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Abstract 
 

Background: The purification of Schwann cells has proven to be a difficult process, with most methods requiring 

the use of special equipment. However, obtaining a sufficient number and high purity of Schwann cells is an 

integral aspect in their use for clinical application. Therefore, the aim of this study was to establish a simple and 

effective protocol for the isolation and purification of Schwann cells from the sciatic nerve of C57BL/6 mice. 

Furthermore, we aimed to provide a protocol for the isolation of exosomes from these cells. 

Methods: To purify Schwann cells, we used a combination of in situ nerve pre-degeneration and fetal bovine 

serum. To determine the most effective method of cell purification, we treated the culture with varying 

concentrations of fetal bovine serum and examined which concentration provided the highest Schwann cell 

purity. Exosomes were then isolated from Schwann cells through a process of repeated centrifugation and 

filtration steps.  

Results: We were able to increase the purified population of Schwann cells from C57BL/6 mice by reducing 

the concentration of FBS. The purity of Schwann cells at FBS concentrations of 10%, 5%, and 2% were 

93.42%, 91.25%, and 97.83%, respectively. 

Conclusions: When using a concentration of 2% FBS, we obtained the highest purification yield of Schwann 

cells. Our protocol does not require special equipment or materials. We have created a protocol that is simple, 

fast, and safe while providing a high yield of purified Schwann cells. The exosome isolation method described 

in this paper is an appropriate approach with a high quality and yield. 
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Introduction 
Schwann cells are the main type of glial cells 

within the peripheral nervous system (PNS). These 

cells play vital roles in development, homeostasis, 

the conduction of nerve impulses along axons, 

areinvolved in antigen presentation, as well as the

 

maintenance of healthy axons and axonal 

regeneration following PNS injury (1). Many 

studies have demonstrated the potential clinical 

application for Schwann cells in a variety of 

diseases and medical conditions. Schwann cells 
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have shown promise in the treatment of 

demyelinating disorders and spinal cord injuries 

through autologous cell transplantation. They have 

also been shown to be a useful tool in the 

construction of artificial nerve tube conduits, and in 

peripheral nerve tissue engineering. Furthermore, 

Schwann cells have been shown to be a valuable 

resource for the treatment of central nervous 

system damage (2-6). Through improving and 

simplifying the way in which pure and high cell 

density Schwann cell cultures are obtained, we can 

equip scientists with the proper tools to better 

understand the biological properties and molecular 

mechanisms of Schwann cells. As we improve our 

understanding of Schwann cell biology, we can 

improve the success of these cells in clinical 

applications. However, the success of these 

biological and clinical studies begins with the 

proper isolation, purification, and expansion of 

Schwann cells. Results of previous studies have 

shown that Schwann cell purification is difficult 

due to frequent contamination by fibroblasts. As 

fibroblasts have a faster rate of proliferation than 

Schwann cells, they quickly become the 

predominant cell type in culture. Furthermore, 

most of the reported methods for Schwann cell 

purification are complicated, expensive, and time-

consuming (7, 8). 

In general, the application of exosomes as cell-

free therapeutics has been shown to be more 

advantageous when compared to cell therapy (9-

11). In recent years, interest in exosomes has 

grown due to their potential diagnostic and 

therapeutic relevance. Exosomes are small 

membrane vesicles between 50–1,000 nm in 

diameter and are secreted by most cells to the 

extracellular environment. These small vesicles are 

assumed to play important roles in intercellular 

communication (12, 13). Lopez-verrilli and 

colleagues have shown that Schwann cell-derived 

exosomes are capable of enhancing axonal 

regeneration in vitro and enhancing regeneration 

after sciatic nerve injury in vivo (14, 15). 

The aim of the present study was to 

successfully purify and expand Schwann cells from 

C57BL/6 mice, as well as to isolate the exosomes 

from these Schwann cells. 

 

  

Materials and methods 
Animals 
C57BL/6 mice (6–8 weeks old) were obtained 

from the Pasteur Institute of Iran (Karaj, Iran). All 

animal treatments and experiments were conducted 

according to the ethics guidelines for research on 

animals approved by the Institutional Animal 

Ethics Committee of the Tehran Medical Science 

School, which follows the United States National 

Institute for Health guidelines for the care and use 

of experimental animals. 

Preparation of poly-L-lysine coated plates 

For primary cell cultures, poly-L-lysine coated 

plates were prepared according to the 

manufacturer's instructions (Sigma, USA). Under 

sterile conditions, 500 ul of the poly-L-lysine 

solution (Sigma, USA) was added to completely 

cover the culture surface. The plates were then 

incubated for 18 hours at room temperature. The 

coating solution was removed in its entirety, the 

plates were rinsed two times with phosphate-

buffered saline (PBS 0.15 M; pH 7.4) and the 

surfaces were set aside to allow for drying. 

In situ nerve degeneration 

For pre-degeneration, C57BL/6 mice (6–8 weeks 

old) were anesthetized with a combination of 

ketamine (80 mg/kg; Sigma, USA) and xylazine 

(10 mg/kg; Sigma, USA) and injected 

intraperitoneally. The hair from the posterior thigh 

was shaved, the exposed skin was disinfected with 

70% ethanol. The right sciatic nerves were cut, 

then the skin with the incision was sewn shut with 

absorbable sutures. After surgery, animals were 

monitored until full recovery, then placed into a 

clean home cage. Mice were left for seven days to 

promote the formation of Wallerian degeneration 

with the maximum number of Schwann cells. 

Primary culture 

Seven days following the cutting of the sciatic 

nerve, animals were euthanatized and the body was 

sterilized with 70% ethanol. The following process 

requires a sterile environment, equipment and cell 

culture tools. The disconnected distal nerve 

segment was resected and nerves were washed
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three times with ice-cold PBS supplemented with 

2% penicillin/streptomycin. The nerve was then 

transferred into a cell culture plate containing, 

serum-free Dulbecco's modified Eagle's medium 

(DMEM) (Gibco, Scotland, UK). The surrounding 

membranes and muscular tissue were carefully 

removed under a stereomicroscope, then the 

epineurium was stripped off with fine forceps. The 

nerves were washed with ice-cold PBS and cut into 

pieces 1 mm in length with a scalpel. Finally, the 

nerve pieces were collected in a 15-ml conical tube 

containing 2 ml of DMEM and centrifuged at 200 

G for 10 min. Enzymatic digestion was performed 

with 0.05% collagenase-A (Roche, Germany) 

solution for 2 hours at 37 °C. Any remaining cells 

were mechanically dispersed. Enzymatic activity 

was halted by adding 300 ul of fetal bovine serum 

(FBS) and centrifuged at 5 min at 1500g rpm. The 

cells were counted using a hemocytometer. Later, 

1.2–2 ×10 4 cells were seeded into poly-L-lysine- 

coated culture 35-mm dishes, and incubated at 37 

°C with 5% CO2 for 2 days. The cells were 

allowed to reach high densities. 

Passage and cell culture 

Cultures were divided into three groups once 

they reached 70%–90% confluency. The culture 

medium was supplemented with varying 

concentrations of FBS. Groups were divided into 

group numbers 1, 2 and 3, each receiving a 

concentration of either 10%, 5%, and 2% FBS, 

respectively. The culture medium was replaced 

every 48 hours until the cells became confluent. 

The cells were then counted at a magnification of 

40X in 6 random fields. Cells that displayed 

bipolar or tripolar morphology and contained 

oval nuclei were recognized as Schwann cells, 

whereas flat or polygonal cells with a large 

cytoplasm were recognized as fibroblasts. 

On the seventh day of the experiment, the 

cells were trypsinized and the total number of 

cells was counted using a hemocytometer. The 

purity of Schwann cell cultures was calculated 

by determining the ratios of the number of 

Schwann cells to the total cell counts. To 

confirm and characterize Schwann cells in 

culture, cells were identified using 

immunohistochemical staining with anti-S100 

protein. Cultures were fixed for 30 min in 4% 

paraformaldehyde, washed three times with 

PBS, incubated, and washed again with PBS. 

Cells were then incubated overnight with anti-

S100 antibody (sigma, USA), then washed and 

incubated with a secondary antibody (sigma, 

USA) for 1 hour at 37 °C. After a final wash in 

PBS, cells were visualized under a fluorescence 

microscope (Olympus). 

Exosome purification 

Once cell cultures reached 85–90% confluency, 

cells were washed three times using PBS to 

remove any remaining FBS. This was then 

followed by a 24-48 hours’ incubation with 

DMEM without FBS. The cell suspension was 

transferred to conical tubes. After the incubation 

period, cells were placed in a swinging bucket 

centrifuge at 300 ×g for 10 min and 2,000 × g for 

30 min at 4 °C to pellet the cells and debris. 

Supernatant was filtered using a 0.22-μm filter to 

remove particles larger than 200 nm. The filtrate 

was concentrated using a Centricon Plus-70 

centrifugal filter device (Millipore, USA). 

Following a final centrifugation step at 70000 x 

g for 60 minutes at 4 °C, the supernatant was 

discarded and the pellet of exosomes was 

resuspended in 100-200 ml of filtered PBS and 

stored at -80 °C for further analysis. The size and 

shape of purified exosomes were evaluated using 

transmission electron microscopy (TEM). 

Transmission electron microscopy (TEM) 

A small drop of the exosomes was deposited on the 

carbon coated grid and fixed in 1% glutaraldehyde. 

The grids were also stained with freshly prepared 

1% (v/v) uranyl acetate (Merck, Germany). 

Transmission electron microscopy (LEO906, 

Germany) was performed at 80 kV for imaging. 

Results 
The primary cell culture of C57BL/6 isolated 

Schwann cells  

On the first day of primary cell culture, Schwann 

cells proliferated more quickly than fibroblasts. In 

terms of morphology, fibroblasts are characterized 
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by a flat shape, with a large cytoplasm-to-nucleus 

ratio, and poor refraction rates. Schwann cells have a 

bipolar or tripolar spindle shape, smaller size, and a 

stronger refraction rate. Based on this morphological 

identification of Schwann and fibroblast cells, we 

determined there to be few fibroblasts present 

among the Schwann cells (Fig. 1). 

 

 
Fig. 1. Primary culture (24 h) after digestion, showing a large 

number of cells attached to the bottom plate (4×). 

Schwann cell purification  

After 48 hours of primary cell culture, Schwann cell 

purification was performed by changing the 

concentration of FBS. In the first group, the numbers 

of fibroblasts increased after 72 and proliferated 

more quickly than Schwann cells. In groups 2 and 3, 

the concentration of FBS was reduced, and on days 

5 and 6, the number of fibroblasts significantly 

changed (Fig. 2). The purity of Schwann cells at 

FBS concentrations of group 1 (10%), group 2 

(5%), and group 3 (2%) were 93.42%, 91.25%, and 

97.83%, respectively. 

 
Fig. 2. Two types of cells are present: Fibroblasts (black arrow) 

with flat polymorphic forms, larger nuclei, and larger 

cytoplasm. Schwann cells (white arrow) had bipolar or tripolar 

spindle shapes and smaller sizes (20×). 

 

Exosome identification by electron microscopy 

We evaluated purified exosomes for size and 

shape using transmission electron microscopy. 

The range of the diameter of the exosomes was 

from 40–150 nm. The exosomes were also round 

in shape (Fig. 3). 

 

 
Fig. 3. Transmission electron microscopy image of extracellular 

vesicles isolated from supernatants of Schwann cell culture at 80 

kV (×60,000). 

 

Discussion 
Many studies have investigated the ways in 

which Schwann cells can be effectively isolated 

and purified, however, each have been met with 

limitations. Schwann cell isolation and 

purification has been achieved through 

differential detachment with complex 

collagenases and dispase (16) as well as through 

differential adhesion methods (17). These 

methods are time-consuming and have the 

possibility of contamination and loss of cell 

numbers. Methods involving treatment with 

antimitotic agents have been shown to have a 

negative effect on the functionality of Schwann 

cells (18, 19). The use of antibody-dependent 

complement-mediated cytolysis is too expensive 

to obtain large amounts of purified cells (20). 

The immunoselection method is restricted in its 

utility because it requires special equipment (21, 

22). It should also be noted that most studies 

have been conducted in rats. 

In this study, we aimed to obtain large 

numbers of Schwann cells from C57BL/6 mice in 

a short period of time, using simple techniques, 

without the need for special equipment. 

Furthermore, we aimed to increase the yield of 

Schwann cells using in situ nerve pre-
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degeneration, as well as attain a greater purity of 

Schwann cells through testing different 

concentrations of FBS.  

In a study on mice that used Forskolin as a 

mitogenic agent, the addition of pharmacological 

agents influenced gene expression. Altering the 

cells in this way reduces the use of these cells for 

clinical application (23). In studies on neonatal 

mice using differential detachment with 

collagenase during the enzymatic treatment, 

increase the possible risk of loss of cells and 

contamination (8).  

According to previous research, in situ nerve 

pre-degeneration is an appropriate and standardized 

method to increase the cell count and purity of 

Schwann cells (25). During the Wallerian 

degeneration, Schwann cells become activated, 

dedifferentiate, proliferate and promote axonal 

regeneration (26, 27). Research has shown that the 

best time for maximum pre-degeneration is about 7 

days. Results have indicated that the yield of 

Schwann cells will be several times higher, and that 

the purity of Schwann cells can be increased (21). 

With this in mind, our study applied the pre-

degeneration method as well as examined the 

effect of FBS concentration on increasing the 

purity of the Schwann cells in culture. 

Past studies have shown that the proliferation 

rates of Schwann cells in a 35-mm dish were 

higher than the proliferation of cells in 25- flasks 

(28). Therefore, we used 35-mm dishes for our 

Schwann cell cultures. 

Past studies have also shown that proliferation 

of cultured Schwann cells was dependent on the 

nature of the substrate in which they were cultured 

(28). We used the poly-L-lysine solution as the 

plate coating. 

 Research has highlighted the initial cell 

density to be an important factor in increasing cell 

purity (28, 29). Cultures with lower initial seeding

density have been shown to result in a decrease of 

fibroblast interference. Therefore, in this study, 

our culture groups used a cell density of 1.2–2 

×10 4 cells on poly-L-Lysine coated dishes. 

Here we found that Schwann cells proliferate 

more quickly during the first 48 hours after 

plating and become the predominant cell type in 

primary culture. Following this time period, 

fibroblasts became the dominant cell population 

within culture. Therefore, after 48 hours, by 

decreasing the FBS concentration, fibroblast 

proliferation was decreased. 

It should also be noted that the Schwann cell 

proliferation rate significantly decreased after 3 

weeks. This is because the cells enter into a 

quiescent state and have a possibility of 

spontaneous transformation in culture (30). 

Therefore, we did not use consecutive passages of 

cells. Following the first passage, cells were 

frozen and stored in liquid nitrogen.  

Exosomes are bilayer membranous nano-

vesicles with endogenous origin. Exosomes 

participate in several biological activities. The 

application of exosomes has opened a new avenue 

for diagnostic and therapeutic development. Here, 

the isolation of exosomes from purified Schwann 

cells is based on repeated centrifugation and 

filtration steps.  

In conclusion, our results have shown to be 

consistent with other rat studies in regard to 

obtaining a high purity of Schwann cells in 2% 

FBS (29, 31). Our protocol requires no special 

equipment or materials. It is a safe, rapid, and 

simple method of obtaining high purity and 

yield. 
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