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Abstract
Strokes are one of the leading causes of death and disability in the world. Previously we have found that conventional pro-
tein kinase Cγ (cPKCγ) plays neuroprotective role in ischemic strokes. Further, we found that cPKCγ knockdown increased 
the level of cleaved (cl)-Caspase-3. However, the precise mechanisms underlying cPKCγ-mediated neuronal death remain 
unclear. To this end, a model incorporating 1 h oxygen–glucose deprivation/24 h reoxygenation (1 h OGD/24 h R) was estab-
lished in cortical neurons. We found that cPKCγ knockdown remarkably increased neuronal death after OGD. We also found 
that cPKCγ knockdown increased the level of cl-Caspase-3 through the upstream initiators Capsases-9 (not Caspase-8/12) in 
OGD-treated neurons. Overexpression of cPKCγ could decrease neuronal death and cl-Caspase-3 and -9 levels. Moreover, 
cPKCγ knockdown further reduced the phosphorylation levels of p38 MAPK, p90RSK, and Bad. In addition, the protein 
levels of Bcl-2 and Bcl-xl were decreased after cPKCγ knockdown, whereas that of Bax was increased. In conclusion, our 
results suggest that cPKCγ partly alleviates ischemic injury through activating the p38 MAPK-p90RSK-Bad pathway and 
inhibiting Caspase-9 initiated apoptosis. This may have potential as a therapeutic target for ischemic stroke.
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Introduction

Ischemic strokes result in high morbidity, mortality, and 
disability [1]. However, treatment is limited to recombi-
nant tissue plasminogen activator (rtPA) thrombolysis or 
mechanical thrombectomy [2]. Due to the narrow therapeu-
tic window and hemorrhagic side effects, therapeutic strat-
egies for ischemic stroke remain unsatisfactory [3]. Thus, 
the mechanisms of neuronal death in ischemic injury have 
received particular attention. Conventional protein kinase Cγ 
(cPKCγ) is exclusively expressed in neurons of the central 

nervous system [4]. We have found that cPKCγ plays a 
neuroprotective role in cerebral ischemia [5]. However, the 
detailed molecular mechanisms underlying cPKCγ-mediated 
neuronal death have not been clearly defined.

It is generally known that apoptosis is involved in brain 
injury after ischemia [6], and 86% of cell death is based 
on apoptosis as opposed to 14% on necrosis in ischemic 
injury [7]. Inhibiting the apoptosis of neurons is a key 
strategy to alleviate ischemic injury [8]. Many molecules 
and pathways participate in the activation of neuronal 
apoptosis after ischemia, and many studies have focused 
on endogenous molecules [9]. cPKCγ, an important iso-
form of the serine/threonine protein kinase C family, is 
involved in ischemic reperfusion injury [10, 11]. A notice-
able increase in cPKCγ expression is found in the penum-
bra regions of patients who have suffered strokes [12]. We 
have reported that cPKCγ alleviates neuronal death after 
stroke through the Akt-mTOR pathway and autophagy [5]. 
However, it has been reported that activation of cPKCγ 
during cerebral ischemic insult contributes to brain injury 
[13]. The inhibition of cPKCγ membrane translocation 
can also decrease decapitation-induced ischemic injury 
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in mice [14]. However, the role of cPKCγ in mediating 
apoptosis in cerebral ischemic injury remains undefined.

The ability of cPKC to protect or injure neurons dur-
ing cerebral ischemia suggests that it has the potential to 
be used in stroke treatment. In this study, the models of 
1 h oxygen–glucose deprivation/24 h reoxygenation (1 h 
OGD/24 h R) cortical neurons, an in vitro insult mimick-
ing ischemic stroke, were used to explore the effect of 
cPKC on apoptosis.

Materials and Methods

Establishment of Oxygen–Glucose Deprivation 
Models in Cultured Neurons

The primary cultured cortical neurons were prepared from 
postnatal 24 h C57BL/6J mice. Neurons were dissoci-
ated carefully and seeded onto plates in DMEM medium 
(Gibco Inc., Carlsbad, USA). The DMEM medium was 
replaced by serum-free neurobasal medium (Gibco Inc.) 
with 2% B27 supplement (Gibco Inc.) Half of the mediu
m was replaced every third day.

Oxygen–glucose deprivation (OGD) model serves as an 
in vitro model of ischemic stroke. The cultured primary 
cortical neurons were subjected to oxygen–glucose depri-
vation for 1 h followed by 24 h of reoxygenation. For OGD 
treatment, the neurons were replaced with glucose-free 
DMEM medium and then placed under hypoxic conditions 
(5%  CO2/2%  O2/93%  N2) at 37 °C for 1 h. After that, glu-
cose-free DMEM was replaced by neurobasal medium 
under normoxic conditions (5%  CO2/21%  O2/74%  N2) for 
a 24 h period of reoxygenation. All animal protocols were 
in strict accordance with the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals. All 
experimental protocols were approved by the Experimen-
tal Animal Ethics Committee of Lanzhou University Sec-
ond Hospital.

Transduction of Short Hairpin RNAs into Cultured 
Neurons

The neurons were transduced with lentiviral vectors con-
taining the cPKCγ short hairpin RNA (shRNA) gene or the 
negative control (NC), Lv-cPKCγ or Lv-GFP, after 3 days of 
culture according to the manufacturer’s instructions (MDL 
Biotech, Beijing, China). After a 72 h period of lentiviral 
transduction, neurons were subjected to 1 h OGD/24 h 
reoxygenation (1 h OGD/24 h R) treatment. The efficiency 
of transduction of the lentiviral vectors into the primary cul-
tured neurons was about 70%.

Measurement of Cell Viability

Neurons were seeded into 96-well plates and cultured 
overnight for adherence. The neuron survival rate was 
determined by using thiazolyl blue tetrazolium bromide 
(MTT; Promega, Madison, USA), and neuron death rate 
was detected by the LDH release rate using the CytoTox 96 
Non-Radioactive Cytotoxicity Assay (Promega) as per the 
manufacturer’s instructions.

Western Blot Assay and Analysis

Total proteins were extracted from cultured neurons, and 
30 µg of total protein was loaded onto an SDS-PAGE gel 
(12% SDS) and transferred to a nitrocellulose membrane 
which was then blocked with 5% nonfat milk in Tween/Tris-
buffered salt solution (TTBS) for 1 h. Primary antibodies 
against Caspase-3/8/9/12 (CST, Danver, USA), P-ERK1/2 
(Thr202/Tyr204, Millipore, St. Louis, MA, USA), ERK1/2 
(Millipore), P-JNK (Thr183/Tyr185, CST), JNK (CST), 
P-p38 MAPK (Thr180/Tyr182, CST), p38 MAPK (CST), 
P-p90RSK (Thr359/Ser363, CST), p90RSK (CST), P-Bad 
(Ser112, CST), Bad (CST), HSP70 (CST), cPKC (Santa 
Cruz Biotechnology, Heidelberg, Germany), Bcl-2 (CST), 
Bcl-xl (CST), Bax (CST), β-tubulin (Sigma-Aldrich, Darm-
stadt, Germany), and β-actin (Proteintech, Rosemont, USA) 
were added. Secondary antibodies against rabbit or mouse 
IgG (Jackson Immuno Research, West Grove, PA, USA) 
were added. The densitometry of proteins was normalized 
to β-actin or β-tubulin, as an internal standard.

Statistical Analysis

The SPSS 17.0 software was used for statistical analysis. 
All values were expressed as the mean ± standard deviations 
(SD). Statistical analysis was assessed by one-way analysis 
of variance (ANOVA) and by the Bonferroni multiple com-
parison test. Statistical significance was set at p < 0.05.

Results

cPKCγ Knockdown Aggravated Ischemic Injury 
in the OGD Model

To explore the role of cPKCγ in cortical neurons after OGD, 
three cPKCγ shRNA candidates were used. cPKCγ shRNA2 
which effectively inhibits the expression of cPKCγ was cho-
sen for the following experiment (Fig. 1a). After the neu-
rons were exposed to OGD for 30, 60, 90, and 120 min, 
the MTT results showed that neuronal survival rate was 
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Fig. 1  Effects of cPKCγ on the survival and death rate of cortical 
neurons after 1 h OGD/24 h R. A Western blot showing that cPKCγ 
shRNA2 decreases the protein expression of cPKCγ. B Quantitative 
analysis of the neuronal survival rate after exposure to OGD for 30, 
60, 90, and 120 min. C Quantitative analysis of the neuronal survival 
rate after exposure to 1 h OGD and 0, 12, 24, and 48 h R. Quantita-

tive analysis showed the effect of cPKCγ shRNA2 treatment on the 
neuronal survival rate (D) and the death rate (E) from the Normoxic 
and OGD groups. NC: negative control. ***p < 0.001 versus Nor-
moxic group (B, C, D, and E), $$p < 0.01 versus 1 h OGD/0 h R (C) 
###p < 0.001 versus 1 h OGD/24 h R + NC group (D and E)
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decreased with the extension of OGD time and reached a 
minimum at 120 min when compared with the normoxic 
group (Fig. 1b). When neurons were treated with 1 h OGD 
and 0, 12, 24, and 48 h of reoxygenation, the neuronal sur-
vival rate increased slightly at 24 h to 48 h when compared 
with the 1 h OGD/0 h R group (Fig. 1c). Here, in vitro mod-
els of ischemic stroke were constructed by keeping neurons 
in an OGD condition for 1 h followed by 24 h of reoxygena-
tion. As per the MTT and LDH results shown in Fig. 1d, 
e, the 1 h OGD/24 h R treatment significantly decreased 
the neuronal survival rate and simultaneously increased 
the neuronal death rate compared with their normoxic 
group, respectively. Moreover, cPKCγ knockdown further 
decreased the neuronal survival rate and simultaneously 
increased the neuronal death rate. These results provide 
further evidence that cPKCγ may play a protective role in 
OGD-treated neurons.

cPKCγ Knockdown Increased Caspase‑9‑Initiated 
Apoptosis in Neurons after 1 h OGD/24 h R

Accumulated studies have confirmed that caspases were acti-
vated in neurons after cerebral ischemia [15]. To explore the 
role of cPKCγ in apoptosis after ischemic injury, we used 
western blot analysis to assess the cleaved (cl)-Caspase-3 in 
neurons with 1 h OGD/24 h R. We found that the level of 
cl-Caspase-3 significantly increased after 1 h OGD/24 h R 
and further increased in cPKCγ shRNA2 neurons compared 
with that in NC neurons (Fig. 2b).

There are three possible pathways causing Caspase-3 
activation: the mitochondria-mediated intrinsic pathway 
via Caspase-9, the death receptors-mediated extrinsic path-
way via Caspase-8, and the endoplasmic reticulum (ER)-
stress pathway via Caspase-12. These three pathways have 
been reported to be activated in cerebral ischemia [16]. To 
further examine the effect of cPKCγ on initiator Caspases, 
we used western blot to determine whether cPKCγ could 
affect the levels of cl-Caspases-8, -9 and -12. We found 
that the levels of cl-Caspase-8 (Fig. 2d), -9 (Fig. 2f) and 
-12 (Fig. 2h) significantly increased in the 1 h OGD/24 h R 
group, but the level of cl-Caspase-3 and -9 further increased 
while both cl-Caspase-8 and -12 showed no difference in 
the cPKCγ shRNA2 group compared with that of the NC 
group, respectively. These results suggest that cPKCγ could 

decrease Caspase-9-initiated apoptosis in neurons after 1 h 
OGD/24 h R.

To further confirm that cPKCγ could decrease neuronal 
death and Caspase-9-initiated apoptosis after OGD, the 
neurons were transfected with lv-cPKCγ or lv-GFP. The 
cPKCγ proteins were upregulated in the lv-cPKCγ group 
(Fig. 3a). As the MTT (Fig. 3b) and LDH (Fig. 3c) assays 
show, lv-cPKCγ reduced neuronal death relative to the lv-
GFP group. The western blot analysis results showed that 
lv-cPKCγ reversed the high levels of cl-Caspase-3 (Fig. 3e) 
and -9 (Fig. 3g) that were induced in the neurons after 1 h 
OGD/24 h R compared with the lv-GFP group. These data 
further confirm that cPKCγ alleviates neuronal death and 
apoptosis after 1 h OGD/24 h R.

cPKCγ Knockdown Reduced the Phosphorylation 
Level of p38 MAPK in Neurons with 1 h OGD/24 h R

It is generally known that MAPKs can regulate apopto-
sis in ischemic stroke [17, 18]. PKC family can regulate 
the phosphorylation of MAPKs [19]. To further elucidate 
whether MAPKs are involved in cPKCγ-mediated apopto-
sis in OGD-treated neurons, western blot analysis showed 
that 1 h OGD/24 h R treatment significantly increased the 
phosphorylation levels of ERK (Fig. 4b) and JNK (Fig. 4d), 
and decreased the phosphorylation levels of p38 MAPK 
(Fig. 4f) when compared with that in the normoxic group, 
but only the phosphorylation level of p38 MAPK signifi-
cantly decreased in cPKCγ shRNA2 neurons relative to 
the NC neurons. These results indicate that cPKCγ inhibits 
OGD-induced apoptosis by increasing the p38 MAPK phos-
phorylation level.

cPKCγ Knockdown Reduced the Phosphorylation 
Levels of p90RSK and Bad in Neurons with 1 h 
OGD/24 h R

Heat shock protein 70 (HSP70) is a downstream target of 
MAPKs and plays a role in anti-apoptosis [20]. ERK1/2 can 
regulate the phosphorylation level of protein 90 ribosomal 
S6 kinase (p90RSK), and p-p90RSK could sequentially 
phosphorylate the proapoptotic protein Bad during cerebral 
ischemia [21]. Western blot analysis showed that HSP70 
protein expression was significantly decreased in the OGD-
treated group when compared with the normoxic group, but 
showed no difference between the cPKCγ shRNA2 group 
and the NC group (Fig. 5d). After OGD/R injury, the phos-
phorylation  levels of p90RSK and Bad diminished, and 
cPKCγ knockdown further reduced the phosphorylation 
levels of p90RSK (Fig. 5b) and Bad (Fig. 5f) relative to 
the NC group. These data show that cPKCγ enhances the 
phosphorylation levels of p90RSK and Bad in neurons after 
1 h OGD/24 h R.

Fig. 2  Effects of cPKC on the ratios of cl-Caspase/pro-Cas-
pase-3/8/9/12 in neurons after 1 h OGD/24 h R. Results (A, C, E, and 
G) and quantitative analysis (B, D, F, and H) of western blot showed 
the effect of cPKCγ knockdown on the ratios of cl-Caspase-3/pro-
Caspase-3, cl-Caspase-8/pro-Caspase-8, cl-Caspase-9/pro-Caspase- 
9, and cl-Caspase-12/pro-Caspase-12 in neurons after 1 h OGD/24 h 
R, respectively. NS: no significance. ***p < 0.001 versus Normoxic 
group (B, D, F, and H),.###p < 0.001 versus 1  h OGD/24  h R + NC 
group (B and F)

◂
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cPKCγ Knockdown Reduced the Levels 
of Antiapoptotic Proteins (Bcl‑2 and Bcl‑xl) 
and Increased the Level of Proapoptotic Protein 
(Bax) in Neurons after 1 h OGD/24 h R

The results from western blot analysis revealed that the pro-
tein levels of B-cell lymphoma-2 (Bcl-2) and B-cell lym-
phoma-xl (Bcl-xl) were substantially low, and Bcl-2 associ-
ated X protein (Bax) protein level was significantly high 
in the 1 h OGD/24 h R group when compared with that of 
the normoxic group. Compared with the NC group, cPKCγ 
shRNA2 group had lower levels of Bcl-2 (Fig. 6b) and 
Bcl-xl (Fig. 6d), whereas the protein level of Bax (Fig. 6f) 
was significantly higher. These results suggest that cPKCγ 
increases the levels of antiapoptotic proteins and decreases 
proapoptotic protein levels in ischemic neurons, further sug-
gesting that cPKC is involved in the apoptosis after ischemic 
injury.

Discussion

Stroke is one of the leading causes of death worldwide [22]. 
Its management involves intravenous thrombolysis fol-
lowed by mechanical thrombectomy, and less than 50% of 
treated patients eventually enjoy an independent life [23]. 
It is therefore important to explore the underlying mecha-
nisms of ischemic injury and identify novel therapeutic 
targets. Apoptosis, autophagy, and necrosis are three main 
types of cell death involved in ischemic stroke pathogenesis 
[24]. We previously found that cPKCγ alleviated ischemic 
injury in ischemic stroke through the Akt-mTOR Pathway 
and downstream autophagy [5]. However, the role of cPKCγ 
in apoptosis after stroke remains unclear. Using OGD neuron 
models, our data demonstrates three main findings. Firstly, 
we found that cPKC knockdown promoted neuronal death. 
Moreover, cPKC knockdown increased the cleavage of Cas-
pase-9/3 and Bax protein levels, while decreased Bcl-2 and 
Bcl-xl protein levels. cPKCγ overexpression could decrease 
neuronal death and Caspase-9-initiated apoptosis after OGD. 
Finally, we found that cPKC knockdown reduced the phos-
phorylation levels of p38 MAPK, p90RSK and Bad. Our 

results suggest that cPKC is beneficial to neuronal survival 
and improved stroke outcome.

In general, neuronal survival requires adequate supply 
of oxygen and glucose. In the process of oxygen and glu-
cose deprivation, there is energy depletion that decreases 
neuronal survival [25]. Moreover, the degree of neuronal 
damage is closely related to the duration and degree of OGD 
[26]. We opted for 1 h OGD in cultured neurons through 
the optimization of the duration of OGD insult. Reoxygena-
tion after OGD increases neuronal survival and alleviates 
ischemic injury [27]. Reoxygenation after OGD not only 
brings oxygen and glucose to neurons and attenuates oxi-
dative stress, but also contributes to neuronal reperfusion 
injury that can cause brain damage [28, 29]. Although the 
injury in reoxygenation stage is not as serious as that in 
the OGD alone stage, the survival rate of neurons reduced 
in the reoxygenation stage. In our experiment, we used an 
MTT assay to measure the survival rate of neurons at 1 h 
OGD/R 0, 12, 24, and 48 h, and the results showed that the 
survival rate of neurons increased slightly at three differ-
ent time points of reoxygenation, which was different from 
previous reports. The main reason is that apoptosis does 
occur after 1 h OGD/R 0−48 h, and some apoptotic neu-
rons might be tested by the MTT assay. Because in the early 
stage of apoptosis, neurons still have intact organelles, such 
as mitochondria. The MTT assay results showed that the 
survival rate of neurons increased slightly at R 0−48 h post 
OGD. In this study, we explored the neuronal apoptosis in 
the mitochondrial pathway after 1 h OGD/24 h R. These 
protein measurements may be affected by several factors that 
influence the proteome of dead cells.

cPKCγ has been found to increase as high as 24-fold in 
penumbra tissue samples obtained from ischemic stroke 
patients [12]. cPKCγ knockout increases the ratio of cleaved/
pro-Caspase-3 and TUNEL-positive cells to total neurons 
[30]. Previous studies suggest that cPKCγ plays an essential 
role in neuroprotection after ischemic injury [13]. Here, we 
concluded that one of the mechanisms utilized by cPKCγ 
to extend its protective effect was the inhibition of Caspase-
9-initiated apoptosis. MAPKs, including JNK, ERK1/2 and 
p38 MAPK, are mediators of neuronal viability after cerebral 
ischemia [31]. p38 MAPK plays a dual role in the regulation 
of cell death. p38 MAPK activation induces apoptosis and 
exacerbates infarction in rats after MCAO [32]. On the con-
trary, the activation of p38 MAPK exerts antiapoptotic effects 
in ischemic stroke [33]. The activation of ERK1/2 regulates 
neuronal survival through apoptosis signals during cerebral 
ischemic injury [34]. It has been reported that JNK activation 
can induce apoptosis in ischemic stress [35]. We have found 
that cPKCγ alleviates ischemic injury through the Akt-mTOR 
pathway, suggesting that PKC is upstream of the ischemic 
signaling pathway [5]. Our results showed that cPKCγ knock-
down significantly decreased the p38 MAPK phosphorylation 

Fig. 3  Effects of lv-cPKC on the neuronal death and the ratios of 
cl-Caspase/pro-Caspase-3/9 in neurons after 1  h OGD/24  h R. A 
Western blot showing cPKCγ protein expression in the lv-cPKCγ 
group in neurons after 1 h OGD/24 h R. Quantitative analysis of the 
neuronal survival rate (B) and death rate (C) in neurons transfected 
with lv-cPKCγ or lv-GFP after OGD. Results (D and F) and quan-
titative analysis (E and G) of the western blot showing the effect of 
lv-cPKCγ knockdown on the ratios of cl-Caspase-3/pro-Caspase-3 
and cl-Caspase-9/pro-Caspase-9 in neurons after 1  h OGD/24  h R, 
respectively. ***p < 0.001 versus Normoxia group (B, C, E, and G), 
#p < 0.001 versus 1 h OGD/24 h R + NC group (B) ###p < 0.001 versus 
1 h OGD/24 h R + NC group (C, e, and g)

◂
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Fig. 4  Effects of cPKC on the phosphorylation levels of MAPKs in 
neurons after 1 h OGD/24 h R. Results (A, C, and E) and quantita-
tive analysis (B, D, and F) of the western blot showed the effect of 
cPKCγ knockdown on the phosphorylation levels of ERK, JNK and 

p38 MAPK in neurons after 1 h OGD/24 h R, respectively. **p < 0.01 
versus Normoxic group (D) ***p < 0.001 versus Normoxic group (B 
and F), ###p < 0.001 versus 1 h OGD/24 h R + NC group (F)



370 Neurochemical Research (2023) 48:362–374

1 3

Fig. 5  Effects of cPKC on the protein expression level of HSP70 
and phosphorylation levels of p90RSK and Bad in neurons after 1 h 
OGD/24 h R. Results (A, C, and E) and quantitative analysis (B, D, 
and F) of the western blot showed the effects of cPKCγ knockdown 

on the protein level of HSP70 and phosphorylation levels of p90RSK 
and Bad in neurons after 1 h OGD/24 h R, respectively. ***p < 0.001 
versus Normoxic group (B, D, and F), ###p < 0.001 versus 1  h 
OGD/24 h R + NC group (B and f)
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Fig. 6  Effects of cPKC on the protein expression level of Bcl-2, Bcl-
xl and Bax in neurons after 1 h OGD/24 h R. Results (A, C, and E) 
and quantitative analysis (B, D, and F) of the western blot showed the 
effects of cPKCγ knockdown on the protein levels of Bcl-2, Bcl-xl 

and Bax in neurons after 1 h OGD/24 h R, respectively. ***p < 0.001 
versus Normoxic group (B, D, and F), ###p < 0.001 versus 1  h 
OGD/24 h R + NC group (B, D and F)
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level following 1 h OGD/24 h R, while the phosphorylation 
level of ERK1/2 and JNK were not altered by cPKCγ shRNA2.

It has been reported that activated ERK1/2 can phospho-
rylate p90RSK and subsequently activate Bad, playing a 
neuroprotective role in MCAO rats [21]. When p90RSK is 
phosphorylated and activated, its downstream kinase is sub-
sequently phosphorylated to trigger apoptosis [36]. We con-
cluded that cPKC knockdown reduced the phosphorylation 
levels of P90RSK and Bad, suggesting that cPKC is upstream 
of p90RSK and Bad. HSP70 is also a downstream target of 
p38 MAPK and inhibits apoptosis in vitro and in vivo ischemic 
models [37]. In our study, we found that HSP70 markedly 
decreased in the OGD model as reported previously, but 
cPKC knockdown had no effect on HSP70 protein expression. 
These results suggest that cPKC promotes the upregulation of 
P-p90RSK and P-Bad, but not HSP70 expression in antiapop-
totic signaling. We did not further validate the upstream and 
downstream relationship between p38 MAPK, p90RSK and 
Bad. The precise mechanism underlying ischemic stroke that 
triggers apoptotic cascades needs to be fully elucidated.

In the Bcl-2 protein family, the dynamic balance between 
proapoptotic protein (Bax) and antiapoptotic proteins (Bcl-2 
and Bcl-xL) determines cell fate during cerebral ischemia 
[38]. In response to stimuli, Bax translocates to the mito-
chondria and results in cytochrome c (cyt c) release [39]. 
Cyt c activates pro-Caspase-9 to form an apoptosome, and 
then initiates Caspase-3-mediated apoptosis [40]. Our results 
indicate that cPKC knockdown further downregulates the 
OGD-induced decreased expression of Bcl-2 and Bcl-xL, 
and upregulates Bax expression. These results indicate that 
cPKC upregulates the ratio of the antiapoptotic proteins, 
Bcl-2 and Bcl-xL, and the proapoptotic protein, Bax, and 
consequently inhibits Caspase-3 activation. Thus, we specu-
lated that p38 MAPK/p90RSK/Bad and the Bcl-2 family 
may be involved in the neuroprotective effect of cPKC and 
that the role of cPKC in apoptosis can be further attributed 
to the Caspase-3 signaling pathway. However, further stud-
ies are needed to explore whether cPKC can serve as a bio-
marker for clinical diagnosis and therapy in ischemic stroke.

Conclusion

In summary, we concluded that cPKCγ mediates Cas-
pase-9-initiated apoptosis through the activation of the 
phosphorylation levels of p38 MAPK/p90RSK/Bad in 
OGD-treated neurons. Therefore, the novel concept of 
cPKCγ-modulating apoptosis may be a potential thera-
peutic target for ischemic stroke.
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