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NOX4 stimulates ANF secretion via activation of the
Sirt1/Nrf2/ATF3/4 axis in hypoxic beating rat atria
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Abstract. Silent information regulator factor 2-related
enzyme 1 (Sirtl) is involved in the regulation of cell senes-
cence, gene transcription, energy balance and oxidative stress.
However, the effect of Sirtl on atrial natriuretic factor (ANF)
secretion, especially under hypoxic conditions is unclear. The
present study aimed to investigate the effect of Sirtl, regulated
by NADPH oxidase 4 (NOX4), on ANF secretion in isolated
beating rat atria during hypoxia. ANF secretion was analyzed
using radioimmunoassays and protein expression levels were
determined by western blotting and immunofluorescence
staining. Intra-atrial pressure was recorded using a physi-
ograph. Hypoxia significantly upregulated Sirtl and nuclear
factor erythroid-2-related factor 2 (Nrf2) protein expression
levels, together with significantly increased ANF secretion.
Hypoxia-induced protein expression of Sirtl was significantly
blocked by a NOX4 inhibitor, GLX351322, and Nrf2 protein
expression levels were significantly abolished using the
Sirtl inhibitor, EX527. Hypoxia also significantly elevated
the protein expression levels of phosphorylated-Akt and
sequestosome 1 and significantly downregulated Kelch-like
ECH-associated protein 1 protein expression levels. These
effects were significantly blocked by EX527, preventing
hypoxia-induced Nrf2 expression. An Nrf2 inhibitor, ML385,
significantly abolished the hypoxia-induced upregulation of
activating transcription factor (ATF)3, ATF4, T cell factor
(TCF)3 and TCF4/lymphoid enhancer factor 1 (LEF1) protein
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expression levels, and significantly attenuated hypoxia-induced
ANF secretion. These results indicated that Sirtl and Nrf2,
regulated by NOX4, can potentially stimulate TCF3 and
TCF4/LEF1 signaling via ATF3 and ATF4 activation, thereby
potentially participating in the regulation of ANF secretion
in beating rat atria during hypoxia. In conclusion, intervening
with the Sirtl/Nrf2/ATF signaling pathway may be an effec-
tive strategy for resisting oxidative stress damage in the heart
during hypoxia.

Introduction

Silent information regulator 1 (Sirtl) is an NAD*-dependent
deacetylase that can deacetylate histones, non-histone proteins
and various transcription factors (1,2). Sirtl is a member of
the sirtuin family that has close evolutionary homology with
silent mating-type information regulation 2 of yeast and serves
a vital role in mammals. Moreover, Sirtl is usually related
to complex physiological processes, including oxidative
stress, metabolism, apoptosis and aging (1-4). Sirtl is highly
expressed in the nuclei of embryonic mouse heart cells and its
expression gradually decreases with further development of
the organ. It is also expressed in both the cytoplasm and nuclei
of mature cardiomyocytes (5,6).

Sirtl is involved in the regulation of aging, gene
transcription, energy balance and oxidative stress in the cardio-
vascular system, possesses anti-inflammatory, antioxidant and
anti-aging properties, and also helps resist the development of
heart disease and the formation of atherosclerotic plaques (7).
Furthermore, Sirtl has been reported to be involved with isch-
emic/hypoxic conditions (8). Sirtl protein expression levels
are lower in the hearts of elderly patients with heart failure
compared with those of young subjects (7). Sirtl expression
and left ventricular contractile function are also significantly
reduced in the hearts of elderly mice, whereas overexpression
of Sirtl leads to an improvement in cardiac function and a
reduced mortality (7,9). Moreover, it has been demonstrated
that the increased cardiac apoptosis rates and infarction size
induced by ischemia/reperfusion in animal models are related
to reduced Sirtl activity (10,11). Studies have demonstrated
that overexpression of Sirtl in the mouse heart can promote
upregulation of the antioxidant genes manganese superoxide
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dismutase and thioredoxin-1, thereby resisting oxidative stress
induced by oxidants or ischemia/reperfusion and leading to the
protection of cells. However, the high levels of Sirtl expression
can create oxidative damage via induction of mitochondrial
dysfunction (12,13). In our previous study, it was observed
that endothelin-1 (ET-1) could stimulate the expression of
nicotinamide adenine dinucleotide phosphate oxidase 4
(NOX4), as well as hydrogen peroxide production, involved in
the regulation of atrial natriuretic factor (ANF) secretion in
isolated beating rat atria under normoxia or hypoxia (14). ANF
is the first member of a family of cardiac natriuretic peptides
that has been demonstrated to be involved in regulating body
fluid volume and blood pressure homeostasis. It also possesses
important anti-inflammatory and antioxidant properties that
help protect cells (15).

The effect of NOX4 on Sirtl expression and its role in regu-
lating ANF secretion has not been fully elucidated, especially
under hypoxic conditions. The aim of the present study was to
therefore investigate these aspects during hypoxia in isolated
perfused beating rat atria.

Materials and methods

Reagents. The NOX4 inhibitor GLX351322, Sirtl-specific
inhibitor selisistat (EX527), nuclear factor erythroid-2-related
factor 2 (Nrf2)-specific inhibitor ML385 and ET-1 were
purchased from MedChemExpress. The dosages of these
inhibitors were determined based on the ICs, concentration
(GLX351322,5 uM; EX527, 123 nM; and ML385, 1.9 uM) and
the results of the pre-tests.

Isolated perfused beating left atrium preparation. A
total of 90 male Sprague-Dawley rats were obtained from
Laboratory Animal Center of Yanbian University (Yanji,
China; weight, 260-300 g; age, 18 weeks). Rats were housed
in 45-65% humidity, at a constant temperature 24+2°C, under
12 h light/dark cycles and were given a free access to food
and water. The rats were divided into control, hypoxia (Hy),
inhibitors (GLX351322, EX527, ML385) + Hy, ET-1, EX527 +
ET-1 and inhibitor only groups (36 rats were in the control
group and the other groups had 6 rats/group). The animal
procedures used in the present study were approved by the
Animal Care and Use Committee of Yanbian University
[approval no. SCXK (Ji) 2011-006] and were in accordance
with the Guide for the Care and Use of Laboratory Animals
published by the National Institutes of Health (16). Rats
were anaesthetized by intraperitoneal injection of sodium
pentobarbital (>90 mg/kg) leading to euthanasia and isolated
perfused beating left atria were prepared using a previously
described method (17). Briefly, the heart was rapidly removed
and placed in physiological saline at 36°C for washing and
the left atrium was dissected. An atrial cannula (length, 8 cm;
outer diameter, 1.5 mm) containing two small catheters was
inserted into the left atrium and the cannula was secured
by ligatures. The outer tip of the atrial cannula was open to
allow outflow from the atrium. The cannulated atrium was
transferred to an organ chamber containing HEPES buffer.
The atrium was maintained at 36°C and perfused with HEPES
buffer solution (1.0 ml/min). The composition of the buffer
was the following: 118 mM NacCl, 4.7 mM KCl, 2.5 mM CaCl,,

1.2 mM MgCl,, 25 mM NaHCO;, 10 mM glucose, 10 mM
HEPES (pH 7.4 with NaOH) and 0.1% bovine serum albumin
(Beijing Yuanheng Shengma Institute of Biotechnology). The
atria from each perfusion was stimulated at 1.5 Hz (0.3 msec;
30-40 V) with a luminal electrode.

Experimental design. The atria were perfused for 60 min
to stabilize atrial dynamics and ANF secretion, after which
formal experiments were conducted. The perfusates were
collected at 2 min intervals at 4°C to measure ANF levels. The
normoxic perfused atrium was supplied with sufficient 100%
of O, and normal HEPES buffer. The hypoxic atrial model
was prepared with 100% of N, instead of O, and normal
HEPES buffer was replaced with N,-saturated HEPES buffer.
Two cycles of control (an experimental cycle=12 min) were
followed by infusion of N,-saturated HEPES buffer for four
cycles to determine changes in atrial dynamics and ANF
levels in the perfusates. Atrial tissue was immediately frozen
and stored at -80°C for western blotting.

To identify the effect of NOX4 on Sirtl and Nrf2 expres-
sion levels, as well as its role in the regulation of ANF secretion
during hypoxia, another series of experiments were performed.
After the control period, one cycle of treatment was followed
by four cycles of treatment agent plus hypoxia infusion. The
treatment agents used were: GLX351322, EX527, ML385 and
ET-1 3 nM).

Furthermore, to clarify the effective dosages of inhibi-
tors used in the present study, 18 male Sprague-Dawley rats
were selected for preliminary tests. After two control cycles,
whereby the atrium was perfused with normal HEPES buffer
without further treatment, one cycle of treatment was followed
by four cycles of inhibitors plus hypoxia infusion.

ANF and atrial pulse pressure determination. As described
previously (14), immunoreactive ANF levels in perfusates
were quantified using an Iodine ('*T) ANF Radioimmunoassay
Kit (Beijing North Institute of Biotechnology Co., Ltd.),
used according to the manufacturer's protocol. The levels of
secreted immunoreactive ANF were expressed as ng/min/g
wet atrial tissue and the following formula was used: Changes
in ANF secretion (fold)=(value of ANF-mean value of basal
ANF)/mean value of basal ANF.

Intra-atrial pressure was recorded using a physiograph
(RM6240EC; Chengdu Capital Instrument Factory) via a pres-
sure transducer (YPJOI; Chengdu Capital Instrument Factory)
and pulse pressure was assessed using the difference between
systolic and diastolic pressures: Changes in atrial pulse pres-
sure (fold)=(value of pulse pressure-mean value of basal pulse
pressure)/mean value of basal pulse pressure.

Western blotting. As described in our previous study (14), the
radioimmunoprecipitation assay (RIPA) buffer containing
PMSF (cat. no. R0020; Beijing Solarbio Science & Technology
Co., Ltd.) was used to extract total protein from the left atrium.
Protein concentrations were determined using the Enhanced
BCA Protein Assay Kit (cat. no. PO010; Beyotime Institute of
Biotechnology). After quantification, protein samples (40 yuM
protein/lane) were separated via SDS-PAGE on 8 or 10% gels,
which was subsequently transferred to a PVDF membrane.
The PVDF membranes were blocked in 5% nonfat dry
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milk at room temperature for 2 h, were washed three times
(15 min/time) using PBS containing 0.1% Tween-20 and were
incubated with primary antibodies overnight at 4°C. Following
the primary incubation, the membranes were incubated with
secondary antibody for 2 h at room temperature after being
washed three times (15 min/time). Target bands were visual-
ized using the ECL Western Blot Substrate (cat. no. 180-501;
Tanon Science and Technology Co., Ltd.) using a bioanalytical
imaging system. Results were semi-quantified using ImageJ
version 1.48 software (National Institutes of Health). B-actin
was used as the internal reference gene.

The primary antibodies used in these experiments
were as follows: Sirtl (1:1,000; cat. no. DF6033; Affinity
Biosciences), Nrf2 (1:1,000; cat. no. bs-1074R; BIOSS),
total-Akt (1:10,000; cat. no. ab179463; Abcam), phosphory-
lated (p)-Akt (1:1,000; cat. no. AF0016; Affinity Biosciences),
sequestosome 1 (p62; 1:1,000; cat. no. bs55207R; BIOSS),
Kelch-like ECH-associated protein 1 (Keapl; 1:5,000; cat.
no. 10503-2-AP; Wuhan Sanying Biotechnology), T cell
factor (TCF)3 (1,000; cat. no. DF4573; Affinity Biosciences)
and TCF4 (1:1,000; cat. no. DF7622; Affinity Biosciences),
lymphoid enhancer factor 1 (LEFI; 1:1,000; cat. no. DF7570;
Affinity Biosciences), activating transcription factor (ATF)3
(1:1,000; cat. no. DF6660; Affinity Biosciences) and ATF4
(1:1,000; cat. no. DF6008; Affinity Biosciences) and B-actin
(1:1,000; cat. no. BM3873; Boster Biological Technology). The
secondary antibody used was HRP-conjugated goat anti-rabbit
IgG (Heavy chain + Light chain), which was obtained from
Nachuan Biotech Co. (1:3,000; cat. no. AP132P).

Immunofluorescence staining. The fresh atrial tissue was fixed
in 4% paraformaldehyde at room temperature for 24 h. The depa-
raffinized and rehydrated (using a descending ethanol gradient
and distilled water; 5 min/step) atrial tissue sections (5.0-ym
sections) were immersed in 0.1 mol/l sodium citrate solution for
antigen retrieval and placed in a microwave oven to heating by
medium-high fire (80-90°C) for 8 min until the solution had been
boiled and the samples were left in the oven for 10 min after the
fire had been switched off. After repeating this step three times
the solution was cooled naturally. The sections were immersed
in PBS to washing three times (5 min/time) and were then incu-
bated with 0.1% Triton X-100 at room temperature for 15 min
(cat. no. ZLI-9308; OriGene Technologies, Inc.). The penetrated
sections were washed in PBS three times (5 min/time) using a
decoloring shaker and then blocked by using 10% goat-derived
antibody blocking solution (cat. no. G2010; Wuhan Servicebio
Technology Co., Ltd.) at room temperature for 30 min. After
removal of the blocking solution, three antibodies against Sirtl
(1:200; cat. no. DF6033; Affinity Biosciences), Nrf2 (1:200;
cat. no. bs-1074R; BIOSS) and LEF1 (1:200; cat. no. DF7570;
Affinity Biosciences) were added to the sections and incu-
bated overnight at 4°C. Subsequently, fluorescent dye-labelled
secondary antibodies [Cy3 conjugated with goat anti-rabbit IgG
(1:200; cat. no. GB21303; Wuhan Servicebio Technology Co.,
Ltd.) and Alexa Fluor® 488-conjugated with goat anti-rabbit
IgG (1:200; cat. no. GB25303; Wuhan Servicebio Technology
Co., Ltd.)] were added to the sections, which were incubated at
room temperature for 30 min in the dark. Subsequently, samples
were incubated for a further 8 min with 2 yg/ml DAPI (cat.
no. G1012; Wuhan Servicebio Technology Co., Ltd.) at room

temperature for cell nuclear staining. Finally, Fluoromount-G
(cat. no. G1401; Wuhan Servicebio Technology Co., Ltd.) was
added and covered with a cover slide, according to the manufac-
turer's instructions. The sections were mounted in an antifade
mounting medium. An inverted fluorescent biological micro-
scope was used to image the samples (BDS 400; ChongQing
Optec Instrument Co., Ltd.).

Statistical analysis. Prism software (version 7; GraphPad
Software, Inc.) was used to analyze the data. All data are
presented as the mean + SE and experiments were repeated
six times. Significant differences were statistically compared
using one-way ANOVA, followed by Bonferroni's multiple
comparisons test for more than two groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effects of NOX4 inhibition on Sirtl and Nrf2 expression levels
during hypoxia. To clarify the effective dosages of inhibitors
used in the present study, two dosages of inhibitors were used in
the preliminary tests. The results demonstrated that the optimal
doses of GLX351322, EX3527 and ML385 were 35, 0.25 and
10 uM, respectively, rather than their ICs, concentrations
(GLX351322, 5 uM; EX527, 123 nM; and ML385, 1.9 uM),
which significantly inhibited the hypoxia-induced increase of
atrial ANF secretion (Fig. S1). Therefore, the effective dosages
of these inhibitors were used in subsequent experiments.
Furthermore, to clarify the effect of NOX4 on Sirtl and Nrf2
expression and its role in the regulation of ANF secretion under
hypoxic conditions, experiments were performed with a NOX4
inhibitor in isolated beating rat hypoxic atria. The results
demonstrated that compared with the control group hypoxia
significantly increased ANF secretion and inhibited atrial
pulse pressure (Fig. 1A and B) concomitantly with the signifi-
cant upregulation of Sirtl and Nrf2 protein expression levels
(Fig. 1C-F). The hypoxia-induced protein expression of Sirtl
was significantly inhibited by treatment with the NOX4 inhib-
itor, GLX351322, compared with the hypoxia group, whereas
Nrf2 protein expression induced by hypoxia was significantly
abolished by EX527 treatment, an inhibitor of Sirtl, compared
with the hypoxia group. These results indicated that NOX4 may
stimulate Sirtl activation and its downstream factor Nrf2 in
beating rat atria under hypoxic conditions.

Effect of Sirtl inhibition on p-Akt, p62 and Keapl expression
under hypoxia. To explore the mechanism by which Sirtl
regulates Nrf2 protein expression levels, the effect of Sirtl inhi-
bition on the protein expression levels of p-Akt, p62 and Keapl
induced by ET-1 and hypoxia were examined. The results
demonstrated that the protein expression levels of p-Akt and p62
were significantly upregulated by exogenous ET-1 treatment,
whereas Keapl protein expression levels were significantly
downregulated in the ET-1 group compared with the control
(Fig. 2). The ET-1-mediated effects on p-Akt, p62 and Keapl
were significantly eliminated with EX527 treatment compared
with the control. Moreover, the hypoxia-induced significant
upregulation of p-Akt and p62 protein expression levels, as
well as the significant downregulation of Keapl protein expres-
sion levels compared with the control, were also significantly
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Figure 1. Effects of hypoxia on ANF secretion, pulse pressure and the protein expression levels of Sirtl and Nrf2 in beating rat atria. (A) ANF secretion; (B) pulse
pressure; (C-F) protein expression levels of Sirtl and Nrf2. Protein expression levels have been analyzed using western blotting, quantification of protein levels
and immunofluorescence staining (scale bar, 100 ym). Data are presented as the mean = SE. A and B, n=6; B and C, n=5. “"P<0.01, ""P<0.001 vs. control,
"P<0.01, ""P<0.001 vs. Hy. ANF, atrial natriuretic factor; sirtl, silent information regulator 1; Nrf2, nuclear factor erythroid-2-related factor 2; cont, control,

hy, hypoxia; GLX, GLX351322; EX, EX527.

reversed by EX527 treatment in the EX + Hy group compared
with the hypoxia group. These results suggested that Sirtl may
regulate Nrf2 protein expression levels via the downregulation
of Keapl and the activation of Akt and p62.

Effect of Sirtl and Nrf2 inhibition on ANF secretion during
hypoxia. To determine the effect of Sirtl and Nrf2 on ANF
secretion in beating hypoxic atria, inhibitors of Sirtl and Nrf2

were used. Hypoxia significantly stimulated the atrial secretion
of ANF (Fig. 3A and C) and also significantly suppressed pulse
pressure, compared with the control group (Fig. 3B and D).
The hypoxia-induced increase in ANF secretion was signifi-
cantly attenuated by the Sirtl and Nrf2 inhibitors, EX527 and
ML385, respectively, compared with the hypoxia group. The
atrial pulse pressure induced by hypoxia was not significantly
affected by EX527 and ML385. These data suggested that
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Sirtl and Nrf2, controlled by NOX4, may be involved in the
regulation of ANF secretion during hypoxia.

Effect of hypoxia on the regulation of ATF3 and ATF4 protein
expression levels. Due to the role of Nrf2 in the regulation of
ATF activity (18), the present study further investigated the
effects of hypoxia on ATF3 and ATF4 expression levels. The
results demonstrated that hypoxia significantly upregulated
both ATF3 and ATF4 protein expression levels, compared
with the control (Fig. 4). In the presence of the Nrf2 inhibitor,
ML385, the hypoxia-induced upregulation of ATF3 and ATF4
protein expression was not observed. The basal levels of ATF3

and ATF4 protein expression levels were not affected by
ML385 alone. These data indicated that the activities of ATF3
and ATF4 may be controlled by Nrf2 during hypoxia.

Effect of hypoxia on TCF3, TCF4 and LEFI protein
expression levels. A previous study reported the influence of
ATF on TCF/LEF], as well as the role of LEF1 in regulating
ANF promoter activity (19). Therefore, the effects of hypoxia
on TCF3, TCF4 and LEF1 protein expression levels were
examined. The results demonstrated that hypoxia significantly
elevated TCF3, TCF4 and LEF1 protein expression levels
compared with the control (Fig. 5). ML385 significantly reduced
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P<0.001 vs. control;

#"P<0.001 vs. hypoxia. ATF, activating transcription factor; cont, control; hy, hypoxia; ML, ML385.

the effect of hypoxia on these three proteins, compared with
the hypoxia group. The results also demonstrated that ML385
also significantly attenuated the hypoxia-induced increase in
ANF secretion, compared with the hypoxia group (Fig. 6A).
The hypoxia-induced inhibition of atrial pulse pressure was
not significantly changed by ML385 treatment (Fig. 6B). These
results indicated that Nrf2 may be involved in regulating ANF
secretion via the activation of TCF/LEF1 signaling.

Discussion

In the present study, hypoxic conditions resulted in the signifi-
cant upregulation of Sirtl and Nrf2 protein expression levels,
along with significantly increased ANF secretion, in isolated
beating rat atria. The hypoxia-induced expression of Sirtl was
blocked by an inhibitor of NOX4 and Nrf2 expression was
abolished by the Sirtl inhibitor. Hypoxia also significantly
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elevated the protein expression levels of p-AKT and p62,
whereas Keapl protein expression levels were significantly
downregulated. Moreover, these effects were blocked by treat-
ment with a Sirtl inhibitor, which prevented hypoxia-induced
Nrf2 protein expression. Furthermore, the Nrf2 inhibitor
abolished the hypoxia-induced upregulation of ATF3, ATF4
and TCF3, as well as TCF4/LEF1 protein expression levels,
accompanied by the significant attenuation of hypoxia-induced
ANF secretion. These results suggested that NOX4 possibly
regulated Sirtl and its downstream protein Nrf2, which stimu-
lated TCF3 and TCF4/LEF1 signaling by activating ATF3 and
ATF4, thereby participating in the regulation of ANF secretion
during hypoxia (Fig. 7).

Sirt] has been reported to be localized to both the cytoplasm
and nucleus under basal conditions and is shuttled to the nucleus
in response to certain stressors in the heart (5). Acute ischemic
preconditioning, pressure overload, nutrient starvation and exer-
cise, can also upregulate Sirtl expression in the heart (12,13).
Furthermore, Sirtl prevents apoptosis of cardiomyocytes
and protects the heart from ischemia/reperfusion-induced
damage (20,21). Sirtl acts as an upstream signaling molecule
for the transcription factor Nrf2, which serves a role in resisting
ischemia/reperfusion injury via activation of Nrf2 and its down-
stream signaling pathway (22,23). The results of the present
study demonstrated that hypoxia can significantly increase ANF
secretion and significantly inhibit atrial pulse pressure, as well
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Figure 7. Schematic of the NOX4/Sirtl/Nrf2 signaling pathway, which regulates ANF secretion during hypoxia. NOX4, NADPH oxidase 4; Sirtl, silent
information regulator 1; Nrf2, nuclear factor erythroid-2-related factor 2; p62, sequestosome 1; Keapl, Kelch-like ECH-associated protein 1; ATF, activating
transcription factor; TCF, T-cell factor; LEF1, lymphoid enhancer factor 1; ANF, atrial natriuretic factor.

as significantly upregulate Sirtl and Nrf2 protein expression
levels. This upregulation was significantly blocked by treatment
with a NOX4 inhibitor. Adding a Sirtl antagonist also abol-
ished Nrf2 protein expression levels during hypoxic conditions
without significant changes to atrial pulse pressure. Moreover,
the significantly upregulated levels of p-Akt and p62, as well
as the significantly downregulated levels of Keapl, induced by
exogenous ET-1 under normoxic or hypoxic conditions were also
significantly abolished using the Sirtl antagonist. These results
indicated that Sirt] possibly downregulated Keapl by activating
Akt and p62, thereby upregulating Nrf2 protein expression. The
data in the present study are consistent with the aforementioned
cited studies and support the notion that p62 aggregation leads
to the recruitment of Keapl for the degradation and release of
Nrf2 into the nucleus (24).

ATF3 and ATF4, members of the transcription factor
ATF/cyclic AMP-reactive element binding protein family,
are expressed in the cardiovascular system in response to a
variety of stimuli, including pathological stressors, such as
pressure overload, stretch, ischemia/reperfusion, ischemic
preconditioning, hypoxia, ET-1 and H,0, (25,26). Previously,
it has been confirmed that Nrf2 can resist oxidative stress
and protects the heart via activation of ATF (18). Moreover,
members of the ATF family participate in the regulation of the
transcriptional processes via activation of the Wnt/B-catenin
signaling pathway downstream effectors TCF and LEF (27).
The roles of TCF and LEF in the regulation of ANF promoter
activity and transcription were also demonstrated in rat
cultured cardiomyocytes (19). In the present study, the results
demonstrated that hypoxia not only significantly upregulated
the protein expression levels of ATF3 and ATF4, but also
significantly increased the protein expression levels of TCF3,
TCF4 and LEFI1, which may lead to the promotion of ANF
secretion. The hypoxia-induced increases in ATF3, ATF4,
TCF3, TCF4 and LEF1 were significantly abolished by adding
a specific antagonist of Nrf2, accompanied by a significant
attenuation of hypoxia-augmented secretion of ANF. These
results demonstrated that Nrf2, controlled by Sirtl, may
stimulate TCF3 and TCF4/LEF1 via activation of ATF3 and

ATF4, leading to promoted ANF secretion in beating rat atria
during hypoxia. The results of the present study support the
previously aforementioned studies. In our previous study, we
demonstrated that endogenous ET-1 participates in the regula-
tion of ANF secretion by regulating the NOX4/proto-oncogene
tyrosine-protein kinase Src signaling pathway in rat beating
atria during hypoxia (14). Therefore, it can be hypothesized
that the regulation of hypoxia-induced ANF secretion by
NOX4/Sirtl/Nrf2 in the present study is another important
regulatory mechanism by which endogenous ET-1 regulates
hypoxia-induced ANF secretion via NOX4.

In summary, it was demonstrated that hypoxia significantly
upregulated the expression levels of Sirtl and its downstream
molecule Nrf2 via NOX4, which may have activated TCF3
and TCF4/LEF1 via ATF3 and ATF4 signaling. This cascade
ultimately resulted in increased ANF secretion. Therefore,
the present study indicated that the Sirtl/Nrf2/ATF axis is
potentially involved in a cardioprotective mechanism against
oxidative stress damage during hypoxia. A limitation of the
present study is the lack of inhibitors for ATF and TCF/LEF1,
it is therefore necessary to further verify the results of the
study by knockout or knockdown of these factors in future
work. Intervening with the Sirtl/Nrf2/ATF signaling pathway
may be useful for the prevention of hypoxic heart disease.
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