibility is that fungal
spores are inhaled and proteinase is secreted directly in the airway
following germination of the fungi, i.e., proteinase is produced in situ
during contained airway fungal infection. In support of this, we have
demonstrated that fungal isolates (e.g., A. niger) responsible for house
dust proteinases are highly infectious for the normal mouse airway
and produce allergic lung disease that strongly resembles human
allergic asthma [31]. We further demonstrated that production of
proteinases was required for A. niger to induce allergic lung disease in
the setting of contained, i.e., non-invasive, airway infection [31].

Additional evidence documents the ability of A. niger and related
fungi to produce allergic airway disease involving both the upper and
lower human airways. Chronic upper respiratory tract allergic disease
often manifests as allergic fungal rhinosinusitis (AFRS), a fungal
infectious disease of the sinuses in which one or more filamentous
fungi can be detected from the sinus secretions of affected individuals
[32]. AFRS is often accompanied by difficulty in breathing involving

the upper and lower airways (i.e., asthma in the latter instance),
fungus-specific IgE, and peripheral blood eosinophilia. Moreover,
peripheral blood T cells from AFRS patients strongly react to fungal
antigens added in vitro by producing Ty2 cell cytokines [33]. A fungal
infectious etiology for human allergic airway disease is further
supported by allergic bronchopulmonary aspergillosis, a lung disease
in which Aspergillus species can be found actively infecting the human
lower respiratory tract and causing a disease syndrome that strongly
overlaps with asthma [34]. The link between contained fungal
infection and asthma is further supported by observations in two
separate randomized clinical trials involving antifungal antibiotics
that demonstrated improved quality of life in fungal sensitive
asthmatics [35,36]. Together, these observations suggest a general
mechanism by which a subset of allergic asthmatics develops disease
through the T2 adjuvant effect of secreted fungal proteinases during
contained infection of either the upper or lower airway.

5. Potential mechanisms of proteinase adjuvant effect

A fascinating challenge in immunology is to determine the
molecular mechanisms by which proteinases induce allergic inflam-
mation. Analysis of microbial- and plant-derived allergenic pro-
teinases has revealed a complex, airway epithelial-centered
mechanism in which multiple epithelial cytokines including thymic
stromal lymphopoietin (TSLP) and IL-25 are induced and lead to
robust Ty2 cell commitment and allergic responses [28,37-42]
(Fig. 1). Moreover, fungal proteinases induce expression of airway
matrix metalloproteinase (MMP) 7, which is required for activation of
IL-25, as well as multiple airway chemokines such as CCL17 and CCL11
that are important for recruitment of Ty2 cells and other allergic
effector cells to the airway [43,44]. The basophil has been proposed as
a key cellular target of airway proteinases for production of TSLP and
antigen presentation in the airway [28,45], but other studies suggest
that airway epithelial cells may also be relevant cellular proteinase
targets [37]. Dendritic cells are also directly activated by proteinases
to induce Ty2 responses, although the molecular targets of this
response are unknown [46](Fig. 1).

Equally important are the earliest airway events activated by
allergenic proteinases that lead to downstream allergic immune
activation, but these are less well understood. A long-standing
concept is that allergens enhance permeabilization of the respiratory
epithelium through their proteinase activity to permit the efficient
detection of inhaled antigens that would otherwise fail to be
perceived [47]. In support of this, proteolytic disruption of airway
epithelial tight junctions has been demonstrated experimentally with
Der p 1[48], but this effect is likely to be seen with virtually any
inhaled proteinase. A major argument against disruption of tight
junctions as being required for antigen recognition is that ovalbumin
administered to the respiratory tract in the absence of proteinases can
nonetheless be readily detected immunologically, leading to induc-
tion of ovalbumin-specific Tregs [26,49] and antigen-specific IgE
tolerance [50]. Thus, antigen recognition through the respiratory tract
does not require airway epithelial disruption by proteinases; rather,
the importance of proteinases lies in their ability to redirect
tolerogenic immunity as discussed above to Ty2-driven allergic
inflammation through their proteinase activity [27].

Another important concept of proteinase-induced allergic disease
is that proteinases disrupt normal airway immune homeostasis by
cleaving essential immune effector molecules, including CD25 and
CD23, that lead to a pro-allergic immune environment, including
altered expression of Tyl and Ty2 cytokines [51-54] (Fig. 1).
Proteolytic activation of proteinase activated receptor 2 (PAR-2) has
also been proposed as an initiating factor in allergic disease. PAR2 is
activated by tryptase and other chymase-like proteinases found in the
gut and airway [55]. Analysis of PAR2 in non-proteinase-dependent
allergic lung disease models has suggested both pro- and anti-
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Fig. 1. Mechanisms of allergenic proteinase-dependent induction of allergic airway disease. Inhaled proteinases or proteinase sources (e.g., fungal spores) initiate a series of
molecular events in discrete lung compartments and involving distinct cell types that induce predominant airway Ty;2 responses that coordinate both the allergic inflammation and
physiological changes that typify allergic respiratory tract disease. Initial innate immune responses induced by proteinases include induction of airway chemokines that favor
recruitment of allergic effector cells including T2 cells (1). Likely airway cellular targets of proteinases include basophils, airway epithelial cells and possibly airway smooth muscle
cells (2). Activation of these cells by cleavage of cell surface receptors such as PAR2 and CD23 potentially leads to activation of these cells to produce pro-allergic cytokines such as
TSLP and IL-25, the latter of which is activated by MMP7, an endogenous proteinase also induced by allergenic proteinases. Allergenic proteinases also likely act on soluble substrates
such as complement, especially C3 to generate C3a, the ligand for the C3aR. CD25 is another immune receptor present on T cells that can be cleaved by proteinases, potentially to
favor Ty2 cytokine secretion. Finally, proteinases act directly on antigen presenting cells such as dendritic cells through an unknown mechanism in secondary lymphoid organs such

as lymph nodes to promote their maturation in a manner that favors T2 cell differentiation from naive precursor (TyP) T cells (3).

inflammatory roles for this receptor in allergic inflammation [55-60],
suggesting a complex role for this receptor in allergic disease.
Allergenic proteinases also activate soluble macromolecules such as
complement protein 3 (C3), specifically leading to generation of the
C3a anaphylatoxin. Binding of C3a to its endogenous receptor, C3aR is
required for proteinase-dependent allergic lung disease and robust
Ty2 responses [61,62].

A major hindrance to determining the immune mechanisms of
exogenous proteinases is the marked complexity of the mammalian
immune system. A potentially promising means of reconciling this
complexity is to determine in greater detail the earliest immune
events triggered by allergenic proteinases in model organisms with
far simpler immune systems. Recognition of fungal invasion in

Insects

Fungal proteinase Persephone

Defensive Response

Activated Toll

Drosophila melanogaster, the common fruit fly, is accomplished by
molecular pattern recognition and proteolytic activity detection, both
of which converge to activate the singularly important immune
sensor of infection, Drosophila Toll (dToll) [63]. Whereas most
mammalian dToll homologues recognize diverse pathogen-associated
molecular patterns (PAMPs) directly, dToll is activated indirectly by
the cleaved fragments derived from an endogenous circulating ligand,
spatzle (Fig. 2) [63]. Gram-negative binding protein 3 (GNBP3) is a
pattern recognition receptor found in insect hemolymph (the
equivalent of blood) that recognizes p-(1, 3)-glucans, which are
present in the chitinous fungal cell wall [64,65]. Infection studies have
demonstrated that GNBP3 is required for activation of Toll in response
to the yeast Candida albicans [64]. However, GNBP3 is dispensable for

Plants

PBS1

AvrPphB ‘RPS5

'4

\|

\

Defensive Response

Fig. 2. Proteinase-activated host defense reactions of insects and plants. Invasion of insects such as Drosophila melanogaster by fungal hyphae initiates a proteinase-activated
enzymatic cascade involving the endogenous proteinase Persephone that terminates in the cleavage of Pro-spdtzle to yield spdtzle, the final common ligand for Toll. Activation of Toll
induces a broadly effective anti-microbial defensive response against fungi, bacteria and other organisms. Similarly, bacterial proteinases such as AvrPphB can activate plant proteins
such as PBS1 and RPS5 to induce a defense response against bacterial invasion.
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responses to filamentous, entomopathogenic (pathogenic for insects)
fungi, which secrete proteinases during invasion. Detection of
entomopathogenic fungal infection is instead dependent on a serine
proteinase present in hemolymph, Persephone (Psh) [63]. After
cleavage and activation by exogenous fungal protease PR1A, Psh
triggers an endogenous proteolytic cascade that ultimately leads to
activation of spatzle and the Toll pathway [64].

Moreover, GNBP3, but not Psh, is required to detect killed fungal
spores that lack proteinase activity, suggesting that Psh senses only
exogenous proteinase activity in hemolymph. Persephone has also
been shown to be activated by bacterial-derived proteinases and is
required for the tracheal melanization cascade [66], an essential
component of the insect immune response. Intriguingly, the paradigm
of proteinase-based activation of immunity is not confined to animals.
In the plant Arabidopsis, cleavage by cysteine proteinase AvrPphB
from Pseudomonas syringae, a bacterial plant pathogen, activates PBS1,
a protein kinase, leading to activation of membrane protein RPS5 and
a downstream defensive response [67,68]. Thus, foreign proteolytic
activity qualifies as a “danger signal” indicative of early fungal
infection in diverse species (Fig. 2).

Insects and plants do not possess adaptive immune cells and are
therefore incapable of mounting T2 or allergic immune responses.
Only in mammals are proteinase activated Ty2 immune responses
found that are protective against contained fungal infection in a
manner analogous to the innate immune responses of insects and
plants. It is possible, therefore, that the central role played by dToll in
defense against fungi might extend to mammals. Indeed, recent
studies suggest that TLR4 signaling is required for induction of
asthma-like disease in mice, although it is not clear if proteinase
activity was involved [69,70]. On the other hand, TLR4 and its
principal PAMP ligand endotoxin have also been shown to inhibit
allergic lung disease and promote Th1 responses [71-73]. Clearly,
much further work is required, but early studies suggest the intriguing
possibility that TLR4 and perhaps other TLRs [74] may through a
variety of possible proteinase-related mechanisms mediate Ty2
responses (Fig. 3).

6. Conclusions and future directions

The Proteinase Hypothesis of allergic disease is attractive because
it is now broadly supported by extensive human and experimental
data. Moreover, highly allergenic fungal proteinases have been shown
to be widely prevalent in human households. The fungi responsible

Model 1
Allergenic Endogenous
proteinase Signaling molecule

\
\

Activated TLR

\

Th2, IgE responses

for most household proteinase activity are further able to infect the
mouse airway and produce asthma-like disease through production of
proteinase directly in the airway. These findings together point to a
contained fungal infectious etiology for asthma and related respira-
tory syndromes, a concept that is further supported by the known link
between contained fungal infection of the respiratory tract and
allergic diseases such as allergic fungal rhinosinusitis (AFRS) [32,33]
and allergic bronchopulmonary aspergillosis (ABPA) [75]. Respiratory
tract viral infections, especially due to human rhinovirus, are also
linked to exacerbations of asthma [76], providing a clinically
important correlation with the observation that HRV proteinases are
potent allergenic adjuvant factors in mice [29].

In addition to the remaining challenge of determining in molecular
detail how allergenic proteinases trigger allergic responses, it is now
time to begin converting these largely experimental observations into
genuine benefit for those suffering from allergic diseases of all kinds.
Perhaps foremost of these tasks is determining the true extent to
which proteinases contribute to diverse allergic processes and how,
i.e., potentially through infection with organisms such as fungi or
respiratory viruses. The role of organismal proteinases must further
be reconciled with that of emerging allergic disease adjuvant factors
such as chitin [77].

Clarification of these issues will prove crucial to improving current
medical practice for allergic disease. Current pharmacological therapy
for asthma is entirely non-specific, providing mechanical bronchodi-
lation and immunosuppression that, though effective in a majority of
patients, is directed at no specific etiologic agent and is potentially
hazardous. There is further no means of prognosing asthma and
current therapy offers no prospect for cure. These serious limitations
of asthma clinical practice would largely evaporate for many patients
if, for example, a fungal infectious etiology could be shown. Novel
therapeutic approaches suggested by analysis of the mechanisms of
proteinase-dependent allergic inflammation are summarized in
Table 2. Preliminary studies have already demonstrated that antifun-
gal antibiotics are salutary in fungal-sensitized asthmatics [35,36].
Thus, clarification of the clinical issues framing the Proteinase
Hypothesis is essential to spurring much needed improvements in
the care for those suffering from asthma and related afflictions.
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Fig. 3. Possible mechanisms by which allergenic proteinases may induce allergic responses through Toll like receptors. Similar to insect host defense reactions involving Toll,
allergenic proteinases may induce enzymatic cascades leading to a common cleavage product that is capable of binding to one or more Toll-like receptors (TLRs) and initiating
essential allergic immune responses such as T2 differentiation and IgE secretion (Model 1). Alternatively, allergenic proteinases may cleave and directly activate distinct immune

receptors such as CD23, CD25, and PAR2 to induce allergic responses (Model 2).
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Table 2
Potential therapies for proteinase-dependent allergic disease.

Potential Approach

Mechanism of action

Serine proteinase inhibitors (Serpins)

Neutralization of proteinase-activated

Anti-fungal antibiotics

Inhibit activity of inhaled or in situ-
generated fungal proteinases
Disrupts key signaling pathways
potentially underlying allergic
inflammation.

receptors (TLR, PAR2, CD23, C3aR),
soluble substrates (C3) or proteinase-
induced allergy-promoting factors
(CCL17, CCL11, TSLP, IL-25)

Resolves the airway infection that may
serve as a source of in situ proteinase
that promotes disease.

(e.g., itraconazole)
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