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Abstract

Endoplasmic reticulum (ER) stress is implicated in the pathophysiology of various cardiovascular
diseases, but the role of ER stress in cardiac rupture and/or remodeling after myocardial infarction
(M1) is still unclear. Here we investigated whether ER stress plays a major role for these processes
in mice. We ligated the left coronary artery (LCA) without reperfusion in mice and administered
either NaCl or 4-phenylbutyric acid (4-PBA, 20 mg/kg/d) intraperitoneally for 4 weeks. Cardiac
rupture rates during the first week of MI were 37.5% and 18.2% in the control and 4-PBA groups,
respectively. The extent of ventricular aneurysm and fibrosis was less, and the cardiac function
better, in the 4-PBA group compared with the control group. The protein levels of ER stress
markers in the heart tissues of the control group remained elevated during the entire 4-week period
after MI, while pro-apoptotic proteins mainly increased in the early phase, and the pro-fibrotic
proteins markedly increased in the late phase post MI; 4-PBA decreased all of these protein levels.
In the primary cultured neonatal rat cardiomyocytes or fibroblasts, hypoxia (3% O5) increased the
number of apoptotic cardiomyocytes and promoted the proliferation and migration of fibroblasts,
all of which were attenuated by 4-PBA (0.5 mM). These findings indicate that MI induces ER
stress and provokes cardiac apoptosis and fibrosis, culminating in cardiac rupture and remodeling,
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and that the attenuation of ER stress could be an effective therapeutic target to prevent post-Ml
complications.
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1. Introduction

In patients who suffer acute myocardial infarction (AMI), fatal cardiac rupture can occur
within days post infarct, and accounts for 10-20% of all in-hospital cardiac deaths [1-3].
AMI causes the loss of cardiomyocytes followed by proliferation of non-cardiomyocytes
and inflammation, leading to cardiac rupture and/or negative remodeling [4]. In animal
models, cardiac rupture is observed to occur as high as 24% and 60-75% in C57BL/6 and
129sv mice within the first week of AMI, respectively [5]. While rupture of the ventricle is
one of the most fatal acute sequelae of MI, a more insidious, chronic outcome for those
surviving the incident Ml is negative cardiac remodeling. The excessive remodeling that
occurs after loss of cardiomyocytes involves fibrosis and scarring, and eventually impairs
systolic and diastolic functions [6,7]. Though it is imperative to prevent these adverse
outcomes, the mechanisms for infarct-induced cardiac rupture and remodeling are
complicated and far from clear. One of the implicated mechanisms is stress response
mediated by the endoplasmic reticulum (ER), a cellular organelle responsible for protein
folding, calcium homeostasis, and lipid biosynthesis. Stimuli such as oxidative stress [8,9],
ischemic insult [10], disturbances in calcium homeostasis [11] and altered expression of
normal and/or folding-defective proteins lead to the accumulation of unfolded proteins, a
condition referred to as ER stress. ER stress has been reported to induce cellular apoptosis
and fibrosis [12,13]. Latest evidence [14-21] has shown that ER stress is involved in the
pathogenesis of several cardiovascular diseases such as myocardial ischemia—reperfusion
injury, cardiac hypertrophy, diabetic cardiomyopathy, drug induced cardiac injury and
cardiac fibrosis. However, the exact role of ER stress in the pathophysiology of infarct-
related cardiac rupture or remodeling is unknown.

Therefore, we aimed to investigate the role of ER stress in cardiac rupture and remodeling in
the mouse model of M1 created by left coronary artery (LCA) permanent ligation with or
without 4-phenylbutyric acid (4-PBA), an agent known to attenuate ER stress [22]. Our
findings demonstrate that ER stress promotes MI-induced cardiac apoptosis and fibrosis, and
that attenuation of ER stress by 4-PBA lessens cardiac rupture and remodeling associated
with cardiac apoptosis and fibrosis.

2. Materials and methods

All procedures were performed in accordance with our institutional guidelines for animal
research that conforms to the Guide for the Care and Use of Laboratory Animals (NIH
Publication No. 85-23, revised 1996). The dose/concentration of 4-phenylbutyric acid (4-
PBA, Sigma—Aldrich, St. Louis, MO) was determined according to the previous reports [23-
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25]. The mice after M1 were intraperitoneally injected with 4-PBA every day for 4 weeks at
a dose of 20 mg/kg/day (dissolved in 0.9% NaCl).

2.1. Animal models of Ml

C57BL/6 male mice (aged 8-12 wks, weighing 20-25 g) were used to generate Ml by the
permanent ligation of the left coronary artery (LCA) as described elsewhere [5]. The mice
were anesthetized with a mixture of xylazine (5 mg/kg, injected i.p.) and ketamine (100
mg/kg, injected i.p.), and the adequacy of anesthesia was monitored from the disappearance
of pedal withdrawal reflex. The operated mice that survived for 12 h were randomized to
either 4-PBA or 0.9% NaCl administration. Sham-operated mice were also treated with
either 4-PBA or 0.9% NaCl.

2.2. Echocardiographic imaging

Transthoracic echocardiographic imaging was performed and the data were analyzed in a
blinded manner using a Vevo-770 ultrasonic system (VisualSonics, Toronto, ON, Canada)
equipped with a high-resolution transducer centered at 30 MHz and vendor-specific analytic
software. The mice in the study were sedated with isoflurane (induction at 3% and
maintenance at 0.5-2% in O5) and placed on a warmed (37 °C) platform. Body temperature,
ECG and respiration were monitored. The continuous delivery of isoflurane was titrated to
maintain heart rate over 450 bpm. The hearts were scanned using the B-mode, M-mode or
Doppler mode imaging at the levels of papillary muscle and mitral valve for cardiac function
analysis. Endocardial borders were traced by long-axis and short-axis B mode imaging.
From two-dimensionally targeted M-mode tracings, both left ventricular end-diastolic
(LVEDd) and end-systolic diameter (LVESd) were measured. Cardiac contractile function
was assessed by LV fractional shortening (LVFS%), which was calculated as follows: LVFS
(%) = (LVEDd - LVESd)/ LVEDd x 100. Using Doppler mode imaging, the blood flow
velocity through the mitral valve was measured (E and A waves). Cardiac diastolic function
was assessed by E/A ratio.

2.3. Autopsy and histology

Autopsy was performed on study animals found dead within the first week of MI, and on
surviving animals sacrificed at the indicated time points or after echocardiographic imaging
at the end of 4 weeks. The presence of a large amount of blood clot around the heart and in
the chest cavity as well as a perforation of the infarcted ventricular wall indicated as the
rupture-related death.

After the mice were sacrificed, the hearts were removed from different groups, fixed in 4%
paraformaldehyde, embedded in paraffin, and 4 um sections were prepared for Masson
staining to measure the extent of collagen deposition and fibrosis.

2.4. Cell culture

The neonatal Sprague Dawley rats at 1-3 days after birth were anesthetized by 2%
isoflurane inhalation. Isolation and culture of ventricular cardiomyocytes and fibroblasts
were performed as described elsewhere [26]. Subsequently, both cardiomyocytes and
fibroblasts were incubated at 37 °C in either normoxic (5% CO, and 20% O5) or hypoxic
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condition (5% CO,, 3% O, and 100% N,) with or without 4-PBA (0.5 mM) for cell viability
assay, mitochondrial membrane potential (A¥m) assay, migration assay for 48, 24 and 72 h
respectively. After the exposure to hypoxia, we determined the protein expressions by
Western blotting as described below.

2.5. Cell viability assay

4-[3-(4-1dophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate (WST-1)
assay for cell viability was used as described elsewhere [27]. Both cultured cardiomyocytes
(1 x 10° cells per well) and fibroblasts (1 x 10* cells per well) were placed into 96-well
plates with 200 uL of complete culture medium and exposed to either normoxia or hypoxia
with or without 4-PBA for 48 h to test the cell viability.

2.6. Mitochondrial membrane potential (A¥m) assay

The mitochondrial membrane potential (A¥m) in the cardiomyocytes was examined by JC-1
staining. JC-1 is a lipophilic, cationic dye that exhibits a fluorescence emission shift upon
aggregation from 530 (green monomer) to 590 nm (red “J-aggregates”). In healthy cells with
high mitochondrial ATm, JC-1 enters the mitochondrial matrix in a potential-dependent
manner and forms aggregates.

Briefly, the cardiomyocytes (1 x 10%) were seeded into confocal glass wells and cultured for
24 h in normoxic or hypoxic condition with or without 4-PBA, then staining was performed
using 2.5 pg/ ml JC-1 at 37 °C for 15 min. After staining, the cells were rinsed 3x with
phosphate buffered saline (PBS). The dye equilibration was allowed for 10 min at room
temperature prior to imaging. The images were observed under Nikon Eclipse Ti-E inverted
microscope with a Plan Fluor 10% objective. The samples were illuminated with Nikon C-
HGFIE Intensilight (Precentered Fiber llluminator) and the fluorescence was recorded using
Nikon DS-QilMc digital camera. Stained, polarized mitochondria were detected with
fluorescence settings for Cy3 (excitation/emission = 50/570 nm, EV = 50 ms). Loss of
mitochondrial integrity was detected with the settings for FITC (excitation/emission =
485/535 nm, EV =500 ms). The images were analyzed using Image J software (NIH) by
assessing the red/green fluorescence ratio from the individual image.

2.7. Migration assay

The migration of cardiac fibroblasts was determined using trans-well chambers (24 well
trans-well plates inserted with polycarbonate filters, 8-um pore size, Corning) according to
the manufacturer’s instruction. The fibroblasts were trypsinized, counted, and loaded equally
(1 x 10% cells per well) into the upper chamber of the trans-well plates to incubate for 12 h.
When the cells were attached, the upper and lower media was replaced with fresh DMEM
alone or with 4-PBA under the normoxic or hypoxic condition. After 72 h incubation, non-
migrated cells remained on the upper surface of the membrane were removed with a cotton
swab and migrated cells on underside of the membrane were stained with 0.1% crystal
violet. The number of migrated cells on each membrane was counted in 5 random fields at
20x magnification under a light microscope.
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2.8. Western blot analysis

The proteins were prepared from the whole heart homogenates, primary cultured
cardiomyocytes and fibroblasts per published protocols [28]. The immunoblotting was
performed using the following primary antibodies: anti-GRP 78 (sc-376768, Santa Cruz),
anti-CHOP (#2895, Cell signaling technology), anti-Bax (#2772, Cell Signaling
Technology), anti-caspase 3 (#9665, Cell Signaling Technology), anti-TGFB1 (#3711, Cell
Signaling Technology), anti-Smad 2/3 (sc-133098, Santa Cruz) and anti-p-actin (sc-47778,
Santa Cruz). Quantification of the images was performed using Image J software (NIH).

2.9. Statistical analysis

3. Results
3.1. Cardiac

3.2. Cardiac

All data were expressed as mean =+ standard error of the mean (SEM), and P < 0.05 were
considered as statistically significant. Statistical differences were evaluated by one-way
analysis of variance followed by the Bonferroni’s multiple comparison exact probability
test. The overall survival of the MI mice was evaluated using Kaplan—Meier survival
analysis. All analyses were performed using SPSS 13.0 software (SPSS Inc., Chicago, IL).

rupture is the major cause of death within the first week of Ml

We induced ST-elevation MI by permanent LCA ligation in the mice. Myocardial necrosis
after 45 min of occlusion was confirmed by the elevated ST segment on electrocardiogram
(ECG) during the surgery as well as detection of the infarcted myocardium (white,
nonstained) by triphenyl tetrazolium chloride (TTC) staining (Fig. S1A). Post MI, mice were
checked three times a day to ensure that once a dead mouse was found, autopsy was
performed immediately to confirm the cause of the death. Our inspection revealed that in
post Ml day 3-5, cardiac rupture and acute congestive heart failure (CHF) were common.
The cardiac rupture was the major cause of death (37.5% rupture rate was observed, see
details in Section 3.4). Rupture slits and blood clots around the heart of the mice were
observed (Fig. S1B). Consistent with acute CHF, pulmonary and atrial congestion were
apparent in dead mice (Fig. S1C).

remodeling is prevalent in the late phase of MI

Negative cardiac remodeling is one of the most common pathophysiological outcomes after
survival of MI. We characterized cardiac remodeling in the mice that survived the acute
period post MI. Examination of the gross specimen and cross sections of the heart showed
left ventricular (LV) chamber enlargement as early as day 1 post MI, while myocardial
fibrosis per Masson staining was detected 3 days after MI and worsened through day 28
(Fig. S2A and B). There was a large ventricular aneurysm formed at the end of 28 days, as
shown representatively in Fig. S2C. Both LVEDd and LVVESd were increased as measured
by echocardiography, attesting to chamber enlargement and LVFS impairment (Fig. S2D;
Table S1). Meanwhile, the mitral inflow E wave velocity was increased post Ml along with
the markedly decreased A wave in mice that survived the Ml to the end of 28 days (Table
S1). E/A ratio therefore significantly increased as a restrictive filling state. These findings
demonstrate extensive negative cardiac remodeling that occurs after survival from Ml and
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includes the left ventricle dilation and deformation as well as impairment of both systolic
and diastolic function of the heart.

3.3. ER stress induces cardiac apoptosis and fibrosis in mice in the development of Ml

To test whether ER stress is one of the underlying mechanisms involved in the cardiac
rupture and remodeling, we investigated the protein expression profile of ER stress markers
(GRP 78 and CHOP), pro-apoptotic proteins (Bax and caspase 3) and pro-fibrotic proteins
(TGF-B1 and Smad 2/3) in the whole homogenates of the mouse hearts in both early and late
phases of MI. The protein level of GRP 78 and CHOP were significantly increased from day
1 of Ml and remained elevated for the following 4 weeks (Fig. 1A), indicating that the ER
stress response is activated acutely and sustained throughout the 4 weeks post M.
Interestingly, we found different expression modes of pro-apoptotic and pro-fibrotic proteins
in this process: The expression of the pro-apoptotic markers, Bax and caspase 3, was acutely
increased post M1, peaking at the 3rd day and sharply fell to that similar to sham surgery
(Fig. 1B). However, the pro-fibrotic marker, TGFB1 and Smad 2/3, were mainly expressed
in the late phase of MI, with the protein levels continuing to rise at day 28 (Fig. 1C).
Therefore, the pro-apoptotic markers we examined were induced during the acute phase of
the post-MI period when the majority of myocyte death is to occur due to the infarct-related
insult, while the pro-fibrotic marker upregulation correlated with subacute/late phase, during
which time negative remodeling of the left ventricle takes place.

We then examined whether the attenuation of ER stress alleviated cardiac apoptosis and/or
fibrosis in the early and late phase of MI by studying the effect of ER stress attenuation on
the expression levels of these marker proteins differentially expressed in the post-MI time
period. We intraperitoneally administrated 4-PBA (20 mg/ kg/d), a commonly used ER
stress inhibitor [22], after M1 for 3 days and 28 days respectively. Our results showed that 4-
PBA decreased the protein level of CHOP, Bax and caspase 3 at 3rd day of Ml (Fig. 1D),
while at 28th day of M, it markedly lowered the protein level of CHOP, TGFf1 and Smad
2/3 (Fig. 1E). Together, these findings suggest that the ER stress responses following Ml
occur early at the time of cardiac apoptosis and persist during the subacute/ late phase of
fibrosis, and that the attenuation of ER stress inhibits expression of molecular markers
strongly associated with acute cardiac cell death and late-phase fibrosis.

3.4. 4-PBA prevents cardiac rupture and attenuates cardiac remodeling in Ml mice

We further tested whether attenuation of ER stress responses by 4-PBA has impact on the
extent of MI and remodeling at the organ level, and ultimately on the survival rate of mice
post MI. We found that 4-PBA treatment improved the extent of infarct and cardiac
remodeling, as indicated by smaller ventricular aneurysm and less myocardial fibrosis (Fig.
2A). Amelioration of the infarct and remodeling was also associated with increased systolic
function, represented by higher fractional shortening of the left ventricle, as well as
improvement in diastolic function with normalized E/A ratio (Fig. 2B and Table S2). As
shown in Fig. 2C, these positive effects of 4-PBA at the organ level was associated with
higher overall survival rate of the mice treated with 4-PBA when compared to the vehicle
group (76.2% vs. 47.5%, P = 0.042). Twenty-one mice were found dead (52.5%) in 40
vehicle-treated mice, among which the mice with cardiac rupture accounted for 37.5%
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(15/40) and the mice with signs of acute HF accounted for 15% (6/40). However, there was
only 5 dead (22.7%) in the 22 mice receiving 4-PBA after MI, among which those with
cardiac rupture accounted for 18.2% (4/22) and acute HF 4.5% (1/22). Using Kaplan—Meier
analysis, we found that 4-PBA significantly lowered the incidence of cardiac rupture and HF
and increased survival at the end of 28 days. Thus, the attenuation of ER stress via treatment
with 4-PBA led to amelioration of cardiac rupture and remodeling, protection from
deterioration of left ventricular function and overall better survival in mice post M.

3.5. 4-PBA protects cultured cardiomyocytes from apoptosis induced by hypoxia

To investigate the cellular mechanisms underlying the protection conferred by 4-PBA,
neonatal rat cardiomyocytes were exposed to hypoxia to simulate ischemic injury in vitro in
the presence or absence of 4-PBA (0.5 mM) and cell viability was tested by a WST1 assay
per published protocols [29]. Hypoxia for 48 h reduced the cellular viability with the
associated increase in the expression of CHOP, Bax and caspase 3, all of which were
attenuated by 4-PBA (Fig. 3A and B). Since the changes of mitochondrial potential is one of
the first signs of apoptosis, we determined the mitochondrial depolarization using JC-1
staining in cultured cardiomyocytes exposed to hypoxia (for 24 h to maximize detection of
cells in the early phase of apoptosis, rather than the previous 48 h of hypoxia) with or
without 4-PBA (Fig. 3C). Hypoxia significantly decreased the mitochondrial red/green
fluorescence intensity ratio, indicating altered mitochondrial membrane potential and
depolarization. 4-PBA treatment partly recovered the mitochondrial red/green fluorescence
intensity ratio, suggesting that it provides protection against mitochondrial depolarization
induced by hypoxia.

3.6. 4-PBA inhibits the proliferation and migration of cultured cardiac fibroblasts induced

by hypoxia

In order to explore the cellular mechanisms associated with the ameliorated cardiac
remodeling provided by 4-PBA, we assessed the proliferation and migration of fibroblasts
during hypoxia. The duration of hypoxia was 72 h, which was an optimal length of time for
detection of proliferation and migration of fibroblasts under hypoxic stress (unpublished
observation). The results of the viability assay via WST-1 and Western blots showed that
hypoxia in fact increased the proliferation of fibroblasts (in contrast to its effect on
cardiomyocytes) and increased the expression of CHOP, TGFB1 and Smad 2/3, all of which
were inhibited by 4-PBA (Fig. 4A and B). Using a well-established trans-well migration
system [30], we determined the extent of fibroblast migration under hypoxia. As shown in
Figs. 4C, hypoxia increased the migration of fibroblasts, which was attenuated by 4-PBA.
These findings indicate that ER stress attenuation by 4-PBA inhibits hypoxia-induced
proliferation and migration of cardiac fibroblasts. This suppressive action on the fibroblasts
may provide an important mechanism behind the significantly reduced ventricular fibrosis
and negative remodeling afforded by 4-PBA.

4. Discussion

The role of ER stress in cardiovascular diseases has been reported for decades but never
therapeutically targeted in myocardial infarction. In this study using a murine M1 model, we
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provide strong physiological and cellular data demonstrating that attenuation of ER stress
prevents infarct-induced cardiac rupture and remodeling by modulating both cardiac
apoptosis and fibrosis.

After MI or hypoxia, the ER stress responses occur in cardiac cells as the results of reduced
oxygen supply, reduced calcium levels, insufficient concentrations of molecular chaperones,
altered protein glycosylation machinery, altered redox status and so on within the ER lumen.
It then leads to the initiation of the unfolded protein response (UPR), an adaptive mechanism
that promotes organelle recovery [31]. However, if ER stress is prolonged or uncontrolled,
cell death, rather than recovery, can ensue by CHOP-induced apoptosis [32].

Cardiac rupture and negative remodeling following MI worsen morbidity and mortality due
to cardiomyocyte necrosis, apoptosis and myocardial fibrosis [33,34]. It has been purported
that ER stress may play a crucial role in the pathogenesis of these detrimental sequelae, with
the GRP78-PERK-CHOP cross-talk at its center [35-37]. Our results demonstrated that (1)
ER stress responses, indicated by GRP78 and CHOP expression, in the ischemic heart were
acutely increased in the early phase of MI and persisted through the following four weeks,
(2) the attenuation of ER stress by 4-PBA decreased the expression of proteins involved not
only in the ER stress response (CHOP), but in apoptosis (Bax and caspase 3) and fibrosis
(TGFp1 and Smad 2/3), and (3) these molecular changes after treatment with 4-PBA were
associated with better left ventricular function, less negative remodeling and better survival
of the animals, indicating that ER stress plays a central role in cardiac cell death and fibrosis
in the development of acute and chronic sequelae post MI. Our cultured cell model of
hypoxia-simulated ischemia also supports the protective effects of 4-PBA on cardiomyocyte
survival, closely linked with the mitochondrial membrane integrity. We also demonstrate the
suppressive effect of 4-PBA on fibroblast migration and viability, which may account for, in
part, the reduction seen in the negative remodeling and fibrosis of the heart with the
treatment with 4-PBA.

Uncontrolled ER stress responses are also associated with the activated inflammasome in
chronic inflammatory diseases [38]. And it is known that suppression of inflammatory
cytokines is one of the mechanisms associated with beneficial effects of 4-PBA [39].
However, the detailed connection between ER stress and inflammation in the development
of adverse sequelae post MI remains largely unexplored and still need to investigate in the
future study. Aside from its effect on the myocardial cells, it is possible that the protective
effects of 4-PBA may in part derive from improved vascular endothelial function related to
ER stress inhibition in reducing the MI-induced cardiac rupture and post-infarct remodeling
[40]. We hope to differentiate and elucidate further these possible mechanisms in the future.

4-PBA has been approved by US Food and Drug Administration (FDA) for clinical use as
an ammonia scavenger in children with urea cycle disorders [41]. It is a low-molecular-
weight fatty acid and a non-toxic pharmacological compound found to have chaperone-like
activity [42], and its effectiveness was also shown to be associated with inhibition of histone
deacetylase (HDAC) [43,44]. 4-PBA was used as an anti-cancer drug in patients with
advanced solid tumors because of its role in the epigenetic regulation of protein translation
by HDAC inhibition [45]. In fact, inhibition of HDAC has been shown to promote
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myocardial repair and protect against the cardiac remodeling after Ml [46]. The inhibition of
HDAC by high dosage of 4-PBA (400 mg/kg/d) has also been shown to protect against
adriamycin-induced cardiac injury in mice [20]. However, its effect on HDAC inhibition is
dose-dependent, and the use of the lower dose (20 mg/kg/d) of 4-PBA in this study allowed
us to examine its action on ER stress in the context of MI, with little effects on HDAC
inhibition (unpublished observation).

In conclusion, our results demonstrate a sustained ER stress response associated with cardiac
apoptosis and fibrosis post infarction, and show for the first time that attenuation of ER
stress using 4-PBA is an effective agent to limit the extent of MI and prevent infarct-induced
cardiac rupture and remodeling to preserve cardiac function and overall survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.chi.2014.10.032.
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ER stress response in cardiac apoptosis and fibrosis after MI. (A) Western blots and
quantitative analysis of ER stress response markers (GRP 78 and CHOP) in the whole heart
homogenates of mice in the early and late phase of MI. (B) Western blots and quantitative
analysis of pro-apoptotic proteins (Bax and caspase 3) in the whole heart homogenates of
mice in the early and late phase of MI. (C) Western blots and quantitative analysis of pro-
fibrotic proteins (TGF-B1 and Smad 2/3) in the whole heart homogenates of mice in the
early and late phase of MI. (D) Representative Western blots and quantitative analysis of
CHOP, Bax and caspase 3 from whole heart homogenates at 3rd day of MI with or without
4-PBA (20 mg/kg/d). (E) Representative Western blots and quantitative analysis of CHOP,
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TGF-B1 and Smad 2/3 from whole heart homogenates at 28th day of MI with or without 4-
PBA (20 mg/kg/d). *P < 0.05 vs. sham; TP < 0.05 vs. MI; n = 4—6 in each group.
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Fig. 2.
Effects of 4-PBA treatment on the cardiac remodeling, cardiac function, and survival rate in

MI mice. (A) Representative autopsy pictures of ventricular aneurysm and Masson staining
of myocardial fibrosis from the hearts of mice with or without 4-PBA administration at the
end of 4 weeks post MI. (B) Representative echocardiographic imaging of mice after sham
surgery, Ml and 4-PBA + Ml is presented, with quantitative analysis of fractional shortening
(FS%) and E/A ratio (top, lower left, lower right, respectively). *P < 0.01 vs. sham; TP <
0.01 vs. M. (C) Four-week survival rate of the mice with or without 4-PBA treatment
following MI. n =15 each in Sham and Sham + PBA group, n =40 in MI group and n = 22
in Ml + PBA group.
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Fig. 3.

Ef?‘ects of 4-PBA treatment on cell viability in cultured neonatal rat cardiomyocytes under
hypoxia. (A) After 48 h of hypoxia, the viability of cardiomyocytes was measured by the
WST1 assay. #P < 0.01 vs. Normoxia; TP < 0.01 vs. Hypoxia; n = 15 (plate holes) in each
group. (B) Representative Western blots and quantitative analysis of CHOP, Bax and
caspase 3 protein expression in cultured cardiomyocytes after hypoxia for 48 h. #P < 0.05
vs. normoxia; TP < 0.05 vs. hypoxia; n = 5 independent experiments. (C) After 24 h of
hypoxia, mitochondrial membrane potential was analyzed by JC-1 staining (top) and
assessing the ratio of the fluorescence intensity between the red J-aggregate and green
monomer fluorescence, with quantitative analysis of the ratio (bottom). Scale bar, 10 um. #P
< 0.05 vs. normoxia; TP < 0.05 vs. hypoxia; n = 3 independent experiments. (For
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interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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Fig. 4.

Ef?‘ects of 4-PBA treatment on proliferation and migration of cultured neonatal rat cardiac
fibroblast under hypoxia. (A) After 72 h of hypoxia (3% oxygen), the viability of neonatal
rat cardiac fibroblasts was measured by the WST1 assay with or without 4-PBA

treatment. *P < 0.01 vs. normoxia; TP < 0.01 vs. hypoxia; n = 15 (plate holes). (B)
Representative Western blots and quantitative analysis of CHOP, TGF-B1 and Smad 2/3 in
the cultured cardiac fibroblasts under hypoxia for 72 h. *P < 0.05 vs. normoxia; TP < 0.05
vs. hypoxia; n = 5. (C) Cell migration was detected by transwell migration assay. After 72 h
of hypoxia with or without 4-PBA, fibroblasts in the inner membrane of transwell chamber
were wiped away. After the transwell membranes were dry, the opposite side of the
membrane was stained by crystal violet to detect the migrated cells (top) with quantitative

Chem Biol Interact. Author manuscript; available in PMC 2015 December 18.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Luo et al.

Page 19

analysis of fibroblast migration (bottom). P < 0.05 vs. normoxia; TP < 0.05 vs. hypoxia; n =
3 in each group. Scale bar, 1 mm.
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