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Abstract
Rac1, known as a “molecular switch”, plays a crucial role in plenty of cellular processes. Rac1
aggravates the damage of myocardial cells in the process of myocardial ischemia-reperfusion during
myocardial infarction through activating the NADPH oxidase and bringing about the reactive oxygen
species(ROS) generation. Myocardial ischemia and hypoxia are the basic pathogenesis of myocardial
infarction and the underlying mechanisms are intricate and varied. Moreover, the regulatory effect
of Rac1 on myocardial cells in the condition of serum starvation and the potential mechanisms are
still incompletely undefined. Therefore, heart-derived H9c2 cells cultured in 0% serum were used to
mimic ischemic myocardial cells and to clarify the role of Rac1 in H9c2 cells and the underlying
mechanisms during serum deficiency. After Rac1 was knocked down using specific siRNA, cell
apoptosis was assessed by flow cytometry assay and cell proliferation was detected by CCK-8 assay
and EdU assay. In addition, the expression and activation of protein in related signaling pathway
were detected by Western blot and siRNAs was used to testify the signaling pathways. Our results
indicated that Rac1 inhibited apoptosis, promoted proliferation and cell cycle progression of H9c2
cells during serum deficiency. We concluded that Rac1 inhibited apoptosis in an AKT2/MCL1
dependent way and promoted cell proliferation through JNK/c-JUN/Cyclin-D1.
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Introduction
Rac1, a member of the small GTPase proteins
including more than 150 members, is divided based
on structural and functional similarities into 5 main
subfamilies: Ras (Rap Ras and Ral), Rho (Rac, Cdc42
and RhoA), Arf, Rab and Ran [1]. The previous study
found that Rac1 could be activated through binding to
GTP and catalytically devitalized when binding to
GDP [2-4]. Both processes require three groups of
specific proteins, GTPase activating proteins (GAPs),
guanine nucleotide exchange factors (GEFs) and
guanine nucleotide dissociation inhibitors (GDIs) [5,
6].
Rac1 is a pivotal regulator of plenty of cellular
processes. The activated Rac1 could facilitate actin

polymerization at the cell periphery to stimulate the
formation of the lamellipodia and membrane ruffles
[2, 7-10]. Furthermore, Rac1 promotes cell migration,
cycle progression, transformation and cell survival
[11-13]. In the cardiovascular system, Rac1 is also an
important regulatory factor. Rac1 might induce
cardiomyocyte hypertrophy, regulate the proliferation and migration of vascular smooth muscle cell
(VSMC) and the realignment of endothelial cells (ECs)
[14-17]. Hypertrophy induced by angiotensin II
(AngII) infusion in mouse that cardiac-specific
deficiency of Rac1 could be alleviated through
decreasing activities of the NADPH oxidase and
reducing the generation of reactive oxygen species
http://www.medsci.org
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(ROS). In addition, the pro-hypertrophic effect of Rac1
was related to transcription factor NF-κB and
signaling
kinase-1
[18].
Overexpression
of
constitutively active Rac1 in mouse could result in
atrial fibrillation at 16 months of age [19].
Myocardial infarction (MI) is one of the main
causes of morbidity and mortality in coronary heart
diseases (CHD) patients worldwide [20]. At the early
phase of MI, myocardial cells undergo ischemia and
effective myocardial reperfusion could reduce the
area of myocardial infarction and alleviate myocardial
injury. The process of ischemia-reperfusion can lead
to the further death of cardiomyocytes is a
phenomenon called ischemia-reperfusion injury (IR).
During the process of IR, reactive oxygen species
(ROS) generation and superabundant ROS production
in the reperfusion phase are harmful to cardiac tissue,
because cellular components could be attacked by
ROS and then lead to apoptosis and necrosis [21, 22].
The difference between Rac1 and the other small
GTPase proteins is that Rac1 is essential in the reactive
oxygen species (ROS) generation through regulating
NADPH oxidase activity. One of the crucial
components of the NADPH oxidase complex,
p67phox, would interact with Rac1 which is
indispensable for the assembling of the multimeric
enzyme and the catalytic activity [23]. Hence, Rac1 is a
pronounced
regulator
in
the
myocardial
ischemia-reperfusion injury (IR) during MI.
Myocardial ischemia and hypoxia are the basic
pathogenesis of myocardial infarction and the
mechanisms of ischemia-reperfusion (IR) injury are
intricate and varied. Most the previous studies
focused on the role of Rac1 in the myocardial
ischemia-reperfusion injury (IR). However, the
regulatory effect of Rac1 on myocardial cells in the
condition of serum starvation and the potential
mechanism is not completely explicit. Therefore, in
this study, heart-derived H9c2 cells were cultured in
0% serum to mimic the ischemic circumstance and to
investigate the effect of Rac1 on the cardiomyocytes in
the condition of serum starvation and explore the
underlying mechanism.

Methods
Antibodies
The following antibodies were all purchased
from Cell Signaling Technology (CST, MA, USA):
anti-JNK, anti-phospho-JNK, anti-c-JUN, anti-phospho-c-JUN, anti-Cyclin-D1, anti-AKT2, anti-phosphoAKT2, anti-cleaved PARP89, anti-mouse lgG
HRP-linked antibody, anti-rabbit lgG HRP-linked
antibody. β-actin, mouse mAb was purchased from
YCASEN (YCASEN, Shanghai, China). Anti-Rac1
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antibody, anti-MCL1 antibody and anti-PARP
antibody [E51] were purchased from Abcam
(Cambridge, MA, USA).

Cell culture and si-RNAs transfection
H9c2 cells were purchased from ATCC and
cultured in DMEM (Hyclone, USA) containing 10%
fetal bovine serum (FBS), 1% penicillin/streptomycin
and 4.5% sodium pyruvate at 37℃ and 5% CO2.
According to our previous study, siRNAs transfection
was operated using lipofectamine 2000 (Invitrogen,
USA). H9c2 cells were seeded in 6-well plates 24h
before transfection, incubated at 37℃ and 5% CO2
overnight, and then transfected at 50-70% confluence
with 100nM siRNAs [24]. The siRNAs used in this
study were purchased from Sigma (Table 1). The
sequence of negative control used in this study was as
follows: 5’→3’: UUCUCCGAACGUGUCACGUTT;
3’→5’: ACGUGACACGUUCGGAGAATT.
Table 1. Article number (Art. No) and siRNA ID of siRNAs used
in this study
siRNAs
Rac1
JNK
AKT2
MCL1

Article number (Art. No)
NM_134366
XM_341399
NM_017093
NM_021846

siRNA ID
SASI_Rn01_00118554
SASI_Rn02_00392868
SASI_Rn01_00047688
SASI_Rn01_00262861

Western blot
After transfection with siRNAs for 48h, H9c2
cells were cultured in 10% and 0% serum conditions
for 48h. Washed with cold PBS twice, lysed with
1XCell lysis Buffer (CST, MA, USA) containing 1×
protease inhibitor cocktail (Roche, USA) and 1X
phosphatase inhibitor cocktail (Roche, USA), total
proteins were collected by centrifuging at 12000 rpm
for 15 min at 4°C. Protein was loaded, separated and
transferred. Incubated with primary antibodies
overnight at 4°C and horseradish peroxidase
(HRP)-conjugated secondary antibodies for 1h at
room temperature. Hybridizing bands were
visualized with High-sig ECL Western Blotting
Substrate (Tanon, Shanghai, China) by Amersham
Imager 600 ECL system (GE Healthcare, USA)

Cell proliferation assay
The cell proliferation assay was performed
according to the manufacturer’s instruction. H9c2
cells were seeded in 96-well plates in medium
containing 10% serum and cultured overnight. After
transfection with si-Rac1, cells were then cultured in
10% and 0% serum conditions. We added 10μl of Cell
Counting Kit-8 (Dojindo, Japan) reagent to each well,
incubated at 37°C for 2 h. OD value on 450nm was
measure by SpectraMax i3 (MD, USA). The formula,
http://www.medsci.org
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[(OD experiment - OD blank) / (OD 1st day - OD
blank)] x 100%, was calculated to represent cell
proliferation rate. All experiments were performed in
triplicate and repeated three times.

EdU assay
Click-iT EdU Imaging Kits (Invitrogen, USA)
was used to detect cell cycle progression. Cells were
plated on 6-well plate, label with 1X working solution
of EdU (10 mM), incubated for 16h, fixed with 3.7%
formaldehyde, permeated with 0.5% Triton X-100.
Then, Click-iT reaction cocktail was used to detect
EdU, 1XHoechst (1:2000 in PBS) was used to stain
DNA. Finally, EdU (+) cells were detected by
Olympus IX83 microscope (OLYMPUS, Japan).

Apoptosis assay
FITC Annexin V Apoptosis Detection KitⅠ(BD
pharmingen, USA) was used to detect the Apoptosis
of H9c2 cells according to manufacturer’s protocol.
H9c2 cells were seeded into 6-well plates. After
transfection with si-Rac1, cells were cultured in 10%
and 0% serum conditions for 48h and washed twice
with cold PBS and resuspended in 1x binding buffer
at a concentration of 1x106 cells/ml. 100μl of the
solution was transferred to a 5 ml culture tube. Cells
in each tube were stained using 5μl of FITC Annexin
V and 5μl Propidium Iodide solution (PI) for 15 min at
room temperature in the dark. 400 μl of 1x binding
buffer was added to each tube and the cells were
analyzed via flow cytometry.

Statistical analysis
Data are presented with means ± S.D. Statistical
significance was determined by Student’s t-tests. P <
0.05 was considered a statistically significant
difference.
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Results
Rac1 promoted the proliferation and cell cycle
progression of H9c2 cells during serum
deficiency
After aforementioned transfections of si-Rac1,
we cultured H9c2 cells in medium containing 10%
and 0% serum and then CCK-8 assay was performed
daily as a cell viability indicator for 4 days. In 10%
serum, compared with si-NC group, the viability of
the si-Rac1 group was mildly decreased but has no
significant difference (Figure 1). While in 0% serum,
the cell viability of si-Rac1 group was significantly
reduced compared with si-NC group (p < 0.05)
(Figure 1). These results showed that Rac1 promoted
cell proliferation in 0% serum condition rather than
10% serum condition.
EdU assay was used to analyze the cell cycle
progression. After transfection with si-Rac1 for 48h,
H9c2 cells were cultured in medium containing 10%
and 0% serum for 48h. In the medium of 10% serum,
the si-NC and si-Rac1 group showed the similar
percentage of EdU (+) cells (29.62 ± 1.89% vs
25.53±1.83%) (Figure 2A and 2D). However, the
percentage of EdU (+) H9c2 cells in si-Rac1 group
(8.75±0.87%) was significantly decreased than in
si-NC group (16.01±0.66%) in 0% serum condition
(Figure 2B and 2D), which indicated that Rac1
promoted the cell cycle progression during
serum-deficiency. The inhibitory effects of si-Rac1 on
Rac1 expression were confirmed by Western Bolt after
transfection for 48h (Figure 2C). The expression of
Rac1 was significantly decreased (Figure 2C).
Together, all of these results demonstrated that
Rac1 promoted cell proliferation and cell cycle
progression of H9c2 cells during serum deficiency.

Figure 1. Rac1 promoted the proliferation of H9c2 cells during serum deficiency. The CCK-8 assay was performed to detect the viabilities of H9c2 cells and the cells
were cultured in 10% and 0% serum conditions as indicated for 0-4 days after transfection for 48h. OD values standardized to day0 were considered to present the results. *P
< 0.05 vs si-NC group.

http://www.medsci.org
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Figure 2. Rac1 promoted the cycle progression of H9c2 cells during serum deficiency. A and B. Representative images of EdU assay for cell cycle progression in 10%
and 0% serum conditions. The blue was the nuclei stained by Hochest (lower panel) and the green was EdU (+) cells (upper panel). Bars represent 50 μm. C. Western Bolt results
of inhibitory effects of si-Rac1 on Rac1 expression after transfection for 48h. Diagram of inhibitory effects of si-Rac1. Densities were first normalized to β-actin and then to si-NC
group. N=3. *P < 0.05 vs si-NC group. D. Diagram of EdU (+) cells of si-NC and si-Rac1 group in 10% and 0% serum conditions. *P < 0.05 vs si-NC group.

Rac1 inhibited apoptosis of H9c2 cells induced
by serum deficiency
After being transfected with si-Rac1 for 48h,
H9c2 cells were cultured in medium containing 10%
serum and 0% serum for 48h. Two recognized
apoptosis markers, the cleaved PARP89 and cleaved
PARP25, were detected by Western blot. Compared
with si-NC group, both cleaved PARP89 and PARP25
were significantly increased in si-Rac1 group cultured
in 0% serum (Figure 3B and 3C). However, the
expression of the cleaved PARP25 and PARP89 in
H9c2 cells cultured in 10% serum condition was
weakly detected (Figure 3B and 3C).
The Annexin-V assay was used to detect the
apoptosis of H9c2 cells. The results demonstrated that
apoptotic cells (sum of quadrant-2 and -4 on flow

cytometry assay) have no significant difference
between the si-NC group (3.23±0.89%) and si-Rac1
group (4.81±0.68%) at the condition of 10% serum.
(Figure 3A). While in 0% serum condition, compared
with si-NC group (9.2±0.96%) (Figure 3A), si-Rac1
group showed prominently enhanced apoptosis
(16.5±0.79%) (p < 0.05). It showed that Rac1 inhibited
apoptosis in 0% serum but not in 10% serum. The
inhibitory effects of si-Rac1 on Rac1 expression were
detected by Western Blot after transfection for 48h.
(Figure 3B and 3C). The expression of Rac1 was
significantly decreased (Figure 3B and 3C).
These data indicated that Rac1 inhibited
apoptosis of H9c2 cells induced by serum deficiency
effectively.

http://www.medsci.org
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Figure 3. Rac1 inhibited apoptosis of H9c2 cells induced by serum deficiency. A. Flow cytometry was used to analyze the apoptosis of H9c2 cells cultured in 10% and
0% serum conditions for 48h after transfection with si-Rac1 for 48h. Q-2 presents the percentage of late apoptosis cells, Q-4 presents the percentage of early apoptosis cells and
Q-3 presents live cells. B. Western Bolt results of inhibitory effects of si-Rac1 on Rac1 expression after transfection for 48h and the changes of the cleaved PARP25 and PARP89
in si-NC and si-Rac1 group in 10% and 0% serum. C. Diagram of inhibitory effects of si-Rac1 and the cleaved PARP25 and PARP89. Densities were first standardized to β-actin
and then to si-NC group. N=3. *P < 0.05 vs si-NC group.

Rac1 promoted the proliferation and cell cycle
progression of H9c2 cells through the
JNK/c-JUN/Cyclin-D1 pathway
After being phosphorylated by JNK, the
downstream effector of Rac1, c-JUN could interact
with c-fos to form transcription factor AP1 to
stimulate Cyclin-D1 expression. After transfection
with si-Rac1 for 48h, H9c2 cells were cultured in
medium having 10% and 0% serum for 48h.
Compared with si-NC group, the Rac1 level of si-Rac1
group of 10% and 0% serum condition obviously
reduced 62±10% and 47±6%, respectively (Figure 4A
and 4B). The expression of p-JNK, downstream of
Rac1, markedly decreased 47±8% and 29±6% in
si-Rac1 group compared with si-NC group (Figure 4A
and 4B). No significant diffidence was detected
between si-Rac1 and si-NC group in the expression of
JNK (Figure 4A and 4B). We also detected expression
of c-JUN and p-c-JUN, the downstream of JNK. In
both 10% and 0% serum conditions, c-JUN was
slightly decreased but it showed no significant
difference between si-NC group and si-Rac1 group,
while the expression of p-c-JUN in si-Rac1 group
reduced 25±6% and 64±4%, respectively, after Rac1
was knocked down (Figure 4A and 4B). As the
downstream of c-JUN, Cyclin-D1 regulated
G1/S-phase progression. In 10% serum condition,
there was no significant difference between the

expression of Cyclin-D1 in si-Rac1 group and si-NC
group, however, in 0% serum condition, Cyclin-D1
significantly decreased 57±6% in si-Rac1 group
(Figure 4A and 4B).
To verify the role of JNK/c-JNU/Cyclin-D1
pathway in Rac1 medicated pro-proliferation effects,
we attenuated JNK expression using si-RNAs. After
transfection with si-JNK for 48h, H9c2 cells were
cultured in medium containing 10% and 0% serum
conditions for 48h. Then the expression of JNK,
p-JNK, c-JUN, p-c-JUN and Cyclin-D1 was detected
using Western Blot. The results showed that both in
10% and 0% serum conditions, the expression of JNK
decreased 45±7% and 63±5%, respectively, in si-JNK
group and si-NC group. The p-JNK decreased 53±8%
and 55±6%, respectively, in si-JNK group and si-NC
group. The downstream of JNK, c-JUN remained
unchanged in both 10% and 0% serum, while the
expression of p-c-JUN was dramatically decrease
22±9% and 36±7% in si-JNK group compared with
si-NC group (Figure 5A and 5B). The expression of
Cyclin-D1, which remained unchanged in 10% serum
condition. While in 0% serum the expression level
decreased 35±10% in si-JNK group compared with
si-NC group (Figure 5A and 5B).
These results indicated that Rac1 promotes H9c2
cell proliferation and cell cycle progression through
the JNK/c-JUN/Cyclin-D1 pathway.

http://www.medsci.org
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Figure 4. Rac1 promoted the proliferation and cell cycle progression of H9c2 cells through the JNK/c-JUN/Cyclin-D1 pathway and inhibits the apoptosis of
H9c2 cells by AKT2/MCL1 pathway. A and C. Representative results of Western Blot detecting the expression of Rac1, JNK, p-JNK, c-JUN, p-c-JUN, Cyclin-D1, AKT2,
p-AKT2, MCL1, PARP25 and PARP89 in si-NC and si-Rac1 group in 10% and 0% serum condition after transfection with si-Rac1 for 48h. β-actin was used as the control. B and
D. Diagrams of A and C. Densities in A and C were first standardized to β-actin and then to si-NC group. N=3. *P < 0.05 vs si-NC group.

Figure 5. H9c2 cells were transfected with si-JNK for 48h and then cultured in medium with 10% and 0% serum for 48h. A. Changes of JNK, p-JNK, c-JUN,
p-c-JUN, Cyclin-D1 in si-NC and si-JNK cells. β-actin was used as the control. B. Diagrams of A. Densities in A were first standardized to β-actin and then to si-NC group. N=3.
*P < 0.05 vs si-NC group.
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Rac1 inhibited the apoptosis of H9c2 cells by
AKT2/MCL1 pathway
Previous studies reported that MCL1 was
downstream of AKT which could inhibit cell
apoptosis and promote the cell survival [25], but
whether MCL1 is related to Rac1 is indistinct.
Therefore, we hypothesized that Rac1 inhibits
apoptosis though AKT2/MCL1 pathway.
In the same way, H9c2 cells were infected with
si-Rac1 for 48h and cultured in medium containing
10% and 0% serum for 48h. In both 10% and 0% serum
conditions, AKT2 was both mildly decreased in
si-Rac1 group compared with si-NC group but has no
significant difference (Figure 4C and 4D). However,
to compare with si-NC group in 10% and 0% serum
conditions, the p-AKT2 of si-Rac1 group decreased
72±6% and 79±5% (Figure 4C and 4D). In both 10%
and 0% serum, MCL1 significantly reduced in si-Rac1
group compared with si-NC group (Figure 4C and
4D). The expression of the cleaved PARP89 and
PARP25 were increased by 3.12±0.26 Fold and
2.58±0.16 Fold in si-Rac1 group with the condition of
0% serum. But the expression of the cleaved PARP89
and PARP25 in 10% serum condition was weakly
detected (Figure 4C and 4D).
In order to verify the AKT2/MCL1 pathway, we
attenuated AKT2 expression using si- AKT2 for 48h
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and cultured them in 10% and 0% serum for 48h. In
both 10% and 0% serum conditions, AKT2 was both
significantly decrease in si-AKT2 group compared
with si-NC group (Figure 6A and 6B). Similarly,
p-AKT2 was also decrease in si-AKT2 group
compared with si-NC group (Figure 6A and 6B). The
expression of MCL1 reduced 52±5% and 56±5% in
si-AKT2 group compared with si-NC group in the
10% and 0% serum condition (Figure 6A and 6B). The
cleaved PARP89 and PARP25 in 0% serum was
significantly increased by 3.54±0.29 Fold and
3.14±0.49 Fold in si-AKT2 group compared with
si-NC group. The expression of the cleaved PARP89
and PARP25 was weakly detected in 10% serum
condition (Figure 6A and 6B).
H9c2 cells were transfected with si-MCL1 for 48h
and cultured them in 10% and 0% serum for 48h.
Compared with si-NC group, the expression of MCL1
in si-MCL1 group decreased 79±5% and 77±5% in 10%
and 0% serum group (Figure 7A and 7B). The
expression of cleaved PARP89 and PARP25 was
increased by 4.26±0.49 Fold and 2.15±0.39 Fold in
si-MCL1 group at the 0% serum condition.
Meanwhile, the expression of cleaved PRAP89 and
PARP25 in 10% serum was weakly detected (Figure
7A and 7B). These results indicated that Rac1 inhibits
the apoptosis of H9c2 cells by AKT2/MCL1 pathway.

Figure 6. H9c2 cells were transfected with si-AKT2 for 48h and then cultured in medium containing 10% and 0% serum for 48h. A. Changes of AKT2, p-AKT2,
MCL1, cleaved PARP25 and PARP89 in si-NC and si-AKT2 cells. β-actin was used as the control. B. Diagrams of A. Densities in A were first standardized to β-actin and then
to si-NC group. N=3. *P < 0.05 vs si-NC group.

Figure 7. H9c2 cells were transfected with si-MCL1 for 48h and then cultured in medium having 10% and 0% serum for 48h. A. Changes of MCL1, cleaved
PARP25 and PARP89 in si-NC and si-MCL1 cells. β-actin was used as the control. B. Diagrams of A. Densities in A were first standardized to β-actin and then to si-NC group.
N=3. *P < 0.05 vs si-NC group.
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Discussion
In this study, we found: 1). Rac1 inhibited the
apoptosis of H9c2 cells during serum deficiency; 2).
Rac1 promoted H9c2 cells proliferation and cell cycle
progression in the time of serum deficiency. 3). Rac1
promoted cell proliferation and cell cycle progression
through JNK/c-JUN/Cyclin-D1 pathway. 4). The
anti-apoptotic effect of Rac1 was AKT2/MCL1
dependent. Rac1 inhibited apoptosis of fibroblast
induced by Ras over-activation, and its mechanism is
dependent on the activation of NF-κB induced by
Rac1 [26]. Shen et al. found that Rac1 played a crucial
role in high glucose-induced myocardial apoptosis by
regulating the activation of NADPH oxidase and
increasing production of ROS. They also proved Rac1
inhibitor NSC23766 reduced the activity of NADPH
oxidase and the apoptosis of myocardial cells, and
mildly improved the function of myocardial cells [27].
In tumor cells, Rac1-knockdown could block the
generation of Bcl-2-induced intracellular ROS and
induce apoptosis [28]. Previous study indicated that
in the breast cancer cells survived HFR
(hyper-fractionated radiation) treatment, Rac1 protein
expression increased compared to parental cells and
Rac1 enhanced the survival of breast cancer cells
through
activating
ERK1/2/NF-κB
signaling
pathways and then activating the anti-apoptotic
protein Bcl-xL and Mcl-1 [29]. All these previous
studies showed that Rac1 has varied anti-apoptotic
effects in different cells and conditions. And we found
that Rac1 inhibited the apoptosis of H9c2 cells during
the serum starvation. Apoptosis, the autonomous
death of cells controlled by genes, is critical for
maintaining stable homeostasis in various cells. There
are several types of cellular stress stimuli have been
shown to induce apoptosis, including DNA damaging
agents, oxidative stress, alimentary deficiency and ER
stress. Serum deprivation (removal of nutrients) is
also one of the stress to induce apoptosis. The process
of apoptosis is regulated by various proteins
including pro-apoptotic proteins and anti-apoptotic
proteins. The most common anti-apoptotic family of
proteins are FLICE-inhibitory proteins (FLIPs), the
Bcl-2 family members McL-1 and Bcl-xL as well as
inhibitors of Apoptosis Proteins (IAPs). Furthermore,
Faim3, Erk1/2, AKT, Heat Shock Proteins (HSPs) and
some enzymes like sphingosine kinase-1 are also the
common anti-apoptotic proteins [30, 31]. Rac1 played
an important role in anti-apoptotic signaling by
stimulating phosphatidylinositol-3 kinase (PI3K) and
AKT serine/threonine kinase. Rac1 also increased the
expression of Cyclin-D1 and proteins associated with
anti-apoptosis by activating the NADPH oxidase
complex and then generating the production of
reactive oxygen species (ROS) [32-35]. Previous
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studies showed the downstream of AKT, Bad, MDM2,
Bax and Bak were pro-apoptotic factors. However, the
member of Bcl- 2 family, MCL1, Bcl2 and Bcl-xL are
anti-apoptotic [25, 36-40]. Our results indicated Rac1
inhibit the apoptosis of H9c2 cells by AKT2/MCL1
pathway.
Rac1 can activate nuclear factor kB (NF-kB),
p21-activated kinase (PAK), Jun NH2-terminal kinase
(JNK), p38 mitogen-activated protein kinase (MAPK)
and these regulatory factors could activate AP1
transcription factor which could activate the
expression of Cyclin D1 and c-JUN to promote cell
cycle progression[25, 41-43]. In our study, the results
showed that the expression of JNK decreased after
attenuating the Rac1 expression (Figure 4A and 4C).
Interference of JNK could decrease the expression of
p-c-JUN and Cyclin-D1 in si-JNK cells. These results
further indicated that Rac1 activated JNK and c-JUN,
which promoted the Cyclin-D1 expression (Figure 5A
and 5B).
Previous studies reported that rac1 played a key
role in IR-induced injury [44, 45]. It is unequivocal
that ROS generated in IR could cause organ damage
and Rac1 is essential in the reactive oxygen species
(ROS) generation through regulation of NADPH
oxidase activity. Numerous researchers have found
that the damages of tissue would be eliminated by
inhibiting ROS production during ischemia/
reperfusion. In the phase of reperfusion, the
production of ROS could lead to various cellular
events and eventually induce inflammation, necrosis,
and/or apoptosis [46-48]. Inhibition of Rac1 protected
IR-induced injury by decreasing the ROS production
during reperfusion [44, 45]. Xiang et al reported that
conditional cardiac-specific overexpression of RhoA
in mice protected the heart against IR-induced injury
[49]. Similarly, Bao et al has also found that inhibition
of Rho-kinase protected the mouse heart against
IR-induced injury [50]. All these researches indicated
that small GTPase proteins including Rac1 aggravate
the damage of oranges during IR-induced injury.
However, in our study, we found that Rac1 has a
positive and protective role in H9c2 cells through
anti-apoptotic effect in an AKT2/MCL1 dependent
way and pro-proliferative effect through JNK/
c-JUN/Cyclin-D1 during the serum starvation. We
suppose that there are three main reasons that led to
the difference between our experimental results and
previous studies. Firstly, it is the experimental
condition. Myocardial ischemia and hypoxia is the
basic pathological process in myocardial infarction
and the mechanisms of ischemia-reperfusion (IR)
injury are intricate and varied. And in our study, we
discussed the effect of Rac1 on the cardiomyocytes in
the condition of serum starvation, however, the
http://www.medsci.org
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previous studies mainly focused on the effect of Rac1
on the ischemia-reperfusion (IR) injury. Secondly, the
experimental condition of our study was serum
starvation and might only reflect nutrition deficiency
aspect of myocardial ischemia. Other studies were
focused on hypoxia and ROS production aspect.
Thirdly, all of our findings were based on experiments
in vitro and these were also the limitation of our
study. H9c2 cells are heart-derived cell lines with
permanent splitting capacity and have the
characteristics of the cardiomyocyte, which could be
utilized to stimulate various cardiac pathological
processes [51]. Therefore, H9c2 cells were introduced
as the substitute of isolated rat cardiomyocytes in our
study.
In summary, we demonstrated that Rac1
inhibited apoptosis, promoted proliferation and cell
cycle progression of H9c2 cells during serum
deficiency. Rac1 inhibited apoptosis in an
AKT2/MCL1 dependent way and promoted cell
proliferation through JNK/c-JUN/Cyclin-D1.
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