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Summary
Osteopontin (OPN) is an extracellular matrix protein and immune modulator with a wide
range of functions. OPN is recognized as a key cytokine in Th1 immune responses, yet its
potential involvement in allergic/asthmatic responses has been investigated only
recently. Current data from molecular and cellular studies and studies of OPN-deficient
mice provide evidence that OPN plays multiple roles in the regulation of allergic responses,
including regulation of IgE response, inflammatory cell migration, and the development of
airway fibrosis and angiogenesis. These results suggest that OPN is a pleiotropic cytokine
that functions both systemically and locally in tissue mucosa. Notably, OPN is able to
exert its effects through different functional domains, and the secreted and intracellular
forms of OPN may have distinct functions. Future research to elucidate all aspects of OPN
function is needed to ultimately establish its role in the regulation of immune responses and
various disease processes, including those critically involved in the development of allergies
and asthma.

Introduction

Osteopontin (OPN), originally discovered in bone as an
extracellular matrix protein, was later identified in
many cell types in the immune system where it may be
involved in the pathogenesis of inflammatory and
immune diseases [1]. A number of studies using
OPN-deficient mouse models and OPN-neutralizing anti-
bodies (Abs) have demonstrated the importance of OPN in
the development of several inflammatory diseases, parti-
cularly those involving CD4 T helper 1 (Th1)-associated
immune responses [2–10]. In humans, high levels of
OPN have been observed in several diseases associated
with Th1 responses, such as sarcoidosis [11], tuberculosis
[11], rheumatoid arthritis [12], Crohn’s disease [13],
and multiple sclerosis (MS) [14]. However, the role of
OPN in Th2-associated diseases, rather than diseases
involving Th-1, remains unclear. Its potential involve-
ment in allergic/asthmatic responses has been investi-
gated recently. In this review, we summarize research
showing associations between OPN and several allergic
diseases, and we also provide information on the role of
OPN in the pathogenesis of IgE-mediated allergic re-
sponses and asthma.

Osteopontin modulates immunoglobulin E-mediated
allergic responses

In 2000, since Ashkar et al. [15] found that OPN functions
as a pro-inflammatory cytokine that induces Th1 cell-
mediated immune responses, and subsequently, studies
with various OPN-deficient mouse models have demon-
strated the importance of OPN in the development of Th1-
associated immune responses [2–10]. OPN induces IL-12
in macrophages [11, 16] and dendritic cells (DCs) [17, 18]
in vitro. In addition, naı̈ve Th cells stimulated by OPN-
activated DCs produce Th1-polarized cytokines [19].

During our genomics studies to identify regulatory
pathways important to the development of successful
allergen-specific immunotherapy, we observed a signifi-
cant increase in OPN expression in subjects who success-
fully completed venom immunotherapy and who showed
a decrease in venom-specific IgE responses than in sub-
jects who were hypersensitive to allergens and had not
received venom immunotherapy [20, 21]. A Th1 cytokine,
IFN-g, is able to induce OPN [22], while two Th2 cyto-
kines, IL-4 and IL-13, suppress it in human monocytes and
monocyte-derived DCs [23]. Moreover, recent studies by
Shinohara et al. [24]demonstrate that OPN expression in
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activated T cells is regulated by T-bet, a member of the
T box family of transcription factors, and that T-bet-
dependent OPN expression in T cells is critical for skewing
of naı̈ve CD41 T cells toward Th1 cell-lineage commit-
ment. Regulation of Th1 vs. Th2 responses is often
reciprocal; therefore, these results indicate that OPN may
play a role in modulating the allergic responses via its
Th1-inducing activity.

To elucidate the role of OPN in IgE-mediated allergic
responses, we compared the ovalbumin (OVA)-induced
specific IgE levels between wild-type (WT) and OPN-
deficient (OPN�/�) mice, and found that OPN�/� mice
had significantly higher levels of OVA-induced IgE and
systemic Th2 than WT mice [25]. In addition, treatment
with recombinant OPN (rOPN) during intraperitoneal in-
jection of OVA suppressed OVA-specific IgE production in
WT and OPN�/� mice.

In contrast, Xanthou et al. [26] also showed that Ag
sensitization and pulmonary challenge of OPN�/� mice
resulted in higher Ag-specific IgE production compared
with WT controls. In these experiments, however, admin-
istration of an anti-OPN Abs AF-808 during senitization
suppressed Ag-speific IgE production. They also showed
that administration of anti-OPN Abs resulted in increased
numbers of plasmacytoid DCs (pDC), which are considered
to have a regulatory role of immune responses, in draining
lymph nodes. These data are difficult to reconcile and
probably reflect differing experimental protocols, but they
clearly show that OPN has the potential to influence
skewing of the T cell response to allergens in a variable
fashion.

Nagasaka et al. [27] have demonstrated that OPN is
produced by cultured mast cells, and that OPN induces
chemotaxis of these cells as well as enhancing IgE-
mediated degranulation. This OPN may have a role in
regulating acute mast cell responses to allergens.

OPN is involved in multiple aspects of allergic/asth-
matic responses in addition to IgE-mediated allergic
responses, as described below. Contradictory and/or dual
roles of this molecule in a single disease have been
reported, suggesting that OPN has a multifunctional
nature in allergic/asthmatic responses.

Role of osteopontin in aspects of asthmatic response

Expression of osteopontin in the airway of asthma

Induction of OPN by INF-g [22] and suppression of OPN
by IL-4/IL-13 in human monocytes and monocyte-de-
rived DCs [23] suggests that OPN expression is lower in
Th2-associated diseases, such as asthma, than in Th1-
associated disease. However, the levels of OPN in sputum
and bronchoalveolar lavage fluid (BALF) were higher in
asthmatic patients than in healthy controls [28, 29].
Studies using a murine model of acute and chronic

allergic airway inflammation induced by OVA also reveal
that OPN levels in BALF and lung tissue were higher in
OVA-treated animals than in the control animals [28–31],
and corticosteroids, which are commonly used to treat
asthma, suppressed OPN expression [31]. OPN is expressed
in a variety of cells, including bronchial epithelial cells
and inflammatory cells around airways, such as T cells,
CD11c-positive DCs, and eosinophils [27–31] in asthmatic
airways. Although the factors responsible for the higher
expression of OPN in asthma have not been elucidated, it
is probable that several pro-inflammatory cytokines, such
as TNF-a and IL-1b, are involved in the induction of OPN
in the airway [32, 33]. Increased levels of OPN were also
observed in IgE-mediated allergic diseases other than
asthma, such as allergic conjunctivitis [34] and allergic
rhinitis [35], which is characterized by eosinophilic in-
flammation of upper airways, suggesting that OPN also
plays a role in the pathogenesis of Th2-associated chronic
inflammatory diseases.

Effect of osteopontin on eosinophilic airway inflammation

Eosinophils are found in abundance in the airways of
asthmatic patients and have traditionally been considered
the primary mediators of epithelial damage. They mediate
epithelial damage via the release of preformed effector
molecules, such as eosinophil major basic protein and
eosinophil cationic protein [36]. Eosinophils are also
implicated in the pathogenesis of airway remodelling
observed in asthmatic airways [37, 38].

OPN also plays a role in the migration of inflammatory
cells, such as monocytes [18], lymphocytes [5], and
neutrophils [39, 40]. We [28] and Puxeddu et al. [29]
recently demonstrated that OPN induces chemotaxis of
eosinophils in vitro, and this effect is mediated by an
interaction between the RGD and SVVYGLR domains of
OPN and the a 4 integrin expressed on the surface of
eosinophils. In addition, administration of an anti-OPN
antibody that recognizes the RGD domain of OPN (pre-
ceding OVA challenge) significantly decreases the number
of eosinophils in mouse BALF [28]. These results suggest a
possible role for OPN in attracting eosinophils into asth-
matic airways. The significant correlation between OPN
protein level and the number of eosinophils in the
sputum/BALF in asthmatic patients in vivo [28, 29] sup-
ports these results.

In contrast, Xanthou et al. [26] showed that the admin-
istration of an anti-OPN Ab, AF-808, before OVA chal-
lenge enhanced inflammation of allergic airways.
Administration of anti-OPN Ab during OVA challenge
caused a substantial increase in the recruitment of con-
ventional DCs, which may have an immunogenic role, to
the lung draining lymph nodes. These results contrast with
our results [28]. Notably, Xanthou and colleagues used a
different anti-OPN Ab, which recognizes different
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functional domains of the OPN molecule, than we did; the
differences in Abs and the epitopes they recognize might
explain this discrepancy. OPN is known to perform diverse
functions, some of which are mediated through an integ-
rin-binding domain consisting of the RGD and SVVYGLR
(SLAYGLR in mouse OPN) sequences [8, 41, 42], while
others are mediated through ligation with the N- and C-
terminal half of the protein [10, 18]. In fact, studies by
Koguchi et al. [11, 16] demonstrated that the effects of
OPN on IL-12 and IFN-g induction in human PBMCs can
be blocked by 10A16, a C-terminal region-specific Ab, but
not by 2K1, an integrin-binding domain-specific Ab,
indicating that ligation between the C-terminal half of
OPN and an unidentified receptor(s) is involved in the
induction of Th1 cytokines, while blockade of integrin
binding is ineffective in regulating the Th1 immune
responses.

Effect of OPN on airway remodelling

A number of studies have shown that OPN contributes
to tissue fibrosis and wound healing by regulating
cell–extracellular matrix interactions and modulating
TGF-b1 and matrix metalloproteinase (MMP) expression.
These studies were conducted using several murine mod-
els of diseases associated with fibrosis and remodelling of
specific tissues, including myocardium [43, 44], muscle
[45], kidney [46], and skin [47]. In the case of pulmonary
fibrosis, OPN was identified as one of the genes that
distinguishes idiopathic pulmonary fibrosis from normal
lungs in humans using oligonucleotide arrays [48, 49],
and OPN is up-regulated in bleomycin-induced lung
fibrosis in mice [50, 51].

Airway remodelling is a prominent pathophysiologic
feature of chronic asthma. It is characterized by changes
in tissue structural components, including damage and
shedding of airway epithelium, mucus gland hypertrophy,
increased myofibroblast number, subepithelial fibrosis,
increased airway smooth muscle mass. In a murine model
of allergen-induced airway remodelling, OPN expression
is up-regulated in lung tissue and BALF and is correlated
with collagen content and peribronchial smooth muscle
area [30]. In addition, OPN significantly increases col-
lagen deposition in a murine lung cell line in vitro [30].
OPN also plays an important role in angiogenesis [29, 52],
which is also a prominent feature of airway remodelling
[53–55]. Recently, Kohan et al. [56]and Simoes et al.
[57]independently demonstrated that OPN�/� mice chro-
nically exposed to OVA exhibit reduced airway fibrosis in
comparison with OVA-treated WT mice as characterized
by subepithelial fibrosis, peribronchial smooth muscle
area, increased airway mucus-producing cell number,
and subsequent increases in airway resistance and airway
hyperresponsiveness (AHR). Lung fibroblasts from
OVA-treated OPN�/� mice exhibit reduced proliferation,

migration, collagen deposition, and smooth muscle actin
expression in comparison with WT lung fibroblasts [56].
Moreover, OPN induces increased expression of IL-13 and
pro-matrix metalloproteinase-9 in the lungs [57]. These
results indicate that OPN plays an important role during
airway remodelling.

Osteopontin and disease severity in human asthma

Although for most asthma patients the asthma is well
controlled with low doses of inhaled corticosteroids, in
about 10% of asthma patients, those with severe asthma,
the asthma remains poorly controlled despite treatment
with high-dose inhaled corticosteroids and long-acting
b2-agonists. These patients with severe asthma have a
lower quality of life and account for the majority of total
asthma-related costs, so new therapeutic approaches are
needed to treat severe asthma. Recently, two reports have
shown significant up-regulation of OPN in patients with
severe asthma. Delimpoura and colleagues have shown
that OPN protein levels in the sputum are significantly
higher in patients with severe asthma than in patients with
less severe forms of the disease. Moreover, OPN is asso-
ciated with mediators involved in both inflammatory and
remodelling processes, such as TGF-b1, IL-13 and cystei-
nyl leukotrienes, only in severe asthmatic patients [58].
Samitas et al. [59]have shown that subepithelial inflam-
matory cells in severe asthmatic patients express signifi-
cantly more OPN compared with those in patients with
mild asthma, and OPN expression is correlated to reticular
basement thickness. Severe asthma consists of effects of
different aspects of the pathway leading to the increased
severity [60–62], including intense inflammatory and
remodelling processes, and OPN might be involved in
these distinct aspects of severe asthma. Further research
on OPN function and regulation in human asthma could
lead to novel therapeutic approaches targeting the mod-
ulation of OPN expression and function in vivo.

Osteopontin polymorphisms and serum total
immunoglobulin E level

The human OPN gene is located on chromosome 4q22.1,
and single-nucleotide polymorphisms of the gene are
associated with the development and/or disease activity
of several inflammatory diseases, including MS [63],
systemic lupus erythematosus (SLE) [64], and type C
hepatitis [65]. One report demonstrates an association of
OPN gene polymorphisms and serum total IgE level in a
Japanese population [66] with respect to asthma/allergy.
Individuals carrying the C allele at position 5891 in exon
6, an allele that is more prevalent in patients with MS in
Japanese populations [63], displayed significantly lower
levels of total serum IgE compared with non-carriers of
this allele. Individuals homozygous for the C allele at
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position 7052 in exon 7, an allele associated with devel-
opment of SLE [64], exhibited significantly higher total
serum IgE levels compared with carriers of the 7052T
allele. Patients with MS, a Th1-immune disease, display
significantly fewer allergic symptoms, lower number of
allergen sensitizations [67], and reduced risk of asthma
[68] compared with individuals without MS. On the other
hand, SLE is characterized by Th2 immune responses, and
some reports have shown increased IgE production in SLE,
thereby associating SLE with allergy [69]. These results
indicate a potential relationship between OPN genetics
and IgE-mediated allergic responses.

Therapeutic strategies against allergy and asthma based on
osteopontin function

Based on our finding that rOPN inhibits allergen sensiti-
zation (production of allergen-specific IgE antibody) [25],
OPN itself may be a promising therapeutic target for the
treatment of IgE-mediated allergic diseases. In this con-
text, increases in OPN levels, as shown in our previous
reports [20, 21], may play a role in the efficacy of allergen
immunotherapy. Moreover, neutralizing the effect of OPN
is a potential therapeutic strategy for the treatment of
allergy and asthma because OPN mediates various aspects
of asthma and allergy pathogenesis, including mast cell
degranulation [27], migration of eosinophils [28, 29], and
airway remodelling [56, 57]. Therefore, in view of the
pleiotropic effects of OPN on a variety of cell types and on
various aspects of the asthmatic and allergic responses
involved, therapeutic approaches using OPN or anti-OPN

antibody cannot be simplistic. A more physiologically
relevant mouse asthma model, developed by inhalation
of Der f without intraperitoneal injection [70, 71], would
be necessary for evaluation of the potential therapeutic
strategy of using rOPN or anti-OPN antibody. The effects
of OPN may resemble the pleiotropic functions of TGF-b
in allergy and asthma pathogenesis. TGF-b, like OPN, has
immunosuppressive effects in addition to pro-fibrotic
effects [72, 73]. Ideal therapeutic strategies would harness
OPN’s desirable therapeutic effects on specific cell types
and particular aspects of allergic/asthmatic responses,
while preventing any unwanted complications or side-
effects elsewhere in the body.

Conclusions and future perspectives

In this review, we have summarized the roles of OPN in the
pathogenesis of asthma/allergy. Although OPN had been
recognized as a key cytokine involved in Th1 immune
responses, recent findings demonstrate that OPN levels are
also elevated in Th2-related diseases, including asthma.
Moreover, OPN is involved in the regulation of allergic
and fibrotic responses. Table 1 summarizes published
reports that demonstrate the functional involvement of
OPN in asthma and allergy. Taken together, data from
many human and animal-model studies strongly support
the notion that OPN is a central effector cytokine involved
in critical steps of allergic inflammation. Thus, it is likely
that a highly controlled release of OPN could be one
important mechanism that maintains homoeostasis and
limits the extent of allergic and inflammatory responses.

Table 1. Summary of the previous reports showing association of OPN with asthma and allergy

Disease phenotype Mouse/human Modalities Sample Findings References

Specific allergen immunotherapy Human PBMCs, serum OPN expression was up-regulated after
venom immunotherapy

[20,21]

Systemic allergen sensitization Mouse OPN�/�, rOPN OPN inhibited systemic allergen
sensitization

[25]

Mouse OPN Ab, OPN�/� OPN Ab inhibited systemic allergen
sensitization

[26]

Mast cell degranulation Mouse, Human OPN�/�, rOPN FSMC OPN augmented IgE-mediated
degranulation, OPN-induced mast cell
chemotaxis

[27]

Allergic conjunctivitis Human Tear High OPN protein level in tear [34]
Allergic rhinitis Human Nasal tissue High OPN expression in nasal mucosa [55]
Eosinophilic airway inflammation Mouse OPN�/�, rOPN,

OPN Ab
OPN inhibited eosinophilic airway
inflammation

[26]

Mouse, human rOPN, OPN Ab Sputum OPN-induced eosinophil chemotaxis [28]
Human rOPN BALF OPN-induced eosinophil chemotaxis [29]
Airway remodelling Mouse rOPN OPN increased collagen deposition [30]

Mouse OPN�/�, rOPN OPN-induced airway remodelling [56, 57]
Severe/refractory asthma Human Sputum High OPN protein level in sputum [58]

Human Lung tissue High OPN expression in lung tissue [59]

OPN, osteopontin; PBMCs, peripheral blood mononuclear cells; OPN�/�, OPN-deficient mice; rOPN, recombinant OPN; Ab, antibody; FSMC, fetal skin-
derived mast cells; BALF, bronchoalveolar lavage fluid.
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How resident tissue and inflammatory cells integrate OPN
signals to limit the extent of the allergic responses may
represent an important and novel mechanism for control-
ling allergic responses. Future challenges will likely in-
clude elucidation of the relative contribution of different
OPN-expressing cell types to the expression of a disease.
Equally important is an understanding of the molecular
mechanisms by which OPN exerts its functions via differ-
ent receptor-ligand axes. Also, detailed mechanism of
functional activities mediated by intracellular (i-OPN) vs.
secreted forms of OPN (s-OPN) requires further clarifica-
tion because an i-OPN has been shown to exert distinct
functions on several inflammatory diseases [74, 75] from
s-OPN. In addition, recent studies demonstrate a role for
OPN in Th17-related immune responses [75], which are
involved in the pathogenesis of asthmatic airway inflam-
mation [76]. Many of these issues may soon be resolved,
and in conjunction with published data accumulated thus
far, these insights would add a new dimension to our

understanding of the immune regulatory network of
allergic diseases, where OPN is critical.
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