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Abstract: Objects: to probe into the effects of PKCe on migration and paracrine functions of stem cells and potential
molecular mechanisms. Methods: Bone Marrow mesenchymal stem cells (BMMSCs) were obtained from rat femur
and passaged. mRNA and protein levels of capital proteins in PKCe signaling, SDF-1/CXCR4 axis and PI3K/AKT
pathway in the MSCs in different conditions treating with PKC agonist, specific PKCe inhibitor, CXCR4 antagonist or
PI3K inhibitor for 24 hours were analyzed by real-time PCR and western blot, and migration abilities were observed
by migration assay in vitro and the changes of paracrine factors in different treatments were analyzed by protein
clips assay. Results: the levels of p-JNK, p-P38MAPK, SDF-1, CXCR4, PI3K and p-AKT increased significantly after
treating with PKC agonist (P < 0.05) and decreased obviously after treating with specific PKCe inhibitor. Migration
ability and paracrine function of MSCs were enhanced in PMA group and attenuated in PKCe inhibitor group, and
inhibiting activity of CXCR4 or PI3K attenuated the effects of PKCe, but not abolished completely. Conclusion: There
was cross-talking between PKCe signaling and SDF-1/CXCR4 axis and PI3K/AKT pathway in signal transduction of
MSCs. Activating PKCe could improve migration ability and paracrine function of MSCs partly at least independent
of SDF-1/CXCR4 axis and PI3K/AKT pathway.
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Introduction

Ischemic heart diseases is worldwide leading
death causes, and irreversible and widespread
loss of myocardial cells and subsequent ven-
tricular remodeling resulting from acute myo-
cardial infarction (AMI) is still main cause
resulting into chronic heart failure and perma-
nent loss of labor force [1]. There are 17.3 mil-
lion peoples died of ischemic heart diseases in
2008, and the numbers would be 23.6 million
by 2030 [2]. Stem cell-based regeneration
therapy for AMI had shown encouraging out-
comes and great therapeutic potential both in
preclinical [3, 4] and clinical studies [5-8], and
probably become an important routine assist-
ing approach for coronary artery disease in the
future soon. However, there are two crucial bot-
tleneck problems to resolve to improve efficien-
cy of stem cells before transplantation therapy
is widely used in clinic, i.e. poor homing and
survival rate. It is known that SDF-1/CXCR4 axis

plays an important role during immigration, pro-
liferation and survival, and researchers had
tried many methods to improve homing and sur-
vival of stem cells [9-15]. Nevertheless, sub-
stantial breakthrough hadn’t still been got on
homing and survival of stem cells despite of
arduous exploring, and the rates of homing and
survival are unsatisfied until now, which sug-
gested that the signal mechanisms of homing
and survival may be very complicated and prob-
ably there are some unknown mechanisms
which play an important role during homing and
survival, and investigating thoroughly the mech-
anisms would probably provide new clues and
evidences for enhancing effects of stem cells,
and have important clinical significance.

Previous studies [16-18] had shown that Protein
Kinase C ¢ (PKCg) play a unique crucial role in
signal transduction during ischemic cardiopro-
tection, and activation of PKCe may be neces-
sary and sufficient condition for ischemic car-
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dioprotection. However, whether it have an
effect on homing and survival of stem cells and
potential molecular mechanisms involved
aren’t clear at all by now. So we performed the
study to determine the effects of PKCe on
migration and paracrine function of Bone
Marrow mesenchymal stem cells (BMMSCs)
and potential mechanisms, thus provide new
clues for working out reasonable and effective
strategy of improving migration and survival of
stem cells.

Materials and methods
Conduct of the study

The study was reviewed and approved by the
Institutional Ethics Committee of the Anzhen
Hospital and Beijing Institute of Heart Lung and
Blood Vessel Diseases on Animal Resource
and conformed to the guiding principles of
“Guide for the Care and Use of Laboratory
Animals” (NIH Publication NO. 83-23, revised
1996) during maintaining and using the
animals.

Isolation, expansion and passage of rat bone
Marrow-Derived Mesenchymal stem cells
(BMMSCs)

BMMSCs were separated as previously
described [19]. Briefly, BMMSCs were separat-
ed from the femurs taken from Sprague Dawley
rats (male, weighing 100~120 g, sacrificed by
intraperitoneal injection of 3% Pentobarbital
Sodium with the dose of 100 mg/kg before
their femurs were taken). The cells were centri-
fuged at 1000 g for 5 minutes and suspended
in Dulbecco’s modified Eagle medium with low
glucose (GIBCO, Carlsbad, CA) supplemented
with 15% fetal bovine serum (Hyclone, Utah,
CA). After the cells were vaccinated in culture
flask with the density of 2 x 10° cells per cm?
and incubated in the condition of 37°C with 5%
CO, and saturated humidity, the adherent layer
was washed once every two day with fresh
medium. Cells from Passages 5 to 8 were har-
vested to be used in subsequent biochemical
experiments.

Vitality assay and delineating of growth curve
MSCs

MSCs vitality was measured by Trypan blue

Staining, and viable and died cells were count-
ed respectively. Cell vitality (%) = [(total cellular
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score-colouring cell count)/total cellular score]
x 100%.

MSCs from Passages 5 were digested with
0.25% trypsogen and vaccinated in 96-well
plate with the density of 2 x 10* cells per ml
(200 pL per well) and cultured for consecutive
8 days, and the optical density (OD) and cellular
counts were measured each day. OD value at
570 nm was measured by incubating with 20
ML 5 mg/ml methyltetrazolium for four hours
followed by adding into 150 pL DMSO, and cul-
ture solution without cells acted as blank con-
trol. Cellular counts were performed by
Trypanblau Staining. Growth curves were delin-
eated. Population doubling time (T,) = t [log,/
(logNt-logN,)].

Identification of surface markers of MSCs by
flow cytometry

After digested with 2.5 g/L trypsin, MSCs were
prepared with the density of 1 x 108/ml, and
incubated for 30 minutes at 37°C respectively
with Monoclonal antibodies of CD29, CD44,
CD34, CD45, then incubated for 30 minutes
with corresponding FITC-labeled secondary
antibody after centrifuging and washing three
times with PBS (see attached Supplementary
Tables 2 and 3), and homologous IgG and PBS
acted as negative control. Then expressions of
the surface markers of MSCs were analyzed by
flow cytometry.

Experimental protocol

The two days before experiments, MSCs were
cultured on Petri dishes at a density of 3000
cells/cm?. To optimize the dose and time for
treatment, cells were treated with several
doses of PKCe (0-20 uM) for 24 hours. The opti-
mal dose of PKCe (5 uM) determined by MSCs
vitality assay was then used to treat cells for a
period of time (6-36 hours) to determine an
optimal time period.

Then the harvested MSCs were divided into six
groups to receive respectively different treat-
ments: MSCs + medium (control group), MSCs
+ PMA (low-dose PKC agonist, 0.5 uM), MSCs +
PMA (high-dose PKC agonist, 5 uM), MSCs +
R031-8820 (specific PKCe inhibitor, 1 uM),
MSCs + PMA (5 uM) + AMD3100 (CXCR4 antag-
onist, 2 uM), MSCs + PMA (5 uM) + LY294002
(PI3K inhibitor, 2 uM). MSCs in each group were
incubated respectively with above drugs for 24
hours.
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Determination of translocation of PKCe in
MSCs in different groups

Cytoplasm proteins and membrane proteins of
MSCs in each group were extracted and sepa-
rated with the extraction kit (Beyotime, shang-
hai, China), and Western Blot was performed as
previously described [20] to analyze PKCe ex-
pression in different parts of MSCs. Tran-
slocation index = content of PKCe in membrane
protein/(content of PKCe in membrane protein
+ content of PKCe in cytoplasm).

Real-time reverse transcription-PCR analysis of
MRNA expression of interest proteins in differ-
ent groups

Total RNA was extracted from the cells in each
group with RNA simple Total RNA Kit (TIANGEN,
Peking, china). cDNA was prepared using iScript
cDNA Synthesis Kit (Bio Rad) and Real time
PCR was performed on samples using Exicycler
96 (BIONEER, Korea) according to manufactur-
er's protocol, then mRNA expression of each
interest protein was analyzed. The primer
sequences used for experiments were listed in
attached Supplementary Table 1. Amplification
and melting curves were obtained, and B-actin
was used as the reporter gene, and simple
primer reaction products acted as negative
control.

Western blot analysis of expressions of interest
proteins in different groups

The samples were plated in 24-well dishes
(50,000 cells/well) and harvested in 50 ul of
sample buffer, boiled and sonicated. Protein
lysates were separated on 10% SDS-poly-
acrylamide gels. After transferring on polyvinyli-
dene fluoride Membranes and blocking with
nonfat milk (5% w/v), blots were incubated with
primary antibodies (attached Supplementary
Table 2) overnight at 4°C. B-actin served as
internal reference. Primary antibody binding
was detected with an ECL Western Blotting kit,
and quantified by laser densitometry using
Typhoon 9400 fluorescent scanner together
with Image Quant 5.0 software (Amersham
Biosciences) as previously described [20].

Migration assay in vitro of MSCs in different
groups

MSCs were stained with DAPI solution when
they were cultured to 90% confluency in stan-
dard media. Then MSCs were digested with
0.25% trypsin and diluted to the density of 1 x
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10° cells/ml, and 200 uL of them was added
into upper transwell (2 x 10* cells/well) and
incubated respectively with different drugs
according to the protocol above and allowed to
migrate for 24 hours towards 0.125 M SDF-1
(PeproTech) of lower transwell. An uncoated
transwell permeable support system with a
pore size of 8 ym (Corning, Fisher Scientific)
was employed. Transmigrated cells were
removed from the lower part of the filter and
counted by inversion fluorescence microscope
(200 x). The migratory response to SDF-1 was
determined in MSCs in each group. Five non-
overlapping visual fields in each sample were
selected and means were counted.

Protein clips assays of paracrine factors of
MSCs in different groups

MSCs cells were cultured to 90% confluency in
standard media and incubated with different
drugs for 24 hours according to the protocol.
Then the media were collected and concentrat-
ed by using the Millipore Amicon Centricon
YM-3 system (Bedford, MA), and protein array
assays (Biotin label-based Rat antibody array
1, Ray Biotech, Inc) were performed as directed
by manufacturer’s instructions. After develop-
ing, the membranes were scanned, and the
images were processed with the analysis-tool
software (Ray Biotech, Inc). The mean signal
intensity for each cytokine was obtained from
measuring for three times in each chip and nor-
malized to the internal controls, and the ratio of
cytokine levels in MSCs in each group was
calculated.

Statistical analysis

All values were expressed as means + SEM.
Differences in continuous variables between
two groups were analyzed via the Student’s t
test, and differences between 3 or more groups
were evaluated via 1-way ANOVA with Bonferroni
correction; differences in categorical data were
assessed by chi-square test, in case of low cell
counts (< D), Fisher's exact test was used
instead of X2 test; P < 0.05 was considered to
be significant.

Results

Growth and expansion of rat bone marrow-
derived MSCs

MSCs obtained from rat femurs were expanded
and passaged (Figure 1), and MSCs vitality
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measured by Trypanblau Staining was 91.76%
+ 3.29%. The growth curves were delineated
according to their OD value at 570 nm and the
counts of MSCs for consecutive eight days
(shown as Figure 1), and population doubling
time was respectively 0.83, 0.85, 0.97, 1.12,
1.30, 1.51, 1.76, and the mean of the time was
1.19.

Phenotype characterization of BMMSCs

Analysis performed by flow cytometry showed
that CD29 and CD44 were expressed by
98.04% and 98.73% of the cultured rat
BMMSCs, respectively. Positive rates of expres-
sions of CD34 and CD45 of the cells were
respectively 5.50% and 5.35% (Figure 2).

Expression levels of PKCe in different groups

Expressions of PKCe both in the cell membrane
and cytoplasm increased significantly after
MSCs were treated with PKC activator (P <
0.05), however, increase of PKCe level in cell
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Figure 1. Growth and expansion of rat Bone Mar-
row-Derived MSCs. A: Representative image of
MSCs of passage three. B: The curves delineated
according to the OD value at 570 nm of MSCs
for consecutive eight days. C: The growth curves
delineated according to the counts of MSCs for
consecutive eight days. Data were represented
as means + SD for three different experiments.
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membrane was greater than that in cytoplasm.
PKCelevel in cellmembrane of MSCs decreased
significantly in specific PKCe inhibitor group,
and translocation index in each group was cal-
culated (Figure 3), which indicated PKCe trans-
location increased significantly and PKCe was
activated in PKC agonist group, in contrast,
translocation and activity of PKCe decreased
significantly in PKCe inhibitor group. The activa-
tions of PKCe were moderately attenuated after
receiving CXCR4 antagonist or PI3K inhibitor
(Figure 3), which suggested that the activity of
CXCR4 or PI3K pathway could affect the activity
of PKCe.

MRNA levels of capital signal proteins in PKCe,
SDF-1/CXCR4 and PI3K/AKT pathway in differ-
ent groups

After MSCs were treated with PKC activator,
MRNA levels of PKCe and its downstream signal
proteins, JNK and P38MAPK, increased signifi-
cantly (P < 0.05), and mRNA levels of SDF-1,

Int J Clin Exp Med 2015;8(1):188-202
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Figure 2. Identification of surface markers of MSCs. A-D: Immunofluorescence images of expressions of CD29,
CD34, CD44, CD45 on the surfaces of MSCs; E-H: The results of homeotype control of CD29, CD34, CD44, CD45
measured by flow cytometry; I-L: The results of CD29, CD34, CD44, CD45 of MSCs measured by flow cytometry. Data
were represented as means + SD for three different experiments.

CXCR4, PI3K in the MSCs also increased signifi- level of PKCe, JNK, P38MAPK, SDF-1, CXCR4,
cantly (P < 0.05) in PMA group. However, mRNA PIBK and of AKT decreased significantly in
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PKCe inhibitor group (P < 0.05) (Figure 4).
These indicated activation of PKCe could
enhance expression of the signal proteins in
SDF-1/CXCR4 axis and PI3BK/AKT pathway.

Expressions of capital signal proteins in PKCe,
SDF-1/CXCR4 and PI3K/AKT pathway in differ-
ent groups

After MSCs were treated with PKC activator,
PKCe level and phosphorylation of its down-
stream signal proteins, JNK and P38MAPK,
increased significantly (P < 0.05). Expression of
SDF-1, CXCR4, PI3BK and phosphorylation of
AKT also increased significantly in PMA group
(P < 0.05). In contrast, expression of PKCe,
SDF-1, CXCR4, PI3K and phosphorylated JNK,
P38MAPK and AKT decreased significantly in
PKCe inhibitor group (P < 0.05) (Figure 5).
These results indicated that activation of PKCe
pathway could contribute to activations of
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Figure 3. Expressions of PKCe in each group. A: Western
blots of PKCe in the cytoplasms of MSCs in each group;
B: Western blots of PKCe in the cell membranes of MSCs
in each group; C: Relative expressions of PKCe in the
cytoplasms of MSCs in each group; D: Relative expres-
sions of PKCe in the cell membranes of MSCs in each
group; E: Translocation index of PKCe of MSCs in each
group. Data were represented as means + SD for three
different experiments. Group A: MSCs + medium (con-
trol group); B: MSCs + PMA (0.5 uM); C: MSCs + PMA
(5 uM); D: MSCs + R031-8820 (1 uM); E: MSCs + PMA
(5 uM) + AMD3100 (2 uM); F: MSCs + PMA (5 uM) +
LY294002 (2 uyM). *P < 0.05 vs. the control; TP < 0.01
vs. the control; £P < 0.001 vs. the control; #P < 0.05 vs.
group C; AP < .01 vs. group C.

SDF-1/CXCR4 axis and PI3K/AKT pathway, thus
enhance the functional activities of the two
pathways, and there were cross-talking and
positive interactions between PKCe signaling
and SDF-1/CXCR4 axis and PI3BK/AKT pathway.

Migration ability in vitro of MSCs in different
groups

The number of migrated MSCs in PMA group
was greater significantly than that in control, in
contrast, migrated MSCs decreased signifi-
cantly in PKCe inhibitor group. Inhibiting activity
of CXCR4 or PI3K only moderately attenuated
the effect of enhancement, but not abolished
completely the effect (Figure 6), which indicat-
ed that activation of PKCe could enhance sig-
nificantly ability of movement and PKCe signal-
ing enhanced migration ability of MSCs partly
at least independent of SDF-1/CXCR4 axis and
PI3K/AKT pathway.

Int J Clin Exp Med 2015;8(1):188-202
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Figure 4. Transcripts for capital signal proteins in PKCe pathway, SDF-1/CXCR4 axis and PI3K/AKT pathway in dif-
ferent groups. A-N: Representative tracings and quantitative data of PKCe, JNK, P38MAPK, SDF-1, CXCR4, PI3K and
AKT were shown. Bar graphs showing relative mRNA levels of PKCe, SDF-1, CXCR4, PI3K over B-actin, and B-actin
was used as internal reference. Data were represented as means = SD for five different experiments. A: control
group; B: low-dose PMA group; C: high-dose PMA group; D: PKCe inhibiting group; E: CXCR4 antagonist group; F:
PI3K inhibiting group. *P < 0.05 vs. the control; TP < 0.01 vs. the control; $P < 0.001 vs. the control; #P < 0.05 vs.

group C; AP < 0.01 vs. group C.

Changes of paracrine factors of MSCs in differ-
ent groups

There were 27 proteins with positive results
and being identified in detected 90 proteins
with the assay kit (Table 1). After MSCs were
treated with different drugs, several chemo-
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kines, including MCP-1, MIP-1 alpha, IP-10, MIF,
changes significantly, whereas CINC-2 alpha/
beta increased in PKCe inhibitor group (P <
0.05 vs. the control). All the expressions of TGF-
beta3, TLR4, Thrombospondin, IP-10, MIF,
TIMP-2, insulin degrading enzyme increased
significantly in PMA + PI3K inhibiting group.

Int J Clin Exp Med 2015;8(1):188-202
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Figure 5. Expressions of capital signal proteins in PKCe, SDF-1/CXCR4 and PI3K/AKT pathway in different groups. A,
B, E, F, I, K, M: Western blots of expressions of PKCe, SDF-1, CXCR4, PI3K, JNK (p-JNK), P38MAPK(p-P38) and AKT
(p-AKT); C, D, G, H: Bar graphs showing relative expressions of PKCe, SDF-1, CXCR4, PI3K over B-actin after den-
sitometric scanning for Western blots; J, L, N: Bar graphs showing relative expressions of p-JNK, p-P38 and p-AKT.
Data were represented as means = SD for three different experiments. A: control group; B: low-dose PMA group;
C: high-dose PMA group; D: PKCe inhibiting group; E: CXCR4 antagonist group; F: PI3K inhibiting group. *P < 0.05
vs. the control; TP < 0.01 vs. the control; $P < 0.001 vs. the control; #P < 0.05 vs. group C; AP < 0.01 vs. group C.

Integrin alpha M beta 2 increased in PMA +
CXCR4 antagonist group and PMA + PI3K inhib-
iting group. TRAIL decreased in high-dose PMA
group, and Activin A increased obviously in PMA
group. So the factors related with migration,
proliferation and differentiation increased in
PMA group and decreased in PKCe inhibitor
group. Inhibiting activity of CXCR4 or PI3K could
affect the effects, but not abolished completely
(Table 1), which suggested that activation of
PKCe could enhance paracrine function of
MSCs partly at least independent of SDF-1/
CXCR4 axis and PI3BK/AKT pathway.

Discussion

The study investigated the changes in mRNA
and protein levels of PKCe signaling, SDF-1/
CXCR4 axis and PI3K/AKT pathway in the MSCs
in the conditions treating with PKC agonist, spe-
cific PKCe inhibitor, CXCR4 antagonist and PI3K
inhibitor, and observed the changes of migra-
tion ability and paracrine factors in different
treatments, and firstly demonstrated that there
were cross-talking between PKCe signaling,
SDF-1/CXCR4 axis and PI3K/AKT pathway dur-
ing signal transduction of MSCs and activation
of PKCe enhanced migration ability and para-
crine function of MSCs partly at least indepen-
dent of SDF-1/CXCR4 axis and PI3K/AKT
pathway.

The role of SDF-1/CXCR4 axis, PI3K/AKT path-
way in signal transduction of stem cells

It is known that SDF-1/CXCR4 axis play a criti-
cal role during homing, proliferation, survival
and differentiation of stem cell and is most
important pathway in immigration of stem cells
[9-13]. Decreasing degradation of SDF-1 [9],
pretreatment with SDF-1 [10, 11] or increasing
expression of SDF-1 and CXCR4 by gene modifi-
cation [12, 21] could increase homing and
enhanced therapeutic effects. Pretreatment in
hypo-oxygen condition could also increase level
of CXCR4, thus increase recruitment to isch-
emic damage zone [13]. In addition, matching
the time of expression of SDF-1 and CXCR4 also
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improved effects of stem cells [13]. Previous
study [22] had indicated that SDF-1/CXCR4
mediated migration of BMMSCs through activa-
tion of PI3K/Akt pathway, a known cytoprotec-
tive pathway. Another study in vitro indicated
that conditional medium without stem cells
could attenuate myocardial reperfusion injury
and the cardioprotection effect was mediated
by activating PI3K pathway through paracrine
factors [23]. These evidences suggested that
PI3K/Akt pathway play an important role in
migration and paracrine function of BMSCs.

Cross-talking between PKCe signaling and
SDF-1/CXCR4 axis and PI3K/AKT pathway in
signal transduction of MSCs

It is known that PKCe signaling play a crucial
role in ischemic cardioprotection [16], and
many dada had indicated that activation of
PKCe could attenuate reperfusion injury,
increase resistance to ischemia, diminish
infarct size and improve cardiac function, which
were accomplished by activating its serial
downstream proteins: MAPK, ERK, Lck, src, etc
[18, 24, 25], and inhibiting PKCe abolished the
protective effect [17]. So activating PKCe is
critical event and necessary and sufficient con-
dition in ischemic cardioprotection. The role of
PKCe in hypertrophy and heart failure and its
signaling complexes had also been verified and
identified in our previous study [26]. However,
whether PKCe have an effect on migration and
paracrine function of MSCs and potential
molecular mechanisms were unclear at all. Our
study indicated that activation of PKCe could
enhance the activity of SDF-1/CXCR4 axis and
PI3K/AKT pathway, and there were interactions
between PKCe signaling and SDF-1/CXCR4 axis
and PIBK/AKT pathway in MSCs.

Activation of PKCe could enhance migration
ability of MSCs

One of two unresolved bottle-neck problems in
stem cells therapy was poor homing. Sub-
stantial breakthrough hadn’t still been got on
homing of stem cells though scientists had

Int J Clin Exp Med 2015;8(1):188-202
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Figure 6. The migratory response to SDF-1 of MSCs in each
group. A-F: Representative images observed and counted
by inversion fluorescence microscope (200 x) in each
group; G: Bar graphs showing numbers of transmigrated
MSCs in each group. Five non-overlapping visual fields in
each sample were selected, and data were represented
as means + SD for five different experiments. A: control
group; B: low-dose PMA group; C: high-dose PMA group; D:
PKCe inhibiting group; E: CXCR4 antagonist group; F: PI3K
inhibiting group. *P < 0.05 vs. the control; TP < 0.01 vs.
the control; £P < 0.001 vs. the control; #P < 0.05 vs. group
C; AP < 0.01 vs. group C.

enhanced significantly migration ability of
MSCs. Although there were cross-talking

Int J Clin Exp Med 2015;8(1):188-202
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Table 1. The changes of paracrine cytokines in MSCs in each group

inhibiting activity of

PKCe might enhance

Protein information B/A (fold) C/A (fold) D/A (fold) E/A (fold) F/A (fold) ,
MCP-1 1.34 112 124  152% 147 the toxic effects and
TRAIL 0.81  0.46%# 077 0.79 0.70 decrease survival by
|ncreasmg recruitme-
MIP-2 1.52% 1.36 1.41 0.99 1.07 nt of Granulocyte.
CINC-2 alpha/beta 1.01 0.98 1.56* 0.97 1.01 TGF-beta3 and Activin
CD106 1.12 0.79 1.06 0.88 1.07 A play a critical role in
Activin A 1.53%4  1.43%4 0.99 1.63%4  1.32%A differentiation and pr-
MDC 0.82 0.73 113 0.83 1.30 oliferation of MSCs by
Adiponectin/Acrp30 0.78 0.78 1.01 1.10 1.23 affecting activity of
L4 1.02 0.87 147 0.93 1.20 FGFs, BMP7, Wnt3
[28]. Damage and lo-
RALT/MIG-6 1.05 0.87 0.91 0.94 1.19 s of Extracellular
IL-10 112 1.01 1.29 1.07 1.31 Matrix (ECM) resulting
Integrin alpha M beta 2 1.15 1.00 114 1.85%#4  3.62%#4 from degradation of
GM-CSF 1.22 1.06 1.28 1.06 1.30 ECM due to MMPs is
TGF-beta3 1.02 1.01 1.11 1.08  1.44%#b initiating and crucial
GFR alpha-2 1.28 1.03 1.24 1.09 1.32 factor of ventricle re-
MIP-1 alpha 1.73%4  1.83%F 089  1.42%4  1.48%® modeling, and TIMP-2,
IL6 1.34 1.18 1.37 1.09 1.32 specific inhibitor of
EG-VEGF/PK1 1.03 0.87 109 098 1.27 MMPs, could decre-
’ ’ ) ’ ’ ase degradation of
TLR4 1.14 1.00 0.84 1.07  1.52%#a ECM and improve sig-
Prolactin R 0.81 0.72 1.08 0.86 1.12 nificantly remodeling
Thrombospondin 1.03 1.09 1.23 1.39%%  1.70*# and dysfunction after
IL-1 beta 1.07 112 1.50 1.25 1.48 Ml [29, 30]. Integrin
IL-5 1.02 0.77 0.94 0.86 1.13 play an important role
IP-10 1.20 1.16 1.38 127 1.75%# in adhesion and mi-
MIF 1.60%# 1,08 1.04 127 1.72%# gration of stem celis.
TIMP-2 117 0.94 0.97 1.07  2.06%#8 TNF-related apoptosi-
s-inducing ligand (TR-

Insulin Degrading Enzyme 1.13 1.19 1.19 1.32 4.27*#4

AIL) belongs to TN-

A: control group; B: low-dose PMA group; C: high-dose PMA group; D: PKCe inhibiting group;
E: CXCR4 antagonist group; F: PI3K inhibiting group. *P < 0.05 vs. the control; *P < 0.05 vs.

group C; 2P < 0.05 vs. group D.

between PKCe signaling and SDF1/CXCR4 axis
and PI3K/AKT pathway in MSCs, inhibiting
activity of SDF-1/CXCR4 axis and PI3K/AKT
pathway only partly attenuated but not abol-
ished completely the effect of PKCe, which sug-
gested that activation of PKCe improve migra-
tion of MSCs partly at least independent of the
two pathways.

Activation of PKCe could enhance paracrine
function of MSCs

In the study, several chemokines (including
MCP-1, MIP-1 alpha, IP-10, MIF) increased sig-
nificantly after treatment with PKC activator,
which could greatly increase mobilization, hom-
ing of MSCs and angiogenesis [27]. Granulocyte
could adhere and have direct toxic effects on
cardiomyocytes. The increase of CINC-2 after
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F superfamily and co-
uld activate TNF rece-
ptor and induce sub-
sequent apoptosis
[31]. So the factors related with migration, pro-
liferation and differentiation of stem cells and
anti-remodeling increased after treating with
PMA, in contrast, these factors decreased and
apoptosis related factor increased after treat-
ing with specific PKCe inhibitor, which indicated
that PKCe activation could improve paracrine
functions. Changes of activity of CXCR4 or PI3K
pathway could affect the effects, but not abol-
ished completely, which suggested that activa-
tion of PKCe enhance paracrine function of
MSCs partly at least independent of SDF-1/
CXCR4 axis and PI3BK/AKT pathway.

Clinical implication
Previous studies had verified that activation of

PKCe could significantly attenuate reperfusion
injury, improve cardiac function probably by

Int J Clin Exp Med 2015;8(1):188-202
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enhancing mitochondrial Oxidative Phosph-
orylation and maintaining level of ATP [32],
accomplishing anti-apoptosis effects by inacti-
vating pro-apoptotic protein, Bad, and inducing
expression of bcl-2 [33], etc. However, whether
PKCe signaling has effects on stem cells thera-
py and potential mechanisms are unclear. Our
study verified that activating PKCe could
improve migration ability and paracrine func-
tion of MSCs by direct and indirect pathways.
So Intervention for PKCe might become a new
effective potential approach to enhance effects
of stem cells therapy.

Conclusion

There was cross-talking between PKCe signal-
ing and SDF-1/CXCR4 axis and PI3K/AKT path-
way in signal transduction of MSCs. Activating
PKCe could improve migration ability and para-
crine function of MSCs partly at least indepen-
dent of SDF-1/CXCR4 axis and PI3K/AKT
pathway.
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Supplementary Table 1. Primer sequences

PKCe on bone marrow mesenchymal stem cells

Name Sequence Primer length Tm Product length
PI3K-F ATACCGTCAGCAGTTTGTCTC 21 55.4 212
PI3K-R GCATCCAAGGGTCCAGTTAGT 21 58.2

PKCe-F AAGGTGTTAGGCAAAGGCAG 20 57.3 192
PKCe-R GCAGCAATAGAGTTGGGTTAG 21 54.8

AKT-F TTTGGGAAGGTGATCCTGGTG 21 62 184
AKT-R GGTCGTGGGTCTGGAATGAGT 21 60.9

CXCR4-F TCTTCTTGACTGGCATAGTGG 21 55.3 224
CXCR4-R GCTGTAAAGGTTGACGGTGTA 21 55.6

SDF-1F CTGAATAGTGGCTCCCAAGGTT 22 60.1 151
SDF-1R GTGGATCTCGCTCTTCCCTGAC 22 62.5

P38/MAPK-F GGTTTTGGACTCGGATAAGA 20 54.3 246
P38/MAPK-R GTGGGATGGACAGAACAGAAG 21 56.6

INK-F TTTGGGAAGGTGATCCTGGTG 20 52.6 217
INK-R TTTGGACGCATCTATCACC 19 53.7

B-actin-F GGAGATTACTGCCCTGGCTCCTAGC 25 60.1 155
B-actin-R GGCCGGACTCATCGTACTCCTGCTT 25 62

Supplementary Table 2. Conditions of the primary antibody incubation

Primary antibody resource dilution radio Incubation condition
CD29 antibody RabMAbs 1:20 37°C 30 min
CD34 antibody Santa Cruz 1:20 37°C 30 min
CD44 antibody Santa Cruz 1:20 37°C 30 min
CDA45 antibody Santa Cruz 1:20 37°C 30 min
PKCe antibody Santa Cruz 1:100 4°C overnight
p-JNK antibody Santa Cruz 1:100 4°C overnight
JNK antibody Santa Cruz 1:100 4°C overnight
p-P38 antibody Santa Cruz 1:100 4°C overnight
P38 antibody Santa Cruz 1:100 4°C overnight
SDF-1 antibody Santa Cruz 1:100 4°C overnight
CXCR4 antibody Santa Cruz 1:100 4°C overnight
PI3K antibody Santa Cruz 1:100 4°C overnight
p-AKT antibody Santa Cruz 1:100 4°C overnight
AKT antibody Santa Cruz 1:100 4°C overnight
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Supplementary Table 3. Conditions of the second antibody incubation

Primary antibody Secondary antibody dilution ratio Incubation condition

CD29 antibody FITC-labeled anti-rabbit secondary antibody 1:20 room temperature, away from light 30 min
CD34 antibody FITC-labeled anti-mouse secondary antibody 1:20 room temperature, away from light 30 min
CD44 antibody FITC-labeled anti-mouse secondary antibody 1:20 room temperature, away from light 30 min
CD45 antibody FITC-labeled anti- mouse secondary antibody 1:20 room temperature, away from light 30 min
PKCe antibody Goat anti-mouse IgG-HRP 1:5000 37°C 45 min

p-JNK antibody Goat anti-mouse IgG-HRP 1:5000 37°C 45 min

JNK antibody Goat anti-mouse IgG-HRP 1:5000 37°C 45 min

p-P38 antibody Goat anti-rabbit IgG-HRP 1:5000 37°C 45 min

P38 antibody Goat anti-rabbit IgG-HRP 1:5000 37°C 45 min

SDF-1 antibody Goat anti-rabbit IgG-HRP 1:5000 37°C 45 min

CXCR4 antibody Goat anti-rabbit IgG-HRP 1:5000 37°C 45 min

PI3K antibody Goat anti-rabbit IgG-HRP 1:5000 37°C 45 min

p-AKT antibody Goat anti-rabbit IgG-HRP 1:5000 37°C 45 min

AKT antibody Goat anti-rabbit IgG-HRP 1:5000 37°C 45 min




