
Abstract. – OBJECTIVE: Bone marrow mes-
enchymal stem cells (MSCs) have been identified
to have the potential to differentiate into multiple
types of cells. And the therapy based on trans-
plantation of MSCs in some solid organs has been
suggested in recent years. However, the rejection
reaction often occurs in the transplantation of
MSCs and could induce cell death. Ischemia has
been reported to one of the main causes of MSCs
death during transplantation. The primary objec-
tive of this study was to verify whether a natural
antioxidant, lycopene, could protect MSCs from is-
chemia-induced apoptosis in vitro.

MATERIALS AND METHODS: MSCs were iso-
lated from bone marrow in mice femoral bone mar-
row. The effect of lycopene on MSCs during oxy-
gen-glucose-serum deprivation was investigated.

RESULTS: We found that lycopene protected
MSCs from serum deprivation- and hypoxia-in-
duced apoptosis. The reactive oxygen species
(ROS) generation and inducible nitric oxide syn-
thetase expression were also inhibited dose-de-
pendently by lycopene. Further investigation re-
vealed that lycopene could activate phospho-
inositide-3 kinase (PI3K)/Akt. Pretreatment with
PI3K/Akt inhibitors prevented the protective ef-
fect of lycopene on MSCs.

CONCLUSIONS: Lycopene could protect
MSCs from ischemia-induced apoptosis through
reducing ROS generation; therefore, lycopene
could be useful in MSC transplantation.
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Introduction

Hematopoietic stem cells (HSCs) and
mesenchymal stem cells (MSCs) are both known
as multipotent adult stem cells. Bone marrow
mesenchymal stem cells have been proved to have
the potential to differentiate into multiple types of
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cells1-3. Including neurons, hepatocytes,
cardiomyocytes and epithelial cells, transplantation
of MSCs have been used in the treatment of some
tissue injuries, such as ischemic heart failure4, hind
limb ischemia5 and liver tranplatation6. However,
after transplantation, poor survival of the implanted
cells often occurs in the progress of stem cell
therapy. Also the immunomodulatory properties of
cultured MSCs make it possible for cell therapy7,
the implanted MSCs often fall into rapid cell death
after transplantation8.
However, the mechanism of the high implanted

MSCs apoptotic rate still remains unknown. It has
been noticed that in the transplantation of MSCs
into ischemia-induced heart injury, over 99%
implanted MSCs generated cell death in only 4
days8. Thus, ischemia might be involved in the
process of implanted MSCs apoptosis. In recently
researches on MSCs transplantation, especially in
ischemia-induced heart injury, an expensive cells
death of transplanted MSCs could be observed9-12.
Therefore, ischemia could be one of important
causes that induce implanted MSCs death.
Protection of MSCs from ischemia-induced
apoptosis might provide benefit for cell therapy.
The aim of this study was to investigate

whether one antioxidant, lycopene, could protect
primary cultured MSCs from ischemia-induced
apoptosis. We found that lycopene could reduce
ischemia-induced MSCs apoptosis in a dose-
dependent manner. Meanwhile, lycopene
decreased the reactive oxygen species (ROS)
generation and inducible nitric oxide synthetase
expression. Inhibition of Akt phosphorylation
could restore the anti-apoptotic effect of
lycopene, which suggested that lycopene could
protect MSCs from ischemia-induced cell death
through reducing the ROS generation via
activation of PI3K/Akt pathway.
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Materials and Methods

Isolation and Culture of MSCs
MSCs were isolated from the marrow of six-

week-old male C57BL6/J mice as described by
Tropel et al with minor modification13. Briefly,
the femurs and tibias of mice were removed, and
all the connective tissues were cleaned. Both
epiphyseal extremities were cut. Then the
marrow was flushed out with cultured medium
(Dulbecco’s Modified Eagle’s medium
(DMEM)/F12 containing 10% inactivated fetal
bovine serum (FBS), 100 U/mL penicillin, 100
g/mL streptomycin, GIBCO, Carlsbad, CA,
USA) at 37°C with 5% CO2 in a humidified
tissue culture incubator. Hematopoietic and
nonadherent cells were removed by medium
changing after 24 h. Then MSCs were cultured
and used for experiments between the third and
sixth passage.
To evaluate the purity of MSCs, MSCs were

incubated with rabbit monoclonal anti-mice
CD34, CD105, CD45 and CD90. Then flow
cytometry was performed to identify the surface
antigens of MSCs.

Induced Ischemia of MSCs
The hypoxia of cell was induced as previously

reported9. Briefly, the cells were pretreated with
different concentrations of lycopene for 1 h in
complete cultured medium, then the medium
were removed and the MSCs were washed with
phosphate buffered saline (PBS) for twice. The
cells were then exposed to 5% CO2 and 95% N2
in a hypoxia gas chamber (Ruskin, Biotrace,
Bridgend, UK) in serum-free medium for 6 h in
the presence of lycopene with/without 20 µM
LY294002 (PI3K/Akt inhibitors, Calbiochem,
San Diego, CA, USA). Control group was treated
as ischemia-treated cells in the absence of
lycopene. For normoxic control, the cells were
cultured in normal condition in a humidified
tissue culture incubator for 6 h.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium Bromide (MTT) Assay
and Determination of ROS Generation
MTT assay were used to investigate the cell

viability of MSCs11. MSCs were planted in 96-
well plates (10,000 cells per well) and treated as
mentioned above. After treatment, the MTT
reagents (0.5 mg/mL dissolved in culture
medium) were added to each well and cultured
for 4 h. MTTwas then converted to purple

formazan by active cells. Then the insoluble
formazan were dissolved by dimethyl sulfoxide
(DMSO). The absorbance at 490 nm was
measured by MK3 multiskan (Thermo Fisher,
Hong Kong, China).
ROS generation was also determined in each

group of treated cells by a ROS detection kit
(Beyotime, Shangai, China) following its
protocol. Briefly, ROS could convert 2’,7’-
dichlorofluorescein diacetate (DCFH-DA) to
fluorescent dichlorofluorescein (DCF), the DCF
production could be was measured by Flexsta-
tion 3 (Molecular Device, Silicon Valley, CA,
USA) at a wavelength of 488 nm excitation and
535 nm emission.

Terminal Deoxynucleotidyl Transferase
dUTP Nick end Labeling (TUNEL) Assay
and Western Blot Analysis
To determine the apoptosis ratio, TUNEL

staining was performed following the protocol
(Roche, Indianapolis, IN, USA). MSCs were
seeded in six-well plates and were treated as
above described. Then the apoptotic cells were
stained with green fluorescence (TUNEL), all the
cells were stained with Hoechst33342. The ratio
of apoptotic was calculated as the apoptotic cells
divided by the total cells.
After treatment as described above, RIPA lysis

buffer (Beyotime, China) was used to lysis the
cells according to its protocol. Western blot was
performed as described with some
modification14. All primary antibodies were
purchased from Santa Cruz Biotechnology (San-
ta Cruz, CA, USA), the secondary antibody
(Goat anti rabbit IgG, 1: 10000) were from the
Jackson Laboratory (Bar Harbor, ME, USA). The
dilution of the primary antibodies was: caspase-3
(1: 1000), NOS2 (1:500), Akt (1:500), β-actin (1:
1000), respectively.

Statistical Analysis
All values were expressed as mean ± SD. One-

way ANOVA analysis were carried out to
calculate the difference between each group.
Significance was defined as a value of p < 0.05.

Results

Primary Culture and Identification of MSCs
The MSCs were isolated from the long bones

of C57BL6/J mice and cultured in vitro. At
passage 3, MSCs could generate colonies as
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Figure 1. A, Primary cultured MSCs at passage 3. B, The flow cytometry analysis of CD45, CD90, CD34 and CD105.
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Lycopene Protected MSCs from Ischemia
and Hypoxia-induced Apoptosis
Via Inhibition of ROS Generation
ROS could induce cell apoptosis via oxidative

stress17. During the process of ischemia, ROS
production increased (Figure 3A) compared to
normal cells. However, lycopene significantly
inhibition ROS generation at a dose of 20 µM
according to the DCFH oxidation assay (Figure
3A). NOS2 expression was also significantly
reduced by lycopene (Figure 3B). With the
decreased level of ROS, the caspase-3 expression
level was also reduced (Figure 3B), which
prompted that lycopene reduced cell apoptosis
via inhibition of oxidative stress.

Lycopene Activates the PI3K/Akt
Pathway to Inhibit ROS Generation
and Protect MSCs from Ischemia-induced
Cell Apoptosis
PI3K/Akt plays an important role in the

process of cell survival under stimulations18.
Whether the effect of lycopene on the MSCs was
associated with the PI3K/Akt pathway was
further investigated. We found that lycopene
could increase Akt phosphorylation after the cells
were treated under hypoxia condition in a time-
dependent manner (Figure 4A). An Akt inhibitor,
LY294002 (20 µM) could inhibit lycopene-
stimulated Akt phosphorylation (Figure 4B).
Moreover, LY294002 could also reverse the
decrease of ROS by lycopene (Figure 4C) and
protective effect of lycopene (Figure 4D) in
ischemia-treated MSCs.

fibroblast like cells and increased gradually,
while the heterogeneous cells reduced. Most of
the cells were spindle-shaped (Figure 1A) as Ji et
al described15.
Then the primary cultured MSCs at passage 3

were characterized by flow cytometry. The
endothelial marker CD34 and the hematopoietic
cell marker CD45 were negative in the MSCs at
passage 3 (Figure 1B). However, as reported16,
CD105 and CD90, which is not expressed in
murine hematopoietic cells, were positive stained
in MSCs. The ratio of CD105- and CD90-
positive cells was 80.5% and 46.1%, respectively
(Figure 1B).

Lycopene Protected MSCs from
Ischemia-Induced Apoptosis
The cells were pretreated with different

concentrations of lycopene (0, 1, 2, 5, 10, 20, 50
µM, Figure 2A) for 1 h and then exposed to
ischemia for 6 h. Cell viability was measured by
MTT. It was found that lycopene could dose-
dependently restore the ischemia and hypoxia-
induced decreasing of cell viability. At a dose of
20 µM, lycopene rescued cell viability
significantly (Figure 2B). Meanwhile, lycopene
had no effect on normal MSCs (Figure 2C).
Therefore, the subsequent experiments were
performed with 20 µM lycopene.
To further investigate if lycopene could reduce

ischemia-induced cell apoptosis, TUNEL
staining was carried out. It was found that 20 µM
lycopene could significantly reduce cell
apoptosis compared to ischemia and hypoxia
treated group (Figure 2D).



1628

Y. Li, F. Xue, S.-z. Xu, X.-w. Wang, X. Tong, X.-j. Lin

Figure 2. A, The structure of lycopene. B, Dose-dependently lycopene (0, 1, 2, 5, 10, 20, 50 µM) treated MSCs during
hypoxia stimulation for 6 h. The cell viability was expressed as inhibition ratio (% of control). * = p < 0.5 and *** = p < 0.001
compared hypoxia-treated alone group. C, Dose-dependently lycopene (0, 1, 2, 5, 10, 20, 50 µM) treated alone in MSCs. The
cell viability was expressed as inhibition ratio (% of control). D, TUNEL statistic. The apoptotic rate was calculated as
TUNEL-positive cells divided by total cells. *** = p < 0.001 compared hypoxia-treated alone group.

Figure 3. A, ROS generation in each group. After treatment, the ROS generation was measured by OD of DCFH. * = p <
0.05 and *** = p < 0.001 compared hypoxia-treated alone group. B, The caspase-3 expression of each group. The expression
level of caspase-3 was higher in hypoxia-treated alone group than control group, and the lycopene treatment reduce the
caspase-3 expression.



Discussion

Nowadays, transplantation of MSCs have been
used and exploited widely in variety of diseases
therapy19. The protocol of primary culturing
MSCs have been a well-established procedure
and used for various researches. As Bourzac et
al20 and Friedenstein et al21 reported, in our
experiment, primary cultured MSCs has been
defiend by hematopoietic cell markers and stem
cell-specifically markers. However, the using of

MSCs for transplantation is limited by the high
percentage of the donor cells death rapidly22. It
has been proved that the ischemia environment
could induce MSCs apoptosis both in vitro and in
vivo9,11,19. We also found that hypoxia-treated
cells could generate apoptosis significantly.
Thus, protect MSCs from ischemia-induced
apoptosis might be crucial in the cell therapy
based on MSCs transplantation.
Hypoxic or ischemic conditions have been

proved important during the process of cell
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Figure 4. A, The phosphor-Akt level in each group. 20 µM lycopene could significantly activate Akt phosphorylation in a
dose-dependently manner. *** = p < 0.001 compared to hypoxia and lycopene co-treated at 0 time. B, The phosphor-Akt level
in each group. After 60 min treatment, the phosphor-Akt level in each group was analyzed. *** = p < 0.001 compared to
hypoxia-treated alone group, ### = p < 0.001 compared to lycopene and hypoxia co-treated group. C, ROS generation in each
group after 60 min treatment. *** = p < 0.001 compared to hypoxia-treated alone group, ### = p < 0.001 compared to
lycopene and hypoxia co-treated group. D, Cell viability in each group after 60 min treatment. *** = p < 0.001 compared to
hypoxia-treated alone group, ### = p < 0.001 compared to lycopene and hypoxia co-treated group.



1630

apoptosis as these conditions could induce ROS
generation22-24. ROS could be generated under
stimulations including cytokines, ischemia,
inflammatory signals and so on25. Multiple
pathways are involved in ROS activated signal
transduction, such as mitogen-activated protein
serine/threonine kinases (MAPKs) and PI3K/Akt
pathways26. Increased level of ROS could cause
cell apoptosis and inhibit proliferation.
Meanwhile, excessive ROS could injury cellular
functions directly27. We found that ROS level of
hypoxia-treated MSCs were significantly higher
than control group. Meanwhile, the expression
level of caspase-3, typical marker of execution-
phase of cell apoptosis28, was as higher as ROS.
Lycopene is one kind of carotenoids that

belongs to a series of pigments29. Carotenoids are
naturally occurring products widespread in
vegetables and fruits30,31. It has been reported to
be one of the most potent antioxidant among all
carotenoids32. Furthermore, lycopene could
restore the free radicals, such as ROS or other
peroxy radicals, induced reactions32,33. Thus,
whether lycopene could protect MSCs from
ischemia-induced apoptosis was studied. We
found that lycopene dose-dependently restored
the injury cell viability induced by ischemia in
MSCs. Moreover, lycopene blocked the
generation of ROS in ischemia-treated MSCs,
suggested that lycopene might exert antiapoptotic
activities by inhibition of ROS generation.
PI3K/Akt signal pathway is important in cell

process including cell metabolism, proliferation,
migration and survival34. PI3K/Akt could reduce
cell death by inhibition of some apoptotic factors
like Bad and caspase-935. In the current study, it
was observed that during hypoxia-induced MSCs
apoptosis, lycopene could increase the level of Akt
phosphorylation time-dependently. One PI3K/Akt
inhibitor, LY294002, could block lycopene-
induced Akt phosphorylation. Moreover, the
lycopene-reduced ROS level in hypoxia-treated
MSCs was also increased by LY293002 pretreated.
The protective effect of lycopene was suppressed
by the Akt phosphorylation inhibitor. Taken
together, PI3K/Akt pathway could be important in
the protective effect of lycopene during
hypoxia/ischemia-induced MSCs apoptosis.

Conclusions

Lycopene could protect primary cultured
MSCs from ischemia-induced apoptosis through

inhibiting ROS generation possibly via PI3K/Akt
pathway, indicating that lycopene might provide
benefit for the transplantation of MSCs in cell
therapy.
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