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Hypoxia induces cardiac fibroblast proliferation and phenotypic
switch: a role for caveolae and caveolin-1/PTEN mediated pathway
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Background: Cardiac fibrosis following myocardial infarction (MI) results in heart failure. Caveolin-1, the main
structural protein of caveolae, regulates signal transduction pathways controlling cell proliferation and apoptosis.
Meanwhile, low phosphatase and tensin homolog (PTEN) activity enhances the PI3K/Akt signal pathway to
induce cell proliferation. But whether caveolin-1 and PTEN activation regulates cardiac fibroblast proliferation
and contributes to cardiac fibrosis from ischemic injury is incompletely understood. This study investigates
whether hypoxia inducing cardiac fibroblast proliferation and phenotypic switch is caveolin-dependent.
Methods: We used in vitro and in vivo models of ischemic injury, immunohistochemical staining, and cell
proliferation assays to address this hypothesis.

Results: We found that MI induced collagen deposition and cardiac dysfunction. After MI, mice displayed
reduced caveolin-1 and PTEN expression and increased a-smooth muscle actin (a-SMA) expression in
the infarct zone. Qualitative and quantitative analyses indicated that caveolin-1 expression was lowest at
7 days after MI, accompanied by increased collagen deposition and attenuated cardiac function. We cultured
cardiac fibroblasts of mice were in hypoxia or normoxia conditions for 12, 24 and 48 hours. At all the time
points, caveolin-1 and PTEN expression were gradually reduced, whereas, a-SMA was gradually increased.
We also observed that cell viability was increased at 12 and 24 h after hypoxia then lightly decreased at
48 h. Additionally, disruption of caveolae with methyl-B-cyclodextrin (MPCD) enhanced p-Akt and a-SMA
expression and fibroblast proliferation and phenotypic switch.

Conclusions: These findings suggest a key role for caveolae, perhaps through the caveolin-1/PTEN

signaling pathway, in cardiac fibroblast proliferation and phenotypic switch under hypoxia.
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Introduction

Coronary artery disease and ischemic cardiomyopathy
represent the leading cause of heart failure and continue to
grow at exponential rates (1). After myocardial infarction
(MI), myocardial cells die, cardiac fibroblasts proliferate,
and results in pathologic fibrosis. Cardiac fibroblasts
constitute more than 90% of the non-myocytes and
play an essential role in the physiology of the heart.

Cardiac fibroblasts produce extracellular matrix proteins
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and synthesize angiogenic and cardioprotective factors.
Although cardiac fibroblasts are known to be resistant to
apoptosis and to remain metabolically active in situations
compromising cell survival, the underlying mechanisms are
unknown (2). Cardiac fibrosis is an important contributor
to the development of cardiac dysfunction in diverse
pathological conditions, such as ischemia, and is typically
characterized by uncontrolled proliferation of fibroblasts
and excessive deposition of extracellular matrix proteins in

the myocardium (3-5).
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Caveolae are plasmalemmal invaginations enriched in
cholesterol, glycosphingolipids, and lipid-anchored proteins
relative to the bulk of the plasma membrane, and caveolae
biogenesis and function depend on two distinct caveolar
components: caveolins and cavins (6-9). The caveolin gene
family consists of three distinct genes: namely, Caveolin-1,
Caveolin-2, and Caveolin-3 (10-14). Caveolin-1 is a
cholesterol-binding and integral membrane protein that
regulates a variety of cellular processes, including integrin
turnover and signal transduction pathways controlling cell
proliferation and apoptosis (14-17). Caveolin-3 appears to
be muscle specific and is expressed in cardiac, skeletal, and
smooth muscle cells, whereas caveolin-1 and caveolin-2
are usually coexpressed and are particularly abundant
in endothelial cells, fibroblasts, smooth muscle cells,
adipocytes, and epithelial cells (12-14,18,19). Caveolin-1
has recently been found to be involved in the pathogenesis
of ischemic injury (14,20-22). Cavins are also structural
components of caveolae and has four isoforms.

Phosphatase and tensin homolog (PTEN) is a dual lipid/
protein phosphatase that negatively regulates proliferation
by repressing the integrin/PI3K/Akt pathway (15,23-30).
In the cytoplasm, PTEN inhibits PI3K signaling by
transforming PIP3 into PIP2 (31). Activated Akt positively
regulates cell growth or activity, but negatively regulates
cell autophagy and apoptosis. At low levels of PTEN
in cytoplasm, PIP3 accumulates, and both Akt and
phosphoinositide-dependent kinase-1 (PDK1), which contain
a PH domain, binds to membrane-bound PIP3. Once bound
to the membrane, PDKI1 and the mammalian target of
rapamycinl (mTORI) activate Akt through phosphorylation
at various sites (32). Amino acid sequence analysis of PTEN
indicates that PTEN contains the caveolin-1 consensus
binding sequence OXOXXXXO corresponding to amino
acids 271-278 (FHFWVNTF), where O represents the
aromatic amino acid phenylalanine (F) (15,33). This
suggests a relationship between caveolin-1 expression and
PTEN function. However, it is unknown that whether
caveolin-1 and PTEN, together, modulate cardiac fibroblast
proliferation and phenotypic switch under hypoxia.

Materials and methods
Animal Model of acute MI and left ventricular function assay

Male C57BL/6 mice (Nanjing medical university laboratory
animal center, Nanjing, China) were subjected to permanent
ligation of left anterior descending coronary artery (LAD)
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to induce MI (n=10) (34). Sham-operated mice were used
as controls. Sham-operated group (n=6). Mice underwent
echocardiography at 7, 14 and 28 days, after surgery.
Trans-thoracic echocardiography was performed with a
14 MHz iI3L linear probe (Vivid 7 Ultrasound Machine, GE
Medical). Data of heart function was measured according
to modified recommendations by the American Society of
Echocardiography. A mean value of 3 measurements was
examined at day 7, 14 and 28. Hearts were also harvested
at day 7, 14 and 28 for Masson trichrome staining,
immunohistochemical staining and western blot analysis

(n=6-10/group).

Cell culture

We obtained neonatal cardiac fibroblasts from the heart of
1-3-day-old C57BL/6 mice (Nanjing medical university
laboratory animal center, Nanjing, China). After digestion
of the hearts with Type-2 Collagenase (Gibco, New York,
USA), cells were pelleted and seeded in 10-cm FALCON
polystyrene dishes (Corning, NY, USA), and incubated
for 120 min in media containing High glucose Dulbecco’s
modified Eagle’s medium (DMEM, GIBCO, Inc., USA),
with 10% fetal calf serum (PAA, Dartmouth, MA), and
antibiotics at 37 °C and 5% CO,. After 2 hours, the medium
was removed to eliminate cardiomyocytes that did not
attach to the non-coated plates, and replaced with fresh
medium. Cardiac fibroblasts were allowed to grow until
confluence, then trypsinized, and passaged twice before
use. For induction of cellular hypoxia, cells were replaced
by DMEM without glucose (GIBCO, Inc., USA) and
incubated at 37 °C with 5% CO,, 1% O, and 94% N, in a
GENbag anaer (bioMerieux® sa, Marcy I’Etoile, France)
for 6, 12, 24, and 48 h. At these culture conditions, cardiac
fibroblasts experienced varying levels of hypoxia in the
presence or absence of methyl-p-cyclodextrin (MBCD,
2 mM) (Sigma, Inc., Germany), which binds cholesterol and

disrupts caveolae.

Immunobistochemical staining

Immunohistochemistry was performed as described
previously (35). The following primary antibodies were used
for immunohistochemical staining: anti-caveolin-1-IgG
(HuaAnBiotech, Inc., Hangzhou, China), anti-PTEN-IgG
(Epitomics, Inc., California, USA), anti-a-SMA-Ig-G
(Epitomics, Inc., California, USA).

"The signal was enhanced by avidin-biotin-peroxidasecomplex
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(VectastainABCKkit, Vector Laboratories, Burlingame, CA,
USA), followed by visualization of the reaction with 3,
3’-diaminobenzidine tetrahydrochloride (DAB) solution
(Peroxidase Sub-strateKit,Vector Laboratories, Burlingame,
CA, USA). Controls were incubated with PBS in place of the
primary antibody and no positive staining was observed (36).

Western blot analysis

Cells were collected in cold buffer containing 20 mM Tris
(pH 7.5), 150 mM NaCl, 1 mM EDTA, 1 mM EGTA,
1% Triton X-100, 2.5 mM sodium pyrophosphate,
1 mM B-glycerophosphate, 1 mM Na3VO4, 1 g/mL
leupeptin, 1 mM PMSEF, and centrifuged at 11,000 rpm
for 20 min. The protein extracts (10 g/lane) were
electrophoresed on a 12% Tris HCI gel from Bio-Rad and
transferred to a nitrocellulose membrane, which was stained
by naphthol blue-black to confirm equal protein loading.
The membranes were incubated in 5% skim milk for 2 h
and then incubated with the following primary antibodies:
caveolin-1 antibody (HuaAnBiotech, Inc., Hangzhou,
China), PTEN antibody, phospho-Akt (pS129) antibody
(Epitomics, Inc., California, USA), Akt (§473) antibody
(Epitomics, Inc., California, USA), a-SMA antibody
(Epitomics, Inc., California, USA), and Gapdh antibody
(HuaAnBiotech, Inc., Hangzhou, China), and, followed by
incubation with horseradish peroxidase-conjugated goat
anti-rabbit IgG and anti-mouse IgG secondary antibody
and detection using Supersignal West picostable peroxide
solution (Pierce, Rockford, IL) (37). Western blot was also
performed as described above for examination of caveolin-1
expression from heart protein extracts.

Cell proliferation and viability assays

Cell proliferation was quantified using a colorimetric method
based on the metabolic reduction of 3-(4, 5-dimethylthiozol-
2-yl)-2, 5-diphenyltetrazo-lium bromide (MTT) dye to
formazan, as described earlier (38). Briefly, cardiac fibroblasts
were plated onto 96-multiwell plates at 8,000 cells/well. The
next day, cells cultured under hypoxic conditions after 12,
24, or 48 hours were rinsed with PBS, and MTT was added.
Four hours later, DMSO was added, and cells were incubated
15 minutes at 37 °C. Samples were measured at 570 nm.

Statistical analysis

Statistics were performed using GraphPad Prism software
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(GraphPad Software, Inc., CA, USA). All data was analyzed
by SPSS 17.0 software (SPSS Inc, Chicago, Illinois, 2008).
All experiments were repeated with at least three batches of
cardiac fibroblasts and in all repetitions qualitatively similar
data were obtained. Data were tested for significance using
ANOVA or t-test, as appropriate. Results with P<0.05 were
considered statistically significant.

Results

Collagen deposition increased and cardiac function
attenuated following MI

To evaluate the process of cardiac fibrosis from ischemic
injury, we induced myocardial infraction in a mouse model.
Myocardial fibrosis was determined by qualitative evaluation
of collagen deposition using Masson Trichrome Staining.
Red staining indicated viable myocardium while blue staining
indicated fibrosis due to infarction damage (Figure I).
We observed that the collagen fibers were disorganized in
early MI, dominated by non-fibrillar collagen deposition,
while in late MI, cross-linking matrix formed mature scar.
Collagen deposition was found to be significantly increased
at day 14 and 28 post-MI compared to day 7 (Figure 1).
After MI, the mice also displayed cardiac dysfunction. The
echocardiographic data from surviving mice after MI are
shown in Tuable 1. LV contractile function (EF, FS) were
significantly attenuated following MI. Interestingly, MI
for 14, 28 days increased LV dimension and function as
shown from LVIDd, LVISd, EF and FS compared with
the day 7 group (all P<0.05). These results demonstrate
that MI causes an increase in collagen deposition, as well
as cardiac dysfunction. During the progression of cardiac
fibrosis at day 14 and 28, increased collagen deposition and
replacement fibrosis improved cardiac function.

Down regulation of caveolin-1 and a-SMA expression
increased after MI

To evaluate the role of caveolin-1 in cardiac fibrosis,
we measured caveolin-1 expression after MI in mouse
models. We investigated the expression of caveolin-1
by Western blot in whole hearts. We have found that
caveolin-1 levels in the infarct area were decreased
post-MI. Compared to the 7 days post-MI, the protein
expression of caveolin-1 at day 14 and 28 after MI were
increased (Figure 2A4). Western blotting assays confirmed
a significant decrease in caveolin-1 protein at 7 days
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Figure 1 Myocardial fibrosis was determined by qualitative evaluation of collagen deposition using Masson Trichrome Staining in hearts
from male C57BL/6 mice post-surgery groups and sham operated group (A). Red staining indicated viable myocardium, while blue staining
indicated fibrosis. Original magnification: 400x. Percent of myocardial fibrosis in mice following myocardial infarction (B), *, P<0.05.

Table 1 Echocardiography in surviving male C57BL/6 mice after MI. LV contractile function (EF, FS) were significantly attenuated fol-
lowing MI. Interestingly, at 14 and 28 days after M1, there is increased LV dimension and function as shown from LVIDd, LVISd, EF and

FS compared with day 7 group

Day 7

Day 14

Day 28

Variable Sham

IVSd (mm) 0.82+0.08 (n=6)
LVPWd (mm) 0.90+0.10 (n=6)
LVIDs (mm) 1.90+0.22 (n=6)
LVIDd (mm) 3.20+0.32 (n=6)
EF (%) 77.98+1.40 (n=6)
FS (%) 40.62+1.29 (n=6)

0.58+0.07 (n=10)
1.100.12 (n=10)
3.96+0.30 (n=10)*
4.88+0.38 (n=10)*
44.37+1.97 (n=10)"
18.63+0.92 (n=10)*

0.62:£0.16 (n=8)
1.000.12 (n=8)
3.72+0.37 (n=8)#
4.68+0.30 (n=8)#
47.93+2.31 (n=8)#
20.46+1.17 (n=8)#

0.52:£0.08 (n=6)
0.90£0.20 (n=6)
3.78+0.33 (n=6)#
4.68+0.32 (n=6)#
46.12+2.55 (n=6)#
19.53+1.83 (n=6)#

LVIDd, Left Ventricular Internal Diastolic diameter; LVISd, Left Ventricular Internal Systolic diameter; EF, Ejection Fraction; FS,

Fractional Shortening. (*: vs. Sham, P<0.05; #: vs. day 7, P<0.05).

post MI (Figure 2B,C). And a-SMA was used as a marker
of myofibroblasts, which indicated cardiac fibroblast
phenotypic switch. The protein expression of a-SMA
post-MI was increased compared to the sham operated
control group. Furthermore, the expression of a-SMA
protein at 7 days post-MI was greater than at 14 and
28 days post-MI (Figure 2D). Taken together, after myocardial
infraction, both caveolin-1 and a-SMA protein expression
peaks at 7 days post-MI and all these changes appeared in the
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infarct zone. This result indicates that caveolin-1 may inhibit
cardiac fibroblasts from transforming to myofibroblasts.

PTEN protein expression decreased in cardiac fibrosis
Sfollowing MI

We also demonstrated by immunohistochemical staining
that membrane PTEN levels were decreased post-MI.
Compared to 7 days post-MI, the protein expression of
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Figure 2 Immunohistochemical staining and western blotting of caveolin-1 (A-C) and a-SMA (D) expression in hearts from male C57BL/6

mice in the sham operated group and at 7, 14 and 28 days after MI. (A) Immunohistochemical staining of caveolin-1 expression; (B,C)

western blotting of caveolin-1 expression, *, P<0.05; (D) immunohistochemical staining of a-SMA. Original magnification: 400x.

membrane PTEN at 14 days after MI was decreased (Figure 3).
Previous studies have found that membrane PTEN activity
inhibits the integrin/PI3K/Akt signal pathway. Therefore,
reduced PTEN expression enhances the PI3K/Akt signal
pathway to promote myocardial fibrosis.

Hypoxia promotes cardiac fibroblasts proliferation and
increases a-SMA expression

To explore whether cardiac fibroblasts displayed
proliferation under hypoxia, we used the MTT assay, a
colorimetric determination of cell viability after hypoxia /n
vitro. Cell viability was increased at 12, 24, and 48 hours
after hypoxia compared with the untreated group, and
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peaked at 24 hours after hypoxia (Figure 4). The data
demonstrated that hypoxia could promote cardiac fibroblasts
proliferation. We also observed that a-SMA, which is the
marker of myofibroblasts, was gradually increased with
increased hypoxia treatment time and was significantly
increased at 24 and 48 hours P=0.0017 (Figure 5).
Opverall, these results indicate that under hypoxia stimulus,
fibroblasts will proliferate and switch their phenotype to
myofibroblasts (a-SMA positive cells).

Caveolin-1 and PTEN protein expression was reduced in
fibroblasts under hypoxia in vitro

Pathological cardiac fibrosis can develop from a number
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Figure 3 Immunohistochemical staining PTEN expression in hearts from male C57BL/6 mice at 7 and 14 days post-MI groups. PTEN
protein expression was decreased at 14 days post-MI compared to 7 days post-MI. Original magnification: 400x. PTEN, phosphatase and

tensin homolog.
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Figure 4 MT'T cell proliferation assay of cardiac fibroblasts under
hypoxia 12, 24 and 48 hours. *, P<0.05. Data are representative of

three separate experiments.

of stimuli, including ischemia, inflammation, pressure
overload and volume overload (39,40). A common feature
of all these stimuli is tissue hypoxia, either directly or
indirectly, because of increases in oxygen consumption
by infiltrating inflammatory cells and activated resident
cells. Prolonged local tissue hypoxia can lead to aberrant
ventricular remodeling and cardiac fibrosis (40-43). In vivo
experiments, we have verified that both caveolin-1 and
PTEN protein expression are decreased in the infarct zone
post-ML. To further investigate that result, we performed
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Figure 5 Expression of a-smooth muscle actin (0-SMA) in cardiac
fibroblasts under normoxia and hypoxia conditions. Cardiac
fibroblasts of hypoxia groups were exposed to GENbag anaer
for 12, 24, and 48 hours. Hypoxia versus normoxia, *, P<0.05, **,

P<0.005. Data are representative of three separate experiments.

hypoxia experiments in vitro. We analyzed caveolin-1, PTEN,
and p-AKT expression in myofibroblatsts derived from
cardiac fibroblasts after culturing in hypoxia or normoxia
conditions by western analysis. The protein expression of
caveolin-1 and PTEN were gradually decreased and the
expression of p-Akt was significantly increased after 12,
24 and 48 hours in hypoxia conditions (Figure 6).

Disruption of caveolae with methyl-f-cyclodextrin (MpCD)
enhanced p-Akt and a-SMA expression and fibroblast
proliferation

MBCD depletes cholesterol and disrupts caveolae (44).
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Figure 6 Expression of caveolin-1 and PTEN in cardiac fibroblasts of normoxia and hypoxia groups. Cardiac fibroblasts of hypoxia groups
were exposed to GENbag anaer for 12, 24 and 48 hours. Hypoxia versus normoxia, *P<0.05, **P<0.005. (A) Western blotting; (B) expression
of Caveolin-1, P=0.0019<0.005; (C) expression of PTEN, P=0.006<0.05. Data are representative of three separate experiments. PTEN,
phosphatase and tensin homolog.
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Figure 7 Expression of Caveolin-1, PTEN, a-SMA and p-Akt in cardiac fibroblasts in the presence and absence of MBCD (2 Mm/L 2
hours) and under hypoxic conditions. Cardiac fibroblasts of hypoxia groups were incubated in 2 Mm/L doses of MBCD 2 hours before
exposure to GENbag anaer for 12, 24 and 48 hours. *, P<0.05; **, P<0.005. (A) Western blotting; (B) expression of Caveolin-1; (C)
expression of PTEN; (D) expression of a-SMA; (E) expression of p-Akt. Data are representative of three separate experiments. PTEN,
phosphatase and tensin homolog; 0-SMA, a-smooth muscle actin.

To further study that the mechanism of caveolae on
caveolin-1/PTEN mediated signal pathway, we incubated

after exposure to hypoxia for 12, 24 and 48 hours in the
presence of MBCD than in the untreated group (Figure §).

cardiac fibroblasts with a 2 mM/L dose of MBCD for
2 hours before treatment with GENbag anaer. The p-Akt
and a-SMA expression and cell viability increased after
exposure to MBCD compared to cells not treated with
MPBCD after exposure to the same hypoxia conditions
(Figure 7). We also showed that expression of caveolin-1
was higher in the MPCD treated groups. Therefore the
caveolin-1/PTEN mediated signal pathway was dependent
on caveolae formation. The MTT assay also demonstrated
that cardiac fibroblasts displayed significant proliferation

© Pioneer Bioscience Publishing Company. All rights reserved.

Over all, disruption of caveolae with MBCD leads to
increased cardiac fibroblasts proliferation and conversion to
myofibroblasts.

Discussion

Ischemia caused by coronary artery disease and MI leads to
aberrant ventricular remodeling and cardiac fibrosis (40).
Cardiac fibroblasts play a pivotal role in the development
of cardiac fibrosis. We showed that ischemic injury induced
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Figure 8 MTT cell proliferation assay of cardiac fibroblasts in
absence or presence of MBCD after 12, 24 and 48 hours in hypoxic
conditions. **, P<0.001. Data are representative of three separate

experiments.

phenotypic differentiation of cardiac fibroblasts into
myofibroblasts which secreted more cardiac extracellular
matrix (41,45-47). We also found that caveolin-1 protein
expression was transiently down-regulated after MI,
concomitant with inhibition of PTEN expression and
therefore activation of the Integrin/PI3K/Akt signal
pathway in cardiac fibroblasts. In vive experiments found
that hypoxia induced proliferation and phenotypic
differentiation of cardiac fibroblasts. Furthermore,
caveolin-1 and PTEN protein expression in cardiac
fibroblast were gradually deceased under hypoxia conditions,
accompanied by increased 0-SMA expression. Interestingly,
disruption of caveolae with MBCD also enhanced PI3K/
Akt signal pathway and caused increased cardiac fibroblast
proliferation and phenotypic differentiation. These results
suggest that ischemic injury leads to enhanced fibrosis of
the heart and caveolae play a key role in cardiac fibroblast
proliferation and phenotypic switch under hypoxia, possibly
mediated by the caveolin-1/PTEN signaling pathway to
activate PI3K/Akt expression.

Following acute MI, cardiac fibroblasts in the heart
become activated and rapidly proliferate (48). Our study
showed that collagen deposition by Masson trichrome
staining and myofibroblasts by immmuhistochemical
staining gradually increased after permanent ligation of
LAD at 7, 14 and 28 days after MI. MI injury induces
cardiac fibroblasts to undergo a phenotypic switch to
myofibroblasts which are central players in the profibrotic
post-MI repair process (7,16,35). A trend toward increased
a-SMA expression indicative of the transformation of
fibroblasts to myofibroblasts was observed in the present
study in infarcted regions, and is consistent with previous
reports (9). We also found that systolic heart function at
later stages after MI was improved than at earlier timepoints
following MI. This result indicates that local collagen
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deposition may be beneficial for improvement of systolic
cardiac function during heart remodeling.

Considerable data indicate that PTEN colocalizes with
caveolin-1 at the plasma membrane as an Integrin/PTEN/
caveolin-1 complex (15). We also found that caveolin-1
and PTEN expression in cardiac fibroblasts is significantly
reduced during myofibroblast proliferation and collagen
deposition in the formation of a mature scar after MI.
Meanwhile in vitro, ischemic injury induced cardiac
fibroblast differentiation and proliferation, and exhibited
a similar decrease in caveolin-1 and PTEN protein levels.
Here we provide several evidences that caveolae and the
caveolin-1/PTEN signaling pathway are involved in the
progression of cardiac fibrosis resulting from ischemic
injury. First, low caveolin-1 expression in cardiac fibroblast
peaked concurrently with augmented a-SMA levels in
mouse models after MI. Immunohistochemical staining
results indicates that myofibroblasts are a key component
of the infarct zone and display low caveolin-1 expression
at 7 days after MI, while caveolin-1 expression gradually
returns to almost normal levels by 28 days post-MI,
accompanied with lower a-SMA levels. Recent studies
indicate that the extracellular matrix modulates fibroblast
phenotype and function in the infarcted myocardium (49).
Therefore, with the progress of collagen deposition,
increased caveolin-1 expression results in inhibition of
myofibroblast proliferation. Secondly, both in vive and
in vitro experiments revealed a decline in caveolin-1
and PTEN protein levels after hypoxia and leads to
increases in cardiac fibroblast proliferation. Lastly, in
vitro disruption of caveolae with MBCD enhanced cardiac
fibroblast proliferation and phenotypic differentiation in
hypoxia conditions. This result demonstrates that signal
pathways such as PTEN/ PI3K/Akt and caveolin-1, which
control cardiac fibroblast proliferation and phenotypic
differentiation, are dependent on caveolae formation.

Numerous studies have revealed that caveolae, highly
enriched in cholesterol and sphingolipids, play a pivotal
role in regulating cell signaling (6,7). Membrane rafts
and caveolae concentrate membrane proteins and other
components involved in transport and signal transduction
(10,11). Caveolins are the main structural and functional
components of caveolae, cholesterol homeostasis, and
cell signaling, and caveolin-1 is an essential constituent
of adipocyte caveolae (50). Other studies have been
confirmed that cholesterol can be depleted by MPCD
treatment and therefore disrupt caveolae formation (51).
Here we demonstrated that caveolin-1 and PTEN protein
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expression increased in cardiac fibroblasts groups exposed
to MBCD compared to untreated controls. In addition,
the protein levels of 0-SMA and p-Akt both increased in
cardiac fibroblasts treated with MPCD compared to the
untreated groups under hypoxic conditions. Meanwhile,
the MTT assay demonstrated that cardiac fibroblasts
displayed greater proliferation after exposure to hypoxia for
12, 24 and 48 hours in the presence of MBCD (2 mM and
2 hours). Taken together, cholesterol depletion by MBPCD
induced disruption of caveolae up-regulated the activation
of the PI3K/Akt pathway, thereby causing increased a-SMA
and p-Akt protein expression and cell proliferation. We
also have unexpectedly found that caveolin-1 and PTEN
expression of fibroblasts in MPCD group was greater than
in the untreated group. Recent studies suggests that down-
regulation of caveolin-1 may enhance increased atrial
fibrosis in atrial fibrillation patients (52). Therefore, cardiac
fibroblasts proliferation and phenotypic differentiation
may be resulting from disruption of the caveolin-1/PTEN
complex, while increases in caveolin-1 and PTEN levels
may be a feedback effect of enhanced fibrosis. Further
studies will be needed to further explore how caveolin-1 and
PTEN pathways modulate fibrosis from ischemic injury.
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