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Involvement of Periostin in Skin
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of Skin Diseases
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Abstract

Skin is a large organ that is susceptible to
damage by external forces, chronic inflamma-
tion, and autoimmune reactions. In general,
tissue damage causes alterations in both the
configuration and type of cells in lesional skin.
This phenomenon, called tissue remodeling, is
a universal biological response elicited by

programmed cell death, inflammation,
immune disorders, and tumorigenic, tumor
proliferative, and cytoreductive activity.

During this process, changes in the compo-
nents that comprise the extracellular matrix
are required to provide an environment that
facilitates tissue remodeling. Among these
extracellular matrix components, periostin (a
glycoprotein secreted predominantly by der-
mal fibroblasts) has attracted much attention.
In normal skin, periostin localizes mainly in
the papillary dermis and basement membrane
of the epidermis. However, it is expressed at
higher levels in the dermis of lesional skin of
those with atopic dermatitis, scars, systemic/
limited scleroderma, melanoma, and cutane-
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ous T cell lymphoma; expression is also
increased by damage caused by allergic/auto-
immune responses. Furthermore, periostin
induces processes that result in development
of dermal fibrosis; it also activates or protracts
the immune response. The aim of this review
is to summarize recent knowledge about the
role of periostin in the pathogenesis of
dermatoses.
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10.1 Introduction

Skin is a large organ that covers the body surface
and is exposed to the extraneous environment
constantly [33]. Therefore, while forming a
strong barrier that prevents invasion of foreign
components, the skin also functions as a site for
immune responses against various external and/
or internal stimuli. The skin is divided into two
compartments: the epidermis and the dermis. The
dermis is roughly divided into an interstitial
fibrous component and a cellular component
made of the interstitial component. Mainly, the
interstitial component comprises collagen fibers,
although it also contains other elements such as
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extracellular matrix (ECM) components, elastic
fibers, and substrates. In addition to physically
supporting the cellular components, the ECM
provides a foothold for attachment of cellular
substrates [3].

Periostin, a component of the ECM, is an
N-glycoprotein that was identified initially as
osteoblast specific factor-2 [44]. Subsequent
studies revealed that its expression is confined to
the periosteum and periodontal ligament; there-
fore, it was renamed periostin [17]. From the
embryonic through neonatal stages of develop-
ment, periostin is expressed mainly in the der-
mis, the basement membrane of the epidermis,
and in hair follicles; however, its expression is
reduced in adults, where it is limited mainly to
the basement membrane, papillary dermis, and
hair follicles [47]. Periostin binds to other ECM
components such as type 1 collagen, fibronectin,
and tenascin-C, and is involved both in maintain-
ing the structure of the dermis and in tissue fibro-
sis.  Interestingly, periostin harbors the
characteristics of a matricellular protein. Such
matricellular proteins (MPs) are found in the
non-structural components of the ECM and are
important transmitters of information between
the extracellular and intercellular components.
Mainly, MPs are expressed during and after birth
and are required for proper growth and develop-
ment. Moreover, their expression is regulated in
several post-natal conditions. Some MPs are
expressed primarily during development and in
response to injury and wound healing [24]. For
example, integrins, a type of MP, are translo-
cated to cell surfaces where they play a role in
immune cell rolling and adhesion [24, 47].
Previous reports show that periostin harbors sev-
eral functional domains, including a cysteine-
rich EMI domain and four tandem-fascilin-like
domains. With respect to the function of MPs,
the EMI domain is important for association
between proteins while the tandem-fascilin-like
domain is important for binding to integrins
avp3 and avp5 [24]. Moreover, mRNA splicing
of the C-terminal domain of MPs yield several
variants [24]. The type and number of these
splice variants varies in each organ; however, the
characteristic variant present in skin is unclear

[24]. The role of periostin as a unique MP was
first analyzed in studies of cardiovascular dis-
ease [6]. Subsequently, its role in diseases such
as kidney fibrosis, asthma, and skin was exam-
ined. The role of periostin in skin has been rec-
ognized throughout of skin tissue repair. Mast
cells play an important role in this process; hista-
mine secreted by mast cells induces production
of periostin by fibroblasts [31, 48, 55].
Interestingly, recent reports show that periostin
also plays a role in atopic dermatitis, sclero-
derma, and skin carcinoma.

Here, we review the function of periostin in
the skin and discuss recent studies of its involve-
ment in the pathology of skin diseases.

10.2 Role of Periostin in Wound
Healing and Scar Tissue
Formation

Skin damage, which is often caused by trauma,
inflammation, or tumor progression, initiates a
series of physiological processes, including pro-
duction of humoral factors, mediators, cytokines,
and growth factors. In addition, cells involved in
tissue repair (e.g., mastocytes and T cells) are
recruited to damaged skin; these cells then induce
production of various MPs [52]. The wound heal-
ing process is divided into several phases: inflam-
matory, proliferative, and remodeling/regenerative
[47, 52]. The inflammatory phase begins after
cessation of bleeding due to formation of blood
clots. During the inflammatory phase, cells neces-
sary for tissue repair are recruited into the site of
damage where they proliferate and differentiate to
generate “granulation tissue”. This process is
characterized by angiogenesis, tissue balls, and
invasion of inflammatory cells [47, 52]. In partic-
ular, mast cells and Th2 cytokines contribute to
wound healing during tissue remodeling from the
inflammatory to the proliferative stages [51]
(Fig. 10.1). Histamine secreted by mast cells
induces production of periostin by activating
extracellular signal-regulated kinase 1/2 via the
HI receptor, which is expressed by dermal fibro-
blasts [55]. Comprehensive DNA microarray
analyses revealed that Th2 type cytokines (IL-4/
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Fig. 10.1 Schematic illustrating the relationships

between periostin and tissue remodeling. Fibroblasts and
endothelial cells secrete periostin in response to a trau-
matic wound. Histamines (derived mainly from degranu-
lated mast cells), Th2 cytokines, and fibrogenic cytokines
(e.g., TGFP, CTGF, and PDGF) promote production of

IL-13) induce production of periostin by lung
fibroblasts, resulting in binding of periostin to
other matrix molecules such as tenascin-C, fibro-
nectin, and collagen V [43]. Similarly, IL-4/IL-13
might contribute to production of periostin by
dermal fibroblasts; however, because the expres-
sion of periostin is lower during the inflammatory
phase than during other phases, it is thought that
periostin is involved mainly in tissue repair from
the proliferation stage onwards.

During the proliferative phase, an emergency
matrix comprising fibrin and fibronectin forms a
temporary scaffold, which is required for tissue
remodeling [14]. At the end of the inflammatory
phase, macrophages infiltrating the granulation
tissue produce TGF-f, which promotes wound
healing [4]. TGF-P activates dermal fibroblasts
and induces their migration into granulation tis-
sue where they transform into myofibroblasts;
these cells are capable of producing ECM compo-
nents [15], including type I and III collagen,
which are major components of the dermal ECM
and contribute to maintaining skin elasticity and
strength. Activated fibroblasts and myofibroblasts

epidermis

v

collagen, fibronectin, periostin,
tenascin-C

Altered architecture of ECM

periostin by fibroblasts. Periostin induces differentiation
of dermal fibroblasts into myofibroblasts, which then
remodel the extracellular matrix. In addition, periostin,
together with other matricellular proteins, activates
immune cells

also produce tenascin, fibronectin, various proteo-
glycans, and periostin. As remarked previously,
periostin binds to other ECM components and
plays a role in maintaining tissue structure and in
fibrosis. At the same time, it contributes to activa-
tion of dermal fibroblasts and to transformation of
fibroblasts to myofibroblasts [8].

During the remodeling/regenerative phase,
the surface of the granulation tissue of the skin
ulcer is covered by a newly generated epidermis;
this process is called re-epithelialization. In nor-
mal skin, periostin is localized in the dermis (just
under the epidermis in a region termed the papil-
lary dermis); however, after wounding it is dis-
tributed widely in all dermal layers of the scar/
lesion [36]. Previously, it was estimated that
periositin affects re-epithelializiation in Postn
knockout mice, which exhibits delays in wound
healing, and re-epithelialization in the remodel-
ing/regenerative phase ([35, 47]). It suggests that
periostin induces proliferation and differentia-
tion of epithelial cells, resulting in appropriate
re-epithelialization.
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Overproduction of ECM components (e.g.,
type I and III collagen, periostin, and tenascin)
occurs in hypertrophic scars and keloids, and the
ratio of I/IIT collagen in these lesions is higher
than that in normal scar tissue [39]. Keloid is
characterized by abnormal deposition of ECM
components such as versican, which is expressed
at low levels in normal skin. A previous report
shows extensive and intense staining of periostin
in abnormal scar and keloid tissue [36]. This indi-
cates that periostin contributes to the pathogene-
sis of hypertrophic scars and to keloid formation.
Zhang et al. argue that expression of periostin in
keloid cells is higher in hypoxic environments
than under normal conditions [56]. Moreover,
inhibiting periostin reduces the number and pro-
liferative capacity of keloid cells, and production
of collagen fibers, under hypoxic conditions [56].
Thus, periostin plays an important role during the
proliferative and remodeling/regenerative phase
of wound healing, and its aberrant expression
contributes to abnormal scarring after wounding
of the skin.

10.3 Periostin and Scleroderma

Scleroderma is an autoimmune connective tissue
disease in which various organs, including the
skin, become fibrotic and sclerotic [34]. Sclerosis
usually begins in the deep dermis and is defined
as accumulation of ECM components; this accu-
mulation arises from a vicious cycle involving
excessive synthesis and attenuated degradation
of ECM components. This cycle exacerbates dis-
ease progression [34]. Deposition of ECM com-
ponents such as collagen, hyaluronic acid,
glycosaminoglycan, and fibronectin, destroys
the original structure of the skin and impairs
proper function [46]. In addition, activation of
myofibroblasts and resistance of fibroblasts to
apoptosis are observed. Although in sclero-
derma, the myofibroblast precursors in lesional
skin have not been determined, interstitial fibro-
blasts (as well as cells such as pericytes, endo-
thelial cells, and bone marrow-derived
fibroblast-progenitor cells) can differentiate into
myofibroblasts [9]. Adipocytic progenitor cells

have also been identified as a source of myofi-
broblasts [27].

Previous reports reveal that several mediators
contribute to activation of fibroblasts in skin
lesions. Among these, TGF-f plays a central role
in sclerosis [25]. In general, the harmful impacts
of over-exposure to TGF-f are suppressed by the
negative feedback function provided by the
orphan nuclear receptor, NR4A1 [37]. However,
in scleroderma, continuous activation of TGF-3
is mediated by abnormalities in its transcriptional
and post-transcriptional regulation, or reduced
feedback via NR4A1. Dysfunction of the feed-
back loop may result in high susceptibility to
fibrosis [25, 37]. Moreover, connective tissue
growth factor (CTGF, also known as CCN2, a
member of the CCN matrix protein family),
which is produced by endothelial cells stimulated
with TGFp, endothelin-1, and angiotensin II, also
promotes the skin fibrosis process in co-operation
with TGF-f [1, 42, 49]. Platelet-derived growth
factor (PDGF), a potent mitogen for mesenchy-
mal cells, also plays a role in scleroderma-related
fibrosis [19]. PDGF is produced by endothelial
cells, platelets, macrophages, and fibroblasts. Its
receptors are expressed at high levels in the skin
and lungs of patients with scleroderma.

The role of periostin in the pathology of
scleroderma was confirmed in animal models. In
mouse models, scleroderma-like skin sclerosis is
induced following subcutaneous administration
of bleomycin for several weeks. Surprisingly,
Postn KO mice do not develop scleroderma-like
skin sclerosis and show no increase of type 1 col-
lagen expression despite increased expressions of
TGFp and CTGF (similar to those seen in the
wild type) [54]. In other words, periostin is nec-
essary for induction of TGF-B- and CTGF-
mediated type 1 collagen expression during
pathogenesis of scleroderma. Furthermore, TGF-
B-mediated induction of myofibroblasts does not
occur in Postn KO mice [54]. Periostin acts on
av-integrin expressed by fibroblasts and induces
expression of type 1 collagen via the PI3K/Akt
signaling pathway [54]. This suggests that peri-
ostin creates a suitable environment for fibrosis.
By contrast, a recent in vitro study investigating
the effects of crenolanib (an inhibitor of PDGF
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receptor signaling) on the fibrotic activity of
TGF-B-stimulated cultured dermal fibroblasts
derived from scleroderma patients found that cre-
nolanib attenuated expression of CTGF and peri-
ostin [26]. These results indicate that periostin
orchestrates the direction of the fibrotic response
mediated by TGF-p, CTGF, and PDGF.

Periostin is localized throughout the dermis of
the scleroderma lesion; indeed, immunostaining
for periostin in scleroderma lesions is stronger
than that observed in keloid and hypertrophic
scars [54]. Similarly, periostin is present through-
out the dermis in individuals with morphea,
which is characterized by localized skin sclerosis
[22]. Interestingly, another report indicates the
utility of serum periostin levels as a biomarker
for scleroderma disease severity [53]. Thus, peri-
ostin is involved in both the pathogenesis and
pathology of scleroderma and is a possible
molecular target for scleroderma treatment.

10.4 Periostin and Atopic
Dermatitis

Atopic dermatitis presents with clinical manifes-
tations that are characteristic of age of onset and
disease duration. The childhood atopic dermatitis
in the typical clinical picture appears mainly at
eczematous lesions of the ear, lower neck, elbow,
and knee. Eczema is accompanied by strong itch-
ing, and scratching of which will lead to exacer-
bation of eczema. If disease duration lasts into
adolescence, eczematous lesions and pruritus
develop into chronic dermatitis, resulting in
lichenification of the skin [21, 31], which is a
major skin manifestation of chronic atopic der-
matitis [31]. Chronic inflammation and addictive
scratching result in acanthosis of the epidermis,
prolongation of dermal papilla, proliferation of
fibroblasts, and an increase in the number of
thickened collagen fibers. Chronic intractable
lesions are formed, which are characterized by
basement membrane thickening and increased
production of ECM components. This skin
remodeling contributes to homing of inflamma-
tory cells in the skin, leading to prolongation of
chronic inflammation by inhibiting drug delivery

to skin lesions. Tissue remodeling is not limited
to atopic dermatitis; it is also seen during allergic
inflammation of other organs (e.g., in asthma and
allergic rhinitis). When managing the chronic
inflammatory disease it is necessary to pay atten-
tion to both remodeling and symptomatic treat-
ment. Mast cells play an important role in tissue
remodeling, and their specific actions have been
identified [29].

High numbers of mast cells are present in
atopic dermatitis lesions [32]. Mast cells undergo
degranulation upon antigen challenge, after
infection followed by stimulation by scratching
of the skin. As a result, various inflammatory
mediators are released into the tissues, and then
act on constituent skin cells and increase prolif-
eration [30]. Among these mediators, histamine
acts on the cells expressing histamine receptors;
such cells include epidermal cells, fibroblasts,
vascular endothelial cells, antigen-presenting
cells (e.g., Langerhans cells, dendritic cells, and
macrophages) and neurons. Histamine causes an
itching sensation, recruits inflammatory cells,
and triggers vasodilation and leakage of plasma
into the tissues [30].

Histamine also activates the innate immune
system and tissue remodeling by activating H1
receptors [29]. Engagement of these receptors
on skin fibroblasts, vascular endothelial cells,
Langerhans cells, and eosinophils results in pro-
duction of inflammatory mediators and causes
inflammatory cells to adhere to vascular endo-
thelial cells; histamine also alters the composi-
tion of the ECM. This alteration of the ECM
drives the pathogenesis of chronic inflammatory
diseases by promoting infiltration by leukocytes
[29, 30]. Histamine induces collagen synthesis
by fibroblasts [32]; therefore, hardening of the
skin is frequently observed in lichenoid lesions
[21]. Indeed, in vitro studies show that hista-
mine causes an increase in type 1 collagen syn-
thesis by fibroblasts 48 h after stimulation, a
response that might involve one or more second
messengers [31].

Previous reports that used genome-wide asso-
ciation studies and quantitative mRNA expres-
sion analysis to explore genes related to atopic
disease reveal that several MPs, including
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Fig. 10.2 Localization
of periostin in lesional
skin in atopic dermatitis.
A skin specimens from a
normal control
(non-atopic dermatitis)
(upper left), from atopic
dermatitis non-lesional
skin (upper right), and
an atopic dermatitis
acute lesion (lower left)
72 h after a scratch test
with Derf1 (lower right).
Periostin was stained
with alkaline
phosphatase (red).
Magnification, x100.
(This figure was
reproduced from Murota
et al. (with permission
from Elsevier Publishing
Group))
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periostin, are expressed strongly at lesion sites
[16, 50]. Both wild-type and Postn knockout
(KO) mice develop atopic dermatitis-like skin
inflammation after topical application of mite
extract. However, unlike wild-type mice, Postn
KO mice show a relatively milder skin phenotype
in terms of acanthosis and infiltration by inflam-
matory cells [28].

Shiraishi et al. report that periostin plays a
role in chronicity of allergic skin inflammation
by inducing Th2 chemokines, such as TSLP,
production by fibroblasts and keratinocytes [38].
Indeed, we confirmed that large amounts of peri-
ostin are deposited in lesions in patients with
atopic dermatitis [55] (Fig. 10.2). It is thought
that periostin plays a role in tissue remodeling as
well as in the chronic pathology of atopic derma-
titis and lichenification (Fig. 10.3).

As described above, we confirmed that hista-
mine derived from mast cells induces periostin
production by fibroblasts via the H1 receptor, and
that expression of type 1 collagen occurs via an
autocrine pathway [55]. These new findings
about the relationship between mast cells and tis-
sue remodeling have increased our understanding
of the mechanism underlying lichenification.
Thus, therapeutic strategies that target mast cells

Alaline Phosphatase Suining (Penostin)
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could regulate tissue remodeling, which might in
turn inhibit excessive expression of periostin.

10.5 Periostin and Melanoma

Melanoma is widely recognized as a life-
threatening malignant tumor of the skin because
it metastases easily to internal organs. Once mel-
anoma gains metastatic potential and spreads to
other organs, patient prognosis is poor. Thus, it is
imperative that we understand how melanoma
acquires metastatic and invasive characteristics.
Recently, proteome and genome initiatives have
increased our knowledge about several gene
products such as BRAF, FAK, and ERK1, which
are deregulated in invasive and metastatic mela-
nomas [13].

In addition, the relationship between tumor
cells and the surrounding ECM (called the
tumoral stroma) plays an important role in inva-
sion of proximal tissue by tumor cells and their
subsequent metastasis to other organs. With
respect to melanoma, analyzing the cytoskeletal
structure and relationships between melanoma
cells and the surrounding ECM is helpful [13].
Naka and colleagues explored factors related to
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Fig. 10.3 Schematic
illustrating the
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development of melanoma using a quantitative
proteomic analysis method called “isobaric tags
for relative and absolute quantitation iITRAQ)”
[23]. They found that periostin was expressed at
high levels by invasive melanomas. A relation-
ship between melanoma and periostin was also
reported by Tilman and colleagues, who found
increased transcription of Postn in some mela-
noma cell lines [45]. Naka and colleagues
observed an increased expression of periostin
when melanoma cells were co-cultured with nor-
mal human dermal fibroblasts [23]. In addition,
periostin derived from fibroblasts promotes pro-
liferation of melanoma cells by increasing
expression of integrins [23]. This tumor growth-
promoting effect of periostin was confirmed in in
vivo experiments; Postn/Rag2 double knockout
mice inoculated with melanoma developed sig-
nificantly smaller tumor masses than in Rag2
knockout mice [23]. Fukuda and colleagues
reported that periostin acts as a chemotactic fac-
tor during metastasis of melanoma cells [11].
Their findings confirmed that periostin secreted
by wounded skin promotes migration of mela-
noma cells into the lesion [11]. However, perios-
tin did not affect proliferation of melanoma cells
[11]. Although the impact of periostin on prolif-
eration of melanoma cells remains unclear, these
results indicate that an increase in periostin

expression contributes to formation of a pro-
tumor microenvironment and promotes progres-
sion of melanoma to a more serious stage.
Periostin expressed in the melanoma microenvi-
ronment is thought to be derived from fibroblasts
stimulated with CTGF produced by melanoma
cells [18]. In summary, periostin derived from the
tumor stroma appears to play a role in invasion of
melanoma cells by creating a tumor microenvi-
ronment, which in turn contributes to prolifera-
tion and metastasis of melanoma cells.

The next task is to understand how MPs,
including periostin, promote invasion by mela-
noma cells. A study by Spatz et al. reported a new
animal model that closely reproduces the condi-
tions that support melanoma invasion in vivo
[40]. Such animal models will enable us to better
understand how MPs involved in melanoma pro-
gression affect the motility of melanoma cells,
and their interaction with the ECM, stromal cells,
and blood vessels.

10.6 Periostin and Other
Dermatoses

Several studies suggest a possible association
between periostin and pathogenesis of certain
dermatoses. For example, because periostin is a



96

Y. Kuwatsuka and H. Murota

downstream signaling molecule for Th2 cyto-
kines (e.g., II-4 and 11-13), Bae et al. measured
serum periostin levels in subjects with chronic
spontaneous urticaria [5]. The results showed,
somewhat surprisingly, that serum periostin lev-
els were significantly lower in cases of severe
chronic spontaneous urticaria with high levels of
serum IL-13 [5]. Likewise, although the role
played by periostin in the pathogenesis of derma-
toses remains obscure, abnormal immunohisto-
chemical staining for periostin has been reported
in cases of pemphigus vulgaris, bullous pemphi-
goid, mycosis fungoides, and lichen sclerosus et
atrophicus [10, 12, 20].

Mycosis fungoides (MF) comprises the major-
ity of cutaneous lymphoma cases and accounts
for up to 40% of all cutaneous lymphoma cases
[41]. Usually, patients with MF exhibit a chronic
clinical course and suffer persistent symptoms.
Most patients with MF remain at the early patch
stage; however, some are at risk of gradual pro-
gression from the patch stage to the plaque and/or
tumor stage [2]. Histopathological findings sug-
gest that the intensity of periostin-positive stain-
ing is more prominent at the early stage of
disease. Recent reports identify an apparent
increase in the number of tissue-infiltrating M2
macrophages in lesional skin. Monocyte-derived
macrophages stimulated with periostin show
phenotypic characteristics typical of tumor-
associated macrophages at the early stage of MF,
and express high levels of CXCL5 and CXCL10
[12]. As these chemokines affect formation of
cutaneous T cell lymphoma, increased expres-
sion of periostin in the tumor microenvironment
contributes to pathogenesis of MF by increasing
the numbers of tissue-infiltrating macrophages.

Skin aging due to sun damage is regarded as a
type of dermatoses. As mentioned above, expres-
sion of periostin is low in the papillary dermis. As
skin aging continues, expression of periostin
falls, resulting in less collagen production and
loss of elasticity in aged skin [7].

10.7 Conclusion

Studies of the role of periostin in the pathogene-
sis of skin diseases provide important informa-
tion about its actions on the ECM in the lesional
microenvironment. Most interestingly, periostin
affects not only tissue remodeling (as a compo-
nent of the ECM), but also induces tissue inflam-
mation during pathogenesis of several dermatoses.
However, research into the role of periostin is
still young. New findings in the near future will
contribute to our understanding of its role in skin
disease and clinical dermatoses.
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