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In the past year, three papers have been
published exploring the role of the

matricellular protein periostin in exci-
sional skin repair. These papers all show a
delay in wound closure and the kinetics
of this delay are strikingly similar across
the three reports. The similarities
between these papers end, however, when
each investigates the mechanism through
which periostin influences skin repair.
Three proposed mechanisms have been
identified: (1) myofibroblast differenti-
ation, (2) keratinocyte proliferation and
(3) fibroblast proliferation and migration.
The aim of this commentary is to
compare and contrast the three studies
performed to date in an attempt to
decipher the role of periostin in the
repair of full-thickness skin wounds.

Introduction

Since its discovery in 1993, the matricellular
protein periostin, has garnered much atten-
tion, with primary focuses on the role of
periostin in cardiac development and the
progression of pathologies such as cancer and
fibrosis.1-3 The physiological role of periostin
in the healthy adult animal is clearly linked to
biomechanically active tissues2 as well as in
tissue repair and remodeling. Following
acute injury periostin has been shown to be
potently upregulated in bone,4 heart,5,6

vasculature7,8 and muscle.9 Beginning with
Lindner and colleagues in 2005,8 and more
recently from our lab,10,11 periostin has also
been implicated in skin development and

repair. In all described remodeling situations,
periostin upregulation follows a highly con-
served pattern (beginning at day 3, peaking
around day 7 and eventually returning to
baseline by 4 weeks), suggesting a consistent
role for periostin in tissue repair process.

We first described the expression pattern of
periostin in excisional wound healing in
200910 and in incisional healing in 2010.11

In the last year, three papers have now been
published describing potential roles for
periostin in dermal wound repair from
experiments performed using different deriva-
tions of periostin knockout mice (Postn2/2).
BeginningwithNishiyamaandcolleagues,12

followedbyour report13 and finallyOntsuka
et al.,14 each report shows a significant delay
in the closure of excisional wounds in the
absence of periostin. From these publica-
tions, it is clear that thewoundclosure results
are reproducible even in different deriva-
tions of the knockout mouse. However,
there are interesting and distinct differences
in the mechanisms proposed by each paper
as the underlying cause for the delayed
wound closure in Postn2/2 mice.

In this commentary we will discuss the
similarities and the differences between
these reports in an attempt to define more
clearly the exact role(s) of periostin in adult
excisional skin repair. We will conclude by
highlighting where we think the field
should focus its efforts moving forward.

Excisional Repair
in the Postn2/2 Mouse

Periostin promotes keratinocyte prolife-
ration. Nishiyama and colleagues were the
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first to report a delay in dermal wound
repair due to the absence of periostin.12

This delay was observed at days 3, 5 and 8
following 3 mm full-thickness excisional
wounding. The authors attributed this
delay in wound closure to a defect in re-
epithelialization, brought on by reduced
keratinocyte proliferation in the hair
follicles (Table 1 and Fig. 1). No direct
in vitro test of the loss of periostin on
keratinocyte proliferation was reported and
overexpression of murine periostin in a
human keratinocyte cell line (HaCaT)
resulted in no initial increase in prolifera-
tion. However, following one week of
culture at confluence, periostin overex-
pressing HaCaT cells showed increased

BrdU uptake (~5.5% positive vs. ~3%
positive) and phospho-NFkB positive
cells. The authors proposed a mechanism
where periostin acts as a scaffold to
facilitate processing of laminin5c2 by
BMP-1. In support of this mechanism,
previous reports indicate that keratinocyte
adhesion to laminin5 is an important step
in NFkB induced keratinocyte migration
and proliferation.15,16 The overall results
presented in the paper, however, do not
test this mechanism.

Periostin modulates myofibroblast dif-
ferentiation. We have recently reported on
the consequences of genetic deletion of
periostin on dermal wound repair using a
different derivation of the mouse.13

Following 6 mm full-thickness excisional
wounding, Postn2/2 mice17 exhibited a
significant delay in wound closure at days
5 and 7. This delay corresponded with a
significant decrease in a-smooth muscle
actin (a-SMA) expression within the
granulation tissue, although fibroblasts
recruitment within the wound and col-
lagen expression appeared unaltered. We
therefore proposed that the delay in
wound closure in Postn2/2 mice was due
to a defect in myofibroblast differentiation
(Fig. 1), resulting in insufficient wound
contraction (Table 1). In vitro support for
this proposal was gathered by culturing
wild-type (Postn+/+) and Postn2/2 adult
dermal fibroblasts from mouse skin

Table 1. Major findings from reports on skin repair in Postn2/2 mice

Elliott et al., 2012 Nishiyama et al., 2011 Ontsuka et al., 2012

Wound model 6 mm punch biopsy 3 mm punch biopsy 8 mm or 10 mm punch biopsy

Main effect KO delay at D5 and D7 KO delay at D3, D5 and D7 KO delay at D3, D5, D7 and D11

Proposed in vivo
cause

Myofibroblast differentiation Re-epithelialization via keratinocyte
proliferation

Fibroblast proliferation and migration

In vivo evidence Reduced a-smooth muscle actin gene
expression and immunoreactivity in KO

Measurements from H&E stained
sections

Reduced Ki-67 immunoreactivity
around KO hair follicles

No data

In vitro support Adult KO fibroblasts showed reduced:
Force generation,

Collagen gel contraction,
a-smooth muscle actin
immunofluorescence,

a-smooth muscle actin protein

No data Newborn KO fibroblasts show reduced
proliferation

KO MEFs show reduced migration

Rescue tool(s)
(in vitro)

Recombinant full-length human periostin
(R&D Systems) produced in a mouse

myeloma cell line (NS0)

Expression vector for mouse periostin Recombinant full-length mouse periostin
(R&D Systems) produced in an insect

ovarian cell line (Sf21)
Expression vector for full-length mouse

periostin

Rescue?
(in vitro)

Adult KO fibroblasts showed restored:
Collagen gel contraction,

a-smooth muscle actin staining,
a-smooth muscle actin protein.

(Force generation not tested for rescue)

Conflicting results:
Overexpression of Ms Postn in human
keratinocyte cell line (HaCaT) resulted
in no difference in cell number when

cultured for 96 h.
However, the same cells cultured for
one week beyond confluence showed

an increase in BrdU labeling.

Proliferation of newborn mouse
fibroblasts (vector and recombinant)
Proliferation of normal human dermal

fibroblasts (recombinant)

Rescue tool
(in vivo)

Recombinant full-length human periostin
(R&D Systems) incorporated into an

electrospun collagen scaffold

No in vivo rescue Recombinant full-length mouse periostin
(R&D Systems) added directly onto

wounds

Rescue?
(in vivo)

Increased a-smooth muscle actin
immunoreactivity at D7

No wound closure kinetics

No in vivo rescue Restored wound closure kinetics
No evidence for mechanism

Additional
findings

No difference in fibroblast migration
No difference in re-epithelialization

Similar Ki-67 numbers in granulation
tissue and migrating keratinocytes

Three recent studies on the role of periostin in skin repair have similarities in in vivo results. Yet, considerable differences in in vitro results and
methodologies make it difficult to clearly define the mechanism through which periostin influences skin repair.
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biopsies. Postn2/2 fibroblasts showed def-
icits in force generation and collagen gel
contraction assays, consistent with a failure
to develop the typical myofibroblast
phenotype. Additionally, Postn2/2 fibro-
blasts displayed reduced a-SMA protein in
3D and compliant 2D culture systems,
compared with Postn+/+ fibroblasts. Of

great significance, full-length recombinant
human periostin (rhPN) was able to rescue
the defects in collagen gel contraction and
a-SMA protein expression evident in
Postn2/2 fibroblasts. The ability of rhPN
to recover the myofibroblast phenotype
was extended to in vivo punch wounds
where delivery of exogenous rhPN via an

electrospun periostin-collagen scaffold
resulted in increased a-SMA immuno-
reactivity in the granulation tissue of day
7 Postn2/2 wounds, compared with
wounds receiving collagen scaffolds alone.
Therefore, both our in vivo and in vitro
results demonstrate that periostin modu-
lates myofibroblast differentiation during

Figure 1. (A) Skin repair in wild-type mice (left) is a multistep process requiring contributions from the dermis and epidermis. Keratinocytes (pink) in the
hair follicles proliferate and migrate to cover the defect. Simultaneously, fibroblasts (green) proliferate and migrate into the wound where they
differentiate into myofibroblasts (red). Fibroblasts and myofibroblasts produce, secrete and organize new extracellular matrix while myofibroblasts
contract the newly formed granulation tissue to draw the wound edges together. Recent reports suggest that delayed wound closure in the Postn2/2

mouse (right) is due to decreased keratinocyte proliferation (leading to slowed re-epithelialization), decreased fibroblast proliferation and migration into
the wound and failure of wound fibroblasts to differentiate into myofibroblasts (resulting in failed wound contraction). (B) There is considerable evidence
in the literature to support a role for periostin in all of these cellular mechanisms. Predominantly, periostin has been shown to mediate its effects through
integrins (such as avb3) and adhesive signaling.29-32 Although Nishiyama’s proposal requires intracellular interactions between periostin and BMP-1, the
ability of rhPN to increase MMP2 expression, thereby facilitating laminin5c2 cleavage, may represent an alternative mechanism for keratinocyte
proliferation based on avb3 ligation and adhesion signaling.
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excisional would repair and exogen-
ous rhPN is sufficient to rescue this
phenotype.

Periostin promotes fibroblast prolifera-
tion and migration. Very recently,
Ontsuka and colleagues have reported on
excisional wound repair in a Postn2/2

mouse.14 As in the previous studies, a
full-thickness excisional wound model was
used, although it is unclear whether an 8
or 10 mm punch was used since both are
stated in the methods (Table 1).
Nevertheless, deletion of periostin resulted
in a delay in wound closure, which was
observed at days 3, 5, 7 and 11. The
underlying cause for the delay was not
established in vivo but the authors pro-
posed that the loss of periostin resulted in
defects in fibroblast proliferation and
migration (Fig. 1), based on in vitro
studies. Using dermal fibroblasts harvested
from newborn Postn+/+ and Postn2/2 mice,
Ontsuka and colleagues detected a
decreased proliferation rate when periostin
was absent (approx 20% difference over
3 d). Postn2/2 mouse embryonic fibro-
blasts (MEFs) exhibited a subtle but
statistically significant delay in migration
using an in vitro scratch wound assay.
However, as the authors do not show in
vivo evidence for a deficit in migration or
proliferation, it is unclear whether these in
vitro findings are of functional relevance.
Addition of recombinant periostin directly
to wounds did increase closure rates in
Postn+/+ and Postn2/2 mice, confirming
that exogenous periostin sufficiently res-
cues Postn2/2 wound closure. However,
the mechanism for this rescue is not
discussed.

Periostin is upregulated following exci-
sional wounding. All three independent
studies confirm that periostin is signific-
antly upregulated following dermal
wounding in mice. Moreover, all studies
show a significant peak in periostin
expression at day 7, confirming our initial
finding.10 In normal skin periostin is
localized at the dermal-epidermal junction
(DEJ) and in hair follicles. Following
excisional wounding in Postn+/+ mice,
periostin is predominantly expressed in
the granulation tissue and in neighboring
hair follicles. The absence of periostin
results in delayed wound closure, which is
most pronounced between days 3 and 7.

Even though these three studies each used
different initial wounds sizes, the timing of
the delay in wound closure and the peak of
periostin expression were indeed very
similar. The similarities in the studies begin
to diverge, however, when we begin to look
at the underlying mechanisms proposed by
each of these reports (Table 1). Could it be
that periostin modulates fibroblast prolif-
eration, migration and differentiation into
myofibroblasts, while simultaneously pro-
moting keratinocyte proliferation and re-
epithelialization? There is certainly evidence
in the literature to support each claim
individually (Table 2 and Fig. 1). In fact,
rhPN has been shown to increase both
proliferation and myofibroblastic behavior
in palmar fascia fibroblasts.18 Upon closer
inspection, however, it is clear that the
evidence presented in the three reports on
skin repair could arise as a result of
differences in experimental methodologies.

The Devil is in the Details

Migration. Fibroblasts. Does the evidence
support the hypothesis that fibroblast
migration is impaired in Postn2/2 mice?
Based on our in vivo studies, we
hypothesized that a deficit in fibroblast
recruitment and migration into the
wounds may be present; the presence of
a-SMA positive myofibroblasts at the
wound edges, but not within the
granulation tissue of day 7 Postn2/2

wounds suggests impaired migration.
However, we found no evidence for a
reduction in fibroblast number in the
granulation tissue of day 7 Postn2/2

wounds compared with wild-type
controls. Immuno-labeling of fibroblasts
with fibroblast specific protein-1 and
collagen detection via hydroxyproline
demonstrated that the number of
fibroblasts in the granulation tissue was
equivalent in Postn+/+ and Postn2/2

wounds. When we employed the scratch
wound assay in vitro, our findings
mirrored our in vivo results in that we
found no difference in migratory ability of
Postn+/+ and Postn2/2 adult dermal
fibroblasts.

In contrast, Ontsuka et al. demon-
strated that wound closure kinetics was
altered in Postn2/2 mice, and suggested
that fibroblast migration was impaired in

Postn2/2 wounds. Their rational for sus-
pecting impaired migration was based on
previous reports of a role for periostin in
fibroblast proliferation and migration, but
not on in vivo observations. They per-
formed in vitro scratch wound assays and
showed that MEFs derived from Postn2/2

mice had a slightly, although significantly,
lower migratory ability compared with
MEFs derived from Postn+/+ mice. The
key issue with this paper is that they
provided no direct in vivo evidence that
fibroblast migration or proliferation was
actually impaired during healing in knock-
out animals, with their hypothesis in direct
contrast to our findings. Although the
addition of exogenous periostin or perios-
tin overexpression may influence cell
behavior in vitro, it does not necessarily
prove that periostin functions to
enhance fibroblast migration in the in
vivo environment.

Still, why did we see no difference
in fibroblast migration, yet Ontsuka
reported a difference using the same
scratch wound assay? One explanation is
that embryonic fibroblasts respond differ-
ently to periostin than the adult dermal
fibroblasts. We have previously reported
that periostin expression/localization is
very different in developing and newborn
mouse skin when compared with that of
skin in the adult animal.11 From embry-
onic day 13.5 forward, periostin is
expressed in the developing skin. At 2
and 9 d old, periostin is heavily expressed
at the DEJ and in the dermis of the
newborn skin. This pattern changes
dramatically by day 19 where periostin
expression in the dermis is largely absent.
By day 60, periostin is restricted to hair
follicles and DEJ, although at a reduced
level. Perhaps the role of periostin in
development, and thus MEFs, is vastly
different from its role in adult skin and
the residing dermal fibroblast. If this is
true then we must be careful when
choosing our in vitro tools to confirm in
vivo findings. To emphasize this, we have
shown that in 2D culture knockout
fibroblasts do differentiate into myofibro-
blasts and it is only when the substrate
rigidity is reduced or 3D culture
employed, that the periostin deficiency
and loss of the myolfibroblast phenotype
manifests in knockout cells.
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Keratinocytes. Nishiyama and colleagues
attributed the delay in closure of Postn2/2

wounds to reduced re-epithelialization. In
support of this, they present evidence that

the migration of keratinocytes across the
wound surface is impaired; however, we
were unable to duplicate this result
(discussed below and in our report13).

Nishiyama proposed that the deficit in
keratinocyte migration in vivo was due to
decreased proliferation in the hair follicles
and not cellular migration. Using the same

Table 2. Evidence from the literature supports all three mechanisms

Myofibroblast Proliferation Migration

Shimazaki 2008: Postn2/2 mice had an increased
incidence of ventricular rupture following

myocardial infarction due to reduced a-SMA
positive cells and impaired collagen formation.6

Ben 2011: Transfection of pancreatic cancer cell
lines (BxPC-3 and Panc-1) with a periostin
expression vector (Ad5-PN) promoted
anchorage-independent growth.33

Shimazaki 2008: Recombinant periostin
(DbDe splice variant) enhanced chemotaxis
of cardiac fibroblasts from Postn2/2 mice. This
increase was attenuated by an anti-periostin

antibody.6

Erkan 2007: Addition of rhPN to pancreatic
stellate cells resulted in increased expression of

a-SMA, collagen 1, fibronectin, TGFb1 and
periostin. Silencing periostin decreased a-SMA

expression.34

Erkan 2007: Under serum deprivation, rhPN
stimulated growth of Panc1, SU86.86, and T3M3

(pancreatic cancer cell lines).34

Ben 2011: Cells (BxPC-3 or Panc-1) infected
with Ad5-PN migrated and invaded faster

than controls in transwell assays.33

Vi 2009: Fibroblasts isolated from Dupuytren
disease (DD) overexpressed periostin and had an
increased ability to contract a collagen matrix,
which was further enhanced by addition of rhPN.
DD cells in 3D culture induced a-SMA in response

to rhPN.18

Vi 2009: Growth on rhPN coated plates resulted
in an increase in proliferation of palmar fascia

fibroblasts.18

Sidhu 2010: Transfection of bronchial epithelial
cells (BEAS2B) with a rhPN expression vector

resulted in increased a-SMA protein and mRNA.23

Liu 2011: Periostin-silenced gastric cancer cells
exhibited reduced cell proliferation.35

Liu 2011: Periostin-silenced gastric cancer
cells exhibited reduced invasion using a

Boyden chamber invasion assay.35

Bozyk 2012: Hyperoxia exposure increased
a-SMA positive myofibroblasts in the lungs of

Postn+/+, but not Postn2/2, mice.36

Bozyk 2012: Periostin treatment increased a-SMA
expression in neonatal lung mesenchymal

stromal cells.36

Bozyk 2012: Periostin induced human
mesenchymal stromal cell DNA synthesis in the

presence of TGF-b1.36

Hakuno 2010: High fat diet-induced a-SMA
in cardiac valve complexes is attenuated

in Postn2/2 mice.22

Kuhn 2007: rhPN induced proliferation of
neonatal cardiomyocytes in a PI3K/Akt

dependent manner. Injecting rhPN into the
myocardium induced DNA synthesis and division

of nearby differentiated cardiomyocytes.37

Hakuno 2010: Conditioned media from
periostin transfected cells increased migration
of human coronary artery endothelial cells.22

Yoshida 2011: Silencing of periostin splice variant
III attenuated TGF-b2 induced a-SMA production
in primary human retinal pigment epithelial

cells.28

Zhu 2011: Neutralizing monoclonal antibody to
periostin inhibited anchorage-independent
growth of the periostin-expressing ovarian

cancer cell line A2780.38

Zhu 2011: Neutralizing monoclonal antibody
to periostin inhibited periostin-induced
cancer cell migration and invasion.38

Jackson-Boeters 2009: Periostin expression
coincides with 〈-SMA expression within the

granulation tissue of excisional wounds of mice.10

Liu 2010: Inhibition of periostin expression via
RNA interference suppressed proliferation of a

human osteosarcoma cell line (U2OS).39

Liu 2010: Inhibition of periostin gene
expression via RNA interference suppressed
migration and invasion of U2OS cells in

transwell assays.39

Lindner 2005: Acquisition of a smooth muscle cell
phenotype (a-SMA expression) correlated with
acquisition of periostin expression both in vitro

and in vivo.8

Yan 2006: Mice that received periostin-producing
293T cells at the mammalian fat pad tissue had
significantly larger local tumors than did mice

receiving control cells.40

Lindner 2005: Periostin overexpressing
C3H10T1/2 cells had greater migratory

response to serum, which was attenuated
by a periostin-blocking antibody.8

Hong 2010: Periostin overexpressing A549 cells
expressed higher levels of vimentin mRNA.41

Hong 2010: Periostin overexpressing A549 cells
displayed increased proliferation.41

Hong 2010: Periostin overexpressing A549
cells migrated and closed scratch wounds at

an increased rate.41

Kikuchi 2008: Close approximation of periostin
immunoreactivity to a-SMA positive cells
(periocryptal fibroblast) in normal colonic

mucosa. Decreased periostin immunoreactivity
preceded a decrease of a-SMA positive cells.42

Kikuchi 2008: Ki-67-positive epithelial cells were
significantly decreased in the colonic crypts of

Postn2/2 mice.42

Yan 2006: Using transwell assays, significantly
more periostin-expressing 293T cells migrated
into the membrane relative to control cells.40

A brief summary of the literature surrounding periostin shows that there is support for each proposed mechanism. Cell-type and tissue specific effects of
periostin certainly cloud the issue. To confidently say which mechanism(s) is most important in skin repair we must focus our attention on the in vivo
evidence for context specific clues.
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scratch wound assay employed by Ontsuka
and our group, Nishiyama showed no
difference in the migration rate of HaCaT
cells vs. those overexpressing mouse
periostin. Nishiyama et al. did not use
Postn+/+ and Postn2/2 keratinocytes and we
did not assess the migratory ability of
murine keratinocytes. However, in light of
our observations with fibroblasts, we can
suggest that a specific in vivo migratory
role for periostin in wound repair remains
to be determined.

Proliferation. Keratinocytes. Does the
evidence support the hypothesis that the
role of periostin, and therefore the cause for
delayed Postn2/2 wound closure, is cell
proliferation? Nishiyama shows in vivo
evidence for reduced keratinocyte proli-
feration in the hair follicles of wounded
Postn2/2 mice. Using the HaCaT cell line in
vitro, they showed a positive influence of
periostin overexpression on keratinocyte
proliferation. However, they did not isolate
keratinocytes from periostin knockout
animals and compare them to wild types to
directly measure whether loss of periostin
influences proliferation.

Moreover, we did not see the delay
in Postn2/2 wound re-epithelialization,
described by Nishiyama to be the direct
result of reduced keratinocyte proliferation.
We measured the epithelial migration
distance of day 7 Postn+/+ and Postn2/2

wounds and found no significant difference.
We attribute these conflicting results to
differences in the methods used to measure
wound re-epithelialization. Nishiyama and
colleagues presented their results as percent
re-epithelialization, which is sensitive to
differences in wound size, where as we
reported epithelial migration distance.
Postn2/2 wounds are larger than Postn+/+

wounds at later time points, therefore the
calculated percent re-epithelialization is
inappropriately reduced for Postn2/2

wounds. Epithelial migration distance,
however, is not influenced by the size of
the wound. Using this more appropriate
measure we could not confirm Nishiyama’s
claim that re-epithelialization is the prin-
cipal defect in Postn2/2 wound repair.

Fibroblasts. With respect to fibroblast
proliferation, Ontsuka makes a very
compelling argument for a significant
role of periostin in regulating this cellular
process. They demonstrated that the loss

of periostin in newborn dermal fibroblasts
results in a ~20% decrease in proliferation
rate. The addition of recombinant mouse
periostin, as well as overexpression of
mouse periostin, increased the prolife-
ration rate of both Postn+/+ and Postn2/2

newborn dermal fibroblasts. Additionally,
they showed that normal human dermal
fibroblasts increased proliferation in a
dose-dependent manner in the presence
of recombinant periostin. However, there
is no direct evidence that fibroblast
proliferation is altered in vivo following
wounding in the absence of periostin. In
fact, Nishiyama describes the granulation
tissue of day 3 Postn+/+ and Postn2/2

wounds as having similar numbers of Ki-
67 positive cells, suggesting no difference
in fibroblast proliferation. We have shown
that adult Postn+/+ and Postn2/2 dermal
fibroblasts exhibit no differences in
proliferation in vitro (Fig. 2), which
confirms the findings of Nishiyama et al.
In fact, Postn2/2 fibroblast proliferation
was consistently higher, although not
statistically significant, after 10 d of
culture. The in vitro evidence presented
by Ontsuka is quite convincing, yet the in
vivo evidence suggests that fibroblast
proliferation is not the principal defect in
the Postn2/2 wound repair process. As with
migration, we suspect that newborn
dermal fibroblasts respond differently to

periostin than adult dermal fibroblasts,
potentially explaining these conflicting
results.

Hints from Rescue Experiments

Knowing that the loss of periostin results
in delayed skin repair, can the addition of
periostin to a wound result in accelerated
repair? We have shown that the addition
of rhPN to Postn2/2 wounds results in
increased a-SMA protein at day 7,
demonstrating that rhPN can modulate
fibroblast to myofibroblast transition dur-
ing wound healing. Whether this increase
in a-SMA translates into accelerated
wound closure kinetics was reserved for
future publication. Ontsuka also recog-
nized the importance of in vivo rescue
experiments using recombinant periostin.
In their experiments, they documented the
closure kinetics of Postn+/+ and Postn2/2

wounds, with and without addition of
recombinant periostin. Their findings
were very encouraging; showing a com-
plete restoration of normal closure kinetics
in Postn2/2 wounds and accelerated closure
in Postn+/+ wounds. Together these two
outcomes paint a very promising picture
for periostin as a therapeutic.

Interestingly, in both rescue attempts
periostin was added to the wounds earlier
than the endogenous peak (day 0 in our

Figure 2. Loss of periostin does not negatively affect proliferation of adult murine dermal
fibroblasts. Primary murine dermal fibroblasts were seeded at 2,000 cells/well in 24-well plates in
10% FBS supplemented media. Media was changed every 48 h throughout the course of the
experiments. At the desired time-points, media was completely aspirated and the plate was frozen
at -80°C. Once all time-points were captured, the CyQUANT cell proliferation assay kit (Invitrogen,
C7026) was used to determine cell number as per the manufacturer’s protocol. A standard curve
was used to obtain cell number. Error bars indicate standard error of the mean from four
experiments, using four independent cell isolations.
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report, day 1 and every second day to day
9 for Ontsuka). The wound closure
kinetics provided by Ontsuka show an
immediate response to exogenous perios-
tin, statistically significant at day 3. We
show that exogenous periostin increases a-
SMA by day 7, but can myofibroblast
differentiation be a major contributor to
wound closure at day 3? The day 3 wound
is largely a pool of inflammatory cells and
relatively few fibroblasts. Periostin may be
stimulating chemokine releases by neutro-
phils and macrophages,19 but inflammat-
ory cells do not close wounds. At such an
early time point fibroblast migration into
the wound is a key event. There is support
for the hypothesis that tractional forces of
fibroblast migration alone, as opposed to
myofibroblast based contraction, can gen-
erate sufficient force to initiate wound
contraction.20,21 As resistance in the newly
formed matrix increases fibroblasts differ-
entiate into myofibroblasts to complete
closure. It is possible that the presence of
exogenous periostin influences fibroblast
migration at earlier time points. However,
there is no in vivo evidence to support this
and our data argues against a migratory
role for periostin in vivo.

It is also possible that exogenous periostin
is having an immediate effect on keratino-
cyte proliferation within intact hair follicles
and therefore accelerating re-epithelializa-
tion. Perhaps, even aiding in keratinocyte
migration by increasing matrix metallopro-
teinase production.22,23 Again, there is no
evidence currently available to confirm this.
The proposition that periostin mediates
laminin5c2 cleavage by BMP-1, indirectly
promoting keratinocyte proliferation, is
based on a previously described interaction
between periostin and BMP-1 inside the
cell.24 If true, this mechanism would require

intracellular periostin isoforms, not the
exogenous periostin used in these studies.
Interestingly, extracellular and recombinant
periostin have been shown to increase
MMP2 expression in several models.22,23,25

MMP2 is known to cleave laminin5c2,
albeit at a different cleavage site than BMP-
1;26 resulting in increased epithelial cell
migration.27 Although this is highly specu-
lative, induction of MMP2 may offer an
alternative mechanism for keratinocyte
proliferation that accommodates extracellu-
lar periostin and adhesive signaling (Fig. 1).
More work is needed to determine if the
influence of periostin on keratinocyte
proliferation is defined by intracellular inter-
actions, or if its role can be explained by
extracellular mechanisms.25

Based on the literature, an argument
can be made for each of the three
mechanisms proposed in these three
reports (Table 2 and Fig. 1). With respect
to in vivo rescue experiments, however, we
must base our conclusions on the evidence
at hand and the only mechanistic evidence
available right now is that exogenous
periostin results in increased a-SMA
within day 7 Postn2/2 wounds. It is
possible that periostin is increasing myo-
fibroblast differentiation even as early as
day 3. Fibroblasts at the wound edges and
those that have migrated into the granu-
lation tissue are all in a position to
differentiate and initiate wound contrac-
tion, but this information has yet to be
published.

Concluding Remarks

The importance of in vivo mechanistic
evidence and the use of appropriate in vitro
tools cannot be overstated. We have shown
impaired myofibroblast differentiation in

vivo and we have reproduced this defect
in vitro using fibroblasts taken directly
from Postn+/+ and Postn2/2 skin biopsies.
The studies by Nishiyama and Ontsuka
have used cell lines and/or primary
cultures in vitro, to suggest a role for
periostin in vivo. We propose that future
work with periostin in skin repair should
place special emphasis on the follow-
ing items to avoid similarly conflicting
reports:

(1) Wound closure kinetics
(2) In vivo evidence for a mechanism
(3) Cell types and their abundance

within the wound
(4) Appropriate cell types for an in vitro

study
Moving forward, there are still

interesting questions surrounding periostin
that, once answered, will have important
implications for its application in skin
repair. One major question is what role
periostin’s C-terminus, and its many
splice variants, has on its function(s).
The work described in these three papers
used full-length periostin, yet studies have
shown that different isoforms may have
differing effects.3,28 Another important
question is how delivery of periostin,
exogenous or overexpression, will impact
its effectiveness.
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