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Acute myocardial infarction (AMI) is a common and lethal heart disease, and the recruit-
ment of fibroblastic cells to the infarct region is essential for the cardiac healing process.
Although stiffness of the extracellular matrix in the infarct myocardium is associated
with cardiac healing, the molecular mechanism of cardiac healing is not fully understood.
We show that periostin, which is a matricellular protein, is important for the cardiac healing
process after AMI. The expression of periostin protein was abundant in the infarct border
of human and mouse hearts with AMI. We generated periostin~/~ mice and found no
morphologically abnormal cardiomyocyte phenotypes; however, after AMI, cardiac healing
was impaired in these mice, resulting in cardiac rupture as a consequence of reduced
myocardial stiffness caused by a reduced number of o smooth muscle actin-positive cells,
impaired collagen fibril formation, and decreased phosphorylation of FAK. These pheno-
types were rescued by gene transfer of a spliced form of periostin. Moreover, the inhibition
of FAK or av-integrin, which blocked the periostin-promoted cell migration, revealed that
av-integrin, FAK, and Akt are involved in periostin signaling. Our novel findings show the
effects of periostin on recruitment of activated fibroblasts through FAK-integrin signaling

and on their collagen fibril formation specific to healing after AMI.

Periostin, which is an extracellular matrix (ECM)
molecule of the fasciclin family, acts in cell adhe-
sion, migration, and growth in vitro (1-6). [n
the heart, periostin is expressed at very early
stages of embryogenesis; however, it is not de-
tected in the normal adult myocardium, except
in the valves (7, 8) and in the case of various heart
diseases (9-12).

The early cardiac healing process after acute
myocardial infarction (AMI) can be divided into
two successive phases: the inflammatory phase
and the scar formation phase. [n the inflamma-
tory phase, monocytes and lymphocytes infiltrate
into the necrotic myocardium, whereas in the
scar formation phase, activated interstitial or
circulating fibroblasts increase their moulry
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and migrate into the lesion. The activation of
TGFB is important for regulation of this latter
process. Myofibroblasts expressing a smooth
muscle actin (aSMA) induced by TGFB are
specialized fibroblasts that share characteristics
with smooth muscle cells (SMCs). They play an
important role in wound healing by synthesiz-
ing ECM and exerting strong contraction forces
to minimize wound areas (13-16). Regarding the
inflammatory phase, recent knockout mouse
studies indicated a positive association of in-
Aammatory factors with cardiac rupture or di-
lation (17-23). However, in the scar formation
phase, molecular analysis has been scant, except
in respect to TGFB. To answer two important
questions for both cardiologists and basic scien-
tists who are interested in pathological myocar-
dial healing, i.e., “what regulates formation of
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the scar phase of an ischemic injury?” and “what is the nature
of'the factors responsible for the ventricular healing process af-
ter AMI?,” we focused on periostin, which is a TGFB-respond-
ing factor (1).

RESULTS AND DISCUSSION

To assess the importance of periostin in the cardiac healing
process, we examined the expression of human periostin pro-
tein in the myocardial tissue of the left ventricle (LV). No ex-
pression of it was observed in the normal myocardium (Fig. 1 A),
whereas immunoreactivity indicating periostin was detected in
Azan-stained myocardial fibrous areas from a patient with AMI
(Fig. 1, B and C), thus suggesting that periostin expression was
induced in the infarct regions after AMI. In the fibrous area,
strong immunoreactivity of periostin was observed around car-
diac fibroblasts expressing av-integrin, which is reported to be
a receptor for periostin (Fig. 1 C) (2, 6). Next, we examined
the expression of periostin in mice after AMI caused by left

A

anterior descending artery (LAD) ligation (24). Periostin pro-
tein was not observed up to day 2, but became detectable at
day 3 in the areas showing inflammatory infiltration (Fig. 1 D).
This expression in the infarct LV increased significantly at day 4,
and was still present at day 28 (Fig. 1 D and not depicted).
To identify the cells producing periostin, we performed RINA
in situ hybridization to detect periostin mRINA in the infarct LV
wall of mice. Periostin mRINA was mainly expressed in fibroblasts
in both the infarct and noninfarct regions after AMI (Fig. 1 E).
To confirm the periostin expression in cardiac fibroblasts,
we performed RT-PCR analysis on purified cardiac cells, and
these results showed the expression to be mainly in cardiac
fibroblasts, but not in cardiomyocytes (Fig. S1, available at
http://www jem.org/cgi/content/full/jem.20071297/DC1).
Furthermore, these fibroblasts were positive for av-integrin, as
indicated by flow cytometry using cultured cardiac cells (Fig. S1).
The mRINA of Big-h3, another fasciclin family member, which is
also expressed in the embryonic heart (25), was not observed in

Figure 1.

Periostin expression is induced after myocardial ischemia. (A-C) Detection of periostin in myocardium from human patients. LV tissue

from a patient with alcoholic cirrhosis (A) and from a patient with AMI (B and C). As seen by immunostaining, periostin protein was detected (B, right) in
the myocardial area, which was shown to be fibrous by Azan staining (B, left). Arrowheads in B indicate endocardium. (C) Comparison of the expression
pattern between periostin (left) and av-integrin (right) in the fiorous area. (D-F) Periostin is up-regulated after AMI in mice. (D) Immunostaining of
periostin after AMI. (E) Expression of periostin (top) and B ig-h3 mRNA (bottom) in the infarct LV wall of mice was analyzed by in situ hybridization.

The dashed red line shows the infarct border. (F) Expression of spliced variant forms of periostin at various times after AMI. Periostin AbAe is indicated by

the asterisk. Bars: (A) 25 wm; (B) 2 mm; (C-E) 50 pm.
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