
 

Copyright © Journal of Stem Cells and Regenerative Medicine. All rights reserved 

  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dadon- Nachum M1, Ben-Zur T1 ,Srugo I2, Shamir H M2, Melamed E1, Yaffe D3, Offen D1 
 

Therapeutic Effect of Myogenic Cells Modified 
to Express Neurotrophic Factors in a Rat Model 

of Sciatic Nerve Injury 

Sciatic nerve injury may cause neurological deficits, particularly muscle weakness.  Previous studies have 
shown that administration of neurotrophic factors (NTFs), naturally occurring proteins that support the 
development and survival of neurons, partially protected the damaged motor neuron in the injured sciatic 
nerve.  In the current study, we have examined whether the administration of various combinations of 
transfected muscle progenitor cells (MPCs) populations, each expressing a single NTF  (BDNF, GDNF, IGF-1 
or VEGF) or conditioned media of such culture are capable of rescuing motor neurons in culture or in vivo.  
We have found that the mixture of conditioned media collected from cultured myogenic cells (MPCs- MIX+) 
alleviated the toxic effect of exposure of the motor neuron cell line NSC34 to hypoxic environment.  
Furthermore, NTFs secreting cells transplantation, protected motor neurons in a unilateral rat sciatic nerve 
injury model: One day after the crush, rats underwent transplantation at the lesion site with rat myogenic cells 
expressing one of the four NTFs; a mixture of cells expressing all four NTFs (MPCs- MIX+), MPCs-GFP or 
PBS. We found that in rats injected with MPCs- MIX+ the motor function was markedly preserved, compared to 
groups injected with cells secreting a single NTF, GFP or PBS. Transplantation of the MPCs- MIX+ significantly 
inhibited the degeneration of the neuromuscular junctions and enhanced the survival of the myelinated motor 
axons. The injection of MPCs- MIX+ preserved the compound muscle action potential (CMAP) as was 
demonstrated by motor nerve conduction studies. Our findings suggest that MPCs induced to secrete several 
NTFs can synergistically alleviate symptoms of sciatic nerve injury and perhaps other motor neuron disorders.. 
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Introduction  
 
Many studies have demonstrated that neurotrophic factors 
(NTFs) protect peripheral motor neurons and contribute to 
enhanced axons regeneration and functional recovery.[1-9] 
 
Several studies showed that brain derived neurotrophic 
factor (BDNF) have a beneficial effect on peripheral nerve 
regeneration and myelination and on the maintenance of 
muscles' mass.[10-14] 

 
Additional NTFs such as glial derived neurotrophic factor 
(GDNF), insulin growth factor 1 (IGF-1) and vascular 
endothelial growth factor (VEGF) are known to be essential 
for the development and survival of the peripheral nervous 
system. These factors have been shown to improve motor 
neuron survival, preserve neuromuscular junctions (NMJs) 
and enhance motor function in animal models of peripheral 
nerve injuries.[1, 2, 5, 6, 10-13, 15] We have also shown that 
administration of bone marrow derived mesenchymal stem 
cells, that secret high levels of neurotrophic factors,   
improved motor function and nerve conduction in a rat sciatic 
nerve crush model.[16] 

However, despite the promising results of restoration and 
recovery of the motor function in the animals models, 
clinical trials of systemic or intrathecal administration of 
recombinant NTFs to patients suffering from peripheral 
nerve injuries have failed  to demonstrate significant 
efficacy.[17-18] 
 
A potential solution to the challenge of NTFs delivery could 
be the transplantation of genetically modified myogenic 
cells, which secrete these factors, into the host muscle. In 
this case, the cells’ own machinery is used to constantly 
produce higher concentration   of growth factors, which 
could then be easily delivered to the motor neurons.  Motor 
neurons can bind, internalize and retrogradely transport 
NTFs from muscles in a receptor-dependent manner. [3-4] 
 
Muscle progenitor cells (MPCs) are of special interest as an 
excellent, easily accessible cell type, with well-
characterized markers associated with the various 
differentiation stages. MPCs are also relatively simple to 
clone and manipulate in culture.  Clonal analysis of new- 
born myogenic cells demonstrated stable retention during 
many cell generations in culture of a committed program of 
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self-renewal and a default for myogenic terminal 
differentiation.[19-21] 
 
In the present study, we have used cell populations of the rat 
myogenic cell line L8, genetically modified to express and 
secrete BDNF, GDNF, IGF-1 or VEGF. Each population 
expressing a single NTF (MPCs- BDNF; MPCs- GDNF; 
MPCs- IGF-1; MPCs- VEGF respectively). Here, we 
demonstrated that transplantation of a mixture of these 
genetically manipulated MPCs have strong synergistic effect 
in a rat model of sciatic nerve crush, the most commonly 
studied nerve injury paradigm.[22] The MPC mixture harboring 
together the four NTF, accelerated the recovery of the motor 
function, preserved the compound muscle action potential 
(CMAP) and inhibited the degeneration of the neuromuscular 
junctions.  

 
Materials and Methods 

Myogenic cells secreting neurotrophic factors 
 
L8 rat myogenic cells [21] were used as a vehicle to introduce 
vectors expressing growth factors. The cells were 
propagated in a growth medium containing Dulbecco’s 
Modified Eagle’s Medium (DMEM) supplemented with 100 
mg/ml streptomycin, 100 U/ml penicillin, 12.5 units/ml 
nystatin (SPN, Biological Industries, Beit Haemek, Israel), 2 
mML- glutamine (Biological Industries), and 10% fetal calf 
serum (Biological Industries). 
 
Following a change to differentiation medium the 
mononucleated cells ceased proliferation and fused into 
multinucleated muscle fibers. For the present investigation 
we used only proliferating mononuclated cells grown in the 
growth medium. 

 
The human GDNF, VEGF, IGF-1 and BDNF genes were 
amplified from the pBluescript plasmids that were purchased 
from Harvard Institute of Proteomics, Boston, USA, using 
Plasmid Midi Kit (Qiagen, Valencia, USA). We inserted each 
of the four genes into the destination plasmid under the CMV 
promoter in a recombinant reaction. The destination vector is 
a commercial expression vector (Invitrogen Cat. K591-20) in 
to which the promoter and gene of interest are 
simultaneously cloned according to manufacturer’s 
instructions. The vector also contains the Blasticidin 
resistance marker to select the cells expressing the vector. 
For each reaction sample, a plasmid containing the CMV 
promoter was incubated overnight at room temperature with 
a plasmid containing the DNA fragment, the destination 
plasmid and the recombination enzyme, LR clonase 
(Invitrogen Carlsbad, CA, USA). The constructs were 
transformed into One Shot® Stbl3™ Competent E. coli 
(Invitrogen):  4 µl of the recombination reaction were added 
to One Shot® Stbl3™ Competent E. coli and were incubated 
for 30 minutes on ice. After incubation, the mix was 
transferred to 42ºC for 30 seconds and then for 2 minutes on 
ice. 250 µl of SOC medium was added to the mix and 
incubated at 37ºC. After one hour the mix was placed on LB 
agar plates with ampicillin (Sigma- Aldrich, St. Louis, MO, 
USA) for 24 hours at 37ºC. On the following day, one colony 
was picked and DNA was produced using a midi kit. For 
each   transfection   sample,   4 µg   DNA    ( of   each    gene 

separately) were diluted in 1.5 ml Opti- MEM (Biological 
Industries). Lipofectamaine 2000 (Invitrogen) was diluted in 
1.5 ml Opti-MEM. After 5 minutes of room temperature 
incubation, the diluted mix and the DNA with the diluted 
Lipofectamine 2000 were combined and incubated for 20 
minutes at room temperature. After incubation, the 3 ml of 
complexes were added to flasks containing 95% confluent 
MPCs cultured in an antibiotic free medium and incubated at 
37ºC in a CO2 incubator. Each flask was transfected with a 
single NTF expression vector. Six hours later, the cell 
medium was changed to their standard growth medium. The 
next day, 4mg/ml of Blastocidin was added to the cells for 
selection after two weeks. 
 
Immunocytochemistry 
 
Cells grown on coverslips were fixed with 4% 
paraformaldehyde for 10 minutes, washed with phosphate-
buffered saline (PBS), and then incubated in a blocking and 
permeabilization solution (5% normal goat serum, 1% bovine 
serum albumin, and 0.5% Triton X-100 in PBS) and 
incubated with a primary antibody overnight at 4°C. After 
washing with PBS, cells were incubated with an Alexa-
conjugated secondary antibody. The nuclei were 
counterstained with 4,6-diamidino-2-phenylindole (DAPI; 
1:500; Sigma-Aldrich). The following primary antibodies were 
used: rabbit α-BDNF (1:100; Santa Cruz Biotechnology Inc., 
Santa Cruz, CA, USA), rabbit α –GDNF ( 1:100; Santa Cruz 
Biotechnology), mouse α- IGF-1 (1:100; Santa Cruz 
Biotechnology), and mouse α- VEGF (1:100; Santa Cruz 
Biotechnology). Secondary antibodies were Alexa Fluor 488 
(1:500; Invitrogen) and Alexa Fluor 568 (1:500; Invitrogen). 
Five random fields were photographed at a magnification of 
X100A and a percentage of total DAPI-positive nuclei cells 
were quantified.  
 
ELISA analysis 
 
Cell supernatant collected pre- and post- transfection were, 
frozen, and quantified. We used enzyme-linked 
immunosorbent assay (ELISA) kits (R&D Systems, 
Minneapolis, MN, USA) to detect the presence of each one 
of the secreted neurotrophic factors. The assay was 
conducted according to the manufacturer’s protocol in 
triplicate, and results were read at wavelengths of 450/540 
using an ELISA reader (Powerwave X; Biotek Instruments, 
Winooski, VT, USA). Results were compared between the 
cell media prior to and following transfection. 
 
Cells viability assay 
 
We have tested the ability of the MPCs conditioned media to 
protect motor neuron cell- line (NSCs-34) from hypoxic 
stress. NSCs-34 was placed in a hypoxic environment for 48 
hours in a chamber together with the conditioned media of 
each of the cloned MPCs expressing one of the four NTF 
combinations: MPCs-MIX+, MPCs-GFP, MPCs growth media 
media or serum free growth media. After 48 hours, Alamar 
blue 10% (AbD Serotec, Kidlington, UK) was added to the 
cells for 6 hours. The assay was conducted in triplicate and 
results were read at wavelengths of 590nm using a fluostar 
device. Results were normalized to cells under the same 
treatments in normoxia. 
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Sciatic nerve crush model in rats  
 
The sciatic nerve crush model was performed on male Wistar 
rats (Harlan, Jerusalem) weighing 230–250 g each. Rats 
were placed in 12-hour-light/12-hour-dark conditions and 
were grown in individually ventilated cages (IVC) with ad 
libitum access to food and water. All experimental protocols 
were approved by the Tel Aviv University Committee of 
Animal Use for Research and Education. Rats were 
anesthetized with chloral hydrate 7 mg/ ml (Sigma- Aldrich, 
St. Louis, USA). The right sciatic nerve was exposed and a 
vessel clamp was applied 10 mm above the first branching of 
the nerve, for 30 seconds. 
 
One day after surgery, the rat groups (n=9) were injected into 
the lesion site with the genetically modified cells suspended 
in 100 µL. The groups included rat that were transplanted 
with 106 MPC harboring the gene for green fluorescent 
protein (GFP), 106 MPC harboring the gene for one of the 
NTFs, i.e.: BDNF, GDNF, IGF-1 or VEGF. One group was 
transplanted with a mixture of cells expressing all these NTF 
genes (i.e. 2.5x105 X 4 a total of 106 cells) and a rat group 
that was injected with PBS alone.  
 
Rat motor function measurements  
 
Motor function was evaluated twice a week- a week before 
the injury and three weeks after. Motor activity was 
measured using the San Diego Instrument test (San Diego 
Instruments, CA, USA). This test measured the time that the 
rat remains balanced on a rotating rod in accelerated speed 
(0-25 RPM). Following a brief training period, adult wild-type 
rats are able to remain balanced for up to 4 minutes.  Sciatic 
nerve crush, as was done to the rats in this study, damages 
the rat's ability to balance, hence causing the animal to fall 
off the rod after shorter periods of time. The average time 
measured in three consecutive runs for each rat was 
recorded and the groups' performance was compared.  
 
Electrophysiological study 
 
Compound muscle action potentials (CMAP) were recorded 
from the sciatic innervated cranial tibial muscles following 
electric stimulation of the sciatic nerve. An active monopolar 
needle electrode was placed over the sciatic nerve at the 
sciatic notch and a supramaximal intensity electric stimulus 
of 0.1 ms duration was applied.  An average of ten 
consecutive runs from each measurement was documented. 
The CMAP amplitudes were recorded on both the injured 
and the healthy hind limbs of each rat. The ratios of the 
amplitude measured at the injured side, divided by those of 
the normal side was used for comparison between the study 
group in order to adjust for the effect of anesthesia, muscle 
masses and other physical variations between rats. 
 
Immunohistochemistry 
 
To analyze cell survival and the NTFs secretion in the tissue, 
hind limb muscles of rats were removed and frozen in liquid 
nitrogen,  15  days   after   transplantation.    Muscles    were 
sectioned at 20 µm using  a   cryostat   (Leica CM1850)   and  
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placed on glass slides for staining. The sections were fixed 
with 4% paraformaldehyde for 30 minutes, washed with 
phosphate-buffered saline (PBS), and then incubated in a 
blocking and permeabilization solution (5% normal goat 
serum, 1% bovine serum albumin, and 0.5% Triton X-100 in 
PBS) and incubated with a primary antibody overnight at 
4°C. After being washed with PBS, cells were incubated with 
an Alexa-conjugated secondary antibody. The nuclei were 
counterstained with 4, 6-diamidino-2-phenylindole (DAPI; 
1:500; Sigma-Aldrich). The following primary antibodies were 
used: rabbit α-BDNF (1:100; Santa Cruz Biotechnology Inc., 
Santa Cruz, CA, USA), rabbit α –GDNF (1:100; Santa Cruz 
Biotechnology), mouse α- IGF-1 (1:100; Santa Cruz 
Biotechnology), and mouse α- VEGF (1:100; Santa Cruz 
Biotechnology).Secondary antibodies were Alexa Fluor 488 
(1:500; Invitrogen) and Alexa Fluor 568 (1:500; Invitrogen).  
 
Assessment of neuromuscular junction innervations 
 
Endplate innervations were marked by alpha-bungarotoxin 
and synaptophysin as described previously. Hind limb 
muscles were dissected and frozen in liquid nitrogen. 
Muscles were sectioned at 20 µm using a cryostat and 
placed on glass slides for staining. The sections were fixed 
with 4% PFA-PBS and labeled with alpha-bungarotoxin 
conjugated with fluorescence marker Alexa Fluor 594 
(1:1000, Invitrogen, CA, USA) and anti-synaptophysin (rabbit 
polyclonal, 1:100, Santa Cruz Biotechnology, Santa Cruz, 
USA) antibodies overnight at 4°C. After washing with PBS, 
the sections were incubated with anti- rabbit Alexa Fluor 488-
conjugated antibody (1:1,000, Invitrogen) for one hour at 
room temperature followed by washes and covered with 
cover glasses using aqueous mounting medium (Invitrogen). 
We classified NMJs into two groups based on the degree of 
innervation of postsynaptic receptor plaques by nerve 
terminals. Endplates were scored as “innervated” if there was 
an overlap with the axon terminal, or “denervated” if the end-
plate was not associated with an axon. 

 
Statistical Analysis 
 
The results are expressed as means ± SE.  The one-way 
ANOVA test was used to compare the three groups in the 
sciatic nerve crush and SOD1 mice models. Statistical 
calculations were performed using SPSS, version 13 (SPSS, 
Chicago, IL, USA). 

 
Results 
 
Characterization of the transfected myogenic cells 

 
Using an immunocytochemical and ELISA analyses, we 
assessed the expression and secretion of neurotrophic 
factors from MPC-transfected cells. We found that almost 
100%   of   the   genetically   manipulated    MPCs    strongly 
expressed BDNF, GDNF, IGF-1, or VEGF. We found, per 
one million cells, high levels of BDNF (949.6 + 53 pg), GDNF 
(900.5 + 42 pg), IGF-1 (989.7 + 63 pg) and VEGF (879.1 + 
146 pg). In contrast, we couldn’t detect any NTF secretion in 
untransfected MPCs (Figure 1).  
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Transplantation of genetically modified L8 cells 
expressing NTFs improved motor function  
 
Rats that performed well on the rotorod before the injury, 
demonstrated right hind limb limp immediately following the 
nerve crush and their motor function declined by 60%. 
 
Three days later, the PBS-treated rat group demonstrated 
poor motor function (98.5 + 9.8 seconds on rotorod). Injured 
rats treated with cells expressing GFP or cells expressing a 
single NTF (i.e.: BDNF, GDNF, IGF-1 or VEGF) showed an 
insignificant, moderate improvement (125+ 12.5; 152 + 9.7; 
129 + 11.2; 129 + 13.4; 121 + 9.7, respectively). In contrast, 
the MPCs-MIX+ cells treated rats demonstrated a 
significantly improved motor performance (183.8 + 5.3, p< 
0.05).   A similar trend was observed six and eight days after 
the crush (Figure 3).  
 
 

 
 
 
 
 
 
 
 
 
 
 
Electrophysiologic study indicates axonal regeneration 
in MPCs-NTFs treated rats 
 
 
 
 
 
 
 
 
Decreased compound muscle action potential (CMAP) was 
observed immediately after the sciatic crush in the injured 
limb in all groups when compared to the non-injured contra 
lateral side. These findings were recorded as low CMAP 
amplitude   ratios  (injured/healthy limb).   Four   days   after  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MPCs-MIX+ conditioned media rescue NSC34 cells in 
culture 
 
48 hours after exposure to a hypoxic environment, the 
viability of the motor neuron cell line NSCs-34 decreased by 
50%. Exposure of the cells to conditioned medium collected 
from cells expressing only a single NTF (BDNF, GDNF, IGF-
1 or VEGF) had an insignificant protective effect (64.3% + 
3.3, 66.8% + 1.9, 66.03% + 3.7 and 63.4% +2.9 
respectively). However, cells treated with the MPCs-MIX+ 
conditioned medium were almost fully protected (97.4% + 
7.3; Figure 2). 
 

 
 

Figure 2.  Conditioned medium of genetically modified L8 cells (MPCs 
MIX+) rescues NSC34 cells in culture. NSC34 cells were exposed to  
hypoxic environment for 48 hours in serum free medium (SF) or in SF and 
conditioned media collected from cells expressing only a single NTF or in a 
mixture of medium collected from MPCs expressing each one of the four 
NTFs (* P< 0.05 as determined by ANOVA test). 

Figure 1 (a to e)  Genetically modified myogenic cells secrete 
neurotrophic factors. L8 cells transfected with the neurotrophic factors 
genes, express BDNF (A) GDNF (B) IGF-1 (C) and VEGF (D) as determined 
by immunocytochemistry. These factors were secreted into the medium as 
indicated by ELISA (E). No secreted NTFs were detected in the non-
transfected L8 cells (MPCs). 

Figure 4.  Electrophysiologic measurement indicates enhanced axonal 
regeneration in MPCs-MIX+ treated rats. Myogenic cells expressing one of 
the four NTFs or GFP or a mixture of myogenic cells expressing all four 
NTFs, or PBS were injected into sciatic nerve crush site. Four days later, 
nerve conduction was tested by electromyography. Compound muscle 
action potential presented as a ratio between the injured and uninjured hind 
limbs. A significant enhanced axonal regeneration was observed only in the 
MPCs- MIX+ treated group. (n= 3, means ± SEM, **p<0.01 as determined by 
student t- test). 

Figure 3.  Transplantation of genetically modified L8 cells expressing 
NTFs improved motor function after sciatic nerve injury. One day after 
a crush of the rats' right hind limb, myogenic cells expressing one of the four 
NTFs or GFP or a mixture of myogenic cells expressing all four NTFs were 
transplanted into the injury site. One group was injected with saline only. 
Motor recovery was examined by rotarod and presented as time spent on 
rod. In rats injected with MPCs-MIX+, motor function was markedly 
improved, compared to the other treatments. (n=9, *p<0.05 as determined 
by ANOVA test). 
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Figure 6.   Cells expressing NTFs can be detected in the transplanted 
muscles. Rats were sacrificed two weeks after sciatic nerve crush followed 
by transplantation of a mixture of myogenic cells expressing a mixture of 
myogenic cells that express together all four NTFs (MPCs MIX+). Cells in 
hind limb muscles sections were stained positive for BDNF (A); GDNF (B); 
IGF-1 (C) and VEGF (D).  

surgery, the average ratio of CMAP amplitudes  
(injured/healthy limb) was higher in the MPCs- GFP, BDNF, 
GDNF, IGF-1 or VEGF (0.2 + 0.12; 0.26 + 0.09; 0.12 + 0.04; 
0.32 + 0.16; 0.26 + 0.07, respectively) when compared to the 
ratios recorded immediately after the surgery. However, a 
significant increase in the CMAP amplitudes ratio was found 
only in the MPCs-MIX+ treated group (0.4 ± 0.09 p<0.05, 
Figure 4). 
 
Myogenic cell populations that secrete NTFs inhibited 
NMJs denervation 
 
Two weeks after the sciatic nerve crush, intact NMJs were 
counted within the gastrocnemius and tibialis muscles in the 
crushed area. Positive staining with acetylcholine receptor 
ligand, alpha bungarotoxin, and antibodies against the post 
Synaptic protein, synaptophysin, were count as innervated 
NMJ. We examined over 50 stained slides from each group, 
and found that in the injured gastrocnemius and tibialis 
muscles 69% + 12 innervated NMJs.   In contrast, rats 
transplanted with MPC-MIX+ cells showed significantly higher 
intact NMJ preservation (89% + 1.5, p<0.05; Figure 5). 

Cells expressing NTFs can be detected in the 
transplanted muscles  
 
Cells expressing high levels of BDNF, GDNF, IGF-1 or VEGF 
were identified on histology examination of the rat’s hind limb 
muscles two weeks after the transplantation. 
Immunohistochemistry using specific antibodies was used to 
detect these factors (Figure 6).  

 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
Discussion 
 
Many studies have reported positive effects of different NTFs 
in models of motor neurons pathologies,[23-26] but only few 
have tested the possible synergistic effect of their 
combination.[27] It is very likely that each NTF has a unique 
important role in the survival and maintenance of the motor 
neurons. Therefore, it is reasonable to explore their 
combined effect. In the present study, using several 
parameters, we found that both in-vitro and in-vivo 
administration of all four NTFs has a beneficial synergistic 
effect in a model of acute motor neuron injury.  

 
Sciatic nerve crush is a very common peripheral nerve injury. 
Although this injury is widely investigated, no efficient 
treatment has yet been found. Since the nerve axon usually 
regenerates slowly (1–2 mm/day) muscle regeneration is 
hampered.  Chronic muscle atrophy and fibrosis limit the 
recovery, and compromise the restoration of muscle 
function.[15, 28-31] Enhanced nerve repair and prevention of 
muscle atrophy represent major challenges for restorative 
medicine. 
 

One of the suggested treatment strategies in 
peripheral nerve injuries is the transplantation of stem or 
progenitor cells in order to create a better environment for 
nerve regeneration. Among others, adipose precursor cells, 
amniotic fluid cells and bone marrow mesenchymal stem 
cells were tested.[15, 16, 24-26, 29, 32-34] One of the postulated 
mechanisms for this beneficial effect was the secretion of 
NTFs. NTFs are known as regulators of some of the 
important processes of the nervous system, including 
neuronal survival, axonal growth and branching, synaptic 
efficacy etc. However, most of these implanted cells have a 
short survival time and thus their efficacy is limited.[25-26] 

 
In the present study, we genetically modified four separated 
cloned populations of myogenic cells, each population 
expressing one of the following neurotrophic factors genes:
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Figure 5.   Injected myogenic cells that secrete NTFs reduced NMJs 
denervation. Two weeks after sciatic nerve crush and transplantation of 
myogenic cells expressing all four NTFs, hind limbs muscles were double 
stained using alpha bungarotoxin (green) and antisynaptophysin antibodies 
(red) to measure MNJ integrity. A- Image of hind limb muscle section 
transplanted with MPCs-MIX+ (100µm) B- or with MPCs- GFP+. C- 
Quantification of intact NMJs (n=5, means + SEM, *p<0.05, determined by 
student t-test). 
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BDNF, GDNF, IGF-1 or VEGF (MPCs-NTFs). Our 
experiments offer a fairly simple way to test the combined 
effect by mixing defined numbers of cells expressing the 
different NTFs. We showed that only the combined 
conditioned medium from all four populations significantly 
rescued a cultured motor neurons cell line from hypoxic 
damage. Subsequently, we applied these NTFs secreting 
cells in the rat model of unilateral sciatic nerve crush. We 
used several parameters to analyze the regenerated motor 
axons and the integrity of the hind limb NMJs following 
sciatic nerve crush. One day after injury, we observed a 
marked decrease in motor function as indicated by the 
rotorod test and CMAP measurements. MPCs were 
transplanted into the lesion site 24 h after injury. We 
observed a significant beneficial effect on the motor function 
in the rats transplanted with MPCs-MIX+, as soon as four 
days after the treatment. The high CMAP amplitude recorded 
in the hind limb muscles of rats transplanted with a mix of 
MPC expressing the four NTFs indicated that the 
transplantation preserved the myelinated motor axons and 
innervated peripheral muscles. In addition, we observed a 
marked reduction in degeneration of the NMJs in the rats 
transplanted with MPCs-MIX+. 
 
Several attempts to introduce and evaluate the effect of 
NTFs on an injured nerve environment were reported. Li et 
al. (2007) showed that overexpression of GDNF in the 
skeletal muscle delayed the onset of disease and increased 
the life span of SOD1 mice. Acsadi et al. (2002) showed that 
adenovirus vector mediated GDNF expression in muscles of 
neonatal SOD1 mice delayed the onset of disease and 
prolonged animals’ survival.  Kaspar et al. (2003) reported 
that adenovirus vector mediated IGF-1 expression in SOD1 
mice muscles prolonged life and delayed disease 
progression.  Azzouz et al. (2004) found that injection of a 
VEGF-expressing lentiviral vector into various muscles 
delayed onset and slowed progression of ALS in mice.[1, 4, 23, 

35]  
 
Our results, from the current study, demonstrate that NTFs 
synergy is very important for motor neurons regeneration 
after injury. Although introducing each of these factors alone 
resulted in some beneficial effect, the effect of the 
combination of all factors together was significantly superior. 

 
Conclusion  
 
Muscle is an accessible tissue and primary MPCs can be 
isolated in sufficient amounts making these adult progenitor 
cells potentially clinically feasible for cell transplantation 
therapies. In our study, the transplanted cells survived, 
expressed and secreted BDNF, GDNF, IGF-1 and VEGF in 
the injured tissue throughout the entire experiment period, 
three weeks after transplantation. The results from this study 
demonstrate that the NTFs secreted from the myogenic cells 
have a synergistic protective effect in supplying a nurturing 
environment to the injured nerve. Moreover, our study 
suggests that transplantation of genetically modified 
myogenic cells might be used in the future for autologous 
transplantation after peripheral nerve injury. 
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