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Abstract

Bone marrow mesenchymal stem cells (BMSCs) transplantation has emerged as a promising
treatment for various central nervous system diseases. However, oxidative stress results in poor
survival of transplanted BMSCs in injury central nervous system (CNS). Basic fibroblast growth
factor (bFGF) has been reported to have anti-apoptotic properties in serial of cells in oxidative
stress. This study was designed to investigate protective effect and potential mechanisms of bFGF
against hydrogen peroxide (H:0:)-induced apoptosis of BMSCs. BMSCs were pretreated with 20
ng/ml of bFGF for 30 minutes, followed by exposure to 500 pM H,0; and bFGF together for 1 hour.
bFGF treatment significantly attenuated H,0-induced cytotoxicity and apoptosis of BMSCs. More-
over, bFGF effectively decreased the levels of TNF-a and IL-6 and increased expression ratio of
Bcl-2/Bax in H20;-induced BMSCs. The findings suggest that bFGF is likely to be an effectively pro-
tective agent against oxidative stress-induced apoptosis for BMSCs.
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1. Introduction

Bone marrow mesenchymal stem cells (BSMCs) are multipotent adult stem cells in bone marrow that have the
potential of stem cell differentiation and self-renewal. Studies have shown that BMSCs can differentiate into
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various cell types, including bone, cartilage, muscle, adipose, neural cells, and so forth in vitro under specific
culture conditions [1]-[3]. Moreover, BMSCs possess many merits, such as easy acquisition in vitro, ability to
express exogenous genes, minimal host immune rejection and capacity to produce growth factors and cytokines
and engraft to the sites of injury [4]-[6], which make them be ideal choices for cell transplantation. Recent re-
ports indicated that transplantated BMSCs provided a neuroprotection in degenerative disorders of the central
nervous system (CNS). However, hostile microenvironments in injured CNS, such as oxidative stress, contribute
to the pathological progression and have a negative impact on the survival of transplanted BMSCs [7]. Basic fi-
broblast growth factor (bFGF), a pleiotropic cytokine, can promote neural cell proliferate, survival [8] [9], and
can induce BMSCs to differentiate into neuron-like cells and enhance the treatment effectiveness of BMSCs
transplantation in CNS diseases [10] [11]. In addition, bFGF has properties of anti-oxidation and anti-apoptosis
on serial of cells like neuron, photoreceptor cell and myocardial cell [12]-[14]. However, few studies have been
conducted on bFGF protecting BMSCs from oxidative stress-induced apoptosis. This study was designed to in-
vestigate the protective effect and possible mechanisms of bFGF against hydrogen peroxide (H,O,)-induced
apoptosis of BMSCs, which will contribute to furthering our understanding of the therapeutic effect of bFGF-
treated BMSCs in transplantation strategies for CNS diseases, especially involved oxidative stress.

2. Material and Methods
2.1. Reagents and Instruments

Fetal bovine serum (FBS, Hyclone, USA); DMEM medium, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), 4°,6-diamidino-2-phenyl-indole (DAPI) (Sigma, USA); Enzyme-linked immunosorbent assay
(ELISA) Kit (Beijing Yonghui Biological Technology Co., Ltd., Beijing, China); The terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP-biotin nick end labeling (TUNEL) in situ cell death detection kit-POD (Roche
Diagnostics Gmbh, Mannheim, Germany); Lactate dehydrogenase assay (LDH) Kit (Nanjing Jiancheng Bioen-
gineering Institute, Nanjing, China); Olympus Fluorescence microscope (Japan); Microplate reader (BioTeK,
ELX800, Vermont, American).

2.2. MTT Assay

BMSCs of C57BL/6 mouse were purchased from Cyagen Biosciences Inc, Guangzhou, China and maintained in
DMEM medium containing 10% FBS under 5% CO,. To observe the effect of bFGF on proliferation of BMSCs,
cells were plated in 96-well plates at a density of 5 x 10° cells/well in medium containing 20 ng/ml bFGF. The
cells were continued for 48, 72 and 96 hours respectively. Moreover, to investigate the protective effect of bFGF
against the cytotoxicity induced by H,0,, BMSCs were plated in 96-well plates at a density of 1 x 10* cells/well
for 24 hours, then pretreated with 20 ng/ml bFGF for 30 minutes, followed by 500 uM H,0, and bFGF together
for 1 hour. Cell proliferation and viability were determined by MTT assay. Briefly, the cells were incubated with
MTT reagent at a final concentration of 0.5 mg/ml at 37°C for 4 hours, and the absorbances were measured us-
ing a microplate reader at wavelength 490 nm. BMSCs without any treatment were subjected to MTT assay
served as control.

2.3. LDH Release Assay

The lactate dehydrogenase (LDH) is a useful biochemical marker of cell apoptosis or necrosis severity. Cell de-
struction induced by H,0, was assessed by measuring the amounts of LDH released into the medium from in-
jured BMSCs. Briefly, after BMSCs were pretreated with 20 ng/ml bFGF for 30 minutes, cells were explored to
500 uM H,0, and bFGF together for 1 hour, and the supernatants were used for LDH activity analysis following
the LDH assay Kit protocol. The absorbances of the samples were measured on the microplate reader at 450 nm
wavelength.

2.4. DAPI Staining and TUNEL Assay

H,O,-induced apoptosis was detected by morphological observations done with DAPI staining and TUNEL as-
say. H,0O, and bFGF-treated BMSCs were fixed in 4% paraformaldehyde for 30 minutes. After permeabilising
with 0.1% Triton X-100 for 10 minutes, the cells were dyed with DAPI staining Kit for 10 minutes, and then
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observed using a fluorescence microscope. TUNEL assay was performed with an situ cell death detection
kit-POD according to the manufacturer’s protocol. Briefly, endogenous peroxidase activity was quenched with 3%
H,0, for 10 minutes, followed by 0.1% Triton X-100 for 10 minutes to permeabilize cell membrane. The cells
were incubated with TUNEL reagent for 60 minutes at 37°C in the dark, subsequently incubated with conver-
ter-POD for 30 minutes at 37°C, and finally, samples were spotted with DAB and hematoxylin at the room tem-
perature.

2.5. ELISA Assays

ELISA assays was used to detected pro-inflammatory cytokines, interleukin-6 (IL-6) and tumor necrosis fac-
tor-a (TNF-a), apoptosis-related protein, Bax and Bcl-2. Briefly, after BMSCs were treated by H,O, and bFGF,
supernatants were collected for IL-6 and TNF-a analysis, and cells pellets were collected and repeated freezing
and melting three times for Bax and Bcl-2 analysis. ELISA assays were performed following the manufacturer’s
protocol. The absorbances at 450 nm wavelength were determined using a microplate reader. According to the
absorbances of the standard sample and the corresponding concentration value, a standard curve was drawn and
the concentrations of IL-6, TNF-a, Bax and Bcl-2 were calculated.

2.6. Statistical Analysis

The data were presented as mean + SD. A statistical comparison was performed using one-way ANOVA. The
data were from five independent experiments. P value < 0.05 was considered statistically significant.

3. Results
3.1. bFGF Promoted Proliferation of BMSCs

To determinate effect of bFGF on proliferation of BMSCs, cells were planted in medium with 20 ng/ml bFGF
for 48, 72 and 96 hours and were performed to MTT assay. The results showed that absorbances in the bFGF
treated-BMSCs were significantly higher than those in the BMSCs after 48, 72 and 96 hours in culture (P <
0.05), which suggested that bFGF promote BMSCs proliferation (Figure 1).

3.2. bFGF Decreased H;0;-Induced Cytotoxicity

To test the protective effect of bFGF on H,O,-induced cytotoxicity, the viability of BMSCs treated with H,0, in
the absence or presence of bFGF was assessed by MTT assay. As shown in Figure 2, MTT results showed the
viability of both BMSCs and bFGF treated-BMSCs after treatment with H,O, was significantly decreased com-
pared to the BMSCs without any treatment (P < 0.05), however, when exposed to H,0,, the viability of bFGF
treated-BMSCs was increased than that of BMSCs (P < 0.05), indicating bFGF suppressed the effect of H,0,-
induced cell death. Consistent with the results of MTT, the treatment of H,O, significantly increased LDH
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Figure 1. The promoting effect of bFGF on proliferation of
BMSCs. Data were expressed as the mean + SD (n = 5). P <
0.05 versus BMSCs.
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release in medium, but LDH release in bFGF treated-BMSCs was lower than that in BMSCs (P < 0.05), sug-
gesting that bFGF decreased H,O-induced cytotoxicity.

3.3. bFGF Restrained H;0;-Induced Cell Apoptosis

To determine whether bFGF inhibits apoptosis of BMSCs induced by H,0,, the apoptosis of BMSCs in either
the presence or absence of bFGF was assessed by DAPI and TUNEL staining. DAPI staining showed that many
apoptotic bodies or condensed nuclei were observed in BMSCs after exposure to H,O,, however, administration
of bFGF brought obvious improvement compared to treatment with H,O, alone (Figure 3). TUNEL staining
was used to count the number of apoptotic cells induced by H,O,. The number of apoptotic cells in bFGF
treated-BMSCs was lower than that in BMSCs following exposure to H,O, (P < 0.05, Figure 3). The results
suggested that bFGF decrease H,O,-induced cell apoptosis.

3.4. bFGF Restrained Secretion of IL-6 and TNF-«a from BMSCs Induced by H;0-

To investigate the potential mechanism by which bFGF inhibits H,0,-induced apoptosis in BMSCs, pro-
inflammatory cytokines, IL-6 and TNF-a, from BMSCs induced by H,O, were determined. ELISA analysis re-
vealed under H,O,-induced oxidative stress, BMSCs treated with bFGF had lower the expression of IL-6 and
TNF-a than BMSCs (P < 0.05), indicating that treatment of bFGF significantly inhibited the H,O,-induced se-
cretion of IL-6 and TNF-a from BMSCs, as shown in Table 1.
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Figure 2. Promoting effect of bFGF on the viability and LDH release of BMSCs under H,O,-induced
oxidative stress. Data were expressed as the mean = SD (n = 5). "P < 0.05 versus BMSCs without any
treatment, *P < 0.05 versus BMSCs treated with H,O, alone.
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Figure 3. Inhibitorx effect of bFGF on H,0,-induced apoptosis in BMSCs. Data were expressed as the
mean = SD (n =5). P < 0.05 versus BMSCs treated with H,O, alone.
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Table 1. Effect of bFGF on the expression of IL-6, TNF-a and Bcl-2/Bax ratio in BMSCs
under oxidative stress (mean + SD, n = 5).

IL-6 protein (pg/ml) TNF-a protein (pg/ml) Bcl-2/Bax ratio (%)
BMSCs 68.11 +6.63 782.72 + 69.65 7.18+1.44

bFGF treated-BMSCs 40.96 + 6.62" 368.69 + 37.62" 17.95 + 3.28"

“P < 0.05 versus BMSCs.

3.5. bFGF Up-Regulated Bcl-2 /Bax Ratio in BMSCs under Oxidative Stress

To obtain the anti-apoptotic effect of bFGF, the expression of anti-apoptotic protein Bcl-2, and pro-apoptotic
protein Bax, were examined under H,O,-induced oxidative stress. The Bcl-2/Bax ratio has been believed to be
more important than either promoter alone in deciding apoptosis [15]. So, we estimate Bcl-2/Bax ratio in cell
pellets by ELISA analysis. The results showed under oxidative stress, the Bcl-2/Bax ratio in bFGF treated-
BMSCs was higher than that in BMSCs (P < 0.05), suggesting that bFGF up-regulated Bcl-2/Bax ratio in
BMSCs, as shown in Table 1.

4. Discussion

Accumulating evidence demonstrates that oxidative stress is associated tightly with neurodegeneration [16] and
neuroinflammation [17]. BMSCs transplantation conduces to relief of functional deficits for CNS diseases,
however, oxidative stress causes poor viability of transplanted cells, thus limiting BMSCs therapeutic exploita-
tion [18]. Therefore, it is necessary to find ways to protect transplanted BMSCs from oxidative stress-induced
apoptosis for the successful transplantation therapy.

As a mitotic growth factor, bFGF has been shown to have proliferative capacity on various cells, such as
neural cells [19] [20], gastric epithelial cells [21] and embryonic germ cells [22]. Apart from the above cells,
bFGF has also been reported to promote proliferation of BMSCs of dog and panda [23] [24]. In the present
study, we showed bFGF promoted proliferation of BMSCs of mouse by MTT assay. Moreover, MTT and LDH
analyses showed that viability of BMSCs was significantly decreased after exposure to H,O, and bFGF signifi-
cantly reversed this effect. These results suggest that bFGF protects BMSCs against oxidative stress, which are
consistent with the previous reports [14] [25]. Besides, the results of TUNEL and DAPI staining showed that
bFGF significantly decreased the apoptosis of BMSCs when exposed to H,O,. The results affirmed that death of
BMSCs induced by H,0, mainly results from apoptosis, and bFGF partly blocks this apoptosis. bFGF has been
found to have powerful anti-apoptotic effects at various insults [12]-[14] [26]. However, the exact mechanisms
need to explore.

TNF-a and 1L-6, potent proinflammatory mediators, play a key role in initiating and sustaining the inflamma-
tory response [27]. Meanwhile, TNF-a and IL-6 are also pro-apoptotic cytokines. For instance, they causes cell
death via apoptosis through the activation of nuclear factor-xB (NF-xB) and transducer and activator of tran-
scription 3 (STATS3) signaling pathways [28] [29]. bFGF possesses anti-inflammatory actions and cytoprotection
effects. It involves Wnt signaling in neuronal and glial differentiation and exerts an anti-inflammatory activity to
negatively control NF-kB pathway [30]. And it provides neuroprotection against neuronal death evoked by se-
rum deprivation [31]. Moreover, adenovirus vector-heme oxygenase-1-transfected BMSCs were injected intra-
myocardially into rat hearts after myocardial infarction, the infarct size and cardiac performance were signifi-
cantly improved, which was related with enhancement of bFGF and reduction of TNF-«, IL-18 and IL-6 [32].
The present study showed that bFGF reduced the secretion of TNF-« and 1L-6 induced by oxidative stress from
BMSCs. Thus, our results indicated that bFGF protected BMSCs from oxidative stress-induced apoptosis by
down-regulating the expression of TNF-« and IL-6 in BMSCs.

The Bcl-2 family proteins include both pro-apoptotic and anti-apoptotic members [33]. Bax, a pro-apoptotic
member, increases reactive oxygen species generation and oxidative damage. Bcl-2, an anti-apoptotic member,
produces a mild increase in cellular oxidative stress, resulting in increased anti-oxidant capacity and better abil-
ity to withstand additional oxidative stress [34]. bFGF has been found to have powerful anti-apoptotic effects. It
protects glioblastoma cells through inducing the activation of STAT3 to increase the expression of pro-apoptotic
genes and decrease the expression of anti-apoptotic genes [35]. And bFGF prevents ovarian granulosa apoptosis
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by involving the maintenance of normal levels of intracellular free calcium levels [26]. In addition, administra-
tion of bFGF prevented ischemia-induced myocardial cell death accompanied by the similar expression of Bax
and greater expression of Bcl-2 [36]. In this study, we have provided the evidence that bFGF participates in
modulating the balance of Bcl-2/Bax ratio under oxidative conditions. Therefore, we believed that bFGF re-
strainted apoptosis of BMSCs by modulating apoptosis-related protein.

5. Conclusion

In summary, we evaluated the effectiveness of bFGF for counteracting oxidative damage in cultured BMSCs.
bFGF effectively prevents BMSCs from H,O,-induced cell apoptosis, reduces the levels of IL-6 and TNF-a and
increases expression ratio of Bcl-2/Bax in BMSCs following treatment with H,O,. According to the current re-
sults, we suggest that bFGF has ability of anti-inflammatory actions and regulating apoptosis-related protein,
and thus may be applied to promote BMSCs survival and therapeutic potential for the CNS diseases such as
neurodegenerative diseases and brain injury which involve oxidative stress.
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