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Periostin acts both as an extracellular matrix protein belonging to the fasciclin family and as a matricellular protein functioning in cell activation by
binding to its receptors on the cell surface. It has been established that periostin is a downstream molecule of interleukin (IL)-13, a signature type 2
cytokine, and that periostin plays an important role in the pathogenesis of allergic diseases, including asthma. Based on these findings, much atten-
tion has been paid to periostin as a biomarker useful in the treatment of asthma. Periostin is a surrogate biomarker for type 2 immunity; it has been
shown that serum periostin can predict the efficacy of anti-IL-13 antibodies (lebrikizumab) and anti-IgE antibodies (omalizumab), and that this useful-
ness can be potentially expanded to other type 2 antagonists. Moreover, it has been shown that periostin is not a simple surrogate biomarker for
type 2 immunity; periostin-high asthma patients have several unique characteristics, including eosinophilia, high fraction of nitric oxide, aspirin intol-
erance, nasal disorders, and late onset. These characteristics are likely to be correlated with the involvement of periostin in the tissue remodeling of
asthma. Periostin is also associated with hyporesponsiveness to inhaled corticosteroids, probably reflecting tissue remodeling. Thus, periostin has 2
characteristics as a biomarker for early diagnosis of asthma: surrogate biomarkers for type 2 immunity and tissue remodeling. Based on these char-
acteristics, we will be able to apply serum periostin to treatment of asthma.
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INTRODUCTION

Periostin is an extracellular matrix (ECM) protein belonging
to the fasciclin family, based on its homology to fasciclin 1
(FAS1)."? Periostin also acts as a matricellular protein that func-
tions in cell activation by binding to its receptors, several integ-
rins—ayP1, avP3, avP5, asB4, and anP.—on the cell surface. The
actions of periostin as both an ECM protein and as a matricel-
lular protein are important for the development and remodel-
ing of many tissues, such as bone, heart, and skin."* Moreover,
ithas been revealed that periostin plays an important role in al-
lergic inflammation, including asthma.** Based on these find-
ings, much attention has been paid to periostin as a useful bio-
marker for treating asthma. In this review article, we focus on
the latest findings on how best to do so. Regarding other topics
about periostin—molecular characteristics, involvement in in-
flammatory mechanisms, association with diseases other than
asthma, and its application to the development of therapeutic
agents—please refer to other, recent review articles."

Discovery of periostin as a novel mediator in asthma
The importance of type 2 immunity in the pathogenesis of
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asthma was established in the 1990s, based on analyses of
model mice.>® Thereafter, the research focus shifted to which
signature cytokine in type 2 immunity—interleukin (IL)-4, IL-5,
or IL-13—was important or to identifying the role of each of
these cytokines in the pathogenesis of asthma. As it turns out,
IL-13 plays a central role; it was shown that IL-13 alone was suf-
ficient to cause asthma-like phenotypes in mice, whereas the
blockage of IL-13 signals alone was sufficient to inhibit asthma-
like phenotypes in ovalbumin-induced asthma model mice.”®
Particularly in the pathogenesis of asthma, actions of IL-13 on
airway epithelial cells have been shown to be important for in-
ducing goblet cells and for enhancing airway hyper-responsive-
ness.”"’
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Fig. 1. Expression of periostin in asthmatic patients.” The histochemical localization of periostin in asthmatic patients is depicted. The left and right panels show
bronchial tissues from an asthmatic patient in H&E staining (A) and immunostaining (B) of periostin. Periostin in the right panel is stained brown and is localized in

the thickened basement membrane in asthmatic patients.

To elucidate the effects of IL-13 on human airway epithelial
cells, we comprehensively identified IL-13-inducible genes us-
ing the DNA microarray method." Consequently, we found
that periostin is one of the highly expressed genes. IL-4, anoth-
er cytokine sharing receptors and signal transduction pathways
with IL-13, has the same ability to induce periostin.

We then investigated the expression of periostin in asthmatic
patients using immunohistochemical analyses."*** We found
that periostin is deposited on the thickened basement mem-
brane in asthmatic patients (Fig. 1). The localization of perios-
tin overlapping with that of other ECM proteins composing
thickened basement membrane—collagens I, III, and V, and te-
nascin-C—suggests that periostin contributes to generating
subepithelial fibrosis in bronchial asthma by binding to other
ECM proteins. Deposited periostin could be observed in the
subepithelial areas of model mice in an IL-4- or IL-13-depen-
dent manner."”? Woodruff et al."* then confirmed that periostin
is a gene highly expressed in the bronchial tissues of asthmatic
patients. They showed that periostin expression by IL-13 is sen-
sitive to corticosteroids and that expression of periostin is
down-regulated with corticosteroid treatment in asthmatic pa-
tients.

The pathological role of periostin in asthma still remains con-
troversial; several studies using periostin-deficient mice
showed that periostin plays a protective role in airway allergic
inflammation,'>'® whereas another study with periostin-defi-
cient mice and neutralizing antibodies against periostin
showed that periostin accelerates it."” The reason for this dis-
crepancy is unclear. In contrast, Kanemitsu et al.'® followed up
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asthmatic patients for more than 20 years. They examined peri-
ostin expression in biopsy samples for more than 20 years ago
and evaluated the change in FEV1. Consequently, it turned out
that the more periostin was deposited in the lungs, the more
pulmonary function decreased. Putting these findings together
with our reports showing that periostin activates NF-«B by itself
in keratinocytes and also activates NF-«B together with other
inflammatory cytokines, such as TNFa or IL-1a in fibro-
blasts,'**° we assume that periostin exacerbates airway allergic
inflammation.

Periostin as a surrogate biomarker for type 2 immunity

It has been widely accepted that asthma is not a single dis-
ease, but rather a “syndrome””* This concept is important for
treating asthmatic patients, particularly for using molecularly
targeted drugs. To support this concept, it is important to eluci-
date each “endotype” instead of each “phenotype” in heteroge-
neous subgroups comprising asthma.?* Although many trials
have been performed to cluster asthmatic patients, the classifi-
cation of asthmatic patients into “Th2-high” and “Th2-low” is
important because it is potentially related to the choice of type
2 antagonists.”!

Many molecularly targeted drugs against bronchial asthma
are now under development. Approximately half of them are
type 2 antagonists (Table 1). They target IgE, cytokines, chemo-
kines, or prostaglandin D receptors, all of which are involved in
type 2 immunity. If we are to prescribe these agents for asth-
matic patients, we have to select patients in which type 2 im-
munity is dominant in their pathogenesis and for whom we can
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Table 1. Type 2 antagonists against bronchial asthma under development

Periostin for Asthma

Target Drug Name Type Manufacturer Stage (global)
IgE QGE031 Antibody Novartis P2
IgE XmAb7195 Antibody Xencor P1
IgE PF06444752 Vaccine Cytos Biotechnology/Pfizer P1
Membrane IgE FB825 Antibody Fountain Biopharma P1
IL-13 Lebrikizumab Antibody Roche P3
IL-13 Tralokinumab Antibody AstraZeneca P3
IL-13 QAX576 Antibody Novartis P2
IL-13 MEDI7836 Antibody MedImmune/AstraZeneca P1
IL-4+13 (0BX258 Antibody+Compound Novartis P2
IL-4R Dupilumab Antibody Regeneron/Sanofi P3
IL-5 Mepolizumab Antibody GSK Launched
IL-5 Reslizumab Antibody Teva P3
IL-5R Benralizumab Antibody AstraZeneca/Kyowa Hakko Kirin P3
Common B ASM8 Antisense Pharmaxis P2
IL-33 AMG282 Antibody Amgen P1
TSLP AMG157/MEDI9929 Antibody Amgen/Medimmune/AstraZeneca P2
CCR3 AXP1275 LWMC Axikin P2
CCR4 Mogamulizumab Antibody Kyowa Hakko Kirin P1
CCL11 Bertilimumab Antibody Immune P1
CRTH2 (0C459/0DC9101 LWMC Atopix/Oxagen P3
CRTH2 ADC3680 LWMC Pulmagen Therapeutics/Teijin P2
CRTH2 ARRY502 LWMC Array P2
CRTH2 QAW039 LWMC Novartis P2
CRTH2 0C002417/ATX2417 LWMC Atopix/Oxagen P1
CRTH2 AM461 LWMC Panmira P1
CRTH2 AM211 LWMC Panmira P1

LWMC, low-weight molecular compound.

expect that type 2 antagonists would show efficacy. Establish-
ment of such “stratified” medicines is necessary in using mo-
lecularly targeted drugs, both to increase their efficacy and to
decrease costs.”*** Although it was initially reported that anti-
IL-5 antibodies were not effective overall for asthmatic pa-
tients,®?* they later showed good efficacies for patients with
high eosinophils.”*® Several agents targeting IL-4 or IL-13 did
not show sufficient efficacy either, so their development was
stopped,®*' which might have been due in part to not stratify-
ing the patients.

Woodruff ef al.*” stratified asthmatic patients into “Th2-high”
and “Th2-low” based on the expression of IL-13 and IL-5. They
then searched for signature molecules of “Th2-high” asthma,
finding that 3 gene products—periostin, chloride channel regu-
lator 1, and serpin peptidase inhibitor, clade B, member 2—
correspond to these molecules, respectively.*

Based on this knowledge, Genentech® applied serum perios-
tin as a surrogate marker for Th2-high asthma and conducted a
phase IIb study of anti-IL-13 antibodies (lebrikizumab) for ste-
roid-resistant asthmatic patients. In this trial, lebrikizumab
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showed overall good efficacy in improving lung function for the
patients. When the patients were divided into the high and low
periostin groups based on serum periostin levels, lebrikizumab
showed significant efficacy for the high periostin group, where-
as it had no efficacy for the low periostin group. This study is a
milestone in the field of asthma in that it showed for the first
time that for asthma, periostin can be a target for a companion
diagnostic, defined as one useful for predicting the efficacy of
drugs following diagnosis.

Recently, it has been reported that clustering asthmatic pa-
tients into the high and low periostin groups is useful for pre-
dicting the efficacy of anti-IgE antibodies (omalizumab) as
well.* Tt is noteworthy that the target molecules of anti-1L-13
antibodies and anti-IgE antibodies are different; however, both
IL-13 and IgE are type 2 immunity-related molecules, so serum
periostin predicts the efficacy of both agents. Thus, periostin
would be a surrogate biomarker for not only IL-13, but also type
2 immunity. Based on these findings, an algorithm for the treat-
ment of asthma can be proposed (Fig. 2). The first line of anti-
asthma drugs is inhaled corticosteroids (ICSs). Although ICSs

http://e-aairorg 493



lzuhara etal.

Volume 8, Number 6, November 2016

Asthma patients

Inhaled corticosteroids ‘

Effective

II

Ineffective

\ 4
‘ Measurement of serum periostin ‘

‘ Addition of type2 antagonists

‘ ‘ Other agents or therapies ‘

Fig. 2. Algorithm for the treatment of asthma. A first-line antiasthma drug is ICSs. If a patient is resistant or hyporesponsive to ICSs, serum periostin should be mea-
sured If a patient shows a high periostin level, type 2 antagonists should be added. If a patient shows a low periostin level, other agents or therapies are recom-

mended.

Table 2. Biomarkers for the application of type 2 antagonists

Target Drug Name Biomarker Reference
IL-13 Lebrikizumab Periostin 33

IL-13 Tralokinumab Periostin/DPP4 58

IL-4R Dupilumab Eosinophil 56

IL-5 Mepolizumab Eosinophil 27,28
IL-5 Reslizumab Eosinophil 57

IL-5R Benralizumab Eosinaphil 58
CRTH2 0C459/0DC9101 Eosinophil 59

are effective for most patients, 5%-10% are resistant or hypore-
sponsive to them.** Measurement of serum periostin is rec-
ommended for these patients. If some patients show high peri-
ostin levels, type 2 antagonists, such as lebrikizumab or omali-
zumab, should be added. If some show low periostin levels,
since type 2 antagonists would be ineffective, other agents or
therapies is recommended. However, the story is not so simple.
Other biomarkers—eosinophils, fraction of nitric oxide (FeNO),
and dipeptidyl peptidase-4 (DPP4)—are also used as surrogate
biomarkers for type 2 immunity and as possible companion di-
agnostics for type 2 antagonists (Table 2). It remains to be ad-
dressed what these biomarkers have in common and how they
differ, as well as which biomarker or combination is optimal for
predicting the efficacy of each type 2 antagonist. Moreover,
periostin is not a simple surrogate biomarker for type 2 immu-
nity, as shown in the next section.

Characteristics of periostin-high asthmatic patients

As mentioned earlier, asthma is a heterogeneous disease, and
many trials have been reported for clustering asthmatic pa-
tients.*”*® Serum periostin levels are diverse among asthmatic
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patients; Kanemitsu et al.'® reported that 37.9% of 224 asthmat-
ic patients receiving ICS treatment showed higher periostin lev-
els than the normal range (<95 ng/mL), whereas the rest re-
mained within the normal range. Although periostin has ap-
peared as a surrogate biomarker for type 2 immunity, it has not
been simple to characterize it. Several studies have attempted
to clarify the characteristics of periostin-high asthmatic pa-
tients.

Eosinophilia

As far as we have seen, serum periostin reproducibly shows
good correlations with blood or sputum eosinophilia.'®**' IL-5
and IL-13, key cytokines for the induction of eosinophilia and
the production of periostin, respectively, are both signature
type 2 cytokines, which may explain the good correlation be-
tween serum periostin and eosinophils. Previous studies failed
to detect this correlation,” which may be explained by the dif-
ferences in the detection system for periostin.”

High FeNO

FeNO, another surrogate biomarker for type 2 immunity, is
also correlated with serum periostin.*"** Nagasaki et al.*
showed that the correlation between FeNO and serum perios-
tin is much stronger in patients with severe asthma.

Aspirin intolerance

Aspirin-induced asthma shows eosinophilic inflammation as
a typical feature. Serum periostin is associated with aspirin in-
tolerance or is higher in asthmatic patients with aspirin intoler-
ance than in those with aspirin tolerance.**

Nasal disorders
Nasal disorders, such as chronic sinusitis, nasal polyps, olfac-
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tory dysfunction, and allergic rhinitis, are common comorbidi-
ties of asthma. Particularly, chronic sinusitis with nasal polyps
is accompanied by aspirin-induced asthma. Serum periostin is
well correlated with nasal disorders.'****' This finding is consis-
tent with periostin being highly expressed in the lesions of pa-
tients with chronic sinusitis.*

Late onset

Serum periostin is also well correlated with late-onset asth-
ma.'***! Bobolea et al.*® showed a good correlation of sputum
periostin with late-onset asthma. It is generally known that late-
onset asthma is eosinophil-dominant and is more often non-
atopic than childhood asthma.* It is noteworthy hat late-onset
asthmatic patients show a more rapid lung dysfunction, a lower
remission rate, and a poorer prognosis. However, late-onset
asthma has some heterogeneity.* Haldar et al.’” and Moore et
al® reported 2 different late-onset asthma types: (1) obesity
and female sex type and (2) active airway inflammation, fixed
airflow limitation, male sex, and longer duration type. The ac-
tive airway inflammation, fixed airflow limitation, male sex, and
longer duration type would correspond to the high-periostin
type, whereas the obesity and female sex type would not.

These findings suggest that periostin is not just a surrogate
biomarker for type 2 immunity, but a biomarker that picks up
some specific subgroup in “Th2-high” asthma. Moreover, these
findings would help clarify the underlying mechanism of the ef-
ficacy of type 2 antagonists.

Periostin as a surrogate biomarker for remodeling in asthma

Tissue remodeling of bronchial tissues, including fibrosis, is a
typical histological characteristic of asthma. On the other hand,
although ICSs are powerful and effective drugs for asthmatic
patients and are used as a first-line drug for asthma, 5%-10% of
asthmatic patients are resistant or hyporesponsive to them.* It
is assumed that hyporesponsiveness to ICSs is caused by many
underlying mechanisms, such as tissue remodeling.* Given
that periostin is a component of fibrosis, a feature of tissue re-
modeling, it is reasonable to suppose that serum periostin
could be a biomarker to predict hyporesponsiveness to ICSs.

Kanemitsu et al."® evaluated hyporesponsiveness to ICSs by
decline of FEV1 (AFEV1) in the course of treatment with ICSs;
Kanemitsu et al. reported that serum periostin is correlated
with the decline FEV1 in overall asthmatic patients. When the
patients were divided into the rapid decliners (AFEV1 <-30
mlL/year) and non-rapid decliners (AFEV1 >-30 mL/year), the
rapid decliners showed a higher periostin level than the non-
rapid decliners (104.6 vs 89.2 ng/mL), suggesting that periostin
is a surrogate biomarker for ICS hyporesponsiveness. However,
the difference in the averages of periostin levels between the
rapid and non-rapid decliners was not significant, which may
be attributed to the heterogeneous mechanisms of hypore-
sponsiveness to ICSs.
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Nagasaki et al.” explored the possibility that if asthmatic pa-
tients are clustered into several groups, some groups may show
better correlation between serum periostin and hyporespon-
siveness to ICSs than the overall groups. They applied blood
eosinophils and neutrophils for clustering patients, finding that
the patients could be subdivided into 4 clusters: Cluster 1 (low
eosinophils and low neutrophils), late-onset and non-atopic;
Cluster 2 (moderate eosinophils and low neutrophils), early-
onset and atopic; Cluster 3 (high eosinophils and low neutro-
phils), late-onset and eosinophil-dominance; and Cluster 4
(moderate eosinophils and high neutrophils), poor control and
high IL-6. The patients in Clusters 1 and 2 were good respond-
ers to ICSs irrespective of serum periostin, whereas the patients
in Cluster 4 were poor responders, irrespective of serum perios-
tin. It is noteworthy that the difference in AFEV1 between the
high periostin (>95 ng/mL) and low periostin (<95 ng/mL)
groups is significant in Cluster 3 (-23.0 vs -1.42 mL/year). As
mentioned earlier, Cluster 3 would greatly overlap with the sub-
group manifesting active airway inflammation, fixed airflow
limitation, male sex, and longer duration, as reported by Haldar
et al* and Moore et al.*® These results suggest the ability of se-
rum periostin to predict the hyporesponsiveness to ICSs, par-
ticularly in Cluster 3 patients, namely the patients with adult-
onset and eosinophil-dominant asthma.

Kato et al.* examined the ability of serum periostin to predict
the hyporesponsiveness to ICSs from a different point of view.
They enrolled 25 asthmatic patients well controlled by ICSs.
They observed the patients for 12 weeks after they tapered off
ICSs and divided them into the stable (n=20) and unstable
(n=5) groups, based on the occurrence of acute exacerbation.
When they compared serum periostin levels in the patients be-
fore tapering ICSs, the unstable group showed a higher perios-
tin level than the stable group (141.9 vs 91.5 ng/mL). These re-
sults suggest that high periostin levels entail the risk of acute ex-
acerbation by tapering ICSs. Although examined subjects and
endpoints are different among the above studies, serum perios-
tin appears to be a good biomarker in patients who cannot
maintain lung functions with ICSs, and it can also be a good
biomarker in patients who will not be able to taper off ICS treat-
ment when they are stable.

Serum periostin in childhood asthma

In contrast to adult asthma, the usefulness of periostin in
childhood asthma is still under discussion. Song ef al.** demon-
strated high periostin levels in patients with childhood asthma;
however, the difference between the patients and control sub-
jects was subtle (76.0 vs 71.0 ng/mL). They also showed the cor-
relation of serum periostin with other type 2 immunity bio-
markers, blood eosinophils, and FeNO, as in adult asthma. In
contrast, Konradsen et al.*® did not detect correlations of serum
periostin with blood eosinophils or FeNO in childhood asthma
patients. Moreover, Inoue et al.** did not find any difference in
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Fig. 3. Serum periostin levels according to age.*" (A) Serum periostin levels in the elementary school-age children without allergic diseases. Bottom of the box, 25th
percentile; Line in the middle of box, median; Top of the box, 75th percentile; Whiskers, to the smallest value and to the largest value. (B) The serum periostin levels
of subjects without allergic diseases in both elementary school-age children and adults.

serum periostin levels between patients with childhood asth-
ma and control subjects. One reason for the inconsistent results
with serum periostin levels in patients with childhood asthma
could be high baseline levels of serum periostin in children. In-
oue et al.** showed that serum periostin levels in elementary
school-age children were higher than adults (6-11 years; mean:
125.0 ng/mL) and become higher as the children grew older
(Fig. 3). High serum periostin levels in the teenagers dropped
after puberty. This was probably because serum periostin in
teens is mostly derived from bones and thereafter drops be-
cause bone growth stops. Another reason could be that there is
less tissue remodeling in childhood asthma than in adult asth-
ma. As mentioned earlier, serum periostin has characteristics
as a surrogate biomarker for tissue remodeling in addition to
type 2 immunity. Although the pathogenesis of childhood asth-
ma is mostly type 2 immunity, type 2 immunity may not be suf-
ficient to enhance serum periostin as in adult asthma. The find-
ing that adult patients with early-onset and atopic type of asth-
ma do not show high periostin levels as those with late-onset
type asthma may support this idea.” Moreover, it is noteworthy
that we should be careful in evaluating serum periostin levels in
children because normal ranges vary among different age

groups.
PERSPECTIVES

Periostin has appeared as a novel surrogate biomarker for
type 2 immunity in asthmatic patients. However, periostin is
not a straightforward biomarker for type 2 immunity, but has
several unique characteristics. These characteristics are likely
to be correlated with the tissue remodeling of asthma. Based on
the above findings, periostin is useful for dissecting endotypes
in asthma, including hyporesponsiveness to ICSs. In turn, these
findings would be useful for understanding the underlying
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mechanism of the efficacy of type 2 antagonists. Moreovey, it is
important to clarify common and different characteristics be-
tween periostin and other surrogate biomarkers, such as eosin-
ophils, FeNO, and DPP4. The ability to select the optimal bio-
marker or a combination of biomarkers is required as soon as
possible if we are to successfully apply type 2 antagonists for
asthma.
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