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Abstract 

Objective: The aim was to research the possible effects of bone marrow stromal cells on the effective method 

for peripheral nerve injuries of end-in-end repair for sciatic nerves using quantitative histologic methods. 

Methods: Five adult male New Zealand rabbits had both sciatic nerves cut and then the end-in-end repair 

technique performed. Then while nothing was administered to the left side, the right side had autologous 

mesenchymal stem cell injection from previously cultured material administered. Four weeks later the repair 

area was removed, and sections were stained with S100 and CD31 antibodies. Stained sections were 

investigated for Schwann cells and vessels. Evaluations of the left and right sides were made by comparing 

their Schwann cell density and vessel density determined by estimating their volume fractions, separately. 

Results: The repair areas on both sides showed no significant differences for the degree of immunoreactivity 

for S100 and CD31 (p=0.003). But the volume fractions of Schwann cells and vessels within the repair areas 

were found to be increased for the cell-treated nerves, but statistically there was no difference for vessels 

(p=0.073). 

Conclusion: These results support the findings already reported in the literature, that increased Schwann cell 

density will probably promote regeneration of the peripheral nerve. 
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Introduction  

Schwann cells (SC) are an element of the 

peripheral nervous system that wraps nerve fibers. 

These cells are responsible for synthesis and 

maintenance of myelin. At the same time, they have 

important roles in nerve regeneration. They 

synthesize bioactive molecules as a result of nerve 

injury ensuring formation of more cells in the 

regenerating area and support axon regeneration 

(Ishikawa et al., 2009). Using these features, 

experimental research has studied the effects of SC 

on peripheral nerve injuries; however, use is limited 

due to difficulties with purification and proliferation. 
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As a result, researchers have searched for other 

cellular resources that can be easily accessed and 

proliferated. One of these resources is bone marrow. 

Bone marrow stromal cells are multipotential 

mesenchymal stem cells with the ability to transform 

into different cell types in appropriate conditions. 

One of the cells they can differentiate to is SC. 

Studies have shown that SC differentiated from bone 

marrow stem cells has great potential for induction of 

peripheral nerve regeneration (Tohill et al., 2004; 

Dezawa, 2002; Choi et al., 2005; Fernandes et al., 

2008; Mahay et al., 2008). Additionally, bone marrow 

cells ensure production of many trophic factors and 

were shown to induce angiogenesis in areas of 

administration (Fernandes et al., 2008; Orlic et al., 

2001; Perin et al., 2003). 

The end-in-end nerve repair method (Siemionow 

et al., 2002) is one of the peripheral nerve repair 

techniques. This repair method has many positive 

features. It prevents axons from escaping the repair 

line, ensures accumulation of neurotrophic factors in 

the environment, prevents surrounding scar tissue 

from entering the regeneration area and reduces 

neuroma formation. In our study, noting the potential 

of bone marrow mesenchymal stem cells (MSC) we 

researched the effect on nerve regeneration. 

 

Methods  

Five adult white New Zealand rabbits weighing 

between 2500-3000 g were used in the study. Surgical 

procedures and care of animals were performed at 

Ondokuz Mayıs University Surgical Research and 

Application Center. 

 

Obtaining mesenchymal stem cells 

Before performing surgical procedures on 

animals, the bone marrow retrieval process was 

completed. With an injector mounted on a special 

device, bone marrow aspiration was performed from 

the right crista iliaca. Aspirate with 3-6 cc volume 

obtained from each animal was placed in special cell 

culture medium under sterile conditions. The 

aspirates were preserved in the medium at +4 °C and 

sent to a special facility (ATİ Technology Center, 

Trabzon, Turkey) to obtain MSC. 

The obtained bone marrow aspirates were mixed 

with MSC production medium (Dulbecco's Modified 

Eagle Medium [DMEM], Fetal Bovine Serum [FBS] 

((HyClone, Logan, UT, USA)), antibiotic 

[penicillin]) and centrifuged two times (2000 rpm, 5 

minutes). The supernatant was obtained and 

suspended in cell pellet production medium. 

Mononuclear cell counts were performed, and certain 

numbers were transferred to the cell culture medium 

and cultured in an incubator at 37 °C in 5% CO2, and 

95% relative humidity. MSC forming confluence 

were removed for the trypsinization procedure, cell 

counts were performed and cultured in the same 

production medium to create advanced passages. 

When completing quality control tests (Okarma et al., 

1992), some of the passage cells were used in 

experiments and the remaining section were placed in 

cryopreservation (Im et al., 2001; Kernan et al., 

1987). 

MSCs were delivered nearly two weeks later and 

the surgical procedure was performed. 

 

Surgical procedure 

The study was performed on the right and left 

sciatic nerves. The left side was assessed as the 

control group, while the right side had experimental 

procedures performed. For this, animals had vertical 

incision of both sciatic nerves. The proximal section 

of the epineurium was sutured to the distal section of 

the epineurium with the end-in-end repair method. 

Thus, a 5 mm long epineural tube was created. The 

cultured autologous mesenchymal stem cells were 

injected into the epineural tube for sciatic nerve repair 

only on the right side. The left side had no procedure 

performed within the tube. 

Four weeks after the procedure, the repair area was 

removed on both sides and fixed in formalin. After 

routine histologic monitoring procedures, tissues 

submerged in paraffin had 10 sections obtained with 

nearly 6μm thickness with systematic random 

sampling. The sections were placed on poly l-lysine 

covered slides and labelled with S100 and CD31 

antibodies (Cell Signaling Technology, Inc., Beverly, 

MA, USA) using the peroxidase technique and 

stained with DAB. Areas stained with S100 were 

accepted as Schwann cells while areas stained with 

CD31 were accepted as vessel. Evaluation between 

the right and left sides calculated the volume fractions 

for Schwann cell (VSC) and vessel densities (VD) and 

compared them (Howard and Reed, 1998). 

Comparison was completed by increasing 

magnification for areas on images. Sampling and 

point counts for the cross-section areas on the monitor 

were completed using two separate templates (Figure 

1). 
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Figure 1. Calculations were completed in two steps. 

Firstly, areas were sampled at 4 x magnification (A, B). 

Then points in the sampled areas were examined in order 

with counts at 60x magnification (C, D). A and C are areas 

with cells injected, B and D are from the control group. 

 

Statistical analysis 

As data had normal distribution, differences 

between the groups were evaluated using the paired t-

test. Those with p value lower than 0.05 were 

accepted as showing significant difference. Data are 

presented as mean ± standard deviation (SD). All data 

analyses were conducted using the SPSS (Demo 

version 25.0, IBM Corp., Armonk, NY, USA) 

statistical software. 

 

Results 

In both repair areas, no difference was observed in 

terms of immunoreactivity in sections labelled with 

S100 and CD31. The data for volume fractions 

obtained from sections labelled with S100 are given 

in Table 1. 

 
Table 1. Density of Schwann cells in right and left siatic 

nerve with mean ± standard deviation (SD) and p value 

Animal no 

(n=5) 
Right side Left side 

1 0.027 0.013 

2 0.026 0.01 

3 0.021 0.014 

4 0.02 0.012 

5 0.02 0.01 

Mean ± SD 0.0228 ± 0.0034 0.0118 ± 0.0018 

p value 0.003** 

** p<0.01 

 

As can be seen in Table 1, the SC density for the 

nerve with stem cells administered (right side) were 

much higher than sections without (up to two times 

more). In fact, according to these results there was a 

statistically significant difference found between the 

right repair area and left repair area in terms of cell 

density (VSC) (p=0.003). 
 

Table 2. Vessel density (VD) in right and left sciatic nerve 

with mean ± standard deviation (SD) and p value 

Animal no 

(n=5) 
Right side Left side 

1 0.0061 0.0028 

2 0.0031 0.0025 

3 0.0029 0.0028 

4 0.0049 0.0032 

5 0.0048 0.0038 

Mean ± SD 0.0043 ± 0.0014 0.0030 ± 0.0005 

p value 0.073 

 

When the data in Table 2 are examined, there were 

differences in vessel density in the area with stem cell 

injected compared to the control group for some 

animals. In fact, in animals numbered 1 and 4, an 

excess amount of vascularization was observed in the 

right repair area compared to the left side. However, 

considering the mean in the groups, there was no 

significant difference in statistical terms (p=0.073). 

 

Discussion  

The use of bone marrow-sourced stem cells for 

peripheral nerve injury has become more common in 

the last decade. Advantages of these cells include the 

ability to differentiate in many ways and being easy 

to access. Their importance for nerve repair is due to 

transforming into Schwann-like cells or supporting 

axonal growth by ensuring proliferation of Schwann 

cells in the environment. At the same time, they are 

thought to regulate release of neurotrophic factors and 

receptors in the repair area. Additionally, they are 

proposed to ensure secretion of a range of cytokines 

and growth factors increasing angiogenesis. In this 

study, these features of mesenchymal stem cells were 

combined with a new nerve repair technique 

(Siemionow et al., 2002) and we quantitatively 

researched the effects on the repair area. The results 

of the study are in parallel with the results of other 

studies. 

A study by Fernandes et al. (2008) used venous 

graft for nerve repair in a study of rats. The group 

using graft were injected with supplementary 

autologous bone marrow cells. The cell-

supplemented group obtained better results compared 

to the group with autologous nerve graft and they 

reported the vessel density in the stem cell group was 

significantly increased compared to the other groups 

especially. Dezawa et al. (2001) used bone marrow-

sourced mesenchymal stem cells for peripheral nerve 
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repair and showed these cells transformed into 

Schwann-like cells using S100 and p75 markers. 

Cuevas et al. (2002) injected previously-labelled 

adult bone marrow stem cells in peripheral nerve 

incisions and identified that a portion of these labelled 

cells differentiated into Schwann cells. A study of rats 

by Wang et al. (2009) injected mesenchymal stem 

cells in nerve grafts with length of 10 mm. Compared 

with the control group, they identified pronounced 

axon growth and many Schwann cells in stem cell 

grafts on the 7th and 14th days. Choi et al. (2005) in 

studies using vein grafts added cultured bone marrow 

to the grafts and observed these cells transformed into 

Schwann-like cells. They obtained better outcomes in 

the repair area compared to the control group. Tohill 

et al. (2004) used three different cell sources and 

applied them separately to 1 cm nerve graft used in 

the sciatic nerve of rats. These were cultured 

Schwann cells, undifferentiated bone marrow cells 

and differentiated bone marrow cells. They 

determined the regeneration distance using S100 

antibody. Compared to the control group, they 

observed clear axon growth and amelioration in the 

three groups. Undifferentiated bone marrow cells 

differentiated with cellular and humoral effects in the 

graft area and they considered S100 specific to glial 

cells were synthesized. Zhang et al. (2004) injected 

undifferentiated mesenchymal cells obtained from 

bone marrow into 10 mm nerve grafts. These 

previously-labelled cells were identified to synthesize 

S100, GFAP and p75 reflecting Schwann cell 

properties.  

All these studies show that the presence and 

amount of Schwann cells in the nerve repair area is 

important for vascularization of the area and more 

rapid and quality regeneration. In this sense cultured 

mesenchymal stem cells provided notable results for 

peripheral nerve repair. However, the approach to 

nerve injury repair possesses separate importance in 

addition to cellular administration. The elements that 

should be provided by repair methods include 

accumulation of growth factors and cytokines in the 

repair area, prevention of foreign object reactions, 

prevention of surrounding scar tissue entering the 

repair area, preventing axons from leaving the repair 

line and thus reducing neuroma formation. The repair 

method in our study ensures these situations, in 

addition to allowing accumulation of injected stem 

cells in the area. In fact, the higher S100 and CD31 

positive areas compared to the control group appear 

to confirm this situation. When we compare our 

parameters with other studies, no quantitative data 

was given for comparison. The amounts of Schwann 

cells and vessels in the repair area in this study were 

revealed comparatively with the control group. 

It is clear that these types of studies will continue 

in future years. Just as studies to be performed can use 

different stem cell sources with our applied repair 

method, the inclusion of different healing weeks will 

expand these studies. 
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