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Abstract
Endothelial cell apoptosis and renin-angiotensin-aldosterone system (RAAS) activation are the major pathological mechanisms
for cardiovascular disease and heart failure; however, the interaction and mechanism between them remain unclear. Investigating
the role of PTP1B in angiotensin II (Ang II)–induced apoptosis of primary cardiac microvascular endothelial cells (CMECs) may
provide direct evidence of the link between endothelial cell apoptosis and RAAS. Isolated rat CMECs were treated with different
concentrations of Ang II to induce apoptosis, and an Ang II concentration of 4 nM was selected as the effective dose for the
subsequent studies. The CMECs were cultured for 48 h with or without Ang II (4 nM) in the absence or presence of the PTP1B
inhibitor TCS 401 (8 μM) and the PI3K inhibitor LY294002 (10 μM). The level of CMEC apoptosis was assessed by TUNEL
staining and caspase-3 activity. The protein expressions of PTP1B, PI3K, Akt, p-Akt, Bcl-2, Bax, caspase-3, and cleaved
caspase-3 were determined by Western blot (WB). The results showed that Ang II increased apoptosis of CMECs, upregulated
PTP1B expression, and inhibited the PI3K/Akt pathway. Furthermore, cotreatment with PTP1B inhibitor significantly decreased
the number of apoptotic CMECs induced by Ang II, along with increased PI3K expression, phosphorylation of Akt and the ratio
of Bcl-2/Bax, decreased caspase-3 activity, and a cleaved caspase-3/caspase-3 ratio, while treatment with LY294002 partly
inhibited the anti-apoptotic effect of the PTP1B inhibitor. Ang II induces apoptosis of primary rat CMECs via regulating the
PTP1B/PI3K/Akt pathway.
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Introduction

Cardiovascular disease (CVD) and heart failure (HF) result in
an enormous burden in terms of morbidity and mortality (van
Riet et al. 2016). Although the etiologies of CVD and HF are
diverse (Suthahar et al. 2017), one of the major common path-
ological mechanisms of them is the endothelial cell apoptosis
(Davignon and Ganz 2004; Peng et al. 2014). The cardiac

coronary microvascular system is located at the end part of
the coronary circulation system. It determines the level of
myocardial perfusion and oxygen supply and plays a key role
in maintaining normal tissue metabolism and cell growth
(Bulluck et al. 2016). Cardiac microvascular endothelial cells
(CMECs) comprise up to one-third of the total cardiac cells
and play a critical role in maintaining normal cardiomyocyte
function (Li et al. 2001). It is the main components of the
cardiac coronary microvascular system and directly mediates
the exchange of substances between tissue cells and circula-
tion (Bulluck et al. 2016). Removing CMECs has significant-
ly detrimental effects on the contractile function of the adja-
cent cardiac myocytes (Hedhli et al. 2011). A mismatching
between angiogenesis and apoptosis of CMECs may be a
critical process mediating the transition from adaptive hyper-
trophy to heart failure (Li et al. 2015). Clinical and experi-
mental studies have shown that the rarefaction of cardiac cap-
illaries observed in chronic cardiac hypertrophy subjects could
promote tissue hypoxia, cell death, and replacement fibrosis,
as well as contribute to the progression from compensated
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hypertrophy to contractile dysfunction and heart failure
(Shiojima et al. 2005; Moorjani et al. 2009). It is known that
apoptosis is one of the main mechanisms and a key promoter
of microvascular rarefaction (Ohta et al. 2007), which also
reduces the proliferation, migration, and tube formation activ-
ities of CMECs (Xiao et al. 2017). Thus, reducing CMEC
apoptosis might be a potentially important therapeutic strategy
for HF treatment, and it is meaningful to explore the underly-
ing mechanisms of CMEC apoptosis in the setting of HF.

HF is characterized by the activation of the sympathetic
nervous system and renin-angiotensin-aldosterone system
(RAAS). Angiotensin II (Ang II), a key component of
RAAS, can cause vasoconstriction, sympathetic nervous stim-
ulation, and the release of aldosterone (Fyhrquist et al. 1995).
Increased Ang II level is a common situation identified in
hypertension, hypertrophy, and heart failure (Harrison et al.
2003). Previous studies revealed that Ang II participates in the
pathogenesis of heart failure by inducing vascular endothelial
dysfunction and endothelial injury (Smiljic 2017); Ang II also
promotes apoptosis of epithelial tissue and endothelial cells as
well as smooth muscle cells (SMCs) in various pathological
conditions (Marshall et al. 2004; Day et al. 2011).

Protein tyrosine phosphatase 1B (PTP1B) is a known neg-
ative regulator of receptor tyrosine kinase (RTK) signaling. It
could inhibit insulin signaling and promote insulin resistance,
obesity, and the development of diabetes. These features make
it to be a potential therapeutic target for metabolic disorders
(Tsou et al. 2012). Recent studies indicate that PTP1B is wide-
ly expressed in cardiovascular tissues, especially in endothe-
lial cells, so it may also serve as a potential therapeutic target
for cardiovascular diseases (Thiebaut et al. 2016). A previous
study has shown that myocardial deletion of PTP1B expres-
sion in a chronic heart failure mice model resulted in signifi-
cant improvement on endothelial and cardiac dysfunction, en-
hancement of angiogenesis, and reduction of cardiac fibrosis.
The mechanisms were found to be related to the promotion of
Akt, eNOS, and ERK phosphorylation, as well as the upreg-
ulation of VEGFR2 expression (Maupoint et al. 2016). It was
also observed that activated PTP1B subsequently contributed
to STAT3 dephosphorylation and human glioma cell apoptosis
(Akasaki et al. 2006). However, it remains unclear whether
and how PTP1B involves in Ang II–induced CMEC apopto-
sis. The present study aims to investigate the role of PTP1B on
Ang II–induced CMEC apoptosis and to explore its underly-
ing mechanisms.

Materials and Methods

ReagentsHigh-glucose Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), and trypsin were pur-
chased from Life Technologies (Carlsbad, CA). An In Situ
Cell Death Detection Kit was purchased from Roche

(Mannheim, Germany) and a caspase-3 activity assay kit
was purchased from the Beyotime Institute of Biotechnology
(Shanghai, China). Ang II (A9525) was bought from Sigma-
Aldrich (St. Louis, MO). TCS 401 (PTP1B Inhibitor) and
LY294002 (PI3K inhibi tor) were obta ined from
MedChemExpress (Shanghai, China). Primary antibodies for
anti-phospho-Akt (Ser473, no. 4060), PI3K p85 (19H8, no.
4257), Bax (D3R2M, no. 14796), caspase 3 (no. 9662), and
cleaved caspase 3 (Asp175, no. 9661) were obtained from
Cell Signaling Technology (Boston, MA). The antibodies
for PTP1B (no. M1511-7) and Akt (no. ET1609-47) were
purchased from Hangzhou Huaan Biotechnology
Corporation (Hangzhou, China); antibody for Bcl-2
(ab59348) and HRP-conjugated monoclonal mouse anti-rat
β-actin antibody (ab49900) were purchased from Abcam
(Cambridge, UK).

Isolation and cultivation of rat CMECs Rat cardiac microvas-
cular endothelial cells were isolated and identified according
to our previous work (Wang et al. 2017). Two-week-old
Sprague-Dawley male rats were euthanized by cervical dislo-
cation. Then, the hearts were rapidly excised after thoracoto-
my and rinsed with ice-cold phosphate-buffered saline (PBS)
solution under sterile conditions. After cutting off the atrial
myocardium and great vessels, the left ventricle was dissected,
and the endocardium and epicardium were removed. The re-
maining left ventricular tissues were minced into 1-mm3

pieces and uniformly plated on 10-cm culture dishes, which
were humidified with 1 ml FBS. Tissue pieces were then cul-
tured in a humidified incubator with 5% CO2 and 95% air for
4 h. Once the pieces were firmly attached to culture dishes,
6 ml DMEM supplemented with 10% FBS was added to each
dish and kept in a 5% CO2 and 95% air incubator for another
48 h, until abundant polygonal or star-like cells crept out of the
myocardial tissues. After removal of tissue pieces and non-
adherent cells by careful washing, 6 ml DMEM was added
again to each dish for further cultures. When the cells were
80–90% confluent, they were washed with PBS, digested in
0.25% trypsin and passaged onto 6-well plates, followed by
incubation at 37°C for 12 h, allowing cells to adhere and
spread on the substrate.

The study was approved by the ethical committees of the
Zhongshan Hospital Affiliated to FudanUniversity, and all the
experimental procedures were performed in accordance with
the Guide for the Care and Use of Laboratory Animals pub-
lished by the US National Institutes of Health (NIH
Publication No. 85–23, revised 1996).

Treatment of CMECs The passage 2 CMECs at approximately
60–70% confluences were used in subsequent experiments.
First, we treated CMECs with different concentrations of Ang
II (1, 2, and 4 nM). According to the results of the apoptosis
index and related proteins expressions, we choose the
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concentration of 4 nM as the ideal concentration for Ang II–
induced apoptosis used for subsequent experiments. After
screening the optimal concentration (4 nM) for Ang II–
induced apoptosis, the CMECs were treated with or without
Ang II (4 nM), the PTP1B inhibitor TCS 401 (8 μM), and the
PI3K inhibitor LY294002 (10 μM). Then, the CMECs were
cultivated in incubator chamber (at 37°C and 5%CO2) for 48 h.

Determination of apoptosis in CMECs after various treatments
Apoptotic cells were identified using a terminal transferase–
mediated dUTP nick-end labeling (TUNEL) staining kit ac-
cording to the manufacturer’s instructions. For TUNEL stain-
ing, CMECs were cultured on coverslips on a 24-well plate.
After intervention, cells were successively fixed in 4% para-
formaldehyde for 15 min, blocked with 3% H2O2 in methanol
for 10 min, and incubated in a permeabilization solution
(0.1% Triton X-100) for 2 min. Subsequently, a 50-μl
TUNEL reaction mixture was added to each sample, followed
by incubation for 1 h at 37°C in the dark. After being rinsed
with PBS three times, cells were counterstained with DAPI for
10min. Finally, TUNEL-positive nuclei were visualized using
fluorescencemicroscopy (Leica, Germany) and sequential im-
ages were obtained from five random fields per slides. The
apoptosis index was expressed as the “percentage of TUNEL-
positive cells” (the number of positively stained apoptotic
CMECs divided by the total number of CMECs and multi-
plied with 100%).

Analysis of caspase-3 activity We further measured caspase-3
activity to detect the apoptosis level of CMECs induced by
Ang II. Firstly, a standard curve was constructed using the
absorbance of p-nitroanilide standards; then, caspase-3 activ-
ity in cell extracts on each sample was measured with a
caspase-3 cellular activity assay kit according to the manufac-
turer’s instructions. Cells were then scraped off, collected by
centrifugation at 600g for 5 min and lysed at 4°C. Lysates
were clarified by centrifugation at 18,000g for 15 min. The
reaction mixture contained 50 μl of cellular lysates, 40 μl of
assay buffer, and 10 μl of caspase-3 substrate (Ac-DEVD-
AMC). After incubating the obtained mixture at 37°C for
2 h in the dark, enzymatic activity was measured in a lumi-
nescence spectrophotometer (excitation = 380 nm; emission =
405 nm). Then, the protein concentration of cell lysates was
determined using the BCA protein assay (Beyotime
Biotechnology, Shanghai, China) and results were presented
as caspase-3 activity/mg (of total protein).

Western blot analysis After 48 h of culture, cells were lysed
using a RIPA lysis buffer (Beyotime Biotechnology) contain-
ing 1 mmol/l PMSF protease and phosphatase inhibitors
(Beyotime Biotechnology) in an ice bath. Lysates were then
centrifuged at 12,000g for 10 min to remove the cell debris.
After protein concentrations were determined with a BCA

protein assay kit (Beyotime Biotechnology), equivalent
amounts of cell extracts (30 μg) were subjected to SDS-
PAGE gel and transferred to nitrocellulose membranes
(Thermo Scientific, Waltham, MA). The membranes were
blocked with 5% non-fat milk for 2 h, then incubated with
primary antibodies against PTP1B (dilution 1:500), Bax
(1:1000), Bcl-2 (dilution 1:1000), caspase-3 (dilution
1:1000) and cleaved caspase-3 (dilution 1:1000), phospho-
Akt (Ser473, dilution 1:1000), Akt (dilution 1:500), and
PI3K p85 (dilution 1:1000) overnight at 4°C. This was follow-
ed by the incubation of the appropriate HRP-conjugated sec-
ondary antibody or HRP-conjugated monoclonal mouse anti-
rat β-actin antibody (1:10,000), which was used to detect β-
actin levels for 2 h at room temperature. Then, blots were
visualized with an ECL detection kit (Thermo Scientific)
and images were acquired using a Gel Doc™ XR+ System
(Bio-Rad Laboratories, Inc., California, USA). At last, images
were analyzed using Image Lab Analysis Software, and the
results were expressed as density values that were normalized
to β-actin.

Statistical analysis All quantitative variables were expressed
as mean ± standard error of the mean (SEM). The data statis-
tical analyses were performed using GraphPad Prism software
(GraphPad Software Inc., version 6.0) (California, USA).
Data differences between multiple groups were measured
using one-way ANOVA, followed by Tukey’s multiple com-
parison test to determine the differences between two groups.
P values of < 0.05 was statistically significant.

Results

Ang II–induced apoptosis of primary rat CMECs We used
TUNEL staining to detect the apoptosis index of CMECs
induced by Ang II. The results showed that Ang II significant-
ly increased the apoptosis of CMECs in a concentration-
dependent manner (Fig. 1A, B). Western blot analysis
reviewed that Ang II promoted the protein expressions of
pro-apoptotic proteins Bax and cleaved caspase-3 and the
cleaved caspase-3/caspase-3 ratio, as well as inhibited the ex-
pression of anti-apoptotic protein Bcl-2 and the Bcl-2/Bax
ratio in a concentration-dependent manner (Fig. 1C, D). The
above results indicate that Ang II can induce CMEC apoptosis
in a concentration-dependent manner.

Ang II upregulated the PTP1B protein expression of CMECs
and inhibited PI3K/Akt signaling To explore the role of
PTP1B in Ang II–induced CMEC apoptosis, we detected the
protein expression changes of PTP1B using WB. The results
showed that PTP1B protein expression was significantly up-
regulated in Ang II–treated CMECs in a dose-dependent man-
ner (Fig. 2A). In addition, protein expressions of p-Akt and
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PI3K were significantly downregulated in a dose-dependent
manner after Ang II stimulation (Fig. 2B,C). Finally, we chose
the concentration (4 nM) as an ideal concentration for Ang II–
induced apoptosis used for subsequent experiments.

Inhibition of PTP1B decreased CMEC apoptosis induced by
Ang IITCS 401 (8μM)was used to inhibit PTP1B expression.
The results showed that, compared with the control group,
Ang II significantly increased PTP1B protein expression, the

apoptosis index, and the caspase-3 activity, while these effects
were partly reversed through inhibiting the expression of
PTP1B (Fig. 3A–D). Moreover, the anti-apoptotic factor
Bcl-2/Bax ratio was decreased and the pro-apoptotic factor
cleaved caspase-3/caspase-3 ratio was increased after Ang II
stimulation, while TCS 401 treatment significantly attenuated
these effects (Fig. 3E, F). These results indicated that Ang II
induces the apoptosis of CMECs in a PTP1B-dependent
manner.

Figure 1. Ang II induced the apoptosis of primary rat CMECs in a dose-
dependent manner. After CMECs were treated with different concentra-
tions of Ang II (0, 1, 2, and 4 nM) for 48 h, we used TUNEL staining to
detect the apoptosis index and Western blot analysis to measure the ex-
pression of apoptosis-related proteins. (A, B) TUNEL staining showed
that Ang II increased the apoptosis index of CMECs in a concentration-

dependent manner. (C, D) Western blot results indicated that Ang II
decreased the Bcl-2/Bax ratio and increased the cleaved caspase-3/cas-
pase-3 ratio. Values are mean ± SEM (n = 4–6 per group). Statistical
analysis was evaluated by one-way ANOVAwith Tukey’s multiple com-
parison test. *P < 0.05, **P < 0.01. Scale bars: A = 100 μm.
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The PI3K/Akt pathway was activated by a PTP1B inhibitor
Above data revealed that the expressions of p-Akt and PI3K
were downregulated after Ang II stimulation, while the ex-
pression of PTP1B protein was enhanced.We further explored
whether the PI3K/Akt pathway was involved in the PTP1B-
mediated apoptosis of CMECs after Ang II stimulation. The
Western blot results showed that PI3K expression and Akt
phosphorylation levels were decreased in Ang II–treated cells,
while these effects could be partly reversed by cotreatment
with a PTP1B inhibitor (Fig. 4A, B). This data indicates that
PI3K/Akt pathway might be the downstream signaling path-
way of activated PTP1B after Ang II treatment, and Ang II can

induce CMEC apoptosis via regulating the PTP1B/PI3K/Akt
pathway.

LY294002, an inhibitor of the PI3K/Akt pathway, partly re-
duced the anti-apoptotic effect of the PTP1B inhibitor To
further detect the relationship between PTP1B and the PI3K/
Akt pathway, we used a LY294002 inhibitor to suppress the
PI3K/Akt pathway. The results showed that, compared with
the Ang II + TCS 401 group, further LY294002 treatment
significantly increased the apoptosis index and reduced
PI3K expression and Akt phosphorylation (Fig. 5A–D). It also
promoted CMEC apoptosis by decreasing the Bcl-2/Bax ratio

Figure 2. Ang II induced PTP1B protein expressions of CMECs and
inhibited the PI3K/Akt pathway. CMECs were treated with different
doses of Ang II (0, 1, 2, and 4 nM) for 48 h. Western blot analysis was
used to examine the related protein expressions. (A) Ang II induced the
protein expression of PTP1B in CMECs. (B) Effects of Ang II on the

protein expression of PI3K. (C) Expression of p-Akt/Akt in response to
Ang II treatment. Values are mean ± SEM (n = 5 per group). Statistical
analysis was evaluated by one-way ANOVAwith Tukey’s multiple com-
parison test. *P < 0.05, **P < 0.01.
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and increasing the cleaved caspase-3/caspase-3 ratio (Fig. 5E,
F). This data further suggests that PI3K/Akt pathwaymight be
the downstream signaling of activated PTP1B induced byAng
II, and Ang II might induce CMEC apoptosis via regulating
the PTP1B/PI3K/Akt pathway.

Discussion

In this study, we showed that Ang II triggered the apoptotic
response in primary rat CMECs. Our results further showed that
Ang II induced PTP1B expression and the subsequent increase
on the expression of pro-apoptosis signaling was responsible for
the enhanced apoptosis after Ang II treatment. These results are
consistent with the previous finding that PTP1B inhibitors pos-
sess beneficial effects on improving endothelial dysfunction

(Thiebaut et al. 2018). In addition, our data extended the previous
findings and suggests that the vascular protective effects of
PTP1B deletion might be mediated and dependent on the effect
on endothelial cell apoptosis via activating the PI3K/Akt
pathway.

Disruption of coordinated tissue growth and elimination
may contribute to the progression from adaptive left ventric-
ular (LV) hypertrophy to heart failure and the increased work-
load accompanied by ventricular remodeling (Hein et al.
2003). Recently, it has been shown that a reduction in cardiac
capillary density (microvascular rarefaction) significantly pro-
moted contractile dysfunction in transgenic mice (Shiojima
et al. 2005). Endothelial cell apoptosis is found to be the main
mechanism of microvascular rarefaction. RAAS, traditionally
viewed as an endocrine system, functions as a regulator of
apoptosis in a variety of cell types through both paracrine

Figure 3. Inhibition of PTP1B decreased CMEC apoptosis induced by
Ang II. After CMECs were treated with or without Ang II (4 nM) and
TCS 401 (8 μM) for 48 h, we used TUNEL staining to detect the apo-
ptosis index and Western blot analysis to measure the expression of
PTP1B and apoptosis-related proteins. (A, B) The apoptosis index was
measured by TUNEL staining. (C) Caspase-3 activity quantitative anal-
ysis. (D) PTP1B protein expression in CMECs was measured byWestern

blot analysis. (E) The ratio of anti-apoptotic factor Bcl-2/Bax was detect-
ed byWestern blot analysis. (F) The pro-apoptotic factor cleaved caspase-
3/caspase-3 ratio wasmeasured byWestern blot analysis. Values aremean
± SEM (n = 4–6 per group). Statistical analysis was evaluated using one-
way ANOVA with Tukey’s multiple comparison test. *P < 0.05,
**P < 0.01. Scale bars: A = 100 μm.
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and autocrine mechanisms (Wu et al. 2016; Chang et al. 2018).
RAAS was activated in the setting of heart failure and contrib-
uted to the progression of the heart failure process in experi-
mental and clinical studies (Brilla et al. 1995; Felder et al. 2001;
Mentz et al. 2015; Nijst et al. 2017). Furthermore, numerous
studies showed that the inhibition of RAAS was beneficial in
improving cardiac function and attenuating cardiac remodeling
in animal heart failure models and in patients with heart failure
(Aird 2007; Gao et al. 2014; Gordon et al. 2014; Ponikowski
et al. 2016; Suematsu et al. 2016). Until now, the effect of Ang
II on the apoptosis of well-differentiated cardiac microvascular
endothelial cells has not yet been determined. Human umbilical
vein endothelial cell and other kinds of endothelial cell lines
respond differently to Ang II in vivo (Aird 2007). Under normal
conditions, the concentration for induction of apoptosis in these
cell lines is far above the plasma Ang II concentration
(Filippatos et al. 2001). In a preliminary experiment, we tried
higher concentrations of Ang II (1, 2, and 4 μM) reported in
other literature to observe the expression of protein PTP1B
during the process of apoptosis(Liu et al. 2018; Yang et al.
2019), but the results were unsatisfactory. Subsequently, we
continued to search the relevant literature and found that the
concentration of Ang II (> 100 pg/ml, i.e., > 0.1 nM) in HF
patients was much less than what we used (Dzau et al. 1984;
Hisatake et al. 2017), so we decided to try lower concentration.
What is exciting is that we have reaped exciting results, as

expected, after decreasing the order of magnitude. In agreement
with the previous hypothesis, stimulation with Ang II (4 nM)
for 48 h induced an obvious increase in the apoptotic effect of
CMECs (i.e., increased apoptosis index, caspase-3 activity, and
cleaved caspase-3/caspase-3 ratio, as well as decreased Bcl-2/
Bax ratio) and the protein expression of PTP1B.

PTP1B is a ubiquitously expressed protein present in all vas-
cular cell types (Vercauteren et al. 2006). Studies demonstrated
that PTP1B is highly expressed in endothelial cells, and elevated
levels of PTP1B were evidenced in endothelial progenitor cells
isolated from obese individuals (Heida et al. 2010). Reports
demonstrated that endothelial PTP1B controls vascular tree for-
mation through the regulation of VEGFR2 signaling (Lanahan
et al. 2014). Pharmacological inhibition or systemic gene dele-
tion of PTP1B has been shown to protect against endothelial
dysfunction associated with type 1 diabetes (Herren et al.
2015). Similarly, endothelial PTP1B has also been reported to
contribute to adhesion molecule signaling and to regulate vascu-
lar inflammation and eosinophil recruitment (Berdnikovs et al.
2013). Additionally, previous studies have implicated the role of
PTP1B in apoptosis. Apoptosis was found to be reduced in mice
lacking endothelial PTP1B (Maupoint et al. 2016). PTP1B defi-
ciency in hepatocytes was shown to confer resistance to apopto-
sis by altering the balance of pro-apoptotic and anti-apoptotic
members of the Bcl-2 family (Gonzalez-Rodriguez et al. 2007),
and small interference RNA against PTP1B reduced FasR-

Figure 4. The PI3K/Akt pathway was activated by a PTP1B inhibitor.
After CMECs were treated with or without Ang II (4 nM) and TCS 401
(8 μM) for 48 h, Western blot analysis was used to measure the protein

expression of (A) PI3K and (B) Akt phosphorylation. Values are mean ±
SEM (n = 5 per group). Statistical analysis was evaluated by one-way
ANOVAwith Tukey’s multiple comparison test. *P < 0.05, **P < 0.01.
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induced caspase-3 and caspase-8 activation following the expo-
sure of neonatal rat cardiac myocytes to hypoxia re-oxygenation
(Song et al. 2008). However, it remains largely unknown wheth-
er endothelial PTP1B expression changed along with the apopto-
sis induced by Ang II and whether the change in PTP1B expres-
sion could affect heart function. Our data indicates that PTP1B
protein levels and CMEC apoptosis are increased after Ang II
stimulation, which is consistent with recent reports that elevated
PTP1B expression was observed in apoptotic cardiomyocytes
induced by hypoxia/re-oxygenation (Song et al. 2008). This data
collectively suggests that the increase of PTP1B might be asso-
ciated with the increased apoptosis of CMECs and
cardiomyocytes. Additionally, PTP1B is a known major mole-
cule in insulin signal transduction (Stull et al. 2012) and is re-
ported to negatively regulate insulin transduction by dephosphor-
ylating insulin receptors (IR) and insulin receptor substrates
(IRS) (Salmeen and Barford 2005). PI3K is a member of the
insulin signaling system (Lungkaphin et al. 2014), along with

IR and IRS, and PI3K was also modulated by them. Given this,
we first examined the association of PTP1B with the PI3K/Akt
signaling pathway. Our results demonstrate that the increased
PTP1B expression is associated with a decreased expression of
PI3K p85 in theAng II group; while cotreatmentwith the PTP1B
inhibitor could downregulate PTP1B expression and increase
PI3K p85 expression and the phosphorylation of Akt after Ang
II stimulation. These data suggest that PTP1B can regulate the
PI3K/Akt pathway.

The PI3K/Akt signaling pathway participates in various
cellular processes, such as cell survival, proliferation, apopto-
sis, and tube formation (Jung et al. 2012; Matson et al. 2017).
A previous study showed that isoflurane promoted PI3K/Akt
activation, upregulated B cell lymphoma 2 (Bcl-2)–associated
X protein and Bcl-2 expression levels, and reduced the expres-
sion levels of caspase-3 and caspase-8 in myocardial cells (Pi
et al. 2018). Caspase-3 is a crucial enzyme of the apoptotic
pathway, and its activation is a central aspect of caspase-

Figure 5. LY294002, an inhibitor of the PI3K/Akt pathway, partly re-
duced the anti-apoptotic effect of the PTP1B inhibitor. CMECs were
treated with or without Ang II (4 nM), TCS 401 (8 μM), and
LY294002 (10 μM) for 48 h. (A, B) The apoptosis index was measured
by TUNEL staining. (C, D) The protein expressions of PI3K and Akt
phosphorylation were measured by Western blot analysis. (E, F) Western

blot analysis was also used to measure the protein expression of apoptosis
family members Bcl-2, Bax, cleaved caspase-3, and caspase-3. Values are
mean ± SEM (n = 5 per group). Statistical analysis was evaluated by one-
way ANOVA with Tukey’s multiple comparison test. *P < 0.05,
**P < 0.01.
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dependent apoptosis (Chan et al. 2010). In addition, the Bcl-
2 family can regulate the mitochondrial apoptotic path-
way and determine whether mitochondria could start
apoptosis or not (Asmarinah et al. 2014). Bcl-2 is an
anti-apoptotic protein, while Bax is a pro-apoptotic pro-
tein; therefore, they constitute a critical intracellular
checkpoint for apoptosis (Wallgren et al. 2013). In the
present study, we observed a significant increase of
caspase-3 activity and decrease of Bcl-2/Bax ratio in
CMECs subjected to Ang II, along with upregulated
PTP1B expression and a downregulated PI3K/Akt path-
way. While treated with PTP1B inhibitor significantly
reversed the pro-apoptotic effect of Ang II in CMECs
and activated the PI3K/Akt pathway. Based on the
above results, we speculate that Ang II could induce
CMEC apoptosis via activating PTP1B while downreg-
ulating PI3K/Akt pathway. In this study, we further used
the LY294002 (PI3K inhibitor)-inhibited PI3K/Akt path-
way; LY294002 is a potent inhibitor of PI3K p85 (Jiang
et al. 2018; Pei et al. 2018) and it can decrease the
expression of phosphorylated Akt (Ser473), inhibit
growth, and induce apoptosis. And the results showed
that the anti-apoptotic effect of the PTP1B inhibitor was
attenuated by the PI3K inhibitor.

Conclusion

In conclusion, the present study demonstrated, for the first
time that, Ang II induced apoptosis of CMECs via upregulat-
ing PTP1B and the inhibition of PTP1Bmight reduce Ang II–
induced CMEC apoptosis via activating the PI3K/Akt path-
way. This data suggests that PTP1B inhibition might be a
potential novel therapeutic avenue for coronary microvascular
disease and heart failure.
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