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Abstract  
In recent years, the use of Schwann cell transplantation to repair peripheral nerve injury has attracted 
much attention. Animal-based studies show that the transplantation of Schwann cells in combination with 
nerve scaffolds promotes the repair of injured peripheral nerves. Autologous Schwann cell transplantation 
in humans has been reported recently. This article reviews current methods for removing the extracellular 
matrix and analyzes its composition and function. The development and secretory products of Schwann 
cells are also reviewed. The methods for the repair of peripheral nerve injuries that use myelin and Schwann 
cell transplantation are assessed. This survey of the literature data shows that using a decellularized nerve 
conduit combined with Schwann cells represents an effective strategy for the treatment of peripheral nerve 
injury. This analysis provides a comprehensive basis on which to make clinical decisions for the repair of 
peripheral nerve injury.

Key Words: nerve regeneration; peripheral nerve injury; nerve conduits; decellularization; extracellular matrix; 
Schwann cell; neural regeneration 

Introduction 
The variety of insults that cause peripheral nerve injury, 
include gunshot wounds, lacerations, chronic compression, 
tumor resection, radiotherapy, and complete transection 
(Secer et al., 2009; Burtt et al., 2017). Peripheral nerve injury 
accounts for 2.8% of all trauma cases, and severely reduces 
patient quality of life by damaging sensory and motor func-
tions (Noble et al., 1998; Belkas et al., 2004; Ashley et al., 
2007). Nerve injuries are classified according to the affected 
structures. The categories are: (I) axonal reversible conduc-
tion block, then, in terms of increasing severity, destruction 
of (II) axonal continuity, (III) the endoneurial tube and its 
contents, (IV) the funiculus and its contents, and (V) the 
entire nerve trunk (Sunderland, 1951; Lu et al., 2018). The 
main methods for the clinical treatment of a peripheral 
nerve injury include conservative treatment and surgical 
treatment. Surgical approaches rely on methods such as 
surgery and conduit connection, including end-to-end anas-
tomosis, end-to-side anastomosis, autologous nerve trans-
plantation, allogeneic nerve transplantation, nerve length-
ening, and nerve transplantation (Li et al., 2014). Less severe 
injuries (Categories I–III) are treated using conservative 
methods, including physical therapy, electrical stimulation, 
and exercise therapy (Gordon and English, 2016), while 
more severe injuries (Categories IV and V) require surgical 
treatment (Ray and Mackinnon, 2010) (Figure 1). Among 

the latter, nerve transplantation is an effective strategy for 
the treatment of nerve defects. 

Autologous nerve transplantation is the gold standard for 
the treatment of peripheral nerve defects. However, it has 
limitations, including the needing secondary surgery to ob-
tain the donor nerve, limited donor nerve source, donor site 
infection or painful neuroma formation (Sun et al., 2018). 
Based on the concept of tissue engineering, researchers tried 
various artificial nerve conduits instead of autologous nerve 
transplantation to repair nerve defects, including polyglycol-
ic acid conduits (Rinker and Liau, 2011), collagen conduits 
(Taras et al., 2011), poly(lactic-co-glycolic acid) conduits (Bini 
et al., 2004), poly ε-caprolactone conduits (Reid et al., 2013), 
and silk conduits (Huang et al., 2012; Sarker et al., 2018). Al-
though the above-mentioned nerve conduits repair the nerve 
defect to some degree, they also have attendant problems (Re-
bowe et al., 2018). Artificial nerve conduits can only provide 
mechanical support to the nerve as there is no extracellular 
matrix component in the lumen to promote the cavity sup-
port structure for axon growth (Jenq and Coggeshall, 1987; 
Chen and Shen, 2017; Liu et al., 2017). 

Recently, animal-based studies (Guenard et al., 1992; Levi 
and Bunge, 1994; Bryan et al., 2000; Strauch et al., 2001; 
Mosahebi et al., 2002; Tohill et al., 2004; Hess et al., 2007; 
Aszmann et al., 2008; Sun et al., 2009; di Summa et al., 2011; 
Jesuraj et al., 2014; Hoben et al., 2015) have shown positive 
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outcomes using decellularized nerve conduits and transplan-
tation to repair peripheral nerve injuries. The decellularized 
nerve extracellular matrix has a three-dimensional net-
work structure, which retains proteins and carbohydrates, 
giving structural support to the nerve. This promotes cell 
migration, proliferation, differentiation and regulation of 
intercellular communication (Gonzalez-Perez et al., 2013). 
Decellularized nerves, in particular, have attracted attention 
as a natural tubing scaffold structure. As the main glial cell 
and nerve regeneration coordinator of the peripheral ner-
vous system, Schwann cells play an important role in the 
regeneration process of peripheral nerve injury (Fairbairn et 
al., 2015). 

Schwann cell transplantation also offers therapeutic po-
tential and has been employed in human clinical cases. This 
article reviews the methods for nerve decellularization (Table 
1), the components and functions of decellularized nerves, 
the development of Schwann cells, and the application of 
Schwann cell transplantation in cases of peripheral nerve 
injury (Table 2).

Literature Search
The articles used an electronic search of the PubMed data-
base for literature describing peripheral nerve injury from 
1951 to 2018 were performed using search terms: “peripheral 
nerve disease” OR “peripheral nerve injury”, “nerve con-
duits”, “decellularization techniques” OR “decellularization 
methods”, “extracellular matrix components” OR “extra-
cellular matrix functions”, “Schwann cell development” OR 
“Schwann cell myelination”, “Schwann cell transplantation”. 
The results were further screened by title/abstract; non-SCI 
experiments and review articles were excluded.

Methods for Peripheral Nerve 
Decellularization  
Treatment with cold preservation and freeze-thaw cycles
The goal of cold preservation and freeze-thaw cycles is to 
induce the formation of intracellular ice crystals, which then 
destroy nerve cell membranes and reduce immunogenicity 
(Philips et al., 2018). Cold preservation and freeze-thaw 
cycles vary according to nerve length and diameter, as well 
as laboratory preferences. For example, one study described 
cutting a 7 mm long segment of mouse sciatic nerve and 
placing it on a frozen sectioning platform. This was followed 
by five rounds of freezing (−35°C to −40°C for 3 minutes) 
and thawing (2°C for 5 minutes) (Ide et al., 1983; Kaizawa 
et al., 2017). In a different report, cold preservation was 
performed by aseptically transferring the acellular nerves of 
Macaca fascicularis to University of Wisconsin solution sup-
plemented with 100 U/mL of penicillin G, 40 U of normal 
insulin, and 16 mg/L of dexamethasone and stored at 4°C 
for 7 weeks (Ide et al., 1983). Another approach involved the 
transfer of Lewis rat sciatic nerve segments to a sterile six-
well plate containing 10 mL of a solution containing Uni-
versity of Wisconsin solution (15 mL; NPBI International 
BV, Emmer Compascuum, The Netherlands), penicillin G 
(200,000 U/L), regular insulin (40 U/L), and dexamethasone 
(16 mg/L). The plate was stored at 4°C under aseptic condi-
tions for 7 weeks (Jesuraj et al., 2014). 

Cell viability post cold preservation and freeze-thaw is 
evaluated according to the following features: (1) morpho-
logical integrity; (2) functional integrity (e.g., Schwann cells 
myelinating axons); (3) replicative potential; (4) ability to 
synthesize DNA; (5) ability to synthesize RNA through 

Figure 1 Main methods for the clinical treatment of different peripheral nerve injuries.
Nerve implantation (the red color) indicates that it can be used whether the nerve defect is < 3 cm or > 3 cm.
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transcription and (6) ability to transcribe constitutive or in-
ducible proteins (e.g., trophic receptors, major histocompat-
ibility antigens, and intercellular adhesion molecules) (Evans 
et al., 1998; Houschyar et al., 2016). Cryopreservation and 
repeated freeze-thaw cycles have less effect on the mechan-
ical properties of the nerve, but they can damage the ultra-
structure of the tissue. Thus they only destroy a portion of, 
for example a living Schwann cell, not the entire cell. These 
methods successfully reduce cell viability, but do not elimi-
nate all cells and debris so can trigger host immune rejection 
(Osawa et al., 1990; Evans et al., 1998). 

Chemical decellularization 
Treatment with non-ionic detergents 
Treatment with non-ionic detergents such as Triton X-100 
disrupts lipid-lipid and lipid-protein interactions (Philips 
et al., 2018). Mariann Sondell first reported a method for 
chemical decellularization using Triton X-100 (Sondell et 
al., 1998). Sciatic nerves from Sprague-Dawley rats were 
incubated in distilled H2O, which was changed multiple 
times over 7 hours and immersed in 3% Triton X-100 solu-
tion overnight at room temperature. The nerves were then 
transferred to 4% sodium deoxycholate and washed by 
shaking for 24 hours. The above extraction procedure was 

then repeated once. After washing, the nerve was placed 
in phosphate-buffered saline and stored at 4°C. An in vitro 
evaluation of decellularized nerves (including morphology, 
immunohistochemistry and electrophoresis), showed a good 
decellularization effect while retaining the basal layer tube 
components. When the decellularized nerve was transplant-
ed into the rat, the axons grew in the decellularized nerve at 
a growth rate of 1.2 mm/day (Sondell et al., 1998). Another 
published technique (Haase et al., 2003) describes the trans-
fer of rat peroneal nerves to Dulbecco’s phosphate-buff-
ered saline and subsequent fixation of the nerve endings 
to a substrate using minute dissection pins and stored in 
a Petri dish. The nerves were then transferred through the 
following solution series: (1) Solution 1 (7.3 g of ethylene-
diaminetetraacetic acid, 0.5 g of sodium azide, 800 mL of 
glycerol, and 200 mL of 0.9% NaCl) for 3 days to destroy cell 
membranes; (2) solution 2 (25 g of sodium deoxycholate, 
0.26 g of sodium azide, and 600 mL of distilled, deionized 
H2O) for 3 days to dissociate intracellular proteins; (3) solu-
tion 1 for 2 days to remove lipid-soluble cell structures; (4) 
solution 3 (10 g of sodium dodecyl sulfate, 0.52 g of sodium 
azide, and 1000 mL of distilled deionized H2O) for 2 days to 
further denature proteins; (5) solution 5 (15 mL of Triton 
X-100, 0.25 g of sodium azide, and 485 mL of distilled H2O) 

Table 1 Nerve decellularization methods

Category Mechanism of cell disruption References

Physical 
decellularization

Cold preservation Freezing Ide et al. (1983), Osawa et al. (1990), 
Evans et al. (1998), Hess et al. (2007), 
Jesuraj et al. (2014), Philips et al. (2018)

Freeze-thaw cycles Formation of ice crystals
Non-ionic detergents Destruction of lipid-protein interactions Sondell et al. (1998), Haase et al. (2003),  

Sridharan et al. (2015), Philips et al. 
(2018)

Chemical 
decellularization

Ionic detergents Destruction of protein-protein interactions Hudson et al. (2004), Zilic et al. (2016),  
Philips et al. (2018)

Zwitterionic detergents Destruction of protein-protein interactions Hudson et al. (2004)
Hypertonic and hypotonic solutions Generation of osmotic pressure Ishida et al. (2014), Philips et al. (2018)

Table 2 Schwann cell transplantation in peripheral nerve injury 

Model Nerve segment Catheter type
Schwann cell 
source

Repair defect 
distance (mm) References

Rat Sciatic nerve Acrylonitrile vinyl chloride Allogeneic 8 Guenard et al. (1992)
Sciatic nerve Semi-permeable guide channel Allogeneic 5 Levi and Bunge (1994)
Sciatic nerve Decellularized nerves Allogeneic 20 Hoben et al. (2015)
Sciatic nerve Polyhydroxybutyrate catheter Allogeneic 10 Mosahebi et al. (2002), 

Tohill et al. (2004)
Sciatic nerve Fibrin catheter Allogeneic 10 di Summa et al. (2011)
Sciatic nerve Decellularized nerves Allogeneic 14 Jesuraj et al. (2014)
Sciatic nerve Decellularized nerves Autologous 30 Aszmann et al. (2008)
Sciatic nerve Decellularized nerves Allogeneic 10 Sun et al. (2009)
Sciatic nerve Poly(lactic-co-glycolic acid) 

catheter
Autologous 10 Bryan et al. (2000)

Rabbit Sciatic nerve Venous blood vessels Autologous 60 Strauch et al. (2001)
Non-human primate Ulnar nerve decellularized nerve Autologous 60 Hess et al. (2007)
Human Sciatic nerve Autologous sural nerve Autologous 75 Levi et al. (2016)
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for 2 days to preserve the decellularized nerves; (6) solution 
3 for 2 days; and (7) solution 4 (0.5 g of sodium azide and 
1000 mL of 0.9% saline) for 2 days followed by the remov-
al of denatured proteins from the extracellular matrix. All 
operations were performed at room temperature and the 
entire process took 2 weeks. The report indicated that acel-
lular nerve repair was more effective for a 2 cm nerve defect 
than for a 4 cm nerve defect. Although Mariann Sondell’s 
decellularization method has demonstrated axonal regener-
ation in vivo, the DNA content in the decellularized nerves 
is still higher than the industry standard (Crapo et al., 2011). 
Sridharan et al. (2015) improved Sondell’s acellular nerve 
technology protocols; in short, the first step is the same as 
Sondell’s acellular neurological regimen. The second step is 
a freeze-drying process of decellularized nerves perpendicu-
lar to the cooling shelf. Their method resulted in a five-fold 
reduction in DNA content and the complete elimination of 
sulfated glycosaminolycans. The effect of a decellularized 
nerve gap on nerve regeneration was also evaluated. How-
ever, the experiment was performed only in vitro; no in vivo 
experiments were performed. No In vivo experiments using 
Sridharan’s method have been reported to date. 

Treatment with ionic detergents
Treatment with ionic detergents results in the solubilization 
of cell membranes and disruption of protein-protein inter-
actions. Triton X-200, sodium deoxycholate, and sodium 
dodecyl sulfate are the commonly used ionic detergents for 
this procedure. Hudson et al. (2004) used Triton X-200 to 
decellularize the sciatic nerve of Sprague-Dawley rats and 
then performed nerve allograft transplantation. After 4 weeks, 
the transplanted material was examined for CD8+ cells and 
macrophage infiltration. The decellularized nerve grafts 
avoided cellular immune recognition and rejection. The sale 
of Triton X-200 has been discontinued, making replication 
of this experiment challenging (Philips et al., 2018). Another 
method reported by Zilic et al. (2016) incorporated a freeze-
thaw approach, sodium dodecyl sulfate treatment and enzyme 
processing (aprotinin and Benzonase®) to decellularize rela-
tively coarser nerves (porcine sciatic nerve branches). Decel-
lularization was followed by a series of in vitro evaluations, 
including immunohistochemistry (laminin and fibronectin), 
biochemical analyses (collagen and sulfated sugars), and DNA 
quantification. The results show that this method effectively 
decellularizes the sciatic nerve branch but retains extracellular 
matrix components, including collagen, laminin and fibronec-
tin, which may have potential clinical utility (Zilic et al., 2016).

Treatment with zwitterionic detergents
Zwitterionic detergents have dual properties of ionic and 
non-ionic detergents, however, their effects are relatively 
mild and cause less damage to the internal structure of the 
nerve and extracellular matrix. Zwitterionic detergents (sul-
fobetaine-10 and -16) in combination with Triton X-200 
have been used to decellularize sciatic nerves of rats for the 
repair of 1 cm sciatic nerve defects. The effect was better 
than that observed with Sondell’s non-ionic detergent-based 

method or the traditional method of cold preservation and 
freeze-thaw cycles. This method removes the antigen that 
initiates cell-mediated allograft immune rejection (Hudson 
et al., 2004; Cai et al., 2017).

Treatment with hypertonic and hypotonic solutions
Treatment with hypertonic and hypotonic solutions gener-
ates osmotic pressure at levels lethal to cells (Philips et al., 
2018). A hypertonic solution of NaCl effectively decellu-
larized the sciatic nerve of rats and nerve allografts in rats 
(Ishida et al., 2014). Compared with the methods discussed 
above, this method was associated with less nerve destruc-
tion, increased structural maintenance and reduced immune 
rejection in vivo. However, the authors did not evaluate the 
decellularized neuronal DNA content. 

Components and Functions of Decellularized 
Extracellular Matrix
Peripheral nerves consist of nerve fibers formed by axons 
and Schwann cells, connective tissue, and neuron-specific 
cells such as perineurial cells (Geuna et al., 2009; Assaf et 
al., 2017). In multicellular animals, the extracellular matrix 
is a three-dimensional structure found in the intercellular 
space that functions to support tissues and organs. Extracel-
lular matrix is present in every tissue and organ in the body 
and consists of water, carbohydrates, and various proteins, 
including collagens, proteoglycans, non-collagenous glyco-
proteins, and elastins, which play an important role in cell 
migration, proliferation, and differentiation (Aszodi et al., 
2006; Gonzalez-Perez et al., 2013; Jiang et al., 2016b). In pe-
ripheral nerves, the extracellular matrix is found in the basal 
lamina of Schwann cells and the endoneurium.

Collagens comprise three polypeptide chains (alpha 
chains) with characteristic triple helical collagenous and 
non-collagenous domains. In vertebrates, 27 types of colla-
gen are classified into 9 families based on their supramolec-
ular assembly and other features. The fibrous collagen family 
includes abundant type I, type II, and type III, and lower 
quantities of type V and type XI. Type I, type III, and type 
V collagens are widely distributed in the body, while types 
II and XI are mainly confined to cartilage, the vitreous body 
of the eye, and the inner ear. The basal layer produced by 
Schwann cells mainly consists of type IV collagen, laminin 
and fibronectin (Baron-Van Evercooren et al., 1986; Mylly-
harju and Kivirikko, 2004; Bryan et al., 2012; Gonzalez-Pe-
rez et al., 2013; Jiang et al., 2016b). 

Proteoglycans consist of a core protein covalently linked 
to a glycosaminoglycan side chain. Glycosaminoglycans are 
sulfated oligosaccharides consisting of dermatan sulfate, 
heparan sulfate/heparin, chondroitin sulfate or keratan 
sulfate repeating disaccharide units. Chondroitin sulfate 
proteoglycans exert inhibitory effects by neutralizing factors 
that promote extracellular matrix production (Dingyu et al., 
2016; Andries et al., 2017). In peripheral nerves, chondroitin 
sulfate proteoglycans may inhibit the function of laminin 
(Zuo et al., 1998a, b; Gordon et al., 2015; Lee et al., 2018). In 
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addition to their known role in the hydration and perme-
ability of the extracellular matrix, proteoglycans influence 
cellular activity via interactions with extracellular matrix 
components, growth factors, and cell surface receptors 
(Aszodi et al., 2006). 

Laminin, a key component of the basement membrane, 
participates in cell migration, differentiation, and adhesion. 
Laminin is a heterotrimer of α, β, and γ chains, and 18 dif-
ferent types have been described so far (Durbeej, 2010). Fi-
bronectin represents another key component of the extracel-
lular matrix and forms a fibrillar matrix similar to collagen 
to mediate cell-cell binding. Alternative mRNA splicing re-
sults in various fibronectin isoforms. For example, 12 forms 
of mouse fibronectin and 20 forms of human fibronectin 
have been identified (Gonzalez-Perez et al., 2013). In the 
nervous system, Schwann cells and fibroblasts synthesize 
and secrete fibronectin (Baron-Van Evercooren et al., 1986; 
Chernousov and Carey, 2000; Sohn and Park, 2018).

Elastic fibers consist of an elastin core surrounded by a 
microfiber network that together contributes to tissue elas-
ticity and resilience. To generate elasticity, soluble precursor 
molecules are deposited in a preformed microfibril matrix 
and subsequently cross-linked to form insoluble elastin 
polymers. Microfibrils are also present in some flexible tis-
sues where elastin does not exist. Microfibrils are composed 
number of integrins including fibrillin-1 and -2, fibrin, la-
tent transforming growth factor beta-binding proteins and 
EMILINs (Kielty et al., 2002). 

During decellularization, whether it is physical decel-
lularization or chemical decellularization, the purpose is 
to remove cellular components in the nerve but retain the 
extracellular matrix. The important components of the ex-
tracellular matrix, collagen, laminin, fibronectin and elastin, 
provide a three-dimensional scaffold structure for nerve 
regeneration (Werner et al., 2000; Brown and Phillips, 2007; 
Gardiner et al., 2007; Ingram et al., 2016).

Based on the concept of tissue engineering, decellularized 
nerves can be used as an effective substitute for nerve trans-
plantation to support peripheral nerve regeneration and 
avoid the use of immunosuppressive agents (Pedrini et al., 
2018). However, simple decellularized nerve grafts have a 
limited ability to promote nerve regeneration due to the lack 
of cellular components. Numerous studies have shown that 
seed cells combined with decellularized nerves have achieved 
good results in the repair of peripheral nerve injury (Choi 
et al., 2018; Huang et al., 2018). These include Schwann cells 
(Hess et al., 2007; Aszmann et al., 2008; Sun et al., 2009; Je-
suraj et al., 2014; Hoben et al., 2015), adipose-derived stem 
cells (Zhang et al., 2010; Liu et al., 2011; Jiang et al., 2016a), 
bone marrow stromal cells (Jia et al., 2012; Zhao et al., 2014; 
Li et al., 2016; Wang et al., 2016), Schwann cells-like cells 
(Gao et al., 2014; Garcia-Perez et al., 2017) and skin derived 
precursor cells (Walsh et al., 2009). Of these, Schwann cell 
transplantation has been shown to play an important role in 
the repair of peripheral nerve injury. The next part of this re-
view examines the development, secretion, myelination and 
transplantation of Schwann cells to promote regeneration 
after peripheral nerve injury. 

Development, Secretion, and Myelination of 
Schwann Cells
During vertebrate development, neural crest cells differenti-
ate into various cell types. In the peripheral nervous system, 
neural crest cells differentiate into Schwann cells and glial 
cells (Sommer, 2001; Le Douarin and Dupin, 2003; Suga et 
al., 2017). The migration of neural crest cells after delamina-
tion is regulated by the expression of specific transcription 
factors and tyrosine kinase receptors (Kos et al., 2001; Yu 
et al., 2016). The fate of neural crest cells depends on their 
position relative to the anterior and posterior axes of the 
neural tube. Schwann cells are mainly derived from neural 
crest-derived Schwann cell precursors; others are derived 
from neural crest-derived border cap cells (Monk et al., 
2015). The specific mechanism of the differentiation from 
neural crest cells to Schwann cell precursors is unclear, but 
the transcription factor Sox10 plays an important role (Kuhl-
brodt et al., 1998; Woodhoo and Sommer, 2008; Monk et al., 
2015; Imai et al., 2017; Kim et al., 2017). During the conver-
sion of precursor to immature Schwann cells, the Schwann 
cell precursors travel along the axon, under the influence of 
neuregulin 1, endothelins, and Notch signaling molecules 
(Lai, 2005; Woodhoo and Sommer, 2008; Wood and Mack-
innon, 2015). Neuregulin 1 regulates Schwann cell precursor 
migration and proliferation through binding to ErBb2/3 on 
Schwann cell precursors (Newbern and Birchmeier, 2010; 
Raphael and Talbot, 2011; Monk et al., 2015). Notch signal-
ing accelerates the conversion of Schwann cell precursors 
to immature Schwann cells (Woodhoo and Sommer, 2008; 
Monk et al., 2015). After Schwann cell precursors complete 
their migration, vascular endothelial growth factor promotes 
angiogenesis, and desert hedgehog promotes peripheral 
nerve differentiation (Mukouyama et al., 2005; Monk et al., 
2015). This radial sorting process must be performed prior to 
myelination. Immature Schwann cells selectively encapsulate 
large diameter axons and eventually form a 1:1 relationship 
(Woodhoo and Sommer, 2008; Monk et al., 2015; Barton et 
al., 2017; Castelnovo et al., 2017). Only the thickest axons be-
come myelinated as a result of radial sorting, and neuregulin 
1 plays an important role in the control of this process (Perlin 
et al., 2011; Birchmeier and Bennett, 2016; Deng et al., 2017) 
(Figure 2). Studies have shown that neuregulin 1 is inhibit-
ed in uninjured nerves (Ma et al., 2018). When the nerve is 
injured, neuregulin 1 in Schwann cells is reactivated to pro-
mote regeneration of the myelin. Similarly after transplanta-
tion of a decellularized nerve, Schwann cells migrate into the 
decellularized nerve and activated neuregulin 1 promotes ax-
onal and remyelination regeneration (Aszmann et al., 2008; 
Sun et al., 2009; Stassart et al., 2013; Hoben et al., 2015).

Application of Schwann Cell Transplantation 
to Nerve Regeneration
Schwann cell transplantation promotes myelination and 
spinal nerve regeneration in the central nervous system 
(Bachelin et al., 2005; Biernaskie et al., 2007; Kocsis and 
Waxman, 2007; Hoben et al., 2015). The transplantation of 
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decellularized rat sciatic nerve seeded with Schwann cells 
repaired spinal cord injuries in rats, indicating that the 
decellularized extracellular matrix promotes Schwann cell 
survival and myelination (Cerqueira et al., 2018). Schwann 
cell transplantation has also shown promise as a therapy for 
peripheral nerve injury. Schwann cells cultured in vitro and 
then implanted into rat sciatic nerve formed normal myelin 
around the axons. Similarly, when these cultured Schwann 
cells were implanted into a semi-permeable guide channel 
a 5 mm sciatic nerve injury in rats was successfully repaired 
(Guenard et al., 1992). Xenografts of human peripheral 
nerve or guidance channel, seeded with human Schwann 
cells, repaired a 5-mm mouse sciatic nerve lesion. Human 
Schwann cells were identified immunologically in the repair 
6 weeks after surgery. The Schwann cell migration, in turn, 
led to the formation of a myelin sheath around the regener-
ated mouse axons (Levi and Bunge, 1994). Experimental ev-
idence shows that the transplantation of alginate combined 
with allogeneic Schwann cells in a polyhydroxybutyrate 
conduit repaired a 10 mm rat sciatic nerve defect, indicat-
ing its effectiveness in axonal regeneration (Mosahebi et al., 
2002; Tohill et al., 2004). Strauch et al. (2001) used venous 
blood vessels as a conduit in combination with Schwann 
cells and observed the repair of a 6 cm sciatic nerve injury in 
rabbits. In a related study, a fibrin conduit combined with 
Schwann cells was used to repair 10 mm rat sciatic nerve 
defect (di Summa et al., 2011). Follow-up assessments at 15 
weeks post-surgery showed that the Schwann cell transplan-
tation group displayed improvements in fiber myelination, 
muscle atrophy, and fiber diameter relative to the conduit 

only group. The value of Schwann cell transplantation is 
further demonstrated by positive results following the re-
moval of a 10-mm section of rat sciatic nerve for in vitro 
culture, followed by the inoculation of Schwann cells into 
a poly(lactic-co-glycolic) acid conduit during a second op-
eration 1 week later to repair the defect. After 12 weeks, the 
number of myelinated nerve fibers and regenerated blood 
vessels increased noticeably (Bryan et al., 2000). In more re-
cent literature (Hess et al., 2007; Aszmann et al., 2008; Sun 
et al., 2009; Jesuraj et al., 2014; Hoben et al., 2015), Schwann 
cells combined with decellularized nerve conduits to repair 
peripheral nerve injury have been extensively studied. Hess 
et al. (2007) used cryopreservation to make decellularized 
nerves, and when combined with autologous Schwann cells 
promoted remarkable regeneration of non-human primate 
6 cm peripheral nerve defects. Autologous Schwann cells, 
obtained from a regeneration neuroma of the proximal 
stump, were seeded into decellularized nerves to repair 
the peripheral nerve injury in rats and gave good results 
(Aszmann et al., 2008). Schwann cells were co-cultured with 
allogeneic decellularized nerves in vitro to repair sciatic 
nerve injury in rats. The results after 12 weeks showed decel-
lularized nerves seeded with Schwann cells could improve 
nerve regeneration and functional recovery after bridging 
the sciatic nerve gap of rats (Sun et al., 2009). Hoben et al. 
(2015) used the decellularized nerve complex and showed 
that the addition of Schwann cells was better than vascular 
endothelial growth factor at promoting axon regeneration. 
Collectively, these animal-based studies highlight the suc-
cess of Schwann cell transplantation in the repair of nerve 

Figure 2 Schwann cell development and myelination.
Neural crest cells can differentiate into various cell types, including cardiac cells, melanocytes, neurons, SCP, border cap cells, connective tissue of 
the head and skeleton tissue of the head. A small fraction of immature SCs are derived from border cap cells, but most are derived from SCP. SCP 
differentiates into immature SCs by proliferation and migration under the action of ErBb2/3, NRG1, endothelins and Notch signaling molecules. 
Immature SCs partially encapsulate the axons to form the myelin sheath through a process of radial sorting, and the other part is transformed into 
non-myelinating SCs. SCP: Schwann cell precursor; NRG1: neuregulin-1; SCs: Schwann cells. Adapted from Monk et al. (2015).



1349

Han GH, Peng J, Liu P, Ding X, Wei S, Lu S, Wang Y (2019) Therapeutic strategies for peripheral nerve injury: decellularized nerve conduits 
and Schwann cell transplantation. Neural Regen Res 14(8):1343-1351. doi:10.4103/1673-5374.253511 

injuries. A recent report has demonstrated the therapeutic 
value of Schwann cell transplantation in humans (Levi et 
al., 2016) . The sciatic nerve stump was removed from a pa-
tient’s sciatic nerve for autologous Schwann cell culture. A 
second operation was performed with an autologous sural 
nerve graft to repair the sciatic nerve injury. Autologous 
Schwann cells, in the presence of a collagen matrix, were in-
jected around the graft. Follow-up evaluations at 18 months 
post-surgery showed recovery in sciatic nerve sensory and 
motor functions (Table 2).

Conclusions
Peripheral nerve injuries are common, and different treat-
ment strategies exist for the distinctive forms of injury. In re-
cent years, the repair of severed peripheral nerve using nerve 
conduits has received increasing attention. Specifically, the 
use of decellularized nerve conduits shows promise as a ther-
apy for peripheral nerve damage. In addition, treatment with 
neural tube composite cells (e.g., Schwann cells, adipose-de-
rived mesenchymal stem cells, and bone marrow-derived 
mesenchymal stem cells) represents an effective therapeutic 
strategy in animal models. Regardless of the repair method, 
there are concerns regarding biocompatibility and structural 
integrity. Furthermore, the long-term survival of transplanted 
cells is unclear. Future studies incorporating decellularized 
nerve conduits and neural tube composite cells should ad-
dress these concerns and contribute to our knowledge regard-
ing the therapeutic value of these techniques. 
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