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Abstract: Glaucoma is a chronic ocular disorder that occurs due to the degeneration of retinal ganglion cells (RGCs). 
Mesenchymal stem cells (MSCs) have emerged to be potential candidates to regenerate new cells and restore 
vision. There is an immediate need to find an efficient stem cell based therapy to enhance the secretion of neuro-
trophic factors (NFs) and promote long term cell survival. There are numerous mechanisms behind the regeneration 
of cells induced by the secretion of NFs that needs to be validated yet. DPSCs and BMSCs were isolated from the 
Sprague-Dawley rats and engineered into lentiviral constructs with BDNF and GDNF. The secretion of NFs by the 
engineered MSCs was quantified by ELISA and then transplanted into glaucoma rat model. The effect of NF secre-
tion by the engineered MSCs on the neurite outgrowth was observed. The expression of myelin Nogo-A and OMgp, 
was investigated by RT-PCR and western blot analyses. The intraocular pressure in the eye of glaucoma rat model 
was reduced following the transplantation of the engineered stem cells. DPSCs were more efficient than BMSCs 
in secretion of neurotrophic factors (BDNF and GDNF) and enhanced the neurite outgrowth. Western blot analyses 
showed that Nogo-A and OMgp expression was significantly reduced. DPSCs are an alternate source of MSCs that 
are more efficient than BMSCs. The engineered MSCs secrete significantly higher amount of neurotrophic factors 
than the normal MSCs. The regeneration of RGCs following the optic nerve injury is associated with the reduced 
expression of Nogo-A and OMgp.
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Introduction

The loss of neurons in the central nervous sys-
tem (CNS) was considered to be irreplaceable 
with the consequent exacerbation of the CNS 
disorders. Glaucoma is one such degenerative 
CNS disorder characterized by the loss of reti-
nal ganglion cells (RGCs) leading to blindness 
[1]. The death of RGCs is accompanied by a 
number of pathophysiological mechanisms, for 
instance, glutamate excitotoxicity and oxidative 
stress due to excess reactive oxygen species 
(ROS) that induces DNA damage leading to cel-
lular dysfunction [2-5]. However, these mecha-
nisms mainly result from the elevated intraocu-
lar pressure (IOP), one of the most important 
risk factors for glaucoma [4]. The increased IOP 

blocks the retrograde transport leading to the 
deprivation of neurotrophic factors (NF) and 
impairs axonal regeneration [6, 7]. The pres-
ence of myelin proteins, Nogo-A (Neurite out-
growth inhibitor) and OMgp (Oligodendrocyte-
myelin glycoprotein), within a damaged CNS is 
also reported to impair the axonal regeneration 
and is expressed in the retina of rats [8-10].

Numerous studies have shown that inducing 
NFs into the eyes of animals reduces the ocular 
hypertension [11-14]. One of the best strate-
gies to induce NFs is to engineer NF into the 
cultured stem cells through viral constructs to 
provide long term neuroprotection [15]. Mes- 
enchymal stem cells (MSCs) have been recently 
explored to be highly beneficial in the treatment 
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of degenerative diseases of CNS [16]. The lim-
ited therapeutic strategies to cure glaucoma 
has largely expanded the use of MSCs to devel-
op regenerative and reparative treatments. 
MSCs are considered to be potential candi-
dates in stem cell therapy due to their low 
immune response in host during autologous 
transplantation and can be isolated from a 
number of other regions like dental pulp, umbil-
ical cord and vermiform appendix, in addition to 
the bone marrow [17]. Dental pulp stem cells 
(DPSCs) are the alternative source of MSCs for 
cellular therapy in CNS injury [18]. It can be iso-
lated from infant as well as adult mammalian 
teeth and is easily accessible with less ethical 
concerns. DPSCs have been reported to be 
more efficient in producing NFs than the bone 
marrow derived MSCs (BMSCs) and promotes 
an enhanced recovery in spinal cord injury [18].

In this study, we compared the efficiency of 
DPSCs and BMSCs engineered into a lentiviral 
construct with NFs (BDNF and GDNF). The 
effect of the engineered MSCs on Nogo-A and 
OMgp expression was also investigated, where 
the NF induced MSCs inhibited the expression 
of myelin proteins (Nogo-A and OMgp). The 
regeneration of RGCs following the transplanta-
tion of MSCs was attributed to the reduced 
expression of Nogo-A and OMgp.

Materials and methods

Animals

Adult male Sprague-Dawley rats (n=38) that 
weighed 170 to 200 g were purchased from the 
SLAC Company (Shanghai China) and the re- 
search involving animals was approved by the 
local ethical committee. The experiments were 
performed according to the institutional guide-
lines and National Research Council Guide was 
followed The rats were housed under optimum 
conditions (12 hour light/dark cycle, tempera-
ture of 22 ± 0.5°C and humidity of 50 ± 10%) 
and in a pathogen free environment.

DPSC isolation and culture

DPSCs were isolated from adult male Sprague-
Dawley rats (n=3) that weighed 170 to 200 g 
and were purchased from the SLAC Company 
(Shanghai China). The upper and lower incisors 
were extracted followed by the removal of den-
tal pulp in Dulbecco’s Modified Eagle’s Medium 

(DMEM) (Sigma Aldrich) under sterile condi-
tions supplemented with 1% penicillin/strepto-
mycin (P/S). It was then sliced into 1 mm3 small 
fragments and incubated for 30 minutes at 
37°C in 4 mL of 0.25% trypsin EDTA. An equal 
volume of DMEM containing 1% P/S with 10% 
fetal bovine serum (FBS) was added to inacti-
vate trypsin. The cell suspension was passed 
through a 70 μm cell strainer to obtain a sin- 
gle cell population, followed by centrifugation 
at 150 g for 5 minutes, cell pellets were resus-
pended in the media (DMEM with 1% P/S and 
10% FBS) and seeded into T25 flasks (5 ml). 
The cultures were maintained under optimum 
condition (37°C in 5% CO2) and the medium 
was changed every 24 hours following the 
seeding and cells were passaged at 80% con-
fluency. The conditioned media for ELISA was 
obtained from separate culture of stem cells 
from each different animal.

Isolation and culture of BMSC

The same animals described above were used 
for BMSC isolation. The femurs of these ani-
mals were used for the isolation of BMSC and 
their ends were detached under sterile condi-
tions. The bone marrow was washed out with 
10 ml DMEM, followed by the centrifugation of 
cell aspirates at 150 g for 5 minutes, the cell 
pellet was resuspended in DMEM (with 1% P/S 
and 10% FBS) and seeded into T25 flasks (vol-
ume 5 ml). Same culture conditions were main-
tained as mentioned above (37°C in 5% CO2).

Inducing BDNF and GDNF ex-vivo in stem cells 
using lentiviral vectors

The neurotrophic factors BDNF and GDNF were 
engineered to the stem cells using lentiviral 
vectors [19]. DPSCs and BMSCs were plated 
and allowed to adhere for 12 hours (density  
of 1000-1200 cells per well). The growth medi-
um (with 2% FBS and 12 μg/mL Sequa-brene 
(Sigma Aldrich)) was added in each well follow-
ing the cell adherence. Two lentiviral vector’s 
encoding BDNF (LV-BDNF) and GDNF (LV-GDNF) 
were added to DPSCs and BMSCs at a multi-
plicity of infection (MOI) of 15 for each vector. 
After incubation for 8 hours, media with viral 
particles were removed and fresh medium  
was added. At 70-80% confluence, DPSCs and 
BMSCs were transferred and subcultured. 
Stem cells engineered with lentiviral vectors 
were maintained as described above.



Neurotrophic factor induced MSCs on the expression of Nogo-A and OMgp in glaucoma

4707 Int J Clin Exp Med 2017;10(3):4705-4713

Quantification of BDNF and GDNF production 
using ELISA

The neurotrophins produced by stem cells 
(DPSCs and BMSCs) before and after the ex-
vivo induction was quantitated using ELISA. 
The difference between the neurotrophins pro-
duced by BMSC and DPSC was noticed. The 
assay was performed using EMAX Immunoassay 
kits (Promega) for BDNF and GDNF in rats 
according to manufacturer’s instructions. From 
the neurotrophin standards, a standard curve 
was constructed to quantify the BDNF and 
GDNF production.

Glaucoma rat model

The rats (n=35) were anesthetized by the intra-
peritoneal injection of ketamine (50 mg/kg, 
Sigma Aldrich), and xylazine (2.2 mg/kg; Sigma 
Aldrich) to induce ocular hypertension. A few 
drops of the local anesthetic proparacaine 

(Sigma Pharmaceuticals) was applied to the 
rat’s left eye. The half of anterior chamber of 
the left eye was selectively damaged by direct-
ing laser light at 90 spots of diameter 50 μm. 
The IOP was measured using iCare tonometer 
(iCare USA) once in a week.

Transplantation of NF induced stem cells in 
the glaucoma rat model

Intraocular injections were performed by colle- 
cting neurotrophin induced BMSCs and DPSCs 
that were detached (using 0.05% trypsin and 
0.1% EDTA) and pelleted at 500 rpm for 5 min-
utes. The pellet was resuspended (50,000  
cells per μl) in Earle’s Balanced Salt Solution 
(Invitrogen). The neurotrophin induced BMSC 
and DPSC cell suspension (2 μl) was injected 
intravitreally using a beveled glass microelec-
trode that was attached to a syringe through 
polyvinyl chloride tubing. The left eye served as 
the experimental group and the right eye served 
as the control. The different group of injections 
included: (1) BDNF-DPSC (2) GDNF-DPSC (3) 
BDNF/GDNF-DPSC (4) BDNF-BMSC (5) GDNF-
BMSC (6) BDNF/GDNF-BMSC (7) EBSS as con-
trol. Each group consisted of n=5 rats and the 
IOP was measured at day 0, day 7, day 14 and 
day 21 following the transplantation. After 21st 
day of transplantation of MSCs, the rats were 
euthanized and RGCs were then isolated as 
previously decribed [37].

Neurite outgrowth quantification

Following the MSC transplantation, the isolated 
RGCs were subjected to neurite outgrowth 
assay. The protocol was followed as illustrated 
in the manufacturer’s catalog (Chemicon Cata- 
log No. NS200). The assay was performed on 
membrane inserts and the neurites were 
stained for visualization and quantification. The 
neurite outgrowth was quantified by measuring 
the absorbance at 562 nm.

Figure 1. Change in IOP following transplantion of 
engineered DPSC. There was a consistent reduction 
of IOP following the transplantation of NF induced 
DPSC. GDNF-DPSC showed a greater improvement 
compared to DPSC-GDNF. BDNF-GDNF-DPSC had an 
additive effect where IOP was reduced from 7th day. 
Engineered BMSCs showed a gradual but significant 
decrease in IOP at 21 days following transplantation. 
Values are represented as mean ± SD and significant 
at P<0.05.

Table 1. BDNF and GDNF secretion by engineered (E) and normal (N) MSCs (BMSCs and DPSCs)
        NF1

MSC2

BDNF3 (ng/L) GDNF4 (ng/L) BDNF/GDNF (ng/L)
N5 E6 N E N E

DPSCs7 5.28 ± 2.03 23.43 ± 1.56 9.83 ±1.04 40.1 ± 1.47 5.4 ±1.23/9.24 ± 1.40 25.6 ± 0.21/40.4 ± 0.57
BMSCs8 3.95 ± 0.76 15.21 ± 0.26 6.45 ± 2.42 19.78 ± 1.45 4.2 ± 0.73/6.2 ± 1.89 15.3 ± 0.29/20.2 ± 0.83
The amount of BDNF and GDNF secreted by BMSC and DPSC was quantified using ELISA. The DPSCs produced a greater amount of NFs when 
compared to BMSCs that shows its efficiency as an alternate source of MSC therapy. The BDNF/GDNF combination was secreted approximately 
in the equal amounts when expressed alone in the MSCs. Values are represented as mean ± SD and significant at P<0.05. 1Neurotrophic Factor; 
2Mesenchymal Stem cell; 3Brain Derived Neurotrophic Factor; 4Glial cell line derived Neurotrophic Factor; 5Normal cells; 6Engineered cells; 7Dental 
Mesenchymal Stem cells; 8Bone Marrow Mesenchymal Stem cells.
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Nogo-A and OMgp expression analysis using 
RT-PCR

Total RNA was extracted using Trizol reagent 
and converted to cDNA. qPCR (Applied Bio- 
system (Carlsbad, CA, USA) was performed to 
assess the relative mRNA expression levels of 
Nogo-A and OMgp following the transplantation 

Santa Cruz, Cat. No. sc-4778) as control. The 
blots were washed thrice with PBS/0.1%  
Tween and incubated in the secondary anti-
body which was peroxidase-conjugated donkey 
anti-goat IgG (1:5000; Santa Cruz Cat No. 
sc-2032) for Nogo-A and goat antimouse IgG 
for β-actin. The blots were again washed and 
the proteins were detected using a chemilumi-

Figure 2. Neurite outgrowth quantification. (A) The neurite outgrowth follow-
ing the transplantation of engineered MSCs was quantified by measuring 
the absorbance at 562 nm. The relative neurite outgrowth is expressed in 
terms of percentage (B) Phase contrast photomicrographs of RGCs cultured 
following the MSC transplantation. B-D represents BDNF-DPSC, G-D repre-
sents GDNF-DPSC, B/G-D is BDNF/GDNF-DPSC, B-B is BDNF-BMSC, G-B is 
GDNF-BMSC and B/G-B is BDNF/GDNF-BMSC treated samples. The nega-
tive control (NC) is the sample treated with EBSS and positive control (PC) is 
the normal RGCs isolated from the right eye of the rat model.

of engineered MSCs. Primer 
probes for Nogo-A and OMgp 
were acquired commercially 
from Applied Biosystems. 
Nogo-A forward primer: CAGG- 
TGATGTACGCTCTGGA, Nogo-A 
reverse primer: TGAGGGAAG- 
TAGGATGTGC; OMgp forward 
primer: ACCTCAAGCTTATTTA- 
CTATGAAG, OMgp reverse 
primer: AGTGTTTCCATTTGCA- 
GTTGGTT; Actin forward prim-
er: GAAAATCTGGCACCACAC- 
CT, Actin reverse primer: GG- 
CCGGACTCGTCATACTC. Beta-
Actin was used as an internal 
control to normalize the  
mean Ct values.

Western blotting analysis

The cells were subjected to 
lysis buffer consisting of 10 
mM Tris pH 7.4, 150 mM NaCl, 
1 mM EDTA, 1 mM EGTA. The 
lysis buffer was also supple-
mented with protease (10%) 
and phosphatase (1%) inhibi-
tor (Invitrogen). The cell debris 
was removed and the super-
natant was separated by cen-
trifugation at 13,000 rpm for 
30 minutes. From each sam-
ple, an aliquot of protein (40-
80 μg) was subjected to  
SDS-PAGE and then trans-
ferred onto a nitrocellulose 
membrane. The blot was 
blocked using 5% blocking 
solution (non-fat dry milk in 
PBS) for 1 hour at room tem-
perature and incubated with 
primary antibody to Nogo-A 
(goat anti Nog-A) (1:100; 
Santa Cruz) and OMgp for 16 
hours at 4°C and antimou- 
se β-actin antibody (1:500; 
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nescence system. The protein bands were  
visualized using Image J software and 
quantified.

Statistics

One way analysis of variance (ANOVA) was  
used for the comparison of the variables and 
the statistical significance was set at P<0.05 
using SPSS 15.0 software.

Results

Increased secretion of neurotrophic factors by 
the engineered DPSCs

The engineered DPSCs secreted significantly 
increased amount of BDNF and GDNF when 
compared to engineered BMSCs. There was  

a significant difference in the neurotrophic  
factor (BDNF and GDNF) secretion levels 
between the engineered MSCs and the un- 
treated MSCs. The secretion levels were  
analysed using ELISA and it was found that 
DPSCs secreted greater amounts of BDNF and 
GDNF than the BMSCs. BDNF secretion was 
increased from 5.28 ± 2.03 ng/L in untreated 
DPSCs to 23.43 ± 1.56 ng/L in the engineered 
DPSCs but there was no detectable levels of 
GDNF. There was also a significant increase in 
the GDNF levels from 9.83 ± 1.04 ng/L in 
untreated DPSCs to 40.1 ± 1.47 ng/L in engi-
neered DPSCs in the engineered DPSCs with 
no detectable levels of BDNF. Similarly, the NF 
secretion was increased in engineered BMSCs 
(from 3.95 ± 0.76 to 15.21 ± 0.26 ng/L for 
BDNF and from 6.45 ± 2.42 ng/L in untreated 
BMSCs to 19.78 ± 1.45 ng/L in engineered 
BMSCs for GDNF). The combination of BDNF/
GDNF-MSCs secreted comparable amounts of 
both the NFs with the higher amount being 
secreted by DPSCs. The ELISA results are  
clearly demonstrated in the (Table 1). Efficiency 
of NF induction on MSCs after transfection  
with lentivirus is shown in the (Supplementary 
Figure 1).  

Changes in IOP level following transplantation

The measurement of IOP in the eyes is one of 
the methods to determine the improvement in 
glaucoma condition. The IOP of the glaucoma-
tous rat model following MSC transplantation 
was measured on 0, 7, 14 and 21th day. At 0th 
day, the IOP was measured to be 27.3 ± 0.21 
mm Hg in all the rats (left eye) and normal IOP 
level in the right eye was measured to be 9.1 ± 
0.36 mmHg. Consistent with the ELISA results, 
engineered DPSCs rendered significantly great-
er protection than the engineered MSCs (Figure 
1).

Increased neurite outgrowth following the 
transplantation of engineered MSCs

The neurite outgrowth in the isolated RGCs 
from glaucoma rat model was quantified follow-
ing MSC transplantation. BDNF/GDNF-DPSCs 
rendered the most enhanced regeneration 
whereas BMSCs showed less neurite out-
growth. The combination of NFs (GDNF and 
BDNF) had an additive effect on the activity of 
MSCs. The neurite outgrowth results are 
depicted in the (Figure 2).

Figure 3. Effect of engineered MSCs on the mRNA 
expression of Nogo-A and OMgp. The graphs repre-
sent relative mRNA expression levels of Nogo-A and 
OMgp in the glaucoma rat samples transplanted with 
NF induced DPSCs and BMSCs. A. Nogo-A mRNA ex-
pression level is lowest for the BDNF/GDNF-DPSC 
transplanted sample. Samples treated with NF in-
duced BMSCs exhibit a greater Nogo-A expression. 
B. OMgp mRNA expression rate is similar to Nogo-A 
and is significantly reduced in the treated samples 
with a greater suppression in DPSC treated samples.
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transplantation which was otherwise found to 
be highly expressed following glaucoma.

Decreased expression of Nogo-A and OMgp in 
NF-MSC transplanted glaucomatous rats

The expression of Nogo-A and OMgp in NF-MSC 
treated samples was investigated by western 
blotting. The Figure 3 shows the expression  
of Nogo-A and OMgp in DPSC-BDNF, DPSC-
GDNF, DPSC-BDNF/GDNF BMSC-BDNF, BMSC-
GDNF treated samples. NF induced DPSC  
treated samples reduced the myelin protein 
(Nogo-A and OMgp) expression more than  
the NF induced BMSCs (Figures 4, 5).

Discussion

Glaucoma is mainly associated with the degen-
eration of RGCs that lead to complete loss of 
vision [1]. Elevated IOP is one of the most 
important risk factors for occurrence of glau-
coma resulting in obstruction of axonal trans-
port in the optic nerve head [2]. Conse- 
quently, the retrograde transport of BDNF is 
blocked leading to apoptosis of RGCs due to 
inadequate neurotrophic support [6, 7]. BDNF 
belongs to NGF family, that binds to tropom- 
yosin receptor kinase (Trk) and activates a 
number of signaling pathways, for instance, 

Figure 4. Effect of engineered MSCs on the expression of myelin proteins 
Nogo-A and OMgp. The figure shows the western blot analysis of myelin pro-
teins, Nogo-A and OMgp, in the engineered MSCs transplanted glaucoma 
rat samples. B-D represents BDNF-DPSC, G-D represents GDNF-DPSC, B/G-D 
is BDNF/GDNF-DPSC, B-B is BDNF-BMSC, G-B is GDNF-BMSC and B/G-B is 
BDNF/GDNF-BMSC treated samples. β-actin acts as the internal control. A. 
The expression of Nogo-A and OMgp was significantly reduced in the sam-
ples treated with engineered DPSCs. BDNF/GDNF-DPSC was most effective 
in reducing the expression of these myelin proteins. B. In consistent with 
the ELISA results, engineered BMSCs could reduce the expression of Nogo-A 
and OMgp to an extent but not as efficient as engineered DPSCs. C. Control 
samples treated with EBSS.

Figure 5. Quantification of the western blot. A. Rela-
tive expression of OMgp following different treatment 
conditions as mentioned in the Figure 4. B. Relative 
expression of NOGO-A following the treatment. Val-
ues were significant at P<0.05 with respect to the 
control.

Effect of engineered MSCs on 
the expression of Nogo-A and 
OMgp

mRNA expression level of 
Nogo-A and OMgp was quan- 
tified to elucidate the action  
of transplanted NF induced 
MSCs in the glaucoma rat 
samples (Figure 3). It was 
found that Nogo-A and OMgp 
expression was significantly 
reduced and the effect was 
greater in the DPSC treated 
samples. The combined NF 
induced DPSCs showed to 
have an additive effect on 
reducing the expression of 
Nogo-A and OMgp. The 
expression was quantified 
and the relative expression 
levels are shown in (Figure 3). 
It was inferred that there  
was a significant reduction in 
the myelin proteins following 
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PI3K/Akt/mTOR, Ras/Raf/MEK/ERK and 
MAPKinase pathways thereby promoting cell 
survival and growth [20-22]. BDNF also  
has a low affinity to p75NT receptor that results 
in apoptosis through the activation of Jun 
N-terminal kinase (JNK) [20]. Previous studies 
have shown that BDNF is expressed in mature 
mouse retina and the exogenous introduction 
of BDNF increases the survival of RGCs and 
also promotes the regeneration of RGC axons 
[23-25]. GDNF also plays a significant role in 
cell survival and is expressed during retinal 
development as well as in response to a nerve 
injury [26-28].

The efficient delivery of NFs has been constant-
ly experimented to protect the degenerating 
retinas. Stem cells have emerged to be promis-
ing source of NF secretion by acting as a cellu-
lar vehicle for the delivery of NFs [29]. Injection 
of BMSCs into the vitreous cavity has been 
reported to exert neuroprotection on the RGC 
axons [29]. Another study demonstrated the 
structural and functional protection of degener-
ating retina by means of MSCs engineered to 
secrete BDNF [15]. The combined action of NF 
has also enhanced the RGC survival like the 
injection of BDNF and neurturin or BDNF and 
GDNF which proves the additive effect of NFs 
[30-32].

Mesenchymal stem cells (MSCs) have been 
largely used as a potential source for regenera-
tive and reparative therapy in various degen- 
erative diseases [33]. Bone marrow-derived 
MSCs (BMSCs) were the first powerful source 
for cell based therapy for ocular diseases. 
BMSCs greatly increased the survival of RGCs 
and promoted the regeneration of axons follow-
ing a traumatic optic injury [18]. However, the 
neuroprotection by BMSCs was considered to 
be due to the paracrine mediated effect cause 
by the activation of retinal glia or by the signal-
ing between the injured RGCs and transplanted 
stem cells [18]. Therefore, dental pulp stem 
cells were being explored as the alternative 
source of MSCs for the ocular disorders.

The present study deals with the comparison of 
neurotrophic secretion by BMSCs and DPSCs, 
where these MSCs were specially engineered 
into lentiviral constructs and induced with 
BDNF and GDNF. The lentiviruses are efficient 
in delivering genes and provide a stable long 
term expression [34]. The engineered MSCs 

were transplanted into a glaucoma rat model 
and the secretion of BDNF and GDNF was 
quantified. Our results consistently demon-
strated that engineered DPSCs have more 
potential in producing neurotrophic factors 
than the engineered BMSCs (Table 1). The 
combined effect of BDNF and GDNF adminis-
tered via BMSCs and DPSCs was also demon-
strated in this study, that renders an additive 
effect on the survival of RGCs (Figure 2). This 
proved that BDNF and GDNF function indepen-
dently to promote RGC survival.

The effect of engineered MSCs on the glauco-
matous retina was also investigated by measur-
ing the IOP levels in the experimental glaucoma 
rat model (Figure 1). The decreasing IOP follow-
ing the transplantation showed that engineered 
MSCs were efficient as a therapeutic strategy 
for the glaucoma. The impact of engineered 
DPSCs on the IOP further proved that DPSCs 
can serve to be alternate source for MSCs  
rather than BMSCs. NF-DPSCs showed a signifi-
cant reduction in IOP from day 7 following 
transplantation. Easy accessibility and ability to 
secrete increased amount of multiple source of 
NFs makes DPSCs one of potential sources for 
the regenerative and reparative cell based 
therapies.

We also studied the effect of these engineered 
MSCs on the mRNA and protein expression of 
Nogo-A and OMgp, in a glaucoma rat model 
(Figures 3, 4). Early studies indicate that myelin 
proteins are confined to oligodendrocytes, how-
ever recent evidences state the prominent 
expression of myelin proteins in CNS. Nogo-A 
inhibits neurite outgrowth and the genetic dele-
tion of Nogo-A has demonstrated significant 
survival of neural cells in mice with amyotrophic 
lateral sclerosis [35]. Though the expression of 
OMgp in glaucoma is not clearly defined, OMgp 
is reported to be the inhibitor of neurite out-
growth that binds to Nogo receptor to form a 
receptor complex [36]. Our study identified that 
the engineered MSCs were able to reduce the 
expression of Nogo-A and OMgp. Therefore, the 
results demonstrate that MSCs enhance the 
survival and regeneration of RGCs through the 
suppression of Nogo-A and OMgp that accumu-
lates in CNS following an injury.

Conclusions

To conclude, NF-induced DPSCs were more effi-
cient than NF-induced BMSCs and might prove 
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to be an important alternative source for the 
stem cell based therapy. The reparative prop-
erty of MSCs is attributed to the reduced 
expression of myelin proteins, Nogo-A and 
OMgp, following MSC transplantation in a glau-
comatous retina. The increased activity of 
DPSCs might be associated with different 
molecular mechanisms that requires an elabo-
rate study.

Acknowledgements

This work was suppoted by Research and 
Development Program of Shandong Province 
(2010G0020250).

Disclosure of conflict of interest

None.

Address correspondence to: Jian-En Li, Department 
of Ophthalmology, The People’s Hospital of Jimo, No. 
4, Jianmin Stree, Jimo 266200, China. Tel: 0532-
88517323; Fax: 0532-88513099; E-mail: jianen-
li123@126.com

References

[1] Casson RJ, Chidlow G, Wood JP, Crowston JG, 
Goldberg I. Definition of glaucoma: clinical  
and experimental concepts. Clin Experiment 
Ophthalmol 2012; 40: 341-349.

[2] Nickells RT. From ocular hypertension to gan-
glion cell death: a theoretical sequence of 
events leading to glaucoma. Can J Ophthalmol 
2007; 42: 278-287.

[3] Casson RJ. Possible role of excitotoxicity in the 
pathogenesis of glaucoma. Clin Experiment 
Ophthalmol 2006; 34: 54-63.

[4] Nucci C, Tartaglione R, Rombola L, Morrone 
LA, Fazzi E, Bagetta G. Neurochemical evi-
dence to implicate elevated glutamate in the 
mechanisms of high intraocular pressure 
(IOP)-induced retinal ganglion cell death in rat. 
Neurotoxicology 2005; 26: 935-941.

[5] Luo X, Heidinger V, Picaud S, Lambrou G, 
Dreyfus H, Sahel J, Hicks D. Selective excito-
toxic degeneration of adult pig retinal ganglion 
cells in vitro. Invest Ophthalmol Vis Sci 2001; 
42: 1096-1106.

[6] Pease ME, McKinnon SJ, Quigley HA, Kerrigan-
Baumrind LA, Zack DJ. Obstructed axonal 
transport of BDNF and its receptor TrkB in ex-
perimental glaucoma. Invest Ophthalmol Vis 
Sci 2000; 41: 764-774.

[7] Quigley HA, McKinnon SJ, Zack DJ, Pease ME, 
Kerrigan-Baumrind LA, Kerrigan DF, Mitchell 
RS. Retrograde axonal transport of BDNF in 

retinal ganglion cells is blocked by acute IOP 
elevation in rats. Invest Ophthalmol Vis Sci 
2000; 41: 3460-6.

[8] Chen MS, Huber AB, van der Haar ME, Frank 
M, Schnell L, Spillmann AA, Christ F, Schwab 
ME. Nogo-A is a myelin-associated neurite out-
growth inhibitor and an antigen for monoclonal 
antibody IN-1. Nature 2000; 403: 434-439.

[9] Kottis V, Thibault P, Mikol D, Xiao ZC, Zhang R, 
Dergham P, Braun PE. Oligodendrocyte-myelin 
glycoprotein (OMgp) is an inhibitor of neurite 
outgrowth. J Neurochem 2002; 82: 1566-
1569.

[10] Wang KC, Koprivica V, Kim JA, Sivasankaran R, 
Guo Y, Neve RL, He Z. Oligodendrocyte-myelin 
glycoprotein is a Nogo receptor ligand that in-
hibits neurite outgrowth. Nature 2002; 417: 
941-944.

[11] Sievers J, Hausmann B, Unsicker K, Berry M. 
Fibroblast growth factors promote the survival 
of adult rat retinal ganglion cells after transec-
tion of the optic nerve. Neurosci Lett 1987; 
76:157-162.

[12] Blanco RE, López-Roca A, Soto J, Blagburn JM. 
Basic fibroblast growth factor applied to the 
optic nerve after injury increases long-term cell 
survival in the frog retina. J Comp Neurol 2000; 
423: 646-658.

[13] Ko ML, Hu DN, Ritch R, Sharma SC, Chen CF. 
Patterns of retinal ganglion cell survival after 
brain-derived neurotrophic factor administra-
tion in hypertensive eyes of rats. Neurosci Lett 
2001; 305: 139-142.

[14] Ji JZ, Elyaman W, Yip HK, Lee VW, Yick LW, 
Hugon J, So KF. CNTF promotes survival of reti-
nal ganglion cells after induction of ocular hy-
pertension in rats: the possible involvement of 
STAT3 pathway. Eur J Neurosci 2004; 19: 265-
272.

[15] Harper MM, Grozdanic SD, Blits B, Kuehn MH, 
Zamzow D, Buss JE, Kardon RH, Sakaguchi DS. 
Transplantation of BDNF secreting mesenchy-
mal stem cells provides neuroprotection in 
chronic hypertensive rat eyes. Invest Ophthal- 
mol Vis Sci 2011; 52: 4506-4515.

[16] Azari MF, Mathias L, Ozturk E, Cram DS, Boyd 
RL, Petratos S. Mesenchymal Stem Cells for 
Treatment of CNS Injury. Curr Neuropharmacol 
2010; 8: 316-323.

[17] Wei X, Yang X, Han ZP, Qu FF, Shao L, Shi YF, 
Mesenchymal stem cells: a new trend for cell 
therapy. Acta Pharmacol Sin 2013; 34: 747-
754.

[18] Mead B and Scheven BA. Mesenchymal stem 
cell therapy for retinal ganglion cell neuropro-
tection and axon regeneration. Neural Regen 
Res 2015; 10: 371-373.

[19] Harper MM, Adamson L, Blits B, Bunge MB, 
Grozdanic SD, Sakaguchi DS. Brain-derived 

mailto:jianenli123@126.com
mailto:jianenli123@126.com


Neurotrophic factor induced MSCs on the expression of Nogo-A and OMgp in glaucoma

4713 Int J Clin Exp Med 2017;10(3):4705-4713

neurotrophic factor released from engineered 
mesenchymal stem cells attenuates gluta-
mate- and hydrogen peroxide-mediated death 
of staurosporine differentiated RGC-5 cells. 
Exp Eye Res 2009; 89: 538-548.

[20] Chao M, Casaccia-Bonnefil P, Carter B, Chittka 
A, Kong H, Yoon SO. Neurotrophin receptors: 
mediators of life and death. Brain Res Brain 
Res Rev 1998; 26: 295-301.

[21] Dolcet X, Egea J, Soler RM, Martin-Zanca D, 
Comella JX. Activation of phosphatidylinositol 
3-kinase, but not extracellularregulated kinas-
es, is necessary to mediate brain-derived neu-
rotrophic factor-induced motoneuron survival. 
J Neurochem 1999; 73: 521-531.

[22] Feng L, Wang CY, Jiang H, Oho C, Dugich-
Djordjevic M, Mei L, Lu B. Differential signaling 
of glial cell line-derived neurothrophic factor 
and brain-derived neurotrophic factor in cul-
tured ventral mesencephalic neurons. Neuro- 
science 1999; 93: 265-273.

[23] Johnson JE, Barde YA, Schwab M, Thoenen H. 
Brain-derived neurotrophic factor supports the 
survival of cultured rat retinal ganglion cells. J 
Neurosci 1986; 6: 3031-3038.

[24] Rodriguez-Tébar A, Jeffrey PL, Thoenen H, 
Barde YA. The survival of chick retinal ganglion 
cells in response tobrain-derived neurotrophic 
factor depends on their embryonic age. Dev 
Biol 1989; 136: 296-303.

[25] Sawai H, Clarke DB, Kittlerova P, Bray GM, 
Aguayo AJ. Brain-derived neurotrophic factor 
and neurotrophin-4/5 stimulate growth of axo-
nal branches from regenerating retinal gangli-
on cells. J Neurosci 1996; 16: 3887-3894.

[26] Humpel C, Hoffer B, Strömberg I, Bektesh S, 
Collins F, Olson L. Neurons of the hippocam- 
pal formation express glial cell linederived neu-
rotrophic factor messenger RNA in response  
to kainate-induced excitation. Neuroscience 
1994; 59: 791-795.

[27] Miyazaki H, Nagashima K, Okuma Y, Nomura Y. 
Expression of glial cell line-derived neurotroph-
ic factor induced by transient forebrain isch-
emia in rats. Brain Res 2001; 922: 165-172.

[28] Wu WC, Lai CC, Chen SL, Xiao X, Chen TL, Tsai 
RJ, Kuo SW, Tsao YP. Gene therapy for de-
tached retina by adeno-associated virus vector 
expressing glial cell line-derived neurotrophic 
factor. Invest Ophthalmol Vis Sci 2002; 43: 
3480-3488.

[29] Johnson TV, Bull ND, Hunt DP, Marina N, 
Tomarev SI, Martin KR. Neuroprotective ef-
fects of intravitreal mesenchymal stem cell 
transplantation in experimental glaucoma. 
Invest Ophthalmol Vis Sci 2010; 51: 2051-
2059.

[30] Koeberle PD and Ball AK. Neurturin enhances 
the survival of axotomized retinal ganglion 
cells in vivo: combined effects with glial cell 
line-derived neurotrophic factor and brain-de-
rived neurotrophic factor. Neuroscience 2002; 
110: 555-567.

[31] Traverso V, Kinkl N, Grimm L, Sahel J, Hicks D. 
Basic fibroblast and epidermal growth factors 
stimulate survival in adult porcine photorecep-
tor cell cultures. Invest Ophthalmol Vis Sci 
2003; 44: 4550-4558.

[32] Caffé AR, Söderpalm AK, Holmqvist I, van Veen 
T. A combination of CNTF and BDNF rescues rd 
photoreceptors but changes rod differentiation 
in the presence of RPE in retinal explants. 
Invest Ophthalmol Vis Sci 2001; 42: 275-282.

[33] Joyce N, Annett G, Wirthlin L, Olson S, Bauer G, 
Nolta JA. Mesenchymal stem cells for the treat-
ment of neurodegenerative disease. Regen 
Med 2010; 5: 933-46.

[34] Naldini L, Blömer U, Gage FH, Trono D, Verma 
IM. Efficient transfer, integration, and sus-
tained long-term expression of the transgene 
in adult rat brains injected with a lentiviral vec-
tor. Proc Natl Acad Sci U S A 1996; 93: 11382-
11388.

[35] Teng FY and Tang BL. Nogo-A and Nogo-66 re-
ceptor in amyotrophic lateral sclerosis. J Cell 
Mol Med 2008; 12: 1199-1204.

[36] Wang KC, Koprivica V, Kim JA, Sivasankaran R, 
Guo Y, Neve RL, He Z. Oligodendrocyte-myelin 
glycoprotein is a Nogo receptor ligand that in-
hibits neurite outgrowth. Nature 2002; 417: 
941-944.

[37] Kashiwagi K, Iizuka Y, Araie M, Suzuki Y, 
Tsukahara S. Effects of retinal glial cells on  
isolated rat retinal ganglion cells. Invest 
Ophthalmol Vis Sci 2001; 42: 2686-2694.



Neurotrophic factor induced MSCs on the expression of Nogo-A and OMgp in glaucoma

1 

Supplementary Figure 1. Expression of BDNF and GDNF on BMSCs and DPSCs after transfection with lentivirus.


