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Abstract: Background: Osteopontin (OPN) is a pleiotropic cytokine, which has been shown to a close relationship with
cardiac fibrosis. Overexpression of OPN in cardiomyocytes induces dilated cardiomyopathy (DCM). This research is to
study whether inhibition of OPN could reduce myocardial remodelling in DCM, and if this process is focal adhesion
kinase (FAK) dependent, which is recently found an important signal molecule in fibrosis. Method: Eight-week-old
cTnTR¥*W transgenic mouse of DCM were injected with OPN-shRNA in left ventricular free wall, which could inhibit
the OPN expression. Six weeks later, echocardiographic examinations were performed to test left ventricle func-
tion and heart tissues were harvested to test the quality of FAK by western blot and severity of fibrosis by masson
staining. Human cardiac fibroblast was administrated with OPN, and FAK inhibition by PP2 was treated 2 h before
OPN was given. Expression of a-SMA and collagen-I were tested by western blot and real-time PCR assay. Results:
OPN-shRNA group has a relatively high ejection fraction (EF), fractional shortening (FS), LV free wall thickness and a
less sever cardiac fibrosis. In vitro, OPN could increase collagen-l and a-SMA expression, and this process can be in-
hibited by FAK inhibitor. Conclusion: Inhibition of OPN could reduce the LV remodeling and dysfunction in DCM mice,
which may attribute to the suppression of collagen-I secretion in fibroblast through a FAK/Akt dependent pathway.

Keywords: Osteopontin (OPN), Focal Adhesion Kinase (FAK), cardiac fibrosis, dilated cardiomyopathy (DCM), fibro-
blast

Introduction arginine-glycine-aspartate-binding (RGD-bindi-
ng) motif [12]. Recent studies proved that the
binding of OPN to cell-surface integrins can
increase the synthesis of collagen-l protein

Myocardium fibrosis appears in almost all kinds
of heart diseases like ischemic cardiomyopathy
[1], dilated cardiomyopathy (DCM) [2] and heart

failure [3]. The pathological courses like onset [13].

and progress of myocardium fibrosis will lead to Focal adhesion kinase (FAK) is a 125-kDa non-
a poor prognosis in patients suffered cardio- receptor cytoplasmic tyrosine kinase which
vascular disease since the absent of effective plays a pivotal role in regulating cell migration,
treatments for fibrosis [4]. proliferation and survival in a range of various

cell types [14]. FAK is also involved in signal
pathways in which OPN participated growth fac-
tors signal transduction, previous study demon-
strated that integrin beta3-FAK signaling can
modulate OPN-induced vascular smooth mus-
cle cells migration during neointimal formation

Osteopontin (OPN) is a large-acid phosphopro-
tein adhesion molecule secreted by both cardi-
ac interstitial fibroblasts [5], and macrophage
[6] which is considered to be closely related to
fibrosis process in humans and animal models

[7-9]. Previous research shows overexpressing [15].
OPN may results in dilated cardiomyopathy
[10]. OPN can also acts as an ECM protein and We have reported that FAK is involved in atrial

a proinflammatory cytokine [11], containing an fibrosis and ischemic cardiomyopathy; inhibi-
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tion of FAK can suppresses o-SMA expressions
in TGFB1-induced fibroblasts and alleviates
post-infarction fibrosis [16, 17].

Findings, therefore, we postulate that inhibition
of OPN might prevent the cardiac myofibrosis of
DCM, and FAK might be a reasonable signal
molecular in the process of OPN-induced car-
diac fibrosis.

Materials and methods
Cell culture and treatment

Human cardiac fibroblasts (hCF) were purch-
ased from sciencell research laboratories (Cat.
No0.6300, sciencell research laboratories). Ce-
lls were maintained in Fibroblast Medium (FM-
2, Cat. No.2331, sciencell research laborato-
ries) supplemented with 5% FBS, 100 U/ml
penicillin/streptomycin. Trypsin-EDTA solution
(0.05%) was used for subculturing fibroblasts,
and the 3rd-7th generation of cells was used
for the experiments. All assays in the present
study were done at temperatures of 37.8°C,
95% sterile air and 5% CO, in a saturation
humidified incubator. Cells were starved for 12
h then treated with different doses of OPN
(0-400 ng/ml; R&D Systems). FAK/Src inhibitor
PP2 (5 uM, Calbiochem) was supplied 12 h
before treatment of OPN, in order to determine
whether FAK pathway is involved in cardiac
fibrosis.

Animals and echocardiograph

All procedures involving experimental design
were approved by the Ethics Committee of the
Chinese Academy of Medical Sciences and
Peking Union Medical College (No. 2014-6-24-
GZR). Animal care and experimental proce-
dures were conducted in accordance with the
European Guidelines on Laboratory Animal Ca-
re. The cTnTR™W transgenic male mice were
established at the Laboratory of Animal Science
of Peking Union Medical College and main-
tained on a C57BL/6J genetic background. The
transgenic mice expressed high levels of the
mutant human cTnTR**"W protein and showed
ventricular chamber enlargement, systolic dys-
function, myocardial hypertrophy, and intersti-
tial fibrosis at 4 months of age [18]. Under open
chest surgery with constant volume ventilation,
OPN shRNA lentivirus particles were adminis-
tered intramurally to the left ventricular free
wall (10 pl, 1x10° TU/ml), which would inhibit
heart tissue expressing OPN. OPN shRNA Len-
tiviral Particles is a pool of 3 different shRNA
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plasmids: (1) 5-GAT CCC CAA GCA ATT CCA ATG
AAA TTC AAG AGA TTT CAT TGG AAT TGC TTG
GTT TTT-3’; (2) 5'-GAT CCC GTC ACT GCT AGT
ACA CAA TTC AAG AGA TTG TGT ACT AGC AGT
GAC GTT TTT-3’; (3) 5-GAT CCC AGA CAC TTT
CAC TCC AAT TTC AAG AGA ATT GGA GTG AAA
GTG TCT GTT TTT-3. At the age of 8 weeks, 6
mice were treated with OPN shRNA as OPN-
shRNA group, 6 mice were treated with Control
shRNA as vehicle group, 6 mice were just under
open chest surgery and treated nothing as
sham group. Four weeks after administration,
animals were sacrificed and hearts were har-
vested for further analysis. To evaluate cardiac
function and morphology, echocardiography
was performed before tissues were harvested.

Echocardiography of sedated mice was carried
out using a Vevo 770 high resolution imaging
system (VisualSonics, Toronto, Canada) equipp-
ed with a 40 MHz transducer. Three indepen-
dent M-mode measurements per animal were
performed by an experienced examiner. Echo-
cardiographic data were recorded at heart
rates between 450 and 550 BPM. End systolic
and end diastolic chamber diameters, and left
ventricular fractional shortening were mea-
sured in the short axis at the papillary muscle
level.

ELISA of collagen |

Concentration of hCF supernatant of collagen-|
was determined using Human Pro-Collagen |
alpha 1 DuoSet ELISA Development kit (DY62-
20-05; R&D Systems), using standard proce-
dure according to the manufacturer’s instruc-
tions. Briefly, 96-well plates were coated with
antibody specific for Pro-Collagen | alpha 1.
Biotinylated detection antibody and streptavi-
din-conjugated horseradish peroxidase were
used for detection of captured Pro-Collagen |
alpha 1. The plates between steps were aspi-
rated and washed 3 times using microplate
washer (Thermo Fisher). Captured Pro-Collagen
| alpha 1 was visualized using tetramethylbenzi-
dine/hydrogen peroxide. Absorbance readings
were made at 450 nm, using a microtiter plate
reader (infinite M200OPRO, TECAN). Pro-Collag-
en | alpha 1 levels in samples were determined
by interpolation from a standard curve. Stand-
ards and samples were assayed in duplicate.

Western blotting

Cells and mouse myocardial tissue samples
were lysed by cOmplete lysis buffer containing
protease inhibitor cocktail tablets and phos-
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Figure 1. A-C: Paraffin sections were prepared and stained with anti-OPN pAb (green) and DAPI (blue) to stain
DNA. OPN expression was inhibited by OPN-shRNA in OPN-shRNA group. Percentage of green stained area: sham
group 2.96%+1.02%, vehicle group 3.19%+1.59%, OPN-shRNA group 0.21%+0.14%, n=3, scan bar, 25 um,
*P<0.001. D-F: Interstitial fibrosis of heart assessed by Masson staining, fibrotic area is stained blue, scan bar,
200 pm. Percentage of fibrosis area: sham group 16.72%+3.24%, vehicle group 15.82%+1.80%, OPN-shRNA group
5.86%+1.59%, n=5, *P<0.001.
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Figure 2. mRNA expression of mice. The expression of OPN, a-SMA and collagen-l mRNA were significant reduced
by OPN-shRNA. The mRNA level were determined by RT-PCR and normalized to GAPDH housekeeping gene. Values

are meanzSD, *P<0.001.

phatase inhibitor tablets (Roche, Germany) at a
working concentration recommended by roche.
Protein concentrations were measured using a
BCA protein assay. Equal amounts of protein
mixtures were subjected to SDS-PAGE; gels
were electrophoretically transferred to PVDF
membrane (Millipore Inc.) and incubated in
TBST with 5% Bovine Serum Albumin for 1 h at
room temperature. The blot was incubated wi-
th primary antibodies including anti-a-SMA
(1:400, Abcam Inc.), anti-phospho-Tyr397 FAK
(1:800, Cell Signaling Technology), anti-phos-
pho-Ser4d73 AKT (1:1000, Cell Signaling Tech-
nology), anti-collagen-l (1:400, Abcam Inc.).
Anti-GAPDH antibody (1:500, ZSGB-BIO) was
used as an internal control. After three washes
by TBST, the blot was treated with horseradish-
peroxidase-conjugated secondary antibodies.
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The washes were repeated and membranes
were stained with ECL detection reagents
(Millipore Inc.). Results were detected using a
chemi-doc image analyzer (FluorChemo M
FM0488, Protein Simple) and expressed as
density values normalized to GAPDH.

Immunofluorescence staining

Cardiac fibroblasts were fixed in 4% PFA for 30
min and permeabilized with 1% Triton X-100
and three-micrometer sections were deparaf-
finized with xylene and rehydrated with graded
alcohol. Antigen retrieval method was per-
formed using 10 mM sodium citrate (pH 6.0) in
a water bath at 100°C for 2 mins. Preincubation
was carried out for 30 min in a PBS solution
containing 5% BSA. Samples were then incu-
bated overnight at 4°C in a solution containing
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Figure 3. Collagen-l and OPN-related pathway were analyzed by western blot. The results indicated the expression of
phosphor-FAK, phosphor-AKT, a-SMA and collagen-l in OPN-shRNA group was down-regulated vs. sham group and

vehicle group *P<0.001, **P<0.05.

Table 1. Echocardiography of mice

SP5 Confocal Laser Scanning Micro-

scope (Leica, Germany) for obser-

Sham group Vehicle group OPN-shRNA group s

BW (g) 22.43+1.33  22.64+1.49 22.48+0.87 vation.

LVAW:d 0.81+0.12 0.83+0.16 0.94+0.17 RT-PCR analysis

LVAW:s 0.92+0.1 0.99+0.11 1.24+0.19*

LVIDd 4.56+0.25 4.75+0.24 4.12+0.13* mRNA expressions in the hCF and LV

LVID;s 3.5+0.34 3.73+0.29 2.75+0.17* anterior wall were measured by qua-
ntitative real-time polymerase chain

LVPW;d 0.73+0.11 0.71+0.09 0.69+0.07 reaction (RT-PCR). Total RNA was iso-

LVPW;S 0.87+0.12 0.88+0.16 0.97+0.13 |ated Wlth Trizol reagent (anitrOgen,

EF 46.17+9.4 43.37+7.15 62.28+4.47* USA) according to the manufactur-

FS 23.17+5.6 21.5+4.1 33.29+3.25* er's instructions and the concent-

LV Vol;d 95.56+11.99 105.31+12.58 75.2245.78* ration was measured by NanoDrop

LVVolis  51.58+12.28  59.74+11.72 28.4+4.13% 2000 (Thermo Scientific). RNA sam-

BW: body weight; d: diastole; s: systole; LVAW: left ventricular anterior wall;
LVID: left ventricular internal dimension; LVPW: left ventricular posterior
wall; EF ejection fraction; FS: fractional shortening; LV Vol: left ventricular
volume. A significant improve of cardiac function was observed in OPN-
shRNA group compared with sham group and vehicle group, meanwhile
OPN-shRNA group holds a smaller LV volume and relatively thick ventricu-

lar wall, *P<0.05.

primary antibody including anti o-SMA anti-
body (1:200 Abcam, Inc), anti-vimentin anti-
body (1:500 Abcam, Inc) and anti-collagen-I
antibody (1:200 Abcam, Inc). Coverslips were
washed in PBS for three times and treated with
secondary antibodies for 1 hour at 37°C After
three washings (5 min each) in PBS, the cells
were incubated for 1 h at 37°C in secondary
antibody 1:300 in PBS. DAPI was used to stain
nuclei. Control staining using only secondary
antibody was run in parallel. After the slides
were mounted in glycerol, we used a Leica TCS-
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ples (2 ug) were further reverse-tran-
scribed with the PrimeScript RT Re-
agent Kit (Perfect Real Time, TaKaRa
Biotechnology, Japan) using the man-
ufacturer’s protocol. The mRNA lev-
els of Collagen | (mouse)(forward
5-TC TCC TGG TGC TGA TGG AC-3’
and reverse: 5-GCC TCTTTC TCC TCT
CTG ACC-3’), OPN (mouse) (forward 5’-TCC CTC
GAT GTC ATC CCT GT-3’ and reverse: 5-CCCTTT
CCG TTG TTG TCC TG-3’) were quantitatively
measured using the Applied Biosystems step-
one plus 7500 Real-Time PCR System (Life
Technologies, USA) using SYBR Select Master
Mix (Life Technologies, USA). Glyceraldehyde
3-phosphate dehydrogenase (GAPDH, mouse)
(forward 5-ACA GCA ACA GGG TGG TGG AC-3
and reverse: 5-TTT GAG GGT GCA GCG AAC
TT-3’) was used as the non-regulated control.
The assays were performed three times using
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Figure 4. Echocardiography measurement in each group. Representative M-mode echocardiography of all three
groups at the 6th week after OPN administration showed increased left ventricular dimension and a thinner anterior
wall of LV in sham and vehicle groups vs. OPN-shRNA group, P<0.05.
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Figure 5. OPN upregulate the expressions of a-SMA and collagen-l, both of
which presented as a dose-dependent manner. At the dose of 200 ng/ml,
collagen-l reached the highest expression. a-SMA reached highest at 400
ng/ml, no significant increase compared with 200 ng/ml.

triplicate wells, threshold cycle (Ct) was calcu-
lated using the second-derivative maximum
method. The data were analyzed via the delta-
delta method, final values are expressed as the
ratio versus the control.

Masson analysis

Masson analysis was used to detect the cardi-
ac fibrosis. Trichrome Stain (Masson) Kit were
purchased from Sigma-Aldrich Corporation.
According to the instruction of manufacturer,
after deparaffinization and rehydration, the
section incubated in Scarlet-Acid Fucshin for 5
min, then immersed in Phosphomolybdic Acid
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between two groups and a
one-way analysis of variance
(ANOVA) was used when three
or more experimental condi-
tions were compared. Data for
continuous variables were ex-
pressed as the mean+SEM
(standard error of the mean). A Chi-square test
was used to compare categorical variables
between two groups. All statistical analyses
were performed using SPSS 17.0. Statistical
significance was assumed when P<0.05.

Results

Inhibition of OPN reduce the phosphor-FAK
and collagen-I expression in myocardial tissue
of dilated cardiomyopathy in mouse models

To define whether the shRNA can silence the
expression of OPN, immunofluorescence sta-
ining were performed in paraffin sections of

Am J Transl Res 2016;8(9):3645-3655
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Figure 6. ELISA of supernatant of cardiac fibroblasts
treated with OPN of different concentrations. After
24 h, collagen-l alpha 1 concentration increased
high at 200 ng/ml, no significant increase exist at
400 ng/ml compared with 200 ng/ml.

heart tissue, OPN-shRNA group can hardly
express OPN (Figure 1) OPN-shRNA group
0.21%+0.14%, sham group 2.96%+1.02%, ve-
hicle group 3.19%+1.59%, n=3, P<0.001). In
contrast, sham group and vehicle group exist a
relatively more expression of OPN. And in accor-
dance with immunofluorescence staining the
PCR assay also demonstrated control group
and vehicle group have a relative high expres-
sion of OPN mRNA (Figure 2).

To test the severity of cardiac fibrosis, Masson
staining was applied in paraffin section of heart
of mouse. As Figure 1 shows, OPN-shRNA gro-
up underwent a less sever cardiac fibrosis than
sham group and vehicle group (OPN-shRNA gr-
oup5.86%+1.59%,sham group 16.72%+3.24%,
vehicle group 15.82%+1.80%, n=5, P<0.001).
It demonstrated that OPN might be required
during the process of cardiac fibrosis. Western
blot shows (Figure 3), p-FAK, p-Akt, a-SMA ex-
pressed in the anterior wall of left ventricle of
the heart were decreased in shRNA group com-
pared with sham group and vehicle group. This
result is in accord with PCR assay, expression
levels of OPN and collagen-l were found to be
significantly higher in heart tissue of sham
group and vehicle group compared with OPN-
shRNA group (Figure 2, P<0.001). These results
showed that OPN-caused fibrosis might link to
its ability to induce the phosphorylation of FAK
and affect its downstream pathway.

OPN inhibition can prevent deterioration of
cardiac function in DCM

We evaluated the morphological and functional
cardiac parameters of all group mice by trans-
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thoracic echocardiography. As Table 1 shows,
LV Vol;d (Left ventricular volume; diastole) and
LV Vol;s (Left ventricular volume; systole) in
OPN-shRNA group were both decreased com-
pared with sham group and vehicle group,
which suggests that the LV of OPN-shRNA
group mice was less severely dilated compared
with that of control virus group and sham group.
Moreover, LVAW;s (Left ventricular anterior wall;
systole) of sham group and vehicle group was
significantly lower than in OPN-shRNA group,
which suggests the OPN inhibition has a pro-
tecting function of a hypokinetic DCM. These
structural changes demonstrated the OPN inhi-
bition might attenuate systolic dysfunction in
DCM, confirmed by LV fractional shortening
(OPN-shRNA group: 33.29%, n=6; sham group:
23.17%, n=6; control virus group: 21.5%;
P<0.05) and ejection fractions (OPN-shRNA
group: 62.28%, n=6; sham group: 46.17%,
n=6; control virus group: 43.37%; P<0.05).
Figure 4: typical picture of M-mode echocar-
diography of three groups, OPN-shRNA group
shows a smaller left ventricular internal dimen-
sion and thicker ventricular wall.

OPN induces hCF express collagen-l anda-SMA
in a dose-dependent manner

To determine how can OPN regulate collagen-I
expression in cardiac fibroblasts, human cardi-
ac fibroblasts (hCF) were used and treated with
or without recombination human osteopontin
(OPN) in different concentrations (0, 25, 50,
100, 200, 400 ng/mL) for 24 h, the expression
of a-SMA and collagen-l was detected by west-
ern blot while collagen-l alpha 1 in cell superna-
tant was tested by ELISA. Results showed that
the protein expression of collagen-l increased
in a dose-dependent manner, the highest level
of collagen-I expression induced by OPN was at
the concentration of 200 ng/mL and this dose-
dependent trend was somehow diminished at
the concentration of 400 ng/mL (Figure 5).
ELISA assay demonstrates OPN at 200 and
400 ng/mL can induce the highest expression
of collagen-1 alpha 1 (Figure 6). To get a further
validation on the relationship of OPN concen-
tration and fibroblast transformation, a-SMA
expression was also tested as a marker of fibro-
blast differentiation by western blot, results
showed a-SMA expression increased in accor-
dance with the increased concentration of
OPN, and the most abundant a-SMA expres-
sion was also observed at the concentration of
200 and 400 ng/mL (Figure 5). Thus 200 ng/

Am J Transl Res 2016;8(9):3645-3655
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Figure 7. Morphology of human fibroblasts: no significant difference exists
between blank control group (A) and OPN (200 ng/ml) group (B) (magnifica-
tion 100x%, scan bar, 100 uym). Both exhibited spindle-shaped morphology.
The immunofluorescent staining indicated that the a-SMA expression in
fibroblasts of OPN group (D) but not in blank control group (C). Cells were
stained with anti-a-SMA mAb (green), anti-vimentin mAb (red) and DAPI
(blue) to stain DNA. (E, F) Western blot showed the expression of a-SMA in
OPN group was significant higher than in blank control group; *P<0.05.

mL seems to be a modest concentration for
hCF treatment.

OPN induced the transformation from cardiac
fibroblast to myofibroblast

To investigate the role of OPN in fibroblast
transformation, OPN was used to treat hCF,
secretion of a-SMA expression was tested.
Optical microscope observation showed that
there were no significant appearance differ-
ence between hCF cultivated in normal condi-
tion or with OPN (200 ng/ml), while western
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blot and immunofluorescence
showed a remarkable increase
of a-SMA expression in OPN
treated hCF compared with
the blank control group (Figu-
re 7). The increasing of a-SMA
shows that OPN induced the
differentiation of fibroblast to
myofibroblast, which has a str-
onger collagen-l secreting fun-
ction.

OPN cause hCF differentia-
tion and collagen-I secretion
via FAK/AKT pathway

FAK plays a key role in devel-
opment of fibrotic disorders
[19], we chose FAK/AKT path-
way as a potential target for
OPN downstream signaling.
OPN (200 ng/ml) was preincu-
bated in human cardiac fibro-
blast, PP2 was used as an
FAK inhibitor which was app-
— lied 2 h before the OPN treat-
ment. Western blotting dem-
onstrated that expression of
fibrosis concerned proteins in-
clude ao-SMA, collagen-I and
phosphor-Tyr397 FAK, phos-
phor-Serd73 AKT were signifi-
cantly up-regulated with the
present of OPN compared wi-
th blank group (Figure 8,
P<0.05), this change can be
suppressed markedly in OPN
treated hCFs preincubated
with PP2 (P<0.05 compared
with OPN alone group). The
PCR assay shows the same
results with western bolt, the
expression of mRNA of collagen-l and a-SMA is
significant increased under the treatment of
OPN and attenuated by PP2 (Figure 9, P<0.001).
These results indicated that FAK may be neces-
sary in OPN-induced cardiac fibroblast differen-
tiation and collagen-I secretion.

OPN

Discussion

Several previous findings observed that myo-
cardial OPN expression was abnormally incre-
ased in heart failure patients induced by isch-
aemic heart disease, dilated cardiomyopathy,

Am J Transl Res 2016;8(9):3645-3655
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Figure 9. mRNA expression in cardiac fibroblasts, OPN treatment significantly induceda-SMA and collagen-l expres-
sion. FAK inhibitor PP2 can reduce this induction, P<0.001.

hypertrophic cardiomyopathy and hypertension
[8, 20-22], and OPN showed a strong correla-
tion with diseases outcome. Recent studies
found that acute congestive heart failure
patients with higher OPN level were associated
with worse outcomes [23]; moreover, OPN was
identified as a strong independent predictor of
mortality in patients with chronic heart failure
[24]. In human DCM, OPN plays a pivotal role in
the development of collagen-l-induced cardiac
fibrosis and dysfunction [21], and the viewpoint
was supported by Dr. Renault’s research which
demonstrated that OPN overexpression in car-
diomyocytes could result in DCM in mouse
model [10]. So we proposed hypothesis that
inhibition of OPN could attenuate the collagen

3652

turnover and ameliorate myocardial remodeling
in mouse model of DCM.

Focal adhesion kinase (FAK) is a pleiotropic
cytokine, which has been shown to be a pivotal
factor in cell migration proliferation and surviv-
al [14]. Recent studies have defined FAK as an
important mediator in the signaling pathway of
TGF-B1 and angiotensin Il [25, 26], and could
mediate fibroblast migration and promote fibro-
sis through integrin B, [27]. Our previous study
demonstrated that FAK and its down-stream
signaling pathways Akt/PI3K can regulate the
fibrosis development of chronic atrial fibrillation
patients with rheumatic mitral valve disease
[16]; and also FAK is a critical molecule in medi-
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ating the atrial fibrotic process through Akt/
S6K signaling [17]. Thus, we designed this
experiment to verify our hypothesis above and
identify whether FAK was involved in this
process.

In our animal experiment, we found EF and FS
of OPN-shRNA group were higher than sham
group and control virus group, which indicate
that the inhibition of OPN can attenuate the left
ventricular dysfunction in DCM. In addition, dur-
ing systole, the LV free wall thickness of control
virus group and sham group was significantly
thinner than OPN-shRNA group suggesting that
inhibition of OPN may be favorable for systolic
function reservation during the progression of
DCM. Deposition of collagen-I can lead to infe-
rior myocardial compliance [28] and ventricular
remodeling in patients with cardiovascular dis-
ease like DCM, myocardial infarction and heart
failure. Excessive myocardial collagen cross-
linking is associated with hospitalization for
hypertensive patients result in heart failure
[29]. In OPN-shRNA group, a relatively lower
ratio of collagen-l was detected, which suggest
inhibition of myocardium OPN expression may
alleviate the ventricular remodeling progres-
sion in DCM mice, this effect may on the
account of the reduction of collagen-I synthe-
sis, and the improved left ventricular function
may relay on it. Myocardial fibrosis can result in
increased tissue stiffness and myocardial vis-
coelasticity, which finally lead to aggravated LV
dysfunction [30], so the results showed in OPN-
shRNA group remind us the therapeutic effects
of OPN in DCM patients may concerned with
reduction of collagen | deposition which attenu-
ate the deterioration of compliance and func-
tion of the left ventricle remodeling in DCM.

OPN was found to be participated in the pro-
cess of fibrosis in different organs like heart,
liver, kidney in previous studies [7, 31, 32], and
and also FAK phosphorylation is necessary for
the regulation of OPN-mediated cell migration
[15]. So we hypothesized that OPN could lead
to cardiac fibrosis through FAK-dependent
pathway. To verify whether FAK is included in
the development of fibrosis caused by OPN,
human cardiac fibroblasts were used. Treatme-
nt of OPN could lead to the expression of a-SMA
in hCF, which means OPN could stimulate fibro-
blast differentiation into myofibroblasts, which
is a dominating source of collagen in myocardi-
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um due to its secretory capacity. OPN also up-
regulated collagen-l expression of CFs accom-
panied with AKT and FAK phosphorylation, this
change can be attenuated with the pre-incuba-
tion of FAK inhibitor PP2 in CFs while a-SMA
expression, AKT and FAK phosphorylation de-
clined at the same time, which suggest that
OPN may activate fibroblasts differentiation in
a FAK/Akt dependent manner, result in trans-
formation of human CFs into myofibroblasts
and secretion of collagen-I, this result is consis-
tent with our animal experiment. Inhibition of
OPN can down-regulate expression of a-SMA
and collagen-I in mice in the presence of FAK.

In conclusion, inhibition of OPN could reduce
the LV remodeling and dysfunction in DCM
mice. The underlying mechanism may attribute
to the suppression of cardiac fibroblast differ-
entiation and collagen-| secretion of myofibro-
blast of OPN in a FAK/Akt dependent pathway.
Our results may provide new insights into the
pathological development and mechanisms of
prevention and treatment of DCM. Since the
essential role of OPN in DCM, novel drugs on
OPN and FAK is likely to be an effective therapy
for DCM.

For all we know, this is the first experiment
proved that FAK plays an important role in fibro-
sis pathological process of DCM, and FAK func-
tions as a key signal molecular in this progress
via CFs differentiation and collagen-I secretion.
In our future studies, there are still some fur-
ther issues remain to be solved like if other sig-
nal molecular involved in OPN-induced fibrosis
and if FAK inhibition would be effective in pre-
venting the progression of DCM.
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