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The skin is the outermost protective organ susceptible to
damage by external injury and retains undesired scars after
wound healing, which often diminishes the quality of life
and causes economic burden. Periostin, an extracellular
matrix component, is reportedly closely associated with
skin wound healing and pathologic scar formation. It is
expressed in various normal tissues, often associated with
fibroblasts, and involved in remodeling of the extracellular
matrix environment.[1,2] In some disease states, such as
myocardial infarction, cancer, liver fibrosis, and patholog-
ic scarring of the skin, periostin is reportedly a vital
regulator of the progression of the disease and significantly
over-expressed.[3] This article summarizes recent advance-
ments in studies on the role of periostin in skin wound
healing and pathologic scar formation.

Skin wound healing is a well-organized and highly
coordinated physiologic phenomenon, activated immedi-
ately after skin injury, proceeding through spatiotempo-
rally regulated secretion of several key mediators in the
wound.[3,4] Cells related to repair are recruited by these
mediators at the lesion, secrete more repair mediators,
proliferate and differentiate to form granulation tissue,
which finally contract and lead to wound closure
[Figure 1].[5] Periostin is considered one of the key
mediators of skin wound healing and is up-regulated after
skin injury.[6,7] It is up-regulated after injury and peaks at 7
days in skin wound tissue. Immediately after skin injury,
the infiltrated macrophages in the granulation tissue
secrete large amount of transforming growth factor-b1
(TGF-b1), which initiate fibroblast migration and kerati-
nocyte proliferation.[8] As an essential downstream
effector of TGF-b superfamily signaling, periostin induces
fibroblast activation via TGF-b1 in the wound and is
regulated by TGF-b1.[4]

Previous studies have reported the positive function of
periostin in promoting proliferation and differentiation of
fibroblasts, keratinocytes, and mesenchymal cells in the
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wound, resulting in appropriate re-epithelialization and
myofibroblast differentiation in the granulation tissue,
thus gradually closing the wound.[1,6,9] Elliott et al[6]

reported that full-thickness skin wounds were significantly
larger in periostin-knockout mice than those in wild type
mice at 5 and 7 days after wounding, and a-smooth muscle
actin (a-SMA) was significantly down-regulated in
wounds of periostin-deficient-mice. Moreover, Ontsuka
et al[7] reported that the intervals for wound closure were
significantly extended in periostin-knockout mice than
those in wild type mice, suggesting that periostin could
affect wound re-epithelialization. The mechanism under-
lying the role of periostin in promoting re-epithelialization
was reported to be related to the secretion of interleukin
(IL)-6. Cooperation of periostin and IL-1a can induce IL-6
production in fibroblasts by activating the nuclear factor
kappa beta pathway and finally accelerating keratinocyte
proliferation and differentiation, which is critical for re-
epithelialization during wound healing.[9] In 2019, Elliott
et al[10] inserted periostin- and connective tissue growth
factor (CCN2)-containing scaffolds into full-thickness skin
wound of diabetic mice. Compared to those untreated
mice, addition of periostin- and CCN2-containing
scaffolds suppresses neutrophil persistence, and increases
the closure rate, mesenchymal cell infiltration, collagen
density, and revascularization of wounds. Besides promot-
ing wound healing itself, periostin also reportedly
enhances the function of adipose-derived stem cells
(ADSCs) in promoting wound healing. Qin et al[11]

performed lentiviral transduction of the periostin gene
into ADSCs to facilitate periostin secretion from ADSCs.
Compared with unmodified control ADSCs, periostin-
secreting ADSCs displayed better survival, greater para-
crine signal-mediated tissue repair, and superior tissue
repair properties under hypoxia.

As periostin plays vital roles in wound healing, studies
have attempted to artificially express periostin through
various methods to effectively promote skin wound
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Figure 1: Roles of periostin in wound healing. Skin wound healing is activated immediately after injury, which initiated with spatiotemporally regulated secretion of several key mediators,
like IFs, CKs, MPs. Various cells related to repair are recruited at the lesion under stimulation of these mediators and secrete more key mediators in reaction. Periostin, as a matricellular
protein, plays important roles in wound healing. It can promote fibroblast proliferation, differentiation, migration and collagen synthesis, accelerate the formation of granulation tissue, and
finally lead to wound closure. IFs: Inflammatory cytokines; CKs: Cytokines; MPs: Matricellular proteins; TGF-b1: Transforming growth factor-b1.
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healing. Yang et al[12] found that histamine could induce
periostin production in mouse fibroblasts by activating
extracellular signal-regulated kinase (ERK) 1/2 pathway.
However, this modulating function only works on cells
that express periostin and is not observed in periostin
knockout mouse cells. Although periostin was demon-
strated to promote skin wound healing, Nunomura et al[3]

in 2018 reiterated that wound healing is not always faster
at greater periostin levels. They reported that the skin
wound healing was significantly delayed in periostin-
transgenic mice. Since spatiotemporal expression of
periostin is reportedly important to promote wound
healing,[4] the results from Nunomura’s study remind us
that it is potentially infeasible to promote skin wound
healing by simply up-regulating periostin, unlike regulated
spatiotemporal expression of periostin, constitutive trans-
genic periostin expression may in turn interrupt normal
wound closure. Further studies are required to investigate
complex mechanisms underlying spatiotemporal expres-
sion of periostin.

After skin injury, fibroblasts are activated immediately,
thus initiating the repair process. However, upon fibro-
blast over-activation, a series of pathologic processes
would be initiated, including fibroblast over-proliferation,
excessive extracellular matrix secretion, and excessive
myofibroblast differentiation, and finally form pathologic
scars.[2,13] Periostin expression is up-regulated in patho-
logic scar tissue in comparison with normal skin tissue.
Qin’s research group screened out periostin gene from the
subtraction hybridization library of pathologic scars, and
demonstrated that periostin gene expression displayed an
increasing trend in normal skin, hypertrophic scars, and
keloid tissue. Upon supplementation of fibroblast media
with hydrocortisone, a scar inhibitor, they also found that
periostin mRNA levels in keloid fibroblasts (KFs) and
hypertrophic scar fibroblasts decreased significantly by
2237
32% and 47%, respectively, and the proliferation and
secretion viability of pathologic fibroblasts was weak-
ened.[14] These findings together indicate a close associa-
tion between periostin and pathologic scar formation, and
suggest that regulation of periostin expression through
effective methods may be a novel therapeutic method for
pathologic scar.

Periostin reportedly affects pathologic scar formation by
regulating the phosphatidylinositol 3-kinase/protein ki-
nase B (PI3K/Akt) and ERK pathway and ras homolog
gene family member A/Rho-associated protein kinase
(RhoA/ROCK) pathway, which are necessary for the
proliferation, differentiation, migration, invasion, and
matrix collagen synthesis of pathologic scar fibroblast-
s.[6,13,15]In vitro studies by Crawford et al[2] assessed the
effect of matrix-associated periostin on proliferation
vitality and differentiation ability of fibroblasts isolated
from hypertrophic scars and healthy skin, respectively.
Results showed that periostin induced proliferation,
a-SMA expression, and collagen contraction of hypertro-
phic scar-derived fibroblasts; however, it has no effect on
normal dermal fibroblasts. When endogenous periostin is
blocked by reagents, the number of proliferated fibroblasts
and a-SMA-positive fibroblasts decreased markedly, and
this inhibitory state was effectively alleviated through
exogenous supplementation of periostin in the medium.
Zhang et al[13] determined periostin function in KFs,
showing similar results with periostin function on
hypertrophic scar fibroblasts in Crawford’s study and
confirmed that periostin augmented the proliferation of
KFs by activating the integrin avb3-PI3K/Akt pathway. In
2019, Maeda et al[15] reported a “vicious cycle” by which
periostin was involved in pathologic scar formation. They
found that IL-4 and IL-13 promote periostin expression
and secretion in pathologic scars, and periostin in turn
induces RhoA/ROCK pathway-mediated TGF-b1 secretion.
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Secreted TGF-b1 then induces further periostin produc-
tion and secretion, thereby promoting abnormal scar
formation. This founding indicated that inhibition of the
RhoA/ROCK pathway may be potential therapeutic
strategies to regulate periostin expression and reduce
abnormal scar formation. Upon further elucidation of the
mechanism underlying periostin-mediated promotion of
pathologic scar formation, it has been possible to treat
pathologic scars by regulating periostin expression.
However, periostin expression is not a simple procedure,
since it involves complex initiation and regulatory
mechanisms, warranting more detailed elucidation of
expression-level changes at different stages of scar
formation.

Besides, periostin may potentially help scar fibroblasts
survive under ischemia-hypoxia environment. Zhang
et al[13] demonstrated that periostin was significantly
up-regulated in KFs under hypoxia (2% O2), knockdown
of periostin gene effectively decreased hypoxia-stimulated
proliferation, collagen synthesis, migration, invasion, and
Akt phosphorylation level of KFs; when supplement
periostin in the growth medium of periostin cells, this
phenomenon could be reversed. This result suggests a new
hypothesis: periostin contributes to periostin-mediated
pathologic scar development by promoting angiogenesis.
Based on this hypothesis, Zhang et al[16] further used
conditioned medium from KFs to culture HUVECs,
reporting that periostin promoted the migration and
vessel tubule formation of HUVECs by activating the
ERK1/2 and FAKpathways, and this phenomenon exerted
a dose-dependent effect with periostin. Furthermore,
periostin promotes the secretion of important angiogenic
cytokines in KFs, including vascular endothelial growth
factor and angiopoietin 1.[16] This series of studies
elucidate the potential role of periostin in promoting
angiogenesis, such that scar fibroblasts can tolerate
hypoxia, which otherwise deters the survival of normal
skin fibroblasts. The angiogenic function of periostin
allowed pathologic scar fibroblasts to maintain their
constant growth and erosion of surrounding tissue, which
maybe one of the important breakthroughs for the study of
pathologic scar interventional therapy. However, studies
on the effect of periostin on angiogenesis in skin pathologic
scar are limited, and the exact mechanisms underlying the
involvement of periostin in the process of pathologic scar
formation is still not fully understood, further studies are
still warrant.
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