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Abstract  

Brachial plexus injury is one of the major causes of disability. End-to-end neurorrhaphy 

(EEN) promotes recipient nerve recovery and preserves donor functions. However, 

axon sprouting of motor neuron from the cell body to target muscles is the most time-

consuming. The recovery process relies on the proliferation and migration of Schwann 

cells (SCs). Adipose tissue-derived stem cells (ADSCs) have the potential to 

differentiate into Schwann-like cells (Scis) by treatment with multiple growth factors. 

Mucin-type O-glycosylation can regulate growth factor-receptor tyrosine kinase (RTK) 

signalling during ADSC differentiation. However, the functions of O-glycosylation in 

ADSC differentiation and nerve regeneration are largely unknown. This study used 

ADSCs to examine the changes in O-glycans on human epidermal growth factor 

receptor 2 (ErbB2) and determine the effects of differentiated ADSCs in an EEN model. 

Q-PCR was used to study the role of the gene expression of O-glycosyltransferases (N-

acetylgalactosaminyltransferase, GALNT). Lectin pull-down assays were used to 

analyse O-glycans on growth factor receptors in ADSCs. The implantation of ADSCs 

and Schwann-like cells (Scis) was used to treat peripheral nerve injury. At one and three 

months after surgery, the regenerating nerve tissues were processed for investigation. 

The results from this project provide new information about the change and function of 

the O-glycosylation on growth factor receptor, ErbB2, during the differentiation of 

ADSCs into Scis. Additionally, this study helps us understand if differentiated ADSCs 

has a synergistic effect in promoting nerve regeneration. 

Introduction 

Peripheral nerve injury (PNI) is one of the most common injuries around the world 

(Evans 2001). Most traumatic brachial plexus injuries (BPI) occur when the arm is 

forcefully pulled or stretched. BPI typically occurs during the most active years in 

people’s lives, and it results in weakness or numbness, loss of sensation, and loss of 



movement (Ciaramitaro et al. 2010). Since 1992, end-to-end neurorrhaphy (EEN) has 

been used in various nerve repair strategies (Papalia et al. 2007; Viterbo et al. 1992) 

Regeneration, conduction and muscular function restoration of the injured peripheral 

axons takes a long time, approximately one to three months (Liao et al. 2009, 2010). 

During nerve regeneration, neurotrophins are secreted by nerve target cells (muscle 

cells), the surrounding glia and Schwann cells (SCs), which lead the way in guiding 

nerve terminal sprouting (Chen et al. 2007; J W Faweett and Keynes 1990; Son and 

Thompson 1995b, a). SCs revert to immature states to proliferate and 

guide regenerating axons by secreting neurotrophic factors, such as neuregulins, nerve 

growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT3), 

ciliary neurotrophic factor (CNTF), and glial cell line-derived neurotrophic factor 

(GDNF) (Carroll et al. 1997; Davis and Stroobant 1990; Grothe et al. 1997; Watabe et 

al. 1995; Cheng et al. 1998). However, the migration of SCs takes a long time to lead 

to axon regeneration. One alternative strategy to nerve regeneration is cell therapy, 

whose aim is to replace, repair or enhance the biological function of damaged tissue. 

Over the last several years, the relatively recent discovery of neural precursors, i.e., 

adipose tissue-derived stem cells (ADSCs), in adult nerve injury has raised hopes for 

improving the limited recovery that occurs following stroke, spinal cord injury or PNI 

(Zuk et al. 2002; Chan et al. 2014). ADSCs can self-renew with a high growth rate and 

differentiate along several mesenchymal tissue lineages, including adipocytes, 

myocytes, chondrocytes, endothelial cells and Schwann-like cells (Zuk et al. 2001; 

Kingham et al. 2007; Nakagami et al. 2006). ADSCs expressed various receptor 

tyrosine kinases (RTK), including ErbB2, TGF-β, and FGF1 receptors, which have 

potential to differentiate into Schwann-like cells (Scis) via treatment with PDGF, bFGF, 

foskolin, and neuregulin (Nrg1) (Scioli et al. 2014; Jiang et al. 2008). The 

transplantation of Scis differentiated from ADSCs provided the potential for Scis to 



myelinate axons of neurons in vitro (Zuk et al. 2002), which could ultimately provide 

a therapeutic strategy for peripheral nerve repair.  

In mammals, N-acetylgalactosaminyltransferase (GALNT) is widely expressed in 

nervous tissue and initiates the elongation of mucin type O-glycans on membrane 

proteins for nervous system development (Lin et al. 2008). In addition, many studies 

have indicated that mucin-type O-glycosylation plays a crucial role in a variety of 

biologic functions, such as angiogenesis, carcinogenesis, or neurogenesis (Wu et al. 

2011; Herr et al. 2008; Lin et al. 2008).  

The functions of O-glycosylation in ADSCs differentiation and peripheral nerve 

regeneration are largely unknown. We hypothesized that changes in O-glycosylation 

could regulate ADSC differentiation into Scis via the Neuregulin/ErbB2 pathway and 

mediate peripheral nerve regeneration.  

To study the roles of mucin-type O-glycans in ADSC differentiation, we analysed the 

expression of O-glycosyltransferases in ADSCs using a quantitative polymerase chain 

reaction (PCR) approach. During cell differentiation, ADSCs were treated with an O-

glycan inhibitor, benzyl-α-GalNAc, to suppress differentiation into Scis, acting as a 

negative control. To identify the role of ErbB2 receptor glycosylation in ADSCs, a 

lectin pull-down assay was used to examine the changes in the O-glycans on the growth 

factor receptors (ErbB2) of ADSCs. Furthermore, we transplanted ADSCs or ADSCs-

differentiated Schwann-like cells into an end-to-end neurorrhaphy (EEN) rat model to 

evaluate the effects of ADSC-derived cells on peripheral nerve regeneration.  

Materials and Methods  

Isolation and culture of Adipose-derived stem cells  

Adipose tissue containing ADSCs was obtained from rat inguinal and gonadal parts. 

Later, adipose tissue was treated with 0.1% collagenase type I (Gibco) at 37°C for 90 

min, and clarified by centrifugation. Cells were then cultured with 10% foetal bovine 



serum (FBS, Gibco). After changing the medium, rat ADSCs were passaged 3–5 times 

before use. The ability of adipogenic differentiation was confirmed by Oil-Red O 

(Sigma-Aldrich, USA) staining. The obtained ADSCs were induced into Schwann-like 

cells (Scis) with induction culture medium containing 10% FBS and the trophic factors 

of 14 mM forskolin (Sigma-Aldrich, USA), 10 ng/ml recombinant human basic 

fibroblast growth factor (Peprotech, USA), 5 ng/ml platelet-derived growth factor-BB 

(Peprotech, USA), and 200 ng/ml heregulin-1 β1 (Neuregulin 1; Nrg1, Peprotech, USA) 

for fourteen days (Liu et al. 2013; Reichenberger et al. 2015; New et al. 2015). Benzyl-

α-N-acetylgalactosamine (benzyl-α-galnac, Sigma-Aldrich, USA) was used to inhibit 

the mucin-type O-glycosylation (Yoon et al. 1996). ADSCs were treated with benzyl-

α-galnac to suppress their differentiation into Scis, acting as a disproof experiment. DiI 

stain (1,1’-Dioctadecyl-3,3,3’3’- Tetramethylindocarbocyanine; Sigma-Aldrich, USA) 

was used to track ADSCs and Scis at the site of repaired nerve (Weir et al. 2008). 

Immunofluorescence staining 

To identify the differentiation of ADSCs into Scis, Schwann cell markers, including S-

100 and glial filament acidic protein (GFAP), were used. The differentiated ADSCs, 

cultured on coverslips, were fixed in 4% paraformaldehyde for 10 min and 

permeabilized with the blocking medium containing 0.1% Triton X-100, 3% normal 

goat serum and 2% bovine serum albumin (all from Sigma-Aldrich, St. Louis, MO, 

USA) for 1 h to block nonspecific binding. Anti-glial filament acidic protein antibody 

(GFAP, mouse monoclonal, 1:400, Chemicon, USA) and Anti-S100 antibody (1:400, 

rabbit polyclonal Sigma-Aldrich, USA) were added and incubated overnight at 4°C. 

After incubation in the primary antibody, the sections were further incubated with FITC 

conjugated anti-mouse IgG and Cy3-conjugated anti-rabbit IgG (1:200; Jackson 

Immuno-Research, West Grove, PA, USA). Secondary antibodies were incubated with 

the cells at room temperature for 1 h. Cell nuclei were labelled with Hoechst 33342 



(1:1000, Thermo Fisher Scientific, USA) for 30 min. Finally, the cells were observed 

under a confocal fluorescence microscope (SP5, Leica Microsystems, Wetzlar, 

Germany). 

Quantitative Real-Time PCR 

To investigate the potential role of the GALNT gene family in ADSC, we first 

analysed GALNT1-14 and GALNTL1-L6 expression in ADSCs by real-time RT-PCR. 

The quantitative PCR system, Mx3000P (Stratagene), was used to analyse gene 

expression in human ADSCs according to the manufacturer’s protocol. In short, the 

reaction was conducted in a 25-μl volume consisting of 2 μl of cDNA, 400 nM each of 

sense and anti-sense primers and 12.5 μl of Brilliant SYBR Green QPCR Master Mix 

(Stratagene). The primers used in the reaction are indicated in Table 1. The PCR 

reactions were incubated at 95°C for 15 min, followed by 40 amplification cycles with 

30 sec of denaturation at 95°C, 50 sec of annealing at 58°C and 30 sec of extension at 

72°C. Samples were analysed in triplicate, and the product purity was checked by the 

dissociation curves at the end of real-time PCR cycles. The PCR products were 

confirmed to be correct by DNA sequencing. The relative quantity of specific gene 

expressions was normalized to GAPDH and analysed using the MxPro Software 

(Stratagene). 

Table 1 Primers 

GALNT1-S atggcccagttacaatgctc GALNT1-AS atatttctggcagggtgacg 

GALNT2-S aaggagaagtcggtgaagca GALNT2-AS ttgagcgtgaacttccactg 

GALNT3-S aaagcgttggtcagcctcta GALNT3-AS aacgagaccttgagcagcat 

GALNT4-S tgctggcgtttttaacagtg GALNT4-AS tcctcgttgagctggagttt 

GALNT5-S tgacttaagggctcccattg GALNT5-AS atcagggatgggggctatac  

GALNT6-S tgggagctgtcacttcactg GALNT6-AS cctgtttcctgaggagcttg 



GALNT7-S tcttacgcagtttgctggtg GALNT7-AS ttcaacatgaggccatggta 

GALNT8-S gagcttagcctgagggtgtg GALNT8-AS ccaggccaagtagaccatgt  

GALNT9-S aacgtgtacccggagatgag GALNT9-AS cttggagtcaggcaagaagg  

GALNT10-S acagccaggtaatgggtgag GALNT10-AS gaagatgggatggcttttca  

GALNT11-S tgcttatcagtgaccgcttg GALNT11-AS acactgtgcactgtccgaag  

GALNT12-S catcttgcaggaggatggat GALNT12-AS ctggctccacagtctccttc  

GALNT13-S catctatccggactcccaga GALNT13-AS tcggttcggatttctttgtc  

GALNT14-S ctgagatgcacactgctggt GALNT14-AS catttcaccttgggcaactt  

GALNTL1-S gagctctccttcagggtgtg GALNTL1-AS cacttctgcagtgcgcttag  

GALNTL2-S ctctgtggtggctctgttga GALNTL2-AS atgtccgacaacccagtctc  

GALNTL3-S cctctggttagggtgcacat GALNTL3-AS gctaggtcagcatcgtcaca  

GALNTL4-S ccagaaccgcaagtctaagc  GALNTL4-AS cactaacctggttccccaga  

GALNTL5-S  cttgggcatcgaaagagaag GALNTL5-AS  ttcgtgacactggacatggt 

GALNTL6-S  gcagcaaatctctgtgtgga GALNTL6-AS  caaagcagaatttccgggta 

GFAP-S aggaagattgagtcgctgga GFAP-AS atactgcgtgcggatctctt 

S100-S caggaattcatggcctttgt S100-AS gctggaaagctcagctccta 

GAPDH-S cttcaccaccatggagaa GAPDH-AS aggcagggatgatgttct 

Lectin pull down and immunoprecipitation 

To detect glycoproteins decorated with glycans, Jacalin agarose beads (Vector 

Laboratories, CA, USA) were used. Briefly, cell lysates (0.5 mg) were incubated with 

Jacalin agarose beads overnight at 4°C. The precipitated proteins were subjected to 

western blotting. Immunoprecipitates were analysed by western blotting using the anti-

ErbB2 antibody. The ErbB2 receptors were O-glycosylated on rat ADSCs and the Huh7 

cell line (hepatocellular carcinoma cell line). 

Western blot analysis 



The O-glycoproteins were purified on Jacalin beads before used. The antibodies against 

total ErbB2 (Cell Signaling Technology) and β-actin (BD Biosciences, USA) were used 

at 4°C overnight. After incubation with the primary antibodies, the membranes were 

incubated with horseradish peroxidase-conjugated secondary antibodies (Bethyl 

Laboratories, USA) at a dilution of 1:10000 for 1 h at room temperature. The 

immunoreaction was visualized with ECL solution (Millipore, Temecula, CA, USA), 

followed by 2 min of film exposure. 

Experimental animals 

Young, adult, male Wistar rats weighing 200-300 g (n = 18) obtained from the 

Laboratory Animal Center of Chung-Shan Medical University were used in this study. 

All experimental animals were housed under the same conditions with controlled 

temperature and humidity. For the care and handling of all experimental animals, the 

Guide for the Care and Use of Laboratory Animals (1985) as stated in the United States 

NIH Guidelines (NIH publication no. 86-23) were followed. All experimental 

procedures with adipose-derived stem cell (ADSC) implantation and end-to-end 

neurorrhaphy (EEN) were approved by the Laboratory Animal Center Authorities of 

Chung Shan Medical University (IACUC Approval No 1760). 

Microsurgery and cell implantation 

The in vivo model of PNI was performed by end-to-end neurorrhaphy (EEN), as 

described in our previous studies (Chang et al. 2013; Liao et al. 2009, 2010). Briefly, 

after deep anesthetization with an intraperitoneal injection of 7% chloral hydrate 

(Sigma-Aldrich, St. Louis, MO, USA), rats were placed on the surgical microscope, 

and an incision was made along the left mid-clavicular line to expose the left brachial 

plexus. Then, the musculocutaneous nerve (McN) was transected at the margin of the 

pectoralis major muscle. The end of the proximal ulnar nerve (UN) was then 

neurorrhaphied to the end of the distal McN (Oberlin et al. 1994) with 10-0 nylon 



sutures (Ethilon, Edinburgh, UK) under a surgical microscope. All operated animals 

were divided into four groups.  

These animals were divided into three treatment groups: Group I (n = 6) was 

subjected to EEN and then received PBS as a negative control group. Group II  (n = 

6) was subjected to EEN and then injected with1 µl of ADSCs. Group III (n = 6) was 

subjected to EEN and then injected with 1 μl of Scis. For ADSC and Schwann-like cell 

implantation, 1 x 105 cells were suspended in 1 μl of medium and injected into the nerve 

at the suture site. The skin wound was closed with 5-0 silk, and animals were kept for 

one and three months following the surgery. 

Compound muscle action potential recording 

To confirm nerve reconstruction recovery, compound muscle action potentials (CMAPs) 

of the repaired nerve and target muscle were recorded with a PowerLab 

electromyogram (AD instrument, Sydney, Australia). First, the experimental animals 

were anaesthetized. The stimulating electrode was placed above the reconnection site, 

and the recording electrode was placed in the biceps brachii muscle at the mid-humerus 

level. The recording electrode was kept 1 cm from the stimulating electrode with a piece 

of 5-0 nylon suture. The rat’s tail was connected to the signal ground. Next, the nerve 

was stimulated with a 0.2-ms square pulse current at 2 mA and a repetition rate of 0.2 

Hz. In sham-operated rats, electrodes were set at corresponding locations of the McN 

and biceps brachii muscle. The data were then digitized and analysed. 

Perfusion and Tissue Preparation 

At the end of the survival period after EEN, half of the experimental animals from all 

groups were deeply anesthetized with 7% chloral hydrate (0.4 mL/100 g) and subjected 

to transcardiac perfusion with 100 mL of Ringer’s solution, followed by 45 min of 

fixation with 4% paraformaldehyde in 0.1 M phosphate buffer (PB), pH 7.4. After 

perfusion, the distal end of the repaired nerve was removed under a dissecting 



microscope and kept in a similar fixative for 2 h. The tissue block was then immersed 

in graded concentrations of sucrose buffer (10-30%) for cryoprotection at 4°C overnight. 

Serial 25-µm-thick sections of the nerve segment were cut longitudinally with a cryostat 

(CM3050S, Leica Microsystems, Wetzlar, Germany) on the following day. 

Statistical Analysis 

All quantitative data acquired from spectrometric, immunofluorescence, 

immunoblotting and assessments of action potential in PBS-treated, ADSC-treated, 

and Sci-treated rats were subjected to Student’s t test. Data were presented as the mean 

± SD. P < 0.05 was considered statistically significant. 

Results 

Expression of GALNT family genes in rat primary ADSCs 

We first explored the expression of O-glycosyltransferases in rat primary ADSCs by 

real-time RT-PCR. Among these genes, GALNT1 and GALNT2 were highly expressed 

in ADSCs, GALNT10, GALNT11, GALNT12 were moderately expressed, and the other 

genes were detected at relatively low levels (Fig. 1). 

Comparing both GALNT1 and GALNT2, the mRNA expression level of GALNT1 was 

twice as high as that of GALNT2. The average expression level of GALNT1 mRNAs 

was three times higher than those of GALNT10, GALNT11, and GALNT12. The average 

expression level of the other GALNT mRNAs was seven times lower than that of 

GALNT1 and GALNT2.  

The outcome indicated that GALNT1 gene plays a more dominant role in the expression 

of O-glycosyltransferases in ADSCs of rats and that GALNT1 was the major gene.  

ADSC differentiation into Scis is blocked by O-glycosylation inhibitor 

To investigate whether O-glycosylation plays a role in the pathway of ADSCs 

differentiation, an O-glycosylation inhibitor was used. The results showed that the 

mRNA expression of GFAP in benzyl-α-GalNAc-treated Scis was 30-fold lower than 



that of DMSO-treated Scis 2 weeks after differentiation. Furthermore, the mRNA 

expression of S100 in benzyl-α-GalNAc-treated Scis was 15-fold lower than that of 

DMSO-treated Scis (Fig. 2). These results suggest that O-glycosylation participates in 

ADSCs differentiation pathway into Scis and that blocking the synthesis of O-glycans 

by benzyl-α-GalNAc severely inhibits this mechanism in vitro. The presence of O-

glycosylation must promote ADSC differentiation into Sci. 

Alteration of glycosylation onErbB2 is involved in ADSC cell differentiation 

To explore the existence of ErbB2 receptors on ADSCs and the presence of O-glycans, 

plant lectin was used to conjugate to different moieties, such as Jacalin beads, which 

have a high affinity for glycans containing the N-acetylgalactosamine (GalNAc) of 

glycosylated proteins.  The strong affinity between lectin and its conjugate glycans 

allowed the isolation of glycoproteins from cell extracts.  

Our results show that protein glycosylation differs considerably between pluripotent 

ADSCs and non-pluripotent Huh7 cells and demonstrate that lectin may be used as a 

biomarker to monitor pluripotency in stem cell populations. ADSCs expressed much 

higher levels of glycans attached to the glycoprotein, ErbB2, thus contributing to cell 

differentiation.  

ADSC differentiation into a Schwann cell phenotype 

To determine the morphologic features of these Schwann-like cells, 

immunofluorescence staining was performed by using antibodies against GFAP and 

S100, which are widely known markers for Schwann cells. In induced ADSCs, 60 % 

of the cells tested positive for Schwann cell markers, compared to 0.8% of the 

uninduced ADSC cells, at 14 days postinduction. Schwann-like cells had a bipolar-

shaped morphology with long process projections on opposing sites (Fig. 4). 

Immunocytochemistry showed that ADSCs expressed no existing markers of S-100 or 

GFAP, whereas Schwann-like cells differentiated from ADSCs expressed both S-100 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4299601/figure/fig01/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4299601/figure/fig01/


and GFAP. The characteristics of the differentiated ADSCs were similar to those of 

genuine Schwann cells. However, this model was in vitro and was thus different from 

the exact conditions in vivo, in which Scis would not express a spindle shape. Instead, 

Scis in vivo would myelinate around axons. 

Forelimb functional recovery evaluation 

In the present study, we employed end-to-end neurorraphy (EEN) as an in vivo model 

to detect the possible effects of ADSC on facilitating nerve regeneration. Compound 

muscle action potentials were recorded at the biceps brachii 1 month following EEN. 

A functional evaluation of the normal control group was shown in our previous study 

(Liao et al. 2009). The beneficial effect of Scii on facilitating nerve regeneration was 

validated by electrophysiological recordings, in which the regenerated axons 

successfully re-innervated the target muscles and generated higher CMAPs with an 11 

mA stimulus (5.3 ± 0.5 mV vs. 2.5 ± 0.3 mV vs.2.15 ± 0.25 mV in Scii-, ADSC-, and 

PBS-treated groups, respectively) after EEN (Fig. 5). However, the ADSC-treated 

group did not show any significant differences compared to the PBS group. The 

amplitudes of the CMAPs in the Scii-treated groups with a 5 mA stimulus were slightly 

higher than those of the PBS group (2.1 ± 0.1 vs. 1.2 ± 0.08 mV vs. 1.1 ± 0.05 mV in 

Scii, ADSC, and PBS treated groups, respectively). Stronger stimuli evoked slightly 

larger amplitudes of CMAPs and showed more improvement of the responses in the 

Scii-treated groups. The results indicated that rats transplanted with Scis at the suture 

sites had a better functional nerve repair outcome when they were given a stronger 

stimulus compared to the ADSC- and PBS-treated groups.  

Allogeneic Scis transplantation and survival 

One month after EEN, the repaired nerve was evaluated histologically. CM-DiI dye was 

used to identify and track the existence of transplanted Scis in the suture site of the 

repaired nerve. No significant effects on allograft survival were found in either the 

 



ADSC- or Scis-treated groups. Immunofluorescence photomicrograph showed that 

grafted Scis, labelled in red (Fig. 6 arrow), lived and surrounded the suture sites of the 

reconnected nerves at one month following transplantation. This outcome supported the 

concept that Scis were able to migrate into the reconstructed area, which was the main 

property for peripheral nerve repair. Schwann-like cells can thus effectively repair a 

damaged nerve in EEN rats. 

Discussion 

The present study was the first to report that O-glycan participated in the neural 

differentiation of ADSC into Scis in a nerve repair model. The mRNA expression of 

the GALNT family was shown in rat ADSCs. We documented the mRNA level of 

GALNT1 and GALNT2, both of which were abundantly expressed in ADSCs compared 

to the other GALNT genes. The O-glycosylation of ADSCs was mainly processed by 

GALNT1 family genes. Furthermore, we show that O-glycosyltransferases regulated 

ADSC differentiation via ErbB2 and blocked the induction of Scis by benzyl-α-GalNAc. 

In this regard, we found that with the addition of an O-glycosylation inhibitor, the S100/ 

GFAP expression of ADSC group treated with benzyl-α-GalNAc was reduced to a level 

lower than that of the control group, which was treated with DMSO. The outcome 

suggested that blocking the synthesis of O-glycans with an inhibitor of mucin 

glycosylation severely inhibited ADSCs differentiation into Scis in vitro.  

Regulation of ADSC differentiation into Scis by glycosylation on ErbB2 

In the present study, we used lectins as biomarkers to distinguish pluripotency in ADSC 

populations from other cell populations. In the lectin pull-down assay, the expression 

of O-glycosylated ErbB2 protein on pluripotent ADSCs was higher than that of the non-

pluripotent Huh7 cell line. Furthermore, the result indicated that ErbB2 receptors are 

indeed O-glycosylated, exist on the surface of ADSCs and mediate the differentiation 

of ADSCs into Scis.  



In previous study, ErbB3 has been considered as a “kinase-dead” receptor (Boudeau et 

al. 2006; Citri et al. 2003). Thus, ErbB2 is the most important one leads to the activation 

of pathway which lead to adipogenic cell differentiation (Cervelli et al. 2012; Lee et al. 

1995; Naderi et al. 2017). We found that GALNT1 was a key enzyme that mediated 

ErbB2-regulated pathway in early stages of ADSC differentiation.  

However, the ratio of Schwann cell differentiation of adipose-derived stem cells was 

reduced by benzyl-α-GalNAc. We suggested that the loss of an O-glycans-modulating 

cell signalling event could influence the post-translational modifications of the ErbB2 

during SCi development. Similar findings were also observed in E Tian’s study. The 

loss of an O-glycosyltransferase (GALNT1) causes pronounced effects on 

organogenesis and cell proliferation by disrupting integrin and FGF signalling during 

early submandibular gland development (Tian et al. 2012).  

It is known that the Nrg1/ErbB signal is involved in the fate of early Schwann 

cell development (Newbern and Birchmeier 2010; Yarden and Sliwkowski 2001). Our 

findings suggested that O-glycosyltransferase (GALNT1) modified the carbohydrate 

moieties on the ErbB2/ErbB3 heterodimer to alter the binding affinity of ErbB to its 

ligand. Furthermore, ADSC successfully differentiated into Scii via their key 

glycosylation state. This work provides the first evidence that the loss of O-glycans can 

alter receptor tyrosine kinase signalling by influencing the ErbB2 response to Nrg1 and 

stem cell differentiation. 

Scis responses to the end-to-end neurorrhaphy model 

In this research, we found that changes in O-glycosylation could regulate ADSC 

differentiation into Scis via the Nrg1/ErbB pathway and could, in turn, promote 

peripheral nerve regeneration after EEN. 



In addition to the in vitro experiments, differentiated Scis were transplanted onto the 

distal end of a repaired nerve in vivo. Not only did we track the distribution of the 

surviving Scis around the reconnected nerve axons by using DiI one month after EEN, 

but we also recorded the amplitude of the compound muscle action potentials of the 

biceps brachii contractions one month after EEN. Our results implicated that the Scis-

treated group showed better functional recovery by triggering a 1.6-fold larger 

amplitude than that exhibited by the control rats.  

Scis, when transplanted in an artificial nerve conduit, could stimulate the outgrowth of 

axons from the proximal nerve stump and trigger greater SC proliferation or intrusion 

in the distal stump (Hadlock et al. 2000). ADSCs alone could enhance peripheral nerve 

regeneration, but Scis had a greater capability to improve the number, density, and 

length of neurites per neuron, which implied more benefits when used to treat peripheral 

nerve injuries (di Summa et al. 2010; Kingham et al. 2007). In addition, the regenerative 

effects of transplanted ADSCs were possibly mediated by an initial boost of released 

trophic factors or by an indirect effect on endogenous SC activity(Erba et al. 2010). 

Therefore, the transplantation of Scis in peripheral nerve repair and regeneration could 

be more direct and time-saving than could using undifferentiated ADSCs. The 

reconstruction of peripheral nerve injuries is currently completed with nerve autografts 

(Millesi 1990). The transplantation of allogeneic donor SCs could result in tissue 

rejection, which in turn would be replaced by host SCs (Midha et al. 1994). However, 

allogenic SCs boosted the axonal regeneration and did not produce a deleterious 

immune response in vivo. Additionally, the SCs’ ingrowth into the transplanted suture 

sites was not adversely affected by the process of tissue rejection. In spite of allogeneic 

SC rejection, the regeneration effects continued at the transplanted sites (Mosahebi et 

al. 2002). Owing to this characteristic of transplanted allogeneic SCs, the immediate 

availability of allogeneic SCs for transplantation could compensate for the use of 



autologous SCs, which require a longer preparation time in culture. Therefore, to 

provide time-saving, easily accessible and efficient regeneration and repair in 

peripheral nerve injuries, large numbers of Scis should be differentiated from ADSCs 

for clinical use in years to come. 

Conclusions 

This study revealed that O-glycosyltransferases, such as GALNT1, are abundantly 

expressed in ADSCs and are essential for ErbB2 receptor glycosylation to promote 

ADSC into Sci cells. Blocking the synthesis of O-glycans by benzyl-α-GalNAc 

severely inhibited ADSCs differentiation into Schwann-like cells in vitro.  

The present study showed the first functional evidence that mucin-type O-glycans 

participated in ADSCs-Schwann cell differentiation. The obtained information will not 

only improve our understanding of the process by which ADSCs differentiate into 

Schwann-like cells but also provide insight into the role of this conserved protein 

modification in peripheral nerve regeneration. 

Figure Legends 

 

Fig. 1 GALNT gene expression in rat ADSCs. 

Histogram showing the relative mRNA expression of the GALNT family in ADSCs by 



quantitative real-time polymerase chain reaction (QPCR). The mRNA expressions of 

GALNT were normalized by GAPDH as a housekeeping gene. The experiment was 

done in triplicate, and the mean ± SD is shown. 

Genes were divided into three groups according to the expression levels. GALNT1 and 

GALNT2 were highly expressed genes in ADSCs. GALNT10, GALNT11, and GALNT12 

were moderately expressed genes, and the other genes were detected at relatively low 

levels in ADSCs.  

 

Fig. 2 O-glycosylation inhibitor suppressed ADSCs into Schwann-like cells.  

Representative diagram (A) showing O-glycan-extension reaction was blocked at T 

antigen of the glycan chains by O-glycosylation inhibitor such as benzyl GalNAc. 

Histogram (B) showing the relative mRNA of GFAP and S100 expressed in benzyl-α-

GalNAc-treated Scis and DMSO-treated Scis by quantitative real-time polymerase 

chain reaction (QPCR). The mRNA expressions of S100/GFAP were 

normalized by GAPDH as a housekeeping gene. The experiment was done in triplicate 



and mean ± SD is shown. ADSCs were treated with an O-glycosylation inhibiter (2 mM; 

benzyl GalNAc) or DMSO for 2 weeks, respectively. Note that in both benzyl-α-

GalNAc-treated Scis and DMSO-treated Scis, the mRNA level of S100 and GFAP was 

higher in DMSO-treated Scis than in benzyl-α-GalNAc-treated Scis, which suggests 

that glycosylation participated in the regulation of ADSC differentiation into Scii.  

 

Fig. 3 Pull-down and western blotting analysis in ADSC and Huh7 cells. 

ADSC and Huh 7 cell (hepatocellular carcinoma cell line) extracts were incubated with 

the anti-Jacalin beads overnight. Supernatants were separated from bead pellets by 

centrifugation and specific immunoblotting. Immunoprecipitates were analysed by 

western blotting using the anti-ErbB2 antibody. Actin was used as the loading control.  

ErbB2 protein glycosylation differed considerably between ADSCs and non-

pluripotent Huh7 cells. 



 

Fig. 4 Identification of Schwann-like cells. 

ADSC was evaluated by immunofluorescence staining using Schwann cell markers 

GFAP and S100 antibody. Immunofluorescence staining of GFAP (red) and S100 

(green). Cell nuclei were labelled with Hoechst 33342 (blue). Merged images show that 

the Schwann-like cells were positive for GFAP and S100 (arrow).   

GFAP/S100 double-labelled cells acquired elongated/spindle shape or round- 

shaped morphology. The round-shaped Schwann-like cells were cells not spread open. 

Scale bar = 100 μm. 



 

Fig. 5 Effects of cell implantation on compound muscle action potential recordings 

(CMAPs). 

Representative CMAPs (A) showing action potentials recorded from the biceps brachii 

muscle upon activation of the musculocutaneous nerve one month following end-to-

end neurorrhaphy (EEN). Responses were recorded from PBS-treated rats, ADSCs-

treated rats and Schwann-like cell-treated rats with a stimulus applied above the 

neurorrhaphy site. Histogram (B) showing show the average amplitudes. N = 6 for each 

group. Values are the mean ± SD. *P < 0.05 compared to the PBS group. The Schwann-

like cell-treated group promoted functional recovery by triggering a larger 

amplitude than that of the PBS group.  

 



 

Fig. 6 DiI-labelled Schwann like cells in repaired nerve. 

Schematic presentation (A) showing the microsurgery procedure of neurorrhaphied 

McN and UN. Confocal photomicrographs (B) showing the distribution of DiI (+) Scii. 

CM-DiI dye was applied in Schwann-like cells to label and track the reconnected nerve. 

We found that red Schwann-like cells (arrow) survived and presented at the suture site 

one month after EEN. Arrow head shows the 10/0 silk suture that was retained in the 

reconnected nerve. Scale bar = 50 μm U: ulnar nerve; Mc: musclocutaneous nerve. 
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