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Abstract: Therapy for myocardial regeneration using bone marrow stromal cells (BM-MSCs) has been applied to
improve the cardiac function of subjects with acute myocardial infarction. However, the study of this therapy has
encountered a bottleneck because BM-MSCs are prone to apoptosis in ischemic and anoxic environments. The goal
of this study was to investigate the expression of mitogen activated protein kinase (MAPK) (p-38, JNK and ERK) and
endoplasmic reticulum stress protein (caspase-12 and CHOP) during BM-MSC apoptosis. In a BM-MSC model of
hypoxia and serum deprivation (H/SD), we observed the morphology and apoptotic rate of BM-MSCs for 24 h and
found that the nuclear shrinkage and apoptosis rate increased gradually and reached a maximum apoptosis rate
at the 6 h time point. Then, with the prolongation of the hypoxia time, the number of nuclear shrinkage cells and
the apoptosis rate gradually decreased. The expression levels of p-38, JNK, ERK, procaspase-12, caspase-12 and
CHOP increased at each H/SD time point. In addition, compared with the H/SD 6 h group, the nuclear shrinkage
and apoptosis rate were decreased in the SB202190 and SP600125 groups but increased in the PD98059 group.
Further, the expression of caspase-12 in the SB202190 group decreased, while the expression of procaspase-12 in-
creased, compared with the H/SD 6 h group. Overall, our findings suggested that p-38, JNK, CHOP and caspase-12
play important roles in promoting the apoptosis of BM-MSCs, while ERK is contrary to other signals. Moreover, the
apoptosis of BM-MSCs was induced by H/SD via the p-38-caspase-12 signaling pathway.

Keywords: Bone marrow stromal cells, apoptosis, mitogen activated protein kinase, endoplasmic reticulum stress,
p-38, JNK, ERK, procaspase-12, caspase-12, CHOP

Introduction cardium after AMI, most of the BM-MSC apop-
tosis occurs in the microenvironment of isch-
emia and hypoxia, affecting the therapeutic
effects of BM-MSCs transplantation [13, 14].
Therefore, it is important to prevent BM-MSCs

from apoptosis in the harsh microenvironment

Left ventricular remodeling caused by myocar-
dial cell loss and irregular fibrous proliferation
seriously affect the recovery of cardiac function
after acute myocardial infarction (AMI) [1-4].

Myocardial cell regeneration is a newly devel-
oped cell therapy that transplants stem cells
into areas where the heart is depressed, ins-
tead of ischemic and anoxic myocardium. Both
experimental and clinical studies have shown
that stem cell transplantation can improve car-
diac function and promote angiogenesis [5-10].
Currently, bone marrow mesenchymal stromal/
stem cells (BM-MSCs) have attracted great
attention from researchers because of their
strong plasticity and self-availability [11, 12].
However, it has recently been found that, when
BM-MSCs are transplanted into infarcted myo-

of ischemia and hypoxia.

Recent studies have shown that endoplasmic
reticulum stress (ERS) plays an important role
in many cell apoptosis processes [15-17]. Early
ERS is a response promoting survival, while the
unfolded protein response reduces the accu-
mulation of unfolded protein and restores the
function to the endoplasmic reticulum. However,
when the unfolded protein response is not suf-
ficient to protect cell survival, the endoplasmic
reticulum will act as the trigger point of apopto-
sis signals to induce apoptosis and promote the
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expression of apoptosis-inducing factors, such
as the caspase family and C/EBP homologous
protein (CHOP). The caspase family is a key
molecular group for apoptosis. By cutting off
contact with the surrounding cells, caspase
family members can recombine the cytoskele-
ton, shut down DNA replication, destroy DNA
and nuclear structures, and induce the forma-
tion of apoptotic bodies, in which caspase-12 is
closely related to ERS [18]. CHOP, as an ERS-
specific transcription factor, plays an important
role in endoplasmic reticulum stress-induced
apoptosis [18, 19]. However, the status and
specific molecular mechanisms of caspase-12
and CHOP are not clear in the process of
BM-MSC apoptosis.

Mitogen-activated protein kinase (MAPK), a
serine/threonine protein kinase, can transduce
extracellular signals into cells and their nuclei
and can regulate gene expression through the
activation of transcription factors via a con-
served three stage cascade (MAPKKK-MAPKK-
MAPK). This pathway might be involved in many
physiological processes, such as cell move-
ment, apoptosis, differentiation and prolifera-
tion. The subgroup mainly includes the extra-
cellular signal-regulated kinase (ERK) signaling
pathway, c-Jun N-terminal kinase (JNK) signal-
ing pathway, and p-38 signaling pathway [20,
21]. ERK was the first member of the MAPK
family to be discovered and extensively stud-
ied. It has the potential to promote cell survival
and anti-apoptosis, and it is considered a clas-
sic cell protective signaling pathway [22, 23],
while activation of JNK and p-38 has generally
been associated with the promotion of apopto-
sis [24-26]. Therefore, in this study, we also
investigated whether MAPK plays an important
regulatory role in the apoptosis of BM-MSCs.

The aim of this experiment was to investigate
the changes in the MAPK family and ERS during
BM-MSC apoptosis, as well as to investigate
whether there is an inherent relationship be-
tween the MAPK family and ERS in regulating
the apoptosis of BM-MSCs.

Materials and methods
Chemicals and reagents
Adult male Sprague-Dawley (SD) rats (70-90 g)

were acquired from the Laboratory Animal
Center of Zhejiang Chinese Medical University
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Laboratory Animal Research Center (certificate
number SYXK (Zhe) 2013-0184). Low glucose
Dulbecco’s Modified Eagle’s Medium (DMEM),
glucose-free DMEM, 0.25% trypsin of 0.02%
EDTA, and phosphate-buffered saline (PBS)
were acquired from Gino Biological Medical
Technology Co., Ltd. (Zhejiang, China). Fetal
bovine serum (FBS) and bovine serum albumin
(BSA) were acquired from Zhejiang Tianhang
Biological Technology Co., Ltd. (Zhejiang, Chi-
na). Protein phosphatase inhibitor mixture, pro-
tease inhibitor mixture, and SDS-PAGE protein
sample buffer were acquired from Darwin
Biotechnology Company. (Zhejiang, China).
Anti-rat CD44H PE, anti-rat CD45 PE, and anti-
mouse/rat CDO0O FITC were acquired from
Thermo Fisher Scientific (Waltham, MA, USA).
Hoechst 33342 fluorescent dye was acquired
from Shanghai Jia Shi Science Instrument Co.,
Ltd. (Shanghai, China). The Annexin V-FITC&PI
Apoptosis Kit was acquired from Biouniquer
Company (Jiangsu, China). RIPA lysis buffer,
BSA protein quantitative standard, and the pro-
tein quantitative kit were acquired from Beijing
Pulilai Gene Technology Co., Ltd. (Beijing, Chi-
na). Total p-38 (t-p-38), total JNK (t-JNK), total
ERK (t-ERK), CHOP polyclonal antibody, and
GAPDH polyclonal antibody were acquired from
Protein tech Group, Inc. (Chicago, IL, USA).
Caspase-12 (M-108): sc-5627 was acquired
from Santa Cruz Biotechnology. (Dallas, TX,
USA). Anti-JINK1+JNK2+JNK3 (phospho Y185+
Y185+Y223) antibody, anti-p-38 (phospho
T180) antibody, and anti-Erk1 (pY204)+Erk2
(pY187) antibody were acquired from Abcam
Company (Cambridge, UK). SB202190, SP6-
00125, and PD98059 were acquired from
Selleck Chemicals. (Houston, TX, USA). Enhan-
ced bicinchoninic acid (BCA) and the protein
assay kit were acquired from Beyotime (Jiangsu,
China).

Extraction and culture of BM-MSCs from rats

Two male SD rats were sacrificed and sterilized
for 2 min in a beaker containing 75% alcohol.
The femur and tibia were removed on an asep-
tic operating table (Suzhou Purification, Jiangsu,
China). The ends of the femur and tibia were
severed, and the bone marrow cavities were
repeatedly aspirated using sterile syringes con-
taining 10% FBS complete culture medium until
the bone marrow cavities were white; then, the
bone marrow culture medium was transferred
to the cell culture dish and cultured at 37°C in
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a 5% CO, and 95% saturated humidity incuba-
tor (Thermo, Waltham, MA, USA). After 24 h, the
culture medium was replaced, the suspension
of dead cells was removed, fresh intact medi-
um was added, and the liquid was changed
once every two days. The cell state and fusion
degree were observed at a fixed time every day
under an inverted phase contrast microscope
(Olympus, Tokyo, Japan). When the cells grew to
80%, the culture medium was removed and
washed with PBS 2 times, and then the trypsin
was added to lyse the cells in a 37°C incubator.
When the cells became round, and the space
between the cells increased, the trypsin was
aspirated and discarded. Further, the 10% FBS
DMEM complete medium was joined immedi-
ately to terminate digestion. Then, the cells
were mixed and separated into a single cell
suspension, inoculated into a new culture dish
at a ratio of 1:2, and continued to be cultured
at 37°C in a 5% CO,, 95% saturated humidity
incubator for subsequent experiments.

Identification of BM-MSCs

In the third passage (P3) generation, the well
growing cells were digested by 0.25% trypsin
and then centrifuged at 1000 r for 5 min at
4°C. The monoclonal antibodies CD44, CD45
and CD90 were added to each tube. At the
same time, each tube sample was established
with the same type negative control, and they
were incubated on ice for 45 min. Then, flow
cytometry (Beckman, Fullerton, CA, USA) was
used for detection and analysis.

Establishment of the apoptosis model of BM-
MSCs

The P3 generation of BM-MSCs was divided
into five groups: control; hypoxia and serum
deprivation 3 h (H/SD 3 h); hypoxia and serum
deprivation 6 h (H/SD 6 h); hypoxia and serum
deprivation 12 h (H/SD 12 h); and hypoxia and
serum deprivation 24 h group (H/SD 24 h). In
addition to the control group with low glucose
DMEM and 10% FBS, the other groups were
replaced with glucose free and serum free
DMEM and were placed in anaerobic culture
medium for 3 h, 6 h, 12 h, and 24 h, respec-
tively. The above groups were cultured at 37°C
in 5% CO,. Then, each group was stained with
Hoechst 33342 to determine the best model-
ing time using a fluorescence microscope
(Olympus, Tokyo, Japan), as well as stained with
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Annexin V-PI to observe the cell apoptosis using
flow cytometry.

Changes in MAPK and ERS proteins during
BM-MSC apoptosis

The P3 generation of BM-MSCs was divided
into four groups: control; hypoxia and serum
deprivation 2 h (H/SD 2 h); hypoxia and serum
deprivation 4 h (H/SD 4 h); and H/SD 6 h. Then,
the hypoxia group was submitted to the corre-
sponding hypoxic treatment as before. Western
blotting was performed to analyze the changes
in MAPK and ERS protein. Briefly, each group of
cells was collected and split for 30 min in anice
bath. The pyrolysis product was centrifuged at
12000 g for 15 min, and then the suspension
was collected. The protein concentration (30
pg) was determined by BCA assay and UV spec-
trophotometer (Thermo, Waltham, MA, USA).
Protein was denatured in a heating block at
100°C for 10 min. The samples were electro-
phoretically separated by SDS-PAGE and were
transferred to polyvinylidene fluoride sheets
using a transblot apparatus. Membranes were
blocked for 90 min at room temperature with
5% BSA dissolved in TBS-T buffer (25 mM Tris,
0.8% NaCl, 0.02% KCI and 0.1% Tween-20, pH
7.4). Samples were analyzed for p-p-38, p-JNK,
p-ERK, procaspase-12, caspase-12, CHOP and
GAPDH using the appropriate primary and sec-
ondary antibodies. Subsequently, the mem-
branes of the first three were stripped and re-
probed for t-p-38, t-JNK and t-ERK to normalize
the p-p-38, p-JNK and p-ERK band intensities,
respectively.

Effect of the MAPK signaling pathway on the
apoptosis of BM-MSCs

BM-MSCs were divided into five groups: con-
trol; H/SD 6 h; SB202190 pretreatment (SB20-
2190); SP600125 pretreatment (SP600125);
and PD98059 pretreatment (PD98059). The
control group was cultured with low glucose
DMEM and 10% FBS, and the SB202190,
SP600125 and PD98059 pretreatment groups
were pretreated with 15 ym SB202190, 20 ym
SP600125 and 100 um PD98059, respective-
ly, for 2 h (respectively blocking the p-38, JNK
and ERK pathways); then, they were treated
with 6 h of hypoxia with the H/SD 6h group as
before. Each group was treated with Hoechst
33342 staining and Annexin V-PI staining to
observe the apoptosis levels of BM-MSCs qual-
itatively and quantitatively.
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Figure 1. Identification of qualified BM-MSCs. A. Morphological observation (magnification, 1 = x200, 2 = x400).
The P3 generation of BM-MSCs had uniform morphology, spindle shapes or long spindle shapes and were arranged
in an orderly manner, and the number of hybrid cells decreased significantly. B. Detection of specific indicators of
qualified BM-MSCs by flow cytometry in the P3 generation. Flow cytometry also showed that the specific positive
indicators of CD44 and CD90 were highly expressed in the P3 generation, while the negative index CD45 was mini-

mally expressed.

Correlation between MAPK and ERS protein

BM-MSCs were divided into four groups: con-
trol; H/SD 6 h; SB202190; and SP600125.
Each group was pretreated and treated with
hypoxia and then analyzed by western blotting,
as above.

Statistical analysis

All of the values are expressed as the mean +
S.E.M. Statistical analysis was performed with
SPSS software, version 19 (SPSS Inc., Chicago,
IL, USA). Significant differences were assessed
by one way analysis of variance, followed by the
Student-Newman-Keuls test or Dunnett’s post
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hoc test. Differences among the groups were
considered significant at P < 0.05.

Results
Identification of BM-MSCs

We identified BM-MSCs by morphological ob-
servation and flow cytometry. Morphological
observation showed that the P3 generation of
BM-MSCs had uniform morphology, spindle
shapes or long spindle shapes and were
arranged in an orderly manner, and the number
of hybrid cells decreased significantly that
could be used for BM-MSC flow identification
and subsequent experiments (Figure 1A). Flow
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Figure 2. The changes in BM-MSC apoptosis levels at different time points of hypoxia and serum deprivation. A. BM-MSCs from the five groups with Hoechst 33342
staining (magnification, = x200). In the H/SD groups, the apoptotic cells are dyed brighter because of nuclear crinkle compared to normal cells, the most obvious of
which was the H/SD 6 h group. B. Annexin V-PI double staining flow cytometry for BM-MSC apoptosis. Annexin V/PI indicates normal cells, Annexin V*/PI indicates
early apoptotic cells, Annexin V*/PI* indicates late apoptotic cells, and Annexin V/PI* indicates necrotic cells. C. Detection of apoptosis rate. Flow cytometry showed
that the apoptosis rate of cells in each H/SD group was higher than that in the control group, and the rate of apoptosis in the H/SD 6 h group was the highest. All of
the values are the mean + S.E.M. (n = 3 per group). “P < 0.05 vs control group, “*P < 0.01 vs control group. *P < 0.05 vs H/SD 6 h group.
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cytometry also showed that the specific posi-
tive indicators of CD44 and CD90 were highly
expressed in the P3 generation BM-MSCs
(69.33% and 99.56%, respectively), while the
negative index for CD45 was minimally
expressed (11.32%) (Figure 1B).

Selection of apoptosis model of BM-MSCs

The establishment of the apoptosis model was
evaluated by Hoechst 33342 staining and flow
cytometry. Hoechst 33342 staining showed
that, compared with the control group, the H/
SD groups showed a unique morphology of cell
apoptosis: nuclear shrinkage. The apoptosis
rates of BM-MSCs at different time gradients
under hypoxic conditions showed a certain
trend; that is, from O h to 6 h, the nuclear
shrinkage gradually increased and reached the
maximum apoptosis rate at the 6 h time point.
Then, with the extension of hypoxia time, the
number of nuclear shrinkage cells gradually
decreased (Figure 2A). Flow cytometry also
showed that, compared with the control group,
the apoptosis rate increased in the H/SD
groups, the trend of apoptosis was consistent
with the results of Hoechst 33342 staining,
and the apoptosis rate of the H/SD 6 h group
was the highest (P < 0.05) (Figure 2B, 2C).
Interestingly, according to the results of flow
cytometry, the apoptosis rate of the H/SD 24 h
group was higher than that of the H/SD 6 h
group, but based on the number of cells surviv-
ing and the results of Hoechst 33342 staining,
the cells in the H/SD 24 h group underwent
necrosis, interfering with the accuracy of flow
cytometry.

Activation of MAPK and ERS protein during the
apoptosis of BM-MSCs

To investigate whether MAPK and ERS protein
participate in the apoptosis of BM-MSCs, p-38,
JNK, ERK, procaspase-12, caspase-12 and
CHOP were detected by western blotting. After
hypoxic preconditioning for 2 h, 4 h and 6 h,
compared with the control group, the expres-
sion of p-38 in the H/SD groups increased at
each time point (P < 0.05 for all, Figure 3A, 3B),
and the expression of the H/SD 2 h and H/SD 4
h groups increased obviously and reached a
maximum at 4 h after hypoxia (both P < 0.01).
Compared with the control group, the expres-
sion of JNK in the H/SD 2 h group did not
change significantly, but the expression of the
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H/SD 4 h and H/SD 6 h groups increased (P <
0.01 and P < 0.05, respectively). Compared
with the control group, the expression of ERK
increased in all of the H/SD groups (P < 0.05
for all). The expression of procaspase-12 in the
H/SD 4 h group increased compared with the
control group (P < 0.01, Figure 3C, 3D). The
expression of caspase-12 in the H/SD 4 h
group was increased compared with the control
group (P < 0.01). Compared with the control
group, the expression of CHOP in the H/SD
groups increased significantly (P < 0.01 for all),
and the expression increased gradually with
the time gradient.

Regulation of the MAPK signaling pathway on
apoptosis of BM-MSCs

To demonstrate the hypothesis that activation
of the MAPK signaling pathway regulates apop-
tosis of BM-MSCs, rather than being an inci-
dental phenomenon in BM-MSC apoptosis, we
used SB202190, SP600125, and PD98059 to
block the p-38, JNK, and ERK signaling path-
ways, respectively. Then, apoptosis was obse-
rved by Hoechst 3334 staining and flow cytom-
etry to evaluate the role of the MAPK signaling
pathway in regulating BM-MSC apoptosis.
Hoechst 33342 staining showed that, com-
pared with the control group, more BM-MSCs in
the H/SD 6 h group showed a unique morphol-
ogy of apoptosis and nuclear shrinkage, while
the BM-MSCs showing nuclear shrinkage in the
SB202190 and SP600125 groups decreased
significantly, but the BM-MSCs showing nuclear
shrinkage in the PD98059 group did not
decrease significantly (Figure 4A). Flow cytom-
etry showed that, compared with the H/SD 6 h
group, the apoptosis rate of BM-MSCs in the
SB202190 and SP600125 groups was signifi-
cantly decreased (both P < 0.05, Figure 4B,
4C), while the apoptosis rate in the PD98059
group was increased (P < 0.05).

Correlation between MAPK and ERS protein

To further investigate the relationship between
MAPK and ERS protein, p-38, JNK, procas-
pase-12, caspase-12 and CHOP were detected
by western blotting. Compared with the control
group, the expression of caspase-12 in the H/
SD 6 h group increased significantly (P < 0.01,
Figure 5A, 5B). Compared with the H/SD 6 h
group, the expression of caspase-12 in the
SB202190 group decreased significantly (P <
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Figure 3. Expression of the phosphorylation of MAPK and ERS. A. Representative immunoreactive bands for phos-
phorylated p-38, JNK and ERK. B. The average of p-p-38/t-p-38, p-JNK/t-JNK and p-ERK/t-ERK. The phosphorylation
rates of p-38, JNK and ERK increased after hypoxia and serum deprivation, and the phosphorylation rates of P-38
and JNK in the H/SD6 group were the highest. C. Representative immunoreactive bands for procaspase-12, cas-
pase-12 and CHOP. D. The average of procaspase-12/GAPDH, caspase-12/GAPDH and CHOP/GAPDH. In addition
to caspase-12 in H/SD 4 h group, the expression levels of procaspase-12, caspase-12 and CHOP increased after
hypoxia and serum deprivation. All of the values are the mean + S.E.M. (n = 3 per group). “P < 0.05 vs control group.
“*P < 0.01 vs control group.

0.01), while the expression of caspase-12 in the H/SD 6 h group, the expression of procas-
the SP600125 group was not statistically sig- pase-12 in the SB202190 group decreased sig-
nificantly different (P > 0.05). Compared with nificantly (P < 0.05).
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Figure 4. Regulation of the MAPK signaling pathway in the apoptosis of BM-MSCs. A. BM-MSCs from the five groups with Hoechst 33342 staining (magnification, =
x200). Compared with the H/SD 6 h group, the nuclear crumpled cells in the SB202190 and SP600125 groups decreased significantly, but the nuclear crumpled
cells in the PD98059 group seemed to increase. B. Annexin V-PI double staining flow cytometry for BM-MSC apoptosis. Annexin V/PI" indicates normal cells, Annexin
V*/PI indicates early apoptotic cells, Annexin V*/PI* indicates late apoptotic cells, and Annexin V/PI* indicates necrotic cells. C. Detection of apoptosis rate. The
apoptosis rate decreased after SB202190 and SP600125 intervention but increased after PD98059 intervention, compared with the H/SD 6 h group. All of the
values are the mean + S.E.M. (n = 3 per group). “*P < 0.01 vs control group. P < 0.05 vs H/SD 6 h group. #P < 0.01 vs H/SD 6 h group.
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Figure 5. Correlation between MAPK and ERS pro-
tein. A. Representative immunoreactive bands for
procaspase-12 and caspase-12. B. The average
of procaspase-12/GAPDH and caspase-12/GAP-
DH. The expression level of caspase-12 through
the intervention of SB20219 decreased com-
pared with the H/SD 6 h group, while the level
of procaspase-12 increased. All of the values are
the mean + S.E.M. (n = 3 per group). "P < 0.05 vs
the control group. **P < 0.01 vs the control group.
#P < 0.05 vs the H/SD 6 h group. *#P < 0.01 vs the
H/SD 6 h group.

Discussion

It is the premise of establishing an apoptosis
model to extract and culture standard BM-
MSCs. The flow cytometry identification of qual-
ified BM-MSCs should meet the following crite-
ria: 1) the surface specific markers CD44 and
CD90 were detected to ensure the accuracy of
cell selection; and 2) the negative index CD45
was detected to exclude the interference of
hematopoietic cells [27, 28]. The results of this
experiment showed that the expression of
CD44, CD90 and CD45 met the standard of
BM-MSC purification. In addition, the optimal
BM-MSC apoptosis model was closely related
to the hypoxia time. We found that the apop-
totic rate of BM-MSCs showed a trend with time
in the H/SD environment; that is, from O h to 6
h, the cell shrinkage or apoptosis rate increased
gradually, and then with the extension of hypox-
ia time, the number of nuclear shrinking cells or
the apoptotic rate gradually decreased. There-
fore, we chose H/SD 6 h as the final time point
for the observation of apoptosis.
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Studies have shown that the endoplasmic retic-
ulum plays an important role in the apoptosis of
multiple cells [15-17]. Endoplasmic reticulum
dysfunction can lead to ERS. Early ERS is a pro-
tective effect and is mediated by transmem-
brane receptors [29]. In normal cells, the trans-
membrane receptor binds to the molecular
chaperone in the endoplasmic reticulum cavity
to remain inactive. When stress occurs, the mo-
lecular chaperone and transmembrane recep-
tors are dissociated, resulting in receptor acti-
vation and induction of ERS. However, when the
protective effect of the endoplasmic reticulum
occurs with an overly compensatory reaction, it
becomes the trigger point of apoptosis signal-
ing, which promotes the expression of apopto-
sis-inducing factors, such as caspase-12 and
CHOP [30Q]. Therefore, in the process of BM-
MSC apoptosis, it is important to identify the
expression of caspase-12 and CHOP because
they are involved in ERS. We demonstrated th-
at the expression of caspase-12 and CHOP
increased during BM-MSC apoptosis, suggest-
ing that ERS is involved in the apoptosis of
BM-MSCs.
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We also detected changes in the MAPK signal-
ing pathway during BM-MSC apoptosis. Pre-
vious studies have shown that this signaling
pathway is involved in a variety of physiological
processes, such as cell movement, apoptosis,
differentiation and growth and proliferation
[20, 21]. Therefore, we hypothesized that the
three MAPK pathways of p-38, JNK and ERK
also regulate the apoptosis of BM-MSCs, and
our results also showed that the three path-
ways were involved in the apoptosis of BM-
MSCs. To further investigate the MAPK signal-
ing pathway in BM-MSCs, apoptosis plays an
important role, rather than an incidental phe-
nomenon, so we used SB202190, SP600125
and PD98059 to block the p-38, JNK and ERK
signaling pathways, respectively, to observe
the changes in BM-MSCs under hypoxic condi-
tions. We found that the apoptotic rate of
BM-MSCs decreased after the p-38 or JNK
pathways were blocked, indicating that the
p-38 and JNK pathways promoted the apopto-
sis of BM-MSCs under H/SD conditions. After
the ERK pathway was blocked, the apoptotic
rate of BM-MSCs increased compared with the
H/SD group, indicating that the ERK pathway
plays an important role in the process of anti
BM-MSC apoptosis.

To further investigate whether there is a corre-
lation between the MAPK signaling pathway
and ERS in the regulation of BM-MSC apopto-
sis, we used SB202190 and SP600125 to
block p-38 and the JNK signaling pathway to
observe the expression of caspase-12, procas-
pase-12 and CHOP, respectively. Procaspase-
12, as the precursor of caspase-12, can form
caspase-12 with apoptotic activity after being
sheared [31, 32]. Ours is the first evidence sug-
gesting that the expression of caspase-12
decreased significantly after SB202190 blo-
cked p-38, proving that p-38 is upstream of the
caspase-12 signal. Further, when the p-38 sig-
nal pathway was blocked, the expression level
of procaspase-12 increased, indicating that
blocking the p-38 signaling pathway interfered
with the activation of caspase-12. Therefore,
the mechanism of SB202190 inhibiting BM-
MSC apoptosis might be due to the inhibition of
the p-38 signaling pathway, which blocks the
protein maturation process of procaspase-12
to caspase-12, thereby reducing the apoptosis
of cells. Unfortunately, the relationship between
the p-38 signaling pathway and CHOP, as well

2564

as the relationship between the JNK signaling
pathway and ERS, is not clear.

In conclusion, our results in this study showed
that the mechanism of BM-MSC apoptosis
involves the MPAK signaling pathway and endo-
plasmic reticulum stress. Among these fac-
tors, p-38, JNK, CHOP and caspase-12 play
important roles in promoting the apoptosis of
BM-MSCs, while ERK is contrary to other sig-
nals, playing a role in the anti-apoptosis of
BM-MSCs. In addition, we further demonstrat-
ed that the p-38-caspase-12 signaling pathway
was activated in the absence of serum and
hypoxia to promote the apoptosis of BM-MSCs.
Our results provided some evidence for the
mechanism of BM-MSC apoptosis caused by
hypoxia and serum deprivation, and they also
provided a reference point for the selection of
anti-apoptotic targets of BM-MSCs. Moreover,
our research established four hypoxia time
points for the BM-MSC apoptosis model and
screened out the time point with the highest
rate of apoptosis, that is, H/SD 6 h, providing
reference data for the establishment of the
BM-MSC apoptosis model.
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