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Over-expression of brain-derived neurotrophic factor in mesenchymal stem cells
transfected with recombinant lentivirus BDNF gene
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Abstract: This study was aimed at investigating the expression of brain-derived neurotrophic factor (BDNF) in mesenchymal stem cells (MSCs)
modified with recombinant lentivirus bearing BDNF gene. Lentivirus vectors bearing BDNF gene were constructed. MSCs were isolated from
rats and cultured. The lentiviral vectors containing BDNF gene were transfected into the MSCs, and BDNF gene and protein expressions were
monitored with enhanced green fluorescent protein (EGFP). RT-PCR and Western blot were used to measure gene and protein expressions, res-
pectibvely in MSCs, MSCs-EGFP and MSCs-EGFP-BDNF groups. Green fluorescence assay confirmed successful transfection of BDNF gene
recombinant lentivirus into MSCs. RT-PCR and Western blot revealed that BDNF gene and protein expressions in the MSCs-EGFP-BDNF group
were significantly higher than that in MSCs group and MSCs-EGFP group. There were no statistically significant differences in gene expression
between MSCs and MSCs-EGFP groups. MSCs can over-express BDNF when transfected with recombinant lentivirus bearing BDNF gene.
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Introduction

Bone marrow MSCs, a class of adherent mononu-
clear cells are non-hematopoietic stem cells present
in bone marrow and derived from the mesoderm (1).
MSC:s are easily obtained, cultured, purified and ampli-
fied; and under favorable conditions they can differen-
tiate into mesoderm fat cells, chondrocyte, osteoblasts,
muscle and vascular endothelial cells, as well as endo-
derm hepatocytes, alveolar ectodermal epithelial cells
and nerve cells (2-5). They are recognized as seed cells
for tissue repair and regeneration, and good gene the-
rapy vectors due to their characteristic low immunoge-
nicity, mobility, organization integration and capacity
for self-renewal (6). In addition, MSCs secrete a variety
of nerve growth factors, especially BDNF which is
important for brain development. Mammalian brain is
a rich source of BDNF, an important regulatory protein
which is involved in survival signaling, deactivation
of death signal, differentiation, reduction of neuronal
apoptosis, induction of endogenous cell proliferation,
axonal growth and improvement of synaptic plasticity
(7-9). Studies have shown that MSCs and BDNF exert
positive therapeutic effects on preclinical animals with
various types of nerve injury. However, BDNF has se-
veral inherent disadvantages: it is a macromolecule, and
so cannot pass through the blood brain barrier and it has
short half-life in vivo (10-13).

In the transfer BDNF gene into brain MSCs, it is
important to select a suitable carrier with a capacity for
BDNF, high gene vector amplification, and efficient
transfection ability for the MSCs, good proliferation
and ability to induce differentiation into neuron-like
cells (14). Lentiviral vector is an ideal integrating virus
vector that meets these requirements (15, 16). EGFP is

an optimized mutant green fluorescent protein which
produces 35 times stronger fluorescence than ordinary
GFP, thereby greatly enhancing the sensitivity of repor-
ter genes. Thus EGFP can be effectively used to monitor
the efficiency of therapeutic gene transfection and func-
tional expression; and evaluation of therapeutic effect of
the transfection (17). In the present study, MSCs-EGFP-
BDNF recombinant lentivirus was constructed by clo-
ning synthetic BDNF gene into an EGFP vector, and the
expression of the BDNF gene was monitored.

Materials and Methods

Experimental animals

Pathogen-free male SD rats weighing 250 ~ 300g
were used. The rats were housed at room temperature,
and given free access to feed and drinking water.

Reagents and equipment

The reagents and equipment used, and their sources
(in parentheses) were agar medium (L-DMEM)), fetal bo-
vine serum and trypsin (Hyclone, USA); EGFP, BDNF
recombinant lentivirus (BDNF -EGFP-LV ), lentivirus
vector (EGFP-LV) (Shanghai Jikai, China); Trizol kit,
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reverse transcription kit, Real-Time PCR kit (Dalian
Baosheng Biotechnology Co., Ltd., China); bicincho-
ninic acid protein assay kit (Shanghai Jierui Biological
Engineering Co., Ltd., China); and BDNF rabbit anti-rat
polyclonal antibody (Beijing Aobo biotechnology Co.,
Ltd., China). The equipment used were Clean Bench
(Suzhou Purification Equipment Co., Ltd, China), CO,
incubator (Thermo, USA), autoclaves (TOMY, Japan),
- 80°C ultra-low temperature freezer (Forma Scientic,
Germany), optical microscope (Nikon company, Japan),
laser scanning confocal microscope (Leica, Germany),
and Odyssey two-color fluorescence imager (LI-COR,
USA).

Isolation and culture of MSCs

Six week-old male SD rats were sacrificed by cervi-
cal dislocation, soaked in 75% alcohol, and disinfected
for 10min. Thereafter they were placed in a clean bench
for evisceration and removal of muscles, tendons and
other soft tissue. On both sides of the end of femoral
and tibial epiphysis, the bone marrow cavity was cut
and bone marrow was collected in15ml-centrifuge tubes
containing phosphate buffered saline (PBS). The tubes
were centrifuged at room temperature at 1000 rpm for 5
min, then the supernatant was added to 10% L-DMEM
containing fetal bovine serum and cultured in plastic
flasks at 37 °C in 5% CO, incubator. The culture me-
dium was changed every 48 h.

Identification of MSCs

The surface markers (CD29, CD45 and CD90) of
rat MSCs were detected by flow cytometry. Well-grown
third generation MSCs were used in preparing the MSCs
suspension which was diluted with 200pL PBS to a den-
sity of 5 x 10°. Three groups of cells were collected. To
the first group was added 5Spl rat IgG-FITC or IgG-PE
as a control. The second group received 5ul rat CD29-
FITC and CD45-P, while the third group was given Sul
CD90-PE. After mixing, the tubes containing the cell
suspensions were kept in the dark at room temperature
for 25 min for reaction to take place. Thereafter 2ml
PBS was added to each tube, and the tube contents were
mixed on a shaker at 1000 rpm and then centrifuged for
5 min. The supernatant was discarded, and 200ul of 2%
paraformaldehyde was added to fix the cells prior to tes-
ting.

MSC:s transfection by lentiviral (LV) vector

Third generation MSCs (1x10%) were seeded in 96-
well plates. After 24h, the original culture medium was
discarded, and replaced with viral transfection enhan-
cement solution. Depending on titer and the number of
cells, LV, BDNF-EGFP-LV and EGFP-LV were added in
different multiplicities of infection (MOI) (10,30,50,70
and 100, respectively). At the same time, 8pg/ml of pro-
transfection agent (polybrene) was added based on the
viral transfection enhancement solution volume. After
mixing, each group was incubated at 37 °C in a 5% CO,
incubator. After 8-12h, cellular morphology was obser-
ved under an inverted microscope, and lentivirus trans-
fection enhancement solution was replaced with entirely
fresh medium. Fluorescence intensity of viral EGFP in
MSCs was observed in a fluorescence microscope after
72-96 h. The MSCs suspensions of the BDNF-EGFP-

LV and EGFP-LV transfection groups, as well as the
MSC control group were collected at a density of 5x10°
to determine transfection efficiency by flow cytometry.

Detection of BDNF gene expression by RT-PCR

Before transfection and after 24 h,3d,5d,7d, 10d
and 14 d of transfection, 5x10° cells were collected from
MSCs group, MSCs-EGFP group and MSCs-EGFP-
BDNF group. The cells were centrifuged and Trizol kit
was used to extract their total RNA.BDNF expression
at different time points in each group was measured
with RT-PCR. The amplification primers for BDNBD-
NF were 5’-GATGCCAGTTGCTTTGTCTTC-3" 9
(upstream); and 5’-TAAAATCTCGTCTCCCCAA-
CA-3’(downstream). The size of amplified fragment was
193 bp. The amplification primers for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) were 5’-ACAG-
CAACAGGGTGGTGGAC -3’ (upstream) and 5’-TT-
TGAGGGTGCAGCGAACTT-3" (downstream). The
size of amplified fragment was 252 bp. Each assay was
done in triplicate.

Detection of BDNF protein expression by Western
blot

Well-grown MSCs (1x10°) from each of the three
groups were harvested and lysed in RIPA buffer with
protease inhibitors. Protein concentration was determi-
ned by the BCA method. Equal amounts of total cell
lysates (60 mg protein) and Full-Range Rainbow Mole-
cular Weight Marker were resolved using 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidene fluo-
ride (PVDF) membranes through electrophoresis. The
PVDF membranes were immersed in blocking solu-
tion (5% skim milk) to block nonspecific binding for
1 h at room temperature. Then the PVDF membranes
were rinsed with TBST for 5min, and immuno-blotted
with primary monoclonal antibodies diluted with TBST
containing skim milk at room temperature for lh, or at
4 °C overnight. Then, further washing was conducted 4
times with TBST, each for 10min. The membranes were
incubated in the dark for 2 h at room temperature with
the secondary antibody, and then rinsed 4 times with
TBST, each for 10min. The western blot was scanned
with Odyssey dual-color fluorescence imaging in the
dark.

Protein expression of BDNF by cells climbing and
fluorescence labeling

The well-grown MSCs were collected and placed
on sterile slide plates after digestion and obtaining a
homogeneous mixture. After 24h, climbing cells were
observed under inverted microscope. Once the MSCs
were uniform and stable, Brdu was used to mark MSCs,
also BDNF-EGFP -LV and EGFP-LV were applied for
transfection. After 48h and 72h, the DAPI marker and
viral transfection of MSCs were observed under a fluo-
rescence microscope. Slides showing very high trans-
fection efficiency were fixed with paraformaldehyde.
The primary antibody (BDNF rabbit anti-rat 1: 100) was
added, and the setup was incubated at 4 °C in a refrige-
rator overnight. Fluorescent secondary antibody (goat
anti-rabbit 1: 200) was added in the dark and incubated
at room temperature for 1h. Finally, antifade was used
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to seal prior to microscopy.
Results

Microscopic observation of MSCs

Dense and uniform oval cells were visible in
L-DMEM culture medium under an inverted microscope
(Figure 1). After 24h, half of the medium became
changed, showing a few cells in adherent growth. After
72h, the whole medium changed, and part of the visible
adherent cells formed ellipsoidal, round, oolygonal, stub
or short fusiformis. On days 4-6, the refraction of the
cells become strong; the cells continued to proliferate,
and varied from the polygonal, short fusiforms to long
fusiforms, diffusing gradually as a colony, with mutual
cross-linking. On days 7 -8, the cells all showed long
fusiform shapes. Cell fusion was 80% -90%, with
long, uniform and evenly-distributed fusiforms. Cell
proliferation rate was significantly faster at this stage.

Identification of MSCs and cell transfection efficiency

MSCs was cultured to the third generation, and
flow cytometry showed that the positive levels of
CD90, CD29 and CD45 were 98.09%, 95.17% and
6.33% respectively, which were in line with phenotypic
characteristics of MSCs, suggesting that the cultured
cells were MSCs with high purity (Fig. 2).

After 72h of LV transfection, most of the cells
manifested green fluorescence (Fig. 3). When the

Figure 1. A) pimary MSC (x100); B) third generation MSC
(x100).

S

Figure 3. MSCs transfected with lentivirus in natural light (A); and
in fluorescent light (B) (x100).

multiplicity of infection was 50, the transfection rates
of BDNF-EGFP-LV and EGFP-LV were 95.23% and
96.08% respectively, but 2.29% in the control group

(Fig. 4).

BDNF gene expression determined by RT-PCR in
each group

BDNF mRNA expression results determined by
RT-PCR was significantly higher in the MSCs-EGFP-
BDNF group (CT value) than in the MSCs and MSCs-
EGFP groups (p <0.05), while there were no statistically
significant differences between the MSCs group and
MSCs- EGFP group (Table 1). When determined at
different time points for MSCs-EGFP-BDNF, the
highest expression was on day 3 (p <0.05).

Western blot analysis of BDNF expression in each
group

The western blot results revealed the BDNF protein
expression of MSCs-EGFP-BDNF group was signifi-
cantly increased compared with the other two groups
(p <0.05). There was no statistically significant diffe-
rence between expression of BDNF in MSCs group and
MSCs-EGFP group (Figure 5). Based on 2-24¢T method,
statistical results showed that MSCs transfected with
lentivirus over-expressed BDNF protein, which in-
creased 6.6-fold compared with the control cells (Table
2).
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Table 1. Comparison of BDNF expression in the three groups as detected by RT-PCR at different time points (X =+ s ).

Detection time point MSCs group MSCs-EGFP group MSCs-EGFP-BDNF group
1d 27.1£0.0 2 27.8£0.0 2 25.7+0.1
3d 27.140.1° 27.1£0.0 ™ 24.4+0.2 9
5d 27.5£0.2° 27.6+0.1 ™ 24.7+0.0¢
7d 27.5+0.1° 27.5+0.0° 24.7+0.0
10d 27.8+0.0 *° 27.8+0.0% 25.0+0.0 ¢
14d 27.7+£0.1° 27.8£0.1° 25.9+0.1 ¢

Note: Compared with MSCs-GFP-BDNF group at the same time point, *p <0.05, °p<0.01, Compared with itself group at the prior

time point, ®p<0.01, 9p<0.05.

MSCs-EGFP-BDNF ~ MSCs-EGFP MSCs
group group group
BONT ommm— —

B -actin  — S (—

Figure 5. Western blot analysis of BDNF expression in each group.

Table 2. Comparison of BDNF protein expression between the

groups.
Groups ACT AACT 2-AACT
MSCs 11.4 0 1.0
MSCs-EGFP 11.3 0 1.0
MSCs-EGFP-BDNF 8.6 2.7 6.6

The BDNF protein expression of MSCs-EGFP-BDNF group was
increased 6.6-fold compared with MSCs group and MSCs-EGFP.

Protein expression of BDNF assessed by cells clim-
bing and immunofluorescence labeling

MSCs that showed visible climbing under laser
confocal microscopy were labelled by immunofluores-
cence; the results revealed that fluorescent protein of
BDNF in the MSCs transfected with BDNF gene re-
combinant lentivirus in MSCs-EGFP-BDNF group was
significantly higher than that of the MSCs group and
MSCs -EGFP group (Fig. 6).

Discussion

BDNEF is a biologically active protein firstly isolated
and purified from porcine brain by the German nerve
chemist Barde and his colleagues in 1982. It is a mem-
ber of neurotrophic factor family (18). Although BDNF
is present in the nerves, the central nervous system, bone
and soft tissue, as well as endocrine system, it is ex-
pressed mainly in the central nervous system to provide
powerful nutritional support to neurons. BDNF plays
several crucial roles during the development of nerve
cells. These include promotion of axonal regeneration
and synapse formation, regulation of synaptic trans-
mission in the peripheral and central nervous system,
reduction of neuronal apoptosis and protection of neu-
rons from damage (10, 19, 20). The use of exogenous
BDNF in gene therapy requires an appropriate vehicle
to ensure that BDNF gene is ultimately expressed.

MSC:s are easily transfected for efficient expression
of exogenous genes. The transplantation of transfected
MSCs does not infringe on medical ethics; after trans-
fection, MSCs maintain long-term biological charac-
teristics, low immunogenicity and minimal transplant
rejection (21, 22). Moreover, MSCs are easy to access

C

Figure 6. Expression of immunofiuorescence BDNF protein. Fluo-

rescence expression of DAPI (A, blue); fluorescence expression of
EGFP (B, green); fluorescence expression of BDNF (C, red); in
situ superposition (D).

and multiply in culture, and they can differentiate into
neuronal cells. Thus they are considered one of the
most promising stem cells in clinical management of a
variety of neurological diseases (23 — 28). MSCs are a
heterogeneous cell population lacking specific surface
markers. Thus a combination of variety of methods is
often used to identify them. These include morpholo-
gy observation, detection of relatively specific antigen
expression on cell surface and induced directional diffe-
rentiation technology.

In this study, adherence screening method was used
to gradually isolate MSCs based on adherent growth,
white blood cells and hematopoietic stem cells grown
in suspension. The density of MSCs in the bone mar-
row is low and decreases with age. So, juvenile rat
bone marrow was cultured in L-DMEM medium. The
International Society for Cell Therapy has unified iden-
tification parameters for MSCs (29, 30). The surface
antigen characteristics used are: CD73, CD90, CD105,
CD29, CD106, CD146, insulin-like growth factor re-
ceptor (IGFR), nerve growth factor receptor (NGFR),
platelet-derived growth factor receptor (PDGFR), and
bone-specific alkaline phosphatase (STRO-3), all of
which should be positively expressed; while CDA45,
CD34, CD79a or CD19 and HLA 2DR are negatively
expressed (24). In this study, MSCs were identified by
detection of CD29, CD45 and CD90, indicating that
most of the cells expressed CD29 and CD90, while
only a very small number of cells expressed CD45. This
clearly and unequivocally shows that the cultured cells
were high purity MSCs.
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In addition, this study adopted BDNF gene recombi-
nant LV as the carrier of BDNF gene into MSCs by the
binding of specific receptors on the cell membrane to
the viral glycoproteins. The BDNF gene and viral DNA
integrated their genetic components. The viral DNA and
BDNF gene were transcribed into RNA and translated
to protein. The transfection efficiency was over 95%, as
determined by flow cytometry, and the transgenic MSCs
over-expressed BDNF. In addition, BDNF protein ex-
pression, as well as cell climbing and immunofluores-
cence displays were significantly higher in the MSCs-
EGFP-BDNF group than in the other two groups; and
the transgenic MSCs expressed 6.6 times higher BDNF
protein 6.6-fold than the control group. These results are
consistent with those from RT PCR, and show clearly
that MSCs over-expressed BDNF due to transfection
with recombinant lentivirus bearing BDNF.

The results obtained in this study clearly indicate
that MSCs can over-express BDNF when transfected
with recombinant lentivirus bearing BDNF gene.
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