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Introduction

Periostin is an extracellular matrix (ECM) protein belonging 
to the fasciclin family [1]. Periostin also acts as a matricel-
lular protein by binding to cell-surface receptors belonging 
to the integrin family, followed by transducing the signals 
in cells. The roles of periostin as both an ECM and a matri-
cellular protein contribute together to developing or main-
taining various tissues or organs. For example, periostin is 
involved in the process of wound healing in skin as both an 
ECM and a matricellular protein; a genetic deficiency of per-
iostin in mice delays the closure of wounds [2–4]. The dual 
functions of periostin as an ECM and a matricellular protein 
are important also for the onset of inflammation, particularly 
for allergic inflammation. Periostin is deposited in inflamed 
sites showing fibrosis, whereas it activates immune and non-
immune cells as a matricellular protein, further augmenting 
inflammation. The epithelial/mesenchymal interaction and/
or the immune cell/non-immune cell interaction is important 
for periostin to exert its effects in the setting of inflamma-
tion. Based on these findings, great attention has been paid 
to periostin as a biomarker or a target to develop therapeutic 
agents against inflammation. In this article, we focus on the 
roles of periostin in inflammation and allergy, as well as on 
the utility of periostin as a biomarker and a target to develop 
therapeutic agents for inflammation and allergy.

Abstract We found for the first time that IL-4 and IL-13, 
signature type 2 cytokines, are able to induce periostin 
expression. We and others have subsequently shown that 
periostin is highly expressed in chronic inflammatory dis-
eases―asthma, atopic dermatitis, eosinophilc chronic 
sinusitis/chronic rhinosinusitis with nasal polyp, and allergic 
conjunctivitis—and that periostin plays important roles in 
the pathogenesis of these diseases. The epithelial/mesen-
chymal interaction via periostin is important for the onset 
of allergic inflammation, in which periostin derived from 
fibroblasts acts on epithelial cells or fibroblasts, activat-
ing their NF-κB. Moreover, the immune cell/non-immune 
cell interaction via periostin may be also involved. Now 
the significance of periostin has been expanded into other 
inflammatory or fibrotic diseases such as scleroderma and 
pulmonary fibrosis. The cross-talk of periostin with TGF-β 
or pro-inflammatory cytokines is important for the underly-
ing mechanism of these diseases. Because of its pathogenic 
importance and broad expression, diagnostics or therapeutic 
drugs can be potentially developed to target periostin as a 
means of treating these diseases.
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Expression of periostin in inflammation 
and allergy

Induction of periostin by IL‑4 or IL‑13

It is known that various stimuli―IL-4/IL-13, TGF-β, 
angiotensin II, connective tissue growth factor 2, bone 
morphogenetic protein 2, mechanical stretch, and can-
cer-derived factors―induce periostin expression [1]. 
We found for the first time that IL-4 and IL-13, signa-
ture type 2 cytokines, can induce periostin expression 
[5]. IL-4 binds to two types of IL-4 receptors (IL-4Rs), 
composed of the IL-4R α chain and either the common 
γ chain (type 1 IL-4R) or the IL-13R α1 chain (type 2 
IL-4R), whereas IL-13 binds to type 2 IL-4R, also called 
IL-13R [6]. Engagement of type 1 IL-4R or type 2 IL-4R/
IL-13R with the ligands activates the JAK-STAT path-
way; the former activates JAK1 and JAK3 followed by 
activation of STAT6, whereas the latter activates JAK1 
and TYK2 followed by activation of STAT6 and STAT3. 
We have already found that inhibition or downregulation 
of STAT6 decreased periostin expression, suggesting that 
STAT6 activation is critical, as are other IL-13-induced 
molecules [7, 8] (Mitamura, unpublished data). However, 
it remains undetermined whether STAT6 induces peri-
ostin expression directly by a cis-regulatory mechanism 
or indirectly by a trans-regulatory mechanism via tran-
scription factors.

Expression of periostin in inflamed sites

It is now widely accepted that type 2 immunity is domi-
nant in allergic inflammation [9]. Based on this knowl-
edge, several agents targeting IL-4 and/or IL-13 for aller-
gic diseases are now under development [10, 11]. IL-4 
and IL-13, as well as IL-5, are produced by  TH2 cells, fol-
licular helper T cells, type 2 innate lymphoid cells, eosin-
ophils, mast cells, and basophils [7, 12–14]. Since peri-
ostin is downstream of IL-4 and IL-13, we reasoned that 
periostin would be highly expressed in the inflamed sites 
of allergic diseases. It turned out that periostin is highly 
expressed in the subepithelial regions of many chronic 
inflammatory diseases―asthma [15], atopic dermatitis 
(AD) [16], eosinophilc chronic sinusitis/chronic rhinosi-
nusitis with nasal polyp (CRSwNP) [17, 18], and allergic 
conjunctivitis [19] (Fig. 1). Additionally, Blanchard et al. 
have reported that periostin was highly expressed in the 
esophagus of patients with eosinophilic esophagitis [20]. 
Thus, high periostin expression downstream of the IL-4/
IL-13 signals is an event common in allergic diseases.

Periostin‑producing cells

To our knowledge thus far, three kinds of tissue-resident 
cells―fibroblasts, epithelial cells, and endothelial 
cells―are known to produce periostin protein by stimu-
lating IL-4 or IL-13. We first identified periostin as a down-
stream molecule of IL-13 by applying airway epithelial 
cells to DNA microarray [5]. However, we did not detect 
production of periostin protein in either airway epithelial 
cells or keratinocytes cultured in liquid medium [15, 16]. 
In contrast, pulmonary or dermal fibroblasts secrete robust 
amounts of periostin by stimulation of IL-4 or IL-13. Sidhu 
et al. have shown that when they culture airway epithelial 
cells in the presence of IL-13 using an air/liquid interface 
method in which one side of the airway epithelial cells faces 
air, whereas the other side faces liquid medium, periostin 
was secreted in the basal direction, but not into the apical 
side [21]. This result suggests that secretion of periostin 
from airway epithelial cells by stimulation of IL-13 would 
have a polarity. Moreover, Shoda et al. have reported that 
microvascular endothelial cells derived from lung and skin 
can secrete periostin protein by stimulation of IL-4 or IL-13 
[22]. It is of interest that IL-4- or IL-13-induced periostin 
production in endothelial cells was resistant to corticoster-
oids, whereas that of fibroblasts was sensitive to it.

The roles of periostin in the pathogenesis 
of allergic diseases

Analyses of periostin-deficient model mice have provided 
us direct evidence concerning the roles of periostin in the 
pathogenesis of asthma and AD. Moreover, comparisons of 
periostin expression in the inflamed sites of asthma and AD 
with their clinical severities have given us important and 
useful, although indirect, information about the roles of peri-
ostin in the pathogenesis of asthma and AD.

Asthma

The results of applying periostin-deficient mice to the 
mouse model of asthma are controversial. Initial studies 
for this purpose showed that ovalbumin- or Aspergillus-
challenge in periostin-deficient mice enhanced airway 
hyperresponsiveness (AHR), type 2 inflammation, and 
mucus production, suggesting that periostin plays a protec-
tive role against airway allergic inflammation in the model 
mice [23, 24]. Gordon et al. speculated that this might 
be because TGF-β-induced differentiation of regulatory 
T cells was impaired in periostin-deficient mice. In con-
trast, it has been more recently shown that periostin defi-
ciency decreased AHR, type 2 inflammation, and mucus 
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production in house dust mite (HDM)-challenged mice 
[25]. Moreover, administration of neutralizing anti-peri-
ostin antibodies inhibited asthma-like phenotypes. These 
results suggest that periostin helps to accelerate airway 
allergic inflammation. Adoptive transfer of HDM-treated 
bone-marrow-derived dendritic cells (DCs) from wild-type 
mice into periostin-deficient mice restored HDM-induced 
asthma-like phenotypes, suggesting the importance of 
periostin in DCs in this context. Thus far, the reason for 
this discrepancy has been elusive. On the other hand, 
Kanemitsu et al. analyzed the correlation between peri-
ostin expression and the change of pulmonary function in 
asthma patients followed for long terms [26]. They found 
that deposition of periostin in bronchial subepithelium 
in the biopsy samples that they took more than 20 years 
ago was well inversely correlated with decline of ∆FEV1, 
which strongly, although indirectly, supports the role of 
periostin in accelerating airway allergic inflammation.

AD

We have previously shown that periostin plays a critical 
role in skin allergic inflammation using HDM-painted mice 
[16, 27]; the features reminiscent of AD patients―skin 
swelling, epidermal hyperplasia, type 2 inflammation, and 
dermal fibrosis―were diminished in HDM-painted, per-
iostin-deficient mice. Consistent with this, we and Kou et al. 
have shown that periostin was expressed in inflamed sites 
or serum of AD patients according to its clinical severity 
[16, 28], which strongly suggests that periostin is an accel-
erating mediator for AD. Using the 3-dimensional organo-
typic co-culture system in which keratinocytes are seeded 
on the fibroblast-embedded collagen gel, we found that 
the epithelial/mesenchymal interaction is important in the 
underlying mechanism; periostin derived from fibroblasts 
acts on keratinocytes via αV integrin, inducing produc-
tion of pro-inflammatory cytokines including thymic stro-
mal lymphopoietin (TSLP) from keratinocytes (Fig. 2a). 

A B

C D

Fig. 1  High expression of periostin in inflamed sites of allergic dis-
eases. Expression of periostin in bronchial tissue from an asthma 
patient (a) [15], in skin tissue from an AD patient (b) [16], in a nasal 
polyp from an eosinophilc chronic sinusitis/CRSwNP patient (c) [17], 

and in conjunctival tissue from an AKC patient (d) [19]. It is of note 
that periostin is highly expressed in the subepithelial regions of each 
tissue



4296 K. Izuhara et al.

1 3

Periostin activates NF-κB, a transcriptional factor critical 
for inflammation, in keratinocytes. We furthermore found 
the importance of another epithelial/mesenchymal interac-
tion in which periostin derived from fibroblasts targets fibro-
blasts themselves [29] (Fig. 2b). In this interaction, IL-1α 
derived from keratinocytes cooperates with periostin derived 
from fibroblasts, acting on fibroblasts themselves activating 
NF-κB followed by induction of pro-inflammatory cytokines 
such as IL-6. Moreover, it has been reported that periostin 
augments adhesion, superoxide anion  (O2

−) generation, and 
TGF-β production in eosinophils [20, 30] (Fig. 3). Activated 

eosinophils may reciprocally induce periostin protein in 
fibroblasts by TGF-β. Thus, in addition to the epithelial/
mesenchymal interaction, the immune cell/non-immune cell 
interaction via periostin would be involved in the onset of 
allergic diseases, including AD.

Usefulness of periostin as a biomarker for allergic 
diseases

Periostin is now receiving much attention as a biomarker 
for inflammatory diseases. The advantages of using peri-
ostin as a biomarker are listed as follows [31] (Fig. 4). (1) 
Periostin is characterized as a molecule easily moving or 
secreted from inflamed sites into various body fluids such 
as blood [26, 32, 33], urine [34–36], sputum [37, 38], and 

Fig. 2  Epithelial/mesenchymal interaction via periostin in the patho-
genesis of skin allergic diseases (modified from [16, 29]). a IL-4/
IL-13 produced by  TH2 cells activated by exposure to allergens 
induces periostin production in fibroblasts. Periostin acts on keratino-
cytes activating NF-κB followed by production of pro-inflammatory 
cytokines including TSLP, which acts on dendritic cells (DCs), accel-

erating type 2 inflammation. Thus, IL-4/IL-13, periostin, and TSLP 
generate a vicious cycle in the pathogenesis of skin allergic diseases. 
b IL-1α and periostin produced by keratinocytes and fibroblasts, 
respectively, cooperate to act on fibroblasts activating NF-κB. Acti-
vated fibroblasts produce IL-6 accelerating proliferation of keratino-
cytes

Fig. 3  Immune cell/non-immune cell interaction via periostin in the 
pathogenesis of allergic diseases. Periostin augments adhesion, super-
oxide anion  (O2

−) generation, and TGF-β production in eosinophils. 
Reciprocally, activated eosinophils may induce periostin protein in 
fibroblasts

�Easily moves or secreted from the inflamed sites into various body fluids

�Serum concentration (~ tens ng/mL) is appropriate for reflecting 
   the increase in the inflamed sites and for detecting accurate concentration

fibronectin/vitronectin : ~100 µg/mL
cytokines: ~10 pg/mL 

�Basal levels of serum periostin in childhood are high, probably because of 
   bone growth

Advantages

Disadvantages

Fig. 4  Advantages and disadvantages of periostin as a biomarker. 
Several advantages and one disadvantage of periostin as a biomarker 
are depicted
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tears [19], although the precise mechanism of the moving or 
secretion still remains elusive. (2) The serum concentration 
(~tens ng/mL) is appropriate for reflecting the increase in 
the inflamed sites, and for detecting accurate concentrations. 
Since the serum concentration is not high, with other ECM 
proteins such as fibronection or vitronectin (~hundreds μg/
mL), the increase in the inflamed area can be more eas-
ily reflected to it, whereas since the serum concentration is 
not low compared with cytokines (~tens pg/mL), it can be 
detected accurately. It must be noted that the disadvantage of 
using periostin as a biomarker is that basal levels of serum 
periostin in childhood are high [39]; this is probably because 
serum periostin in children is mostly derived from bone, and 
its levels are sustained high until bone growth stops. There-
fore, the window width of the increase in teens by various 
diseases is relatively narrow (Fig. 4).

Many commercial and non-commercial periostin detec-
tion kits are now available; however, the correlations and 
absolute values differ among the kits. We have recently 
compared our kit (the Shino-Test assay) and the  Elecsys® 
periostin assay provided by Genentech Inc. [40], showing 
that these two assays have a positive correlation (r = 0.9236, 
P < 0.0001) significantly, and that the absolute values are 
a little higher in the Shino-test assay than in the  Elecsys® 
periostin assay. Standardization of each periostin detection 
kit is needed to develop these kits for diagnostics.

Asthma

We and others have made a lot of effort to characterize 
serum periostin as a biomarker for asthma during the past 
several years, because no good serum biomarker is available 
for asthma, and several anti-asthma drugs targeting IL-13 
have been developed. Some surrogate biomarker reflecting 
IL-13 production in the body is needed to predict the effi-
cacy of such drugs, and serum periostin is considered to be a 
candidate. We have already presented several review articles 
about this topic [10, 31].

A lot of evidence has supported the idea that serum peri-
ostin reflects type 2 inflammation in asthma. Serum peri-
ostin is reproducibly correlated with eosinophilia, fractional 
inhaled NO (FeNO), and IgE in some studies, all of which 
are type 2 biomarkers [32, 33, 38, 40–44]. Moreover, serum 
periostin is correlated with aspirin intolerance, nasal disor-
ders, and late onset, in which eosinophilic inflammation is 
often detected [32, 33, 41], supporting the characterization 
of periostin as a type 2 biomarker as well. Furthermore, clus-
ter analysis has shown that high periostin is a characteristic 
of the eosinophil-dominant group of asthma [43].

Although periostin belongs to type 2 biomarkers along 
with eosinophils, FeNO, and IgE, its differentiating charac-
teristic is that it is involved in generating a thickened base-
ment membrane, in other words tissue remodeling, which 

serum periostin reflects in asthma. The finding that of serum 
periostin was correlated with thickening of bronchial walls 
also supports this notion [45]. The characterization of serum 
periostin as a biomarker for remodeling of asthma would 
lead to its correlation with hyporesponsiveness to inhaled 
corticosteroids (ICSs); several clinical studies have reported 
that serum periostin is high in ICS-resistant asthma patients, 
particularly in eosinophil-dominant groups [32, 40, 41, 43] 
and that periostin-high asthma patients showed a high fre-
quency of exacerbation after tapering ICSs [46]. Introducing 
ICSs to asthma patients promptly decreased FeNO levels, 
whereas it sustained high serum periostin levels [47]. This 
suggests that ICSs improve superficial inflammation, but 
not the inflammation of deep layers. Treatment with ICSs 
decreases FeNO secreted from epithelial cells, whereas it 
does not change periostin deposited in subepithelial regions. 
It is important to clarify the different characteristics of type 
2 biomarkers and to combine them appropriately in treating 
asthma.

We can take advantage of the characteristics of serum 
periostin as a biomarker for type 2 inflammation and remod-
eling in asthma to predict the efficacy of anti-asthma drugs 
targeting type 2 inflammation-correlating molecules. Par-
ticularly, since serum periostin is a surrogate biomarker 
for IL-13, it is reasonable to think that serum periostin can 
be applied to predicting the efficacy of anti-IL-13 drugs 
(Fig. 5). These molecularly targeted drugs are given only 
to ICS-resistant patients showing high remodeling, thus 
it is reasonable to use serum periostin in the selection of 
patients for whom these drugs should be prescribed. It was 
first demonstrated that serum periostin is useful to predict 
the efficacy of lebrikizumab, an anti-IL-13 Ab developed 
by Roche/Genentech in its phase II trial [47, 48]. Although 
the development of lebrikizumab ended after its phase III 
trial, the utility of serum periostin to predict its efficacy 

Measurement of serum periostin

Ineffective

Inhaled corticosteroids Asthma patients

Effective

LowHigh

Other agents or therapiesAddition of IL-4/IL-13 antagonists

Izuhara et al, Figure 5

Fig. 5  Algorithm for the treatment of asthma (modified from [10]). 
A first-line of anti-asthma drugs is inhaled corticosteroids. If they are 
ineffective, measurement of serum periostin is recommended. If the 
level is high, anti-IL-4/IL-13 antagonists should be added
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was still confirmed in the trial [49]. A clinical trial of phase 
IIb for tralokinumab, another anti-IL-13 Ab developed by 
AstraZeneca/Medimmune, was performed using serum 
periostin and dipeptidyl peptidase 4 (DPP4), another type 2 
biomarker. The finding was that both these biomarkers show 
a good positive correlation with responsiveness to this drug 
[50]. We have analyzed the usefulness of serum periostin 
as estimated by our kit (Shino-Test kit) to predict the effi-
cacy of dupilumab, an anti-IL-4Rα Ab developed by Sanofi/
Regeneron, finding a positive correlation with improvement 
of ∆FEV1 (Wentzel, unpublished data). Moreover, it has 
been shown that serum periostin is well associated with 
efficacy of the anti-IgE Ab omalizumab, which is now used 
for asthma patients [51, 52]. These results suggest a poten-
tial for using serum periostin to estimate the efficacy of not 
only anti-IL-13 drugs, but also agents targeting other type 2 
inflammation-correlating molecules.

AD

After we found in a pilot study that serum periostin was 
up-regulated in AD patients [16], Kou et al. performed a 
large-scale study, enrolling 257 AD patients, to ascertain the 
correlation between serum periostin and clinical parameters 
of AD [28]. Overall, serum periostin was significantly higher 
in the AD patients [median 144 ng/mL interquartile range 
(96–224 ng/mL)] than in either those with psoriasis vulgaris 
[69 ng/mL (60–93 ng/mL)] or in healthy donors [56 ng/mL 
(49–63 ng/mL)]. Serum periostin was high depending on 
disease severity and clinical types of AD, particularly in 
the erythroderma type. Serum periostin was associated with 
other type 2 biomarkers―thymus and activation-regulated 
chemokine (TARC), LDH, and eosinophils―but not 
with IgE, and serum periostin declined with improvement 
of disease activity by additional treatments. Thus, meas-
uring serum periostin would be useful for stratification of 
AD patients. However, the difference between periostin 
and other type 2 biomarkers such as TARC and eosinophils 
remains unknown. We also do not yet know whether serum 
periostin is useful for predicting the efficacy of molecularly 
targeted drugs for AD such as dupilumab.

Allergic conjunctivitis

We have reported the usefulness of measuring tear periostin 
in ocular allergic diseases―atopic keratoconjunctivitis 
(AKC), vernal keratoconjunctivitis (VKC), and seasonal 
allergic conjunctivitis (SAC) [19]. Tear periostin was sig-
nificantly higher in patients with AKC (median 444.0 ng/
mL), VKC (67.0 ng/mL), and SAC (12.2 ng/mL) in descend-
ing order than in healthy donors (0.2 ng/mL). Tear peri-
ostin levels were positively correlated with complications 
of AKC such as papilla formation or corneal damage. Tear 

periostin could clearly distinguish AKC patients from AD 
patients without conjunctivitis with the sensitivity of 96.8% 
and the specificity of 93.8%. Moreover, topical treatment 
with immune suppressants decreased tear periostin in some 
AKC patients along with improvement of clinical features. 
These results suggest that measuring tear periostin is use-
ful in diagnosing allergic conjunctivitis, evaluating disease 
activity, and establishing the efficacy of immune suppres-
sants in AKC.

CRSwNP

Comprehensive analyses have shown that periostin is one 
of the highest expression genes in chronic sinusitis [18, 53, 
54]. Consistent with these results, we and others found that 
expression of periostin was high in the subepithelial regions 
of CRSwNP patients [17, 18, 55]. However, the usefulness 
of serum periostin as a biomarker for CRSwNP still remains 
elusive. We recently found high periostin levels in CRSwNP 
patients using our kit (the Shino-Test assay, Ninomiya et al., 
unpublished data), although Wang et al. have reported that 
they could not detect upregulation of serum periostin in 
CRSwNP patients [55], which would probably be due to 
differences in the assay kits.

Involvement of periostin in other inflammatory 
diseases

Since fibrosis is a cardinal histological feature of inflamma-
tion, it is no wonder that periostin is involved in the patho-
genesis of various inflammatory diseases other than allergic 
diseases. Here we mention two inflammatory or fibrotic dis-
eases―scleroderma and pulmonary fibrosis―in which 
periostin is known to play important roles.

Scleroderma

Yang et al. found that periostin expression was signifi-
cantly up-regulated in the dermis of scleroderma patients 
[56]. They applied periostin-deficient mice to the model of 
scleroderma by administering bleomycin, finding that bleo-
mycin-administered periostin-deficient mice impaired skin 
fibrosis with a decrease of α-SMA‒positive myofibroblasts. 
They have also demonstrated, using in vitro experiments, 
that periostin cooperated with TGF-β, inducing expression 
of α-SMA or collagen 1α1, and that activation of the phos-
phatidylinositol-3 kinase/Akt pathway downstream of αV 
integrin is important for the periostin signal (Fig. 6). Yama-
guchi et al. confirmed high expression of periostin in the 
skin of scleroderma patients and found that periostin was co-
localized with α-SMA‒positive myofibroblasts [57]. Taken 
together, these results suggest that periostin and TGF-β 
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may cooperatively accelerate skin fibrosis; myofibroblasts 
induced by TGF-β produce more periostin than quiescent 
fibroblasts, whereas periostin up-regulates differentiation of 
quiescent fibroblasts into myofibroblasts cooperating with 
TGF-β.

Yamaguchi et al, moreover, analyzed serum periostin 
in scleroderma patients, finding that serum periostin was 
significantly high in these patients, particularly in systemic 
scleroderma compared to limited scleroderma [57]. It is of 
note that systemic scleroderma patients with disease dura-
tion of less than 5 years showed higher periostin than those 
whose disease had lasted longer than 5 years. It is known 
that systemic scleroderma is not a progressive disease, but 
relatively high disease activity such as severe organ dam-
age is recognized within the first 3 years of disease onset 
[58]. These results suggest that serum periostin can become 
a biomarker not only to diagnose scleroderma, but also to 
estimate the activity of the disease.

Pulmonary fibrosis

We first found, in a small-scale study, that periostin was 
highly expressed in the lungs of IPF patients and that serum 
periostin was up-regulated in these patients [59]. We then 
examined the underlying mechanism of how periostin con-
tributes to pulmonary fibrosis by investigating bleomycin-
administered mice [60]. High expression of periostin was 
observed also in the mice, particularly in the fibrotic foci 
adjacent to α-SMA-positive myofibroblasts, such as scle-
roderma; periostin deficiency protected against bleomycin-
induced pulmonary fibrosis. Naik et  al. confirmed high 
expression of periostin in lungs and serum in IPF patients 
and that fibroblasts derived from IPF patients produced 
higher levels of periostin [61]. They also showed that 
either genetic deficiency or administration of neutralizing 

antibodies against periostin protected against bleomycin-
administered pulmonary fibrosis. We found that TNFα-
induced chemokines/pro-inflammatory cytokines—Ccl2/
MCP1, Ccl4/MIP1β, Ccl7/MCP3, Cxcl1/KC, Cxcl2/MIP1α, 
and IL-1β—and recruitment of neutrophils and macrophages 
in the bronchoalveolar liquid fluids were impaired in peri-
ostin-deficient fibroblasts and in mice. These results sug-
gest that cooperative production of periostin with TNFα 
causes production of various pro-inflammatory cytokines/
chemokines, followed by recruitment of neutrophils and 
macrophages, and leading to the formation of pulmonary 
fibrosis (Fig. 7). Ashley et al., moreover, have demonstrated 
that periostin accelerates the actions of fibrocytes to promote 
myofibroblast differentiation leading to pulmonary fibrosis 
[62].

Following the preceding analyses of serum periostin in 
IPF patients [59, 61], we performed a multi-center analysis 
to examine the usefulness of measuring serum periostin in 
IPF patients [63]. Serum periostin mostly exists in the oli-
gomeric form, with only small amounts in the monomeric 
form. The oligomeric form of periostin is assembled by 
intramolecular disulfide bonds. We found that monomeric 
periostin was relatively up-regulated compared to oligomeric 
periostin in IPF patients, which might be explained by the 
aberrant redox status in IPF. Monomeric periostin showed an 
ability to diagnose IPF better than total (oligomeric + mon-
omeric) periostin. This capability was comparable to the 
conventional biomarkers for IPF such as KL-6 and SP-D. 
Both monomeric and total periostin were well correlated 
with decline of %VC and %DL,CO suggesting that serum 
periostin is useful for predicting IPF progression. Moreover, 
Tajiri et al. have shown that measuring periostin was useful 

Fig. 6  Cross-talk of periostin and TGF-β in the pathogenesis of scle-
roderma. Periostin cooperates with TGF-β activating the phosphati-
dylinositol-3 kinase (PI3-K)/Akt pathway in fibroblasts followed by 
induction of collagen 1α1 and α-SMA, which would accelerate scle-
roderma

Fig. 7  Cross-talk of periostin and TNFα/IL-1α in the pathogenesis of 
pulmonary fibrosis. Periostin cooperates with TNFα or IL-1α derived 
from epithelial cells or inflammatory cells activating NF-κB in fibro-
blasts followed by induction of various chemokines/pro-inflammatory 
cytokines such as Ccl2/MCP1, Ccl4/MCP1, Ccl7/MCP3, Cxcl1/
KC, Cxcl2/MIP-1α, and IL-1β. These chemokines/pro-inflammatory 
cytokines recruit neutrophils and macrophages, accelerating pulmo-
nary fibrosis



4300 K. Izuhara et al.

1 3

for predicting not only short-term progression of IPF, i.e., 
the decline of lung function, but also long-term progression 
in terms of the survival time [64]. On the other hand, Nance 
et al. have reported that spliced-out exon 21 highly occured 
in IPF patients [65]. Thus, we may apply serum periostin 
to treatment for IPF patients based on their serum periostin 
levels.

Potential of periostin as a therapeutic target

Given that deficiency or inhibition of periostin protects 
against various inflammatory or fibrotic diseases such as 
AD, pulmonary fibrosis, and skin fibrosis, drugs can poten-
tially be developed to target periostin as a means of treating 
these diseases. Particularly, since there are only a few drugs 
available for IPF or scleroderma, it is strongly hoped that 
some agent targeting periostin against these diseases will be 
developed. There are two strategies to block the functions 
of periostin in vivo: targeting periostin itself and targeting 
its receptor, integrin. Since Moore’s group has succeeded 
in improving asthma- or pulmonary fibrosis-like pheno-
types by administering neutralizing anti-periostin antibod-
ies (OC-20) [24, 61], development of biologics targeting 
periostin would be a promising option. We have shown that 
administration of neutralizing antibodies against αV integrin 
improved allergic skin inflammation [16]. Moreover, it has 
been previously shown that neutralizing antibodies against 
αV integrin improved pulmonary fibrosis in bleomycin-
administered mice as well [66]. These results suggest that 
targeting αV integrin would be another option for develop-
ing therapeutic agents for inflammatory or fibrosis diseases. 
Neutralizing antibodies against αVβ3 which is thought to be 
the main periostin receptor (MEDI-522), have already been 
developed as therapeutic agents against malignancies. The 
safety of MEDI-522 has been confirmed [67], although there 
is a problem in redundancy in β subunits used by αV for the 
periostin receptor [68].

Conclusion

In this article, we describe the roles of periostin in inflam-
mation and allergy and the utility and potential of periostin 
in developing diagnostics and therapeutic agents against 
inflammatory or fibrotic diseases. This field has developed 
dramatically in these past several years. It is hoped that in 
the near future, these studies will give us a new concept of 
the pathogenesis of inflammation and allergy, and yield use-
ful diagnostics or therapeutic agents against these diseases.
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