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Neuroglobin protects cardiomyocytes against apoptosis
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Abstract: Neuroglobin (Ngb) is well known as a physiological role in oxygen homeostasis of neurons and perhaps
a protective role against hypoxia and oxidative stress. In this study, we found that Ngb is expressed in rat heart tis-
sues and it is related to isoproterenol induced cardiac hypertrophy. Moreover, overexpression or knock-down of Ngb
influences the expression of hypertrophic markers ANP and BNP and the ratio of hypertrophic cells in rat H9¢2 myo-
blasts when isoproterenol treatment. The Annexin V-FITC/PI Staining, Western blot and qPCR analysis showed that
the involvement in p53-mediated apoptosis of cardiomyocytes of Ngb is might be the mechanism. This protein could
prevent the cells against ROS and POS-induced apoptosis not only in nervous systems but also in cardiomyocytes.
From the results, it is concluded that Ngb is a promising protectant in the cardiac hypertrophy, it may be a candidate

target to cardiac hypertrophy for clinic treatment.
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Introduction

Neuroglobin (Ngb) is an approx. 150-amino
acid-long, monomeric heme protein that is less
than 25% sequence identity to conventional
vertebrate hemoglobins (Hbs) or myoglobins
(Mbs) [1]. And Ngb displays the classical three-
on-three globin fold adapted to host, the heme-
hexa-coordinated structure of the HisF8-Fe-
HisE7 type in both deoxygenated ferrous and
ferric forms [2]. Ngb binds several ligands,
including diatomic gaseous ligands (e.g., O,
NO, and CO), and displays (pseudo-)enzymatic
properties (e.g., 0,-mediated NO detoxification)
[3]. Ngb has been hypothesized to act as an O,
buffer or to facilitate O, diffusion to the mito-
chondria or to catalyze the formation and the
decomposition of reactive nitrogen and/or oxy-
gen species. Ngb has been shown to be part of
intracellular signaling pathways by reducing

cytochrome ¢ and following the reduction of
cytochrome ¢, the ferric form of neuroglobin
also produced will inhibit the dissociation of
GDP from G_ proteins and triggering the release
of the GBV complex [4]. Ngb can also inhibit Rac-
GTPase and Pakl preventing the rearrange-
ment of the cytoskeleton necessary for the
execution of apoptosis [5].

Apoptosis is a complex process that is a pro-
gram of controlled cell death following a partic-
ular cellular challenge. During the program, the
cytochrome c released from the mitochondrion
interacts with the protein Apaf-1 in the pres-
ence of dATP to yield the macromolecular multi-
protein complex called the apoptosome follow-
ing that a cellular challenge activates a signaling
cascade which ultimately leads to permeabili-
zation of the mitochondrial outer membrane.
And finally, some-activated protease caspase 9
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activates the executioner protease caspase 3,
which finally leads to the destruction of the cell
[6]. It was hypothesized that Ngb might prevent
cell death by intervention in the apoptotic path-
way by reducing released mitochondrial cyto-
chrome ¢ to the inactive ferrous form. And so
far there are many experimental support for
this hypothesis [7-9]. Ngb was showed that can
indeed interrupt the process of apoptosis at
the level of cytochrome c reduction [10]. The
cellular studies in human neuroblastoma cells
treated with a specific chemical initiator of
apoptosis (HA14-1) found transgenic cells that
overexpressed Ngb exhibit significant increas-
es in survival when in response to HA14-1 [7].
Furthermore, computational studies also illus-
trate that the effect of Ngb is to lower the effec-
tive rate of apoptosome formation [11]. There
are emerging evidences showing that the pres-
ence of Ngb rather than preventing the process
of apoptosis, resets the level of cellular insult
required to trigger the apoptotic cascade [12].

Ngb, the most investigated vertebrate nerve
globin, is expressed mainly in neurons of the
central and peripheral nervous systems [3].
Several experimental works suggested that
NGB overexpression is protective against
hypoxic/ischemic injury in the brain [13-15]. It
is suggested that Ngb up-regulation induced by
17B-estradiol sequesters cytochrome ¢ in the
mitochondria preventing H,0,-induced apopto-
sis in the neuroblastoma cells [16]. Recently, it
was proven to play an important role by linking
oxygen/ROS signals to oncogenic signaling in
hepatocellular carcinoma [17]. However, it is
reported that Ngb also can be detected in heart
[18]. It provides a clue for that Ngb may play a
similar role in the cardiomyocytes. It is well
known that cardiomyocytes undergo apoptosis
in response to harmful stimuli, including isch-
emia, reperfusion, oxidative stress, stretching,
rapid pacing [19]. Although some signaling
mechanisms for inducing apoptosis in cardiac
myocytes may be specific, such as those with
Bim induction by EPAC [20], others may be
shared among different cell types. The cell
death of terminally differentiated cells, which
cannot proliferate, directly affects tissue func-
tion. Therefore, it will be important to develop
an effective antiapoptotic therapy for the heart.
Apoptosis constitutes a key event in the patho-
genesis of cardiac failure [21]. Previous obser-
vations emphasize the fact that cardiomyocyte
apoptosis is a critical event in the transition
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between compensatory cardiac hypertrophy
and heart failure [22, 23]. Here, our data sug-
gest that the Ngb protein may be the new can-
didate. Overexpression of Ngb suppressed car-
diac hypertrophy while knock-down of Ngb
showed the opposite effects. Further, we found
that Ngb influences the cardiac hypertrophy via
involving p53-mediated apoptosis.

Methods and materials
Cell culture and treatment

Rat H9c2 myoblasts were grown in Dulbecco’s
Modified Eagle’s medium (DMEM) supplement-
ed with 4 mM glutamine, 1.5 g/I sodium bicar-
bonate solution 7.5% and 10% fetal calf serum
(FCS). For the analysis of mRNA, cells were
grown at a density of 1-1.5 x 10° cells per well
in a 6-well tissue culture plate. On 60-80%
confluence (2-3 days), the cells were treated
with different concentrations of isoproterenol
(10, 100, 500 nM, 1, 10 uM) for O, 6, 12, 18,
24, 36 h to induce cellular hypertrophy.

Immunohistochemical analysis and assess-
ment

The expression of Ngb was examined by immu-
nohistochemistry (IHC) using a rabbit polyclonal
antibodyagainstNgb (Santa Cruz Biotechnology,
USA). Four-micrometer sections were cut from
paraffin-embedded tissue blocks, deparaf-
finized, rehydrated, and put into endogenous
peroxidase-blocking solution. The sections
were then boiled for 10 minutes (min) in 10
mmol/L citrate-buffer (pH 6.0) in a water bath.
Thereafter, slides were incubated with Ngb
antibody at a dilution of 1:100 in 4°C overnight.
The expression of Ngb was detected by using
corresponding rabbit EnVision System-HRP
(DAB) kit (DAKO, Demark) according to the man-
ufacturer’s instruction. Slides were then
washed in water, counterstained with Mayer’s
hematoxylin (Merck, Darmstadt, Germany), and
cover-slipped. Negative controls without prima-
ry antibody were performed in parallel. Positive
staining was envisioned as brown particles in
the cytoplasm.

Cell transfection

The Ngb overexpression plasmids (p-Ngb-
EGFP-N1) were constructed as described by
[24]. The Ngb short hairpin RNA-expressing
plasmids (p-Ngb-shRNA-Genesil-1, sh-Ngb) for
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Figure 1. A-C: IHC results of Ngb expression in cardiomyocytes. D, E: Hypertrophic cells in H9¢2 cells during ISO
treatment. F: Hypertrophic cells in the normal H9c2 cells. G: qPCR results of the expression levels of Ngb mRNA in
ISO-treated cells. Three independent experiments were performed for each sample. Each column represents the

mean * SD.

Ngb knock-down were constructed by inserting
the specific Ngb-RNAi DNA fragment into the
p-Genesil-1 vector as according to [25]. The
Ngb plasmid DNA or the RNAi plasmid was
transfected into the cell line H9c2 using
Lipofectamine 2000 (Invitrogen). Cells trans-
fected with the PDEST40 blank vector yielded
the parental (control) cells. Accumulation of the
human Ngb-fusion protein in differentiated
cells was verified by Western blot analysis.

Quantitative RT-PCR (qPCR)

Total RNA was extracted by using TRIzol reagent
according to the manufacturer’s instructions
(Invitrogen, USA). qPCR was performed by using
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the Platinum SYBR Green qPCR superMix-UDG
Detection Kit (Invitrogen Life Technology, USA)
and the Applied BiosystemsStepOnePlus™
Real-Time PCR Systems (Applied Biosystems
Inc., USA). Triple C, values were analyzed by
using the comparative C, (**C,) method follow-
ing the manufacturer’ s instructions (Applied
Biosystems Inc. USA). Relative gene expression
level was expressed as the ratio of gene/
GAPDH.

Western blot analysis
After treatments, cells were lysed and solubi-

lized in 0.125 M Tris, pH 6.8, containing 10%
(w/v) SDS and protease inhibitor cocktail, and

Int J Clin Exp Med 2015;8(4):5351-5360



Neuroglobin against apoptosis and cardiac hypertrophy

finally boiled for 2 min. Total proteins were
quantified using the Bradford protein assay.
Solubilized proteins (20 mg) were resolved by 7
or 15% SDS-PAGE at 100 V for 1 h at 25°C and
then electrophoretically transferred to nitrocel-
lulose for 45 min at100 V and 4°C. The nitrocel-
lulose was treated with 3% (w/v) BSA in 138
mM NaCl, 25 mM Tris, pH 8.0, and 0.1% (w/V)
Tween-20 at 25°C for 1 h and then probed over-
night at 4°C with either anti-NGB (final dilution
1:1000), anti-p53 (final dilution 1:500), anti-B1-
AR (final dilution 1:3000). The nitrocellulose
was stripped by the Restore Western Blot
Stripping Buffer (Pierce Chemical, Rockford, IL,
USA) for 10 min at room temperature and then
probed with anti-beta-tubulin antibody (final
dilution 1:1000) to normalize total lysate.

Cell viability assay

Cell viability was measured by MTT assay. H9c2
cells were seeded in 96-well plates (2000
cells/well) and MTT (1 mg/ml of final con-
centration, Amresco Inc., USA) was added
to each well at a fixed time every day. The cul-
ture plates were incubated for 4 hours (hrs) at
37°C and 150 L of dimethyl sulfoxide (DMSO)
were applied to dissolve the blue formazan
crystals. The optical density of solution was
measured by absorbance spectrometry at 490
nm using a microtiter plate reader (Synergy 2,
BioTek, USA).

Annexin V-FITC/PI Staining

Apoptosis was determined using flow cytometry
with a commercial Annexin V-FITC detection kit
(BD Biosciences). Binding of FITC-conjugated
annexin V (Ex 488 nm; Em 520 nm) and the
counterstain propidium iodide (PI) (Ex 488 nm;
Em 620 nm) was analyzed.

Results
The expression of Ngb in the cardiomyocytes

The expression of Ngb in rat heart tissues was
examined by IHC. Ngb antibody we used recog-
nized Ngb protein specifically in Western blot
analysis (data not shown). And the IHC results
showed that Ngb has expression in cardiomyo-
cytes (Figure 1A, 1B). To verify the effects seen
on Ngb involvement in the cardiac hypertrophy,
we used the isoproterenol (ISO) as the inducer
to model the cardiac hypertrophy rat. Two
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weeks ISO treatment could results the obvious-
ly abnormal thickening of the muscles of the
heart (data not shown). Then the IHC results
showed that the expression of Ngb is mainly in
the cardiomyocytes, but the signal of the
expression was the weaker in the normal heart
than in the I1SO-treated heart (Figure 1B, 1C).
Then, the expression of Ngb in the rat myocar-
dial cell lines H9c2 cells was also detected to
confirm it (data not shown).

The effect of ISO in H9c2 cells was examined by
using various concentrations of ISO (0-10 uM)
for 12 h or by treating H9c2 cells with a fixed
concentration of ISO for various times (0-36 h).
Hypertrophic cells were increased at a 10 nM
concentration of ISO, with a maximum stimula-
tory effect observed at 1 uM. Hypertrophic cells
were first observed at 6 h; this number of hyper-
trophic cells peaked at 12 h and gradually
decreased over a 24 h period. Therefore, the 1
MM concentration treating for 12 h was used.
The expression of Ngb was detected in the nor-
mal H9c2 cells as control and the ISO-treated
cells simultaneously. Figure 1D, 1E showed the
ratio of numbers of hypertrophic cells in H9c2
cells during ISO treatment. Clearly, the intensity
of Ngb staining in hypertrophic cells was much
higher than the normal H9c2 cells (Figure 1F).
Further, the expression levels of Ngb mRNA in
ISO-treated cells were measured by qPCR
(Figure 41G). Simultaneously, to investigate
whether ISO treatment causes hypertrophy in
HOc2 cells, we determined the mRNA expres-
sion of the hypertrophic markers, ANP and BNP
relative to the untreated cells following 12 h of
incubation with isoproterenol (Figure 1G). The
results showed that ISO caused a significant
induction of ANP and BNP by 2 and 3 fold,
respectively. These data established a relation-
ship between Ngb and ISO-induced cardiac
hypertrophy.

Ngb influences the ISO-induced cardiac hyper-
trophy

The apparent high expression of Ngb in hyper-
trophic cells prompted us to investigate the
functional role of Ngb in H9¢c2 cells when I1SO
treatment. Firstly, the knock-down/overexpres-
sion of Ngb in H9c2 cells were established.
Endogenous Ngb in H9c2 cells was knocked
down by RNA interfering technique to acquire
the loss of Ngb cell lines (H9c2/iNgb group).
Meanwhile, the H9c2 cells that transfected
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with empty plasmids act as a negative controls
(N-con group). gqPCR was adopted to confirm
that the expression level of Ngb was significant-
ly decreased in H9c2 cells stably transfected
with the p-Ngb-shRNA-Genesil-1 plasmids as
compared to that of negative control cells and
the cells which were stably transfected with
p-Ngb-EGFP-N1 had the overexpression of Ngb
compared to the control cells which transfect-
ed with p-EGFP-N1 plasmids. And it was veri-
fied by the results (Figure 2A). Then the ISO
treatment was executed to the knock-down
cells (H9c2/iNgb group), overexpression cells
(H9¢c2/Ngb group), negative control cells
(N-conl, N-con2) and normal H9c2 cells (WT
group). After ISO of 1 uM concentration treating
for 12 h, the obvious difference among the
transgene cells and controls. There are less
hypertrophic cells in the H9c2/Ngb group than
in WT group. On the contrary, the H9c2/iNgb
group showed high appearing frequency of
hypertrophic cells than WT group and N-con
group, however, no obvious difference was dis-
played between the WT group and N-con group.
Figure 2B showed the statistical analysis data
which suggest that overexpression of Ngb sup-
presses the ISO-induced cardiac hypertrophy
and Knock-down of Ngb promotes this prog-
ress. Furthermore, the mRNA expression of the

5355

i .0

Relative Expression

n = -1

e s

= =

Figure 2. A: Overexpression of Ngb compared to the
control cells which transfected with p-EGFP-N1 plas-
mids. B: Overexpression of Ngb suppresses and the
ISO-induced cardiac hypertrophy. C: mRNA expres-
sion of the hypertrophic markers, ANP and BNP. Data
are expressed as mean = SD of three independent
experiments. *P < 0.05 with respect to the control.
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hypertrophic markers, ANP and BNP were also
determined (Figure 2C). The results showed
that higher expression in H9¢2/iNgb cells and
lower expression in H9c2/iNgb cells as com-
pared to controls, and the data were in line with
the observation.

The effect of Ngb on apoptosis in H9c2 cells

After establishing a causative relationship
between the loss/over expression of Ngb and
cardiac hypertrophy, we then asked whether
Ngb might involve the apoptosis during process
of cardiac hypertrophy. MTT assay demonstrat-
ed knock-down of Ngb (iNgb) significantly
reduced H9c2 cell viability (representing total
cell number) in the culture as compared to wild
type of H9¢2 cell while overexpressing Ngb sig-
nificantly enhanced H9c¢2 cell viability (Figure
3A). We further investigated the phenomenon
of apoptosis when over/loss expression of Ngb
in the H9c2 cells using TUNEL and annexin
V-FITC/propidium iodide (PI) labeling. In fact,
the application of the TUNEL-method revealed
apoptotic features in a few cells scattered in
H9c2 cells, the cells with typical morphological
apoptotic features (cellular shrinkage and con-
densation of nucleus) were TUNEL positive.
Whereas in the over expression of Ngb cells the

Int J Clin Exp Med 2015;8(4):5351-5360
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Figure 3. A: MTT assay compare the knock-down of Ngb (iNgb) HI9c2 cell to wild type of H9c2 cell. B-E: TUNEL and
annexin V-FITC/propidium iodide (PI) labeling reveals apoptotic features. F: Early (annexin V-FITC*/PI") and late (an-
nexin V-FITC /PI*) apoptosis analysis. The experiments were repeated three times. *P < 0.05 with respect to the

control (WT).

signals were rarely or not detected while in loss
expression of Ngb cells the signals were dis-
played in a large numbers of cells (Figure 3B-E).
Flow cytometry analysis of annexin V-FITC/PI
dual staining were used simultaneously. The
results that early (annexin V-FITC*/PI") and late
(@annexin V-FITC/PI") apoptosis as shown in
Figure 3F. In the control group, 58.6% (early
apoptosis + late apoptosis) were positive for
annexin V-FITC staining, while loss expression
of Ngb resulted in 75.5% and overexpression of
Ngb 27.9%. Data showed that more apoptosis
cells in the H9c2/iNgb cells and less in the
H9c2/Ngb cells compared to the controls,
which were coincident with the TUNEL data.
This result indicates that the Ngb involves in
the regulation of apoptosis in H9c2 cells.

The involvement in p53-mediated apoptosis of
cardiomyocytes

To understand the molecular mechanisms by
which Ngb controlled apoptosis in H9c2 cells,
we investigated the effect of Ngb on several
key signal pathways, which are closely related
to the apoptosis of cardiomyocytes. In fact,
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p53-mediated signaling pathway plays an
important role for apoptosis of cardiomyocytes
[26]. Then the expression of relative genes
were detected in H9c2/Ngb, H9c2/iNgb and
wild type with/without the ISO-treatment (1 uM
concentration for 12 h) using gqPCR (Figure
4A). Overexpression of Ngb evidently reduced
the expression levels of p53, Bax, p53 upregu-
lated modulator of apoptosis (PUMA), NOXA,
Death receptor 5 (DR5), Scotin in H9c2 cells
(Figure 4A). On the contrary, knock-down of
Ngb (iNgb) clearly increased the expression lev-
els of p53, Bax, PUMA, DR5, NOXA and Scotin
in H9c2 cells as compared to its N-con (Figure
4A). The results showed that Ngb had a promi-
nent effect on p53-mediated signaling path-
way. Considering that B-adrenergic receptor (B-
AR) could also stimulate apoptosis in hearts
and it is associated with a p53-dependent
mechanism [27], we also detected the expres-
sion of B1-AR, B2-AR, and B3-AR. However,
overexpression or knock-down of Ngb did not
altered total B1-AR, B2-AR, and B3-AR levels in
HO9c2 cells as compared to controls (Figure 4A).
It meant that Ngb had no effect on the B-AR-
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Neuroglobin against apoptosis and cardiac hypertrophy

A2

10 |£

033 A ——— —

_ p e ——— v
g 8
& ¢
z Bl-AR — — ——
2 4

0

P53 Bax PUMA NOXA DRS Scotin [(l-AR [2-AR [I3-AR W1 H9¢2 |\{b H‘)"‘\lh
B WT-untreated @WT BOH9c2/Ngb ﬂ]l‘h iNgb Untreated

Figure 4. A: gPCR analysis of relative genes were detected in H9¢2/Ngb, H9¢2/iNgb and wild type with/without the
ISO-treatment. B: Western blot detect the expression of p53 and B1-AR when overexpression or knock-down of Ngb.
Results are representative of three independent experiments. *P < 0.05 as compared to the control (WT).

mediated signaling in H9c2 cells under normal
culture conditions. The results showed that
there were a negative correlation between p53
and Ngb during ISO-treatment. Further, Western
blot was adopted to detect the expression of
p53 and B1-AR when overexpression or knock-
down of Ngb, and the results also confirmed
that Ngb involved in p53-mediated apoptosis of
cardiomyocytes (Figure 4B).

Discussion

Neuroglobin has the function of protection
against oxidation-induced cardiac hypertrophy
in the myocardial cell.

In multicellular organisms, apoptosis must be
balanced by cell renewal and most tissues con-
tain stem cells that are able to replace those
that have been lost [28]. During the past
decade, Ngb as the neuroprotectant in a wide
range of neurological disorders have been
demonstrated [29]. Ngb is a neuroprotective
molecule which over-expression could protect
cultured neurons and the animal nervous sys-
tem against several insults [30]. In the present
study, we have report the effect of Ngb in the
cardiac hypertrophy. The Ngb expression was
also recognized in cardiomyocytes. In agree-
ment with our results, it has been reported that
Ngb was expressed in non-neuronal tissues
[18, 31]. According to our data, overexpression
of Ngb could enhance the viability of cardiomy-
ocytes and knock-down of Ngb exhibits the
opposite result. It gives a clue that Ngb may
play a similar role in cardiomyocytes as it in the
nervous systems, since that Ngb is expressed
in the heart [18] and cardiomyocytes.
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It has been reported that the knock-down of
Ngb rendered cortical neurons more vulnerable
to hypoxia and to oxidative stress, whereas the
over-expression of Ngb conferred protection to
cultured neurons against hypoxia eliminating
hypoxia-induced mitochondrial aggregation
and neuron death [32]. Similar effects were
observed in human neuroblastoma cell lines
SH-SY5Y in which the Ngb overexpression
enhanced cell survival under conditions of
either anoxia or glucose deprivation [33]. In our
study, we used the ISO as the inducer. ISO, a
B-adrenergic agonist causes oxidative stress in
the myocardium resulting in gross and micro-
scopic infarct in rat’s heart muscle [34]. It has
been reported that ISO produces free radicals
and stimulates lipid peroxidation, which is a
causative factor for excessive source of reac-
tive oxygen species (ROS) [35]. With presence
of IS0, the H9c2 cells showed cellular hypertro-
phy as manifested by a significant induction
of hypertrophic markers, ANP and BNP.
Interestingly, the expression of Ngb was up-
regulated during this progress. It suggests that
Ngb may protect cardiomyocytes against ISO-
induced excessive ROS. Consistent with our
expectations, overexpression of Ngb help the
H9c2 cells overcome the excessive ROS and
knock-down of Ngb exacerbated the ROS injury.
Combined with previous findings, Ngb is the
protectant against ROS not only of nervous sys-
tems, but also of cardiomyocytes. These cells
types had a common trait, in highly metaboli-
cally active cells and certain specialized cells.
These cells usually exposed to a wide variety of
stimuli and need to activate some endogenous
protection pathways, Ngb may exist widely to
be prepared for hypoxic/ischemic injury.

Int J Clin Exp Med 2015;8(4):5351-5360
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Over the past several decades, clinical and
experimental studies have provided substantial
evidence that oxidative stress, defined as ROS
is involved in the development of cardiac hyper-
trophy and heart failure [36]. In our study, ISO
caused cellular hypertrophy in H9c2 cells. On
the other hand, overexpression of Ngb
significantly decreased the isoproterenol-medi-
ated induction of the hypertrophic markers,
ANP and BNP. It was indicated that Ngb may be
a candidate target to cardiac hypertrophy for
clinic treatment.

Neuroglobin may play a role in the p53-mediat-
ed apoptosis pathway.

In an attempt to understand the role of Ngb in
the development of cardiac hypertrophy, we
study the relationship between Ngb and
p53-mediated apoptosis pathway. In recent
years, a number of studies have shown that oxi-
dative stress could cause cellular apoptosis via
both the mitochondria-dependent and mito-
chondria-independent pathways [37-39]. We
have demonstrate that Ngb have a relationship
to oxidative stress in cardiomyocytes, then the
question was that whether Ngb is involved in
regulation of cardiomyocytes apoptosis. Based
on the well-known redox reactions of Ngb, it
has been hypothesized that Ngb could react
with the oxidized cytochrome ¢ released from
the mitochondria and interrupt the process of
apoptosis in the meantime. And the recent
paper pointed out Ngb could prevent H,O,-
induced apoptosis of neuroblastoma cells [16].
For this reason, we analyzed the cellular apop-
tosis in our study. According to our results, over-
expression of Ngb could improve the survival of
HO9c2 cells and reduce the occurrences of
apoptosis while knock-down of Ngb showed
contrary results. These data indicate that Ngb
could also prevent the apoptosis of cardiomyo-
cytes. It gives another evidence that Ngb is a
widely existed protein and play a similar role in
several cell types.

Apoptosis plays an important role in the cardiac
hypertrophy [40]. Considering p53-mediated
signaling pathways are a major inducer of
cardiomyocyte apoptosis [26], the related
MRNA was detected in the overexpression/
knock-out of Ngb cells. According to our results,
the expression of Ngb mainly influence
the p53-mediated signaling pathway but not
the expression of B-AR-mediated signaling.

5358

Moreover, during the ISO treatment, Ngb is also
related to p53-mediated signaling pathway. In
fact, overexpression of Ngb is related to
p53-mediated apoptosis in a patient with
hereditary ferritinopathy [41]. These results
indicate that Ngb involve in the p53-mediated
signaling pathway during cardiomyocyte apop-
tosis, which is the promising mechanism of pro-
tection against oxidation-induced cardiac
hypertrophy in the myocardial cell.

In conclusion, our findings suggest that Ngb is a
widely existed protein and play a similar role in
cardiomyocytes as compared to it in the ner-
vous systems. This protein could prevent the
cells against ROS and POS-induced apoptosis.
Considering that there is not a clinically estab-
lished method to increase in the number of
cardiomyocytes currently, Ngb as a protectant
in the cardiac hypertrophy, may be a candi-
date target to cardiac hypertrophy for clinic
treatment.
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