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Abstract
Objectives: Peripheral nerve injuries are a common occurrence, resulting in consider-
able patient suffering; it also represents a major economic burden on society. To im-
prove treatment options following peripheral nerve injuries, scientists aim to find a 
way to promote Schwann cell (SC) myelination to help nerves to carry out their func-
tions effectively. In this study, we investigated myelination ability of SCs, regulated by 
co-culture with adipose-derived stem cells (ASCs) or low-intensity pulsed ultrasound 
(LIPUS), and synergistic effects of combined treatments.
Materials and methods: Schwann cells were co-cultured with or without ASCs, and 
either left untreated or treated with LIPUS for 10 min/d for 1, 4 or 7 days. Effects of 
LIPUS and ASC co-culture on pro-myelination indicators of SCs were analysed by real-
time PCR (RT-PCR), Western blotting and immunofluorescence staining (IF).
Results: Our results indicate that ASC-SC co-culture and LIPUS, together or individu-
ally, promoted mRNA levels of epidermal growth factor receptor 3 (EGFR3/ErbB3), 
neuregulin1 (NRG1), early growth response protein 2 (Egr2/Krox20) and myelin basic 
protein (MBP), with corresponding increases in protein levels of ErbB3, NRG1 and 
Krox20. Interestingly, combination of ASC-SC co-culture and LIPUS displayed the 
most remarkable effects.
Conclusion: We demonstrated that ASCs upregulated pro-myelination indicators of 
SCs by indirect contact (through co-culture) and that effects could be potentiated by 
LIPUS. We conclude that LIPUS, as a mechanical stress, may have potential in nerve 
regeneration with potential clinical relevance.
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1  | INTRODUCTION

Over 20 million Americans suffer from peripheral nerve injuries, 
resulting in a devastating decrease in patients’ quality of life and 
accounting for 150 billion dollars in health care costs annually.1,2 Thus 
far, treatment options for peripheral nerve injuries are limited, but in 
vitro studies have shown that Schwann cells (SCs) may promote the 
regeneration of impaired nervous tissue.1 SCs are a subset of peripheral 

glial cells that promote peripheral nerve regeneration following injury 
by providing structural guidance and support via the release of neuro-
trophic factors.3,4 SCs are considered one of the most promising tissue 
engineering methods for nerve regeneration and has been proposed for 
clinical application to remyelinate injured axons in the spinal cord.5–9

Several SCs proteins have been shown to be critical in facilitating 
their function. Neuregulin1 (NRG1) regulates all aspects of the SCs 
lineage, including proliferation, initial gliogenesis, ensheathment and 
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myelination. High levels of type III NRG1 on the axonal membrane 
modulate the thickness of the myelin sheath and provide a signal for 
the induction of myelination.10–12 NRG1/ErbB (epidermal growth 
factor receptor/EGFR) signalling is a very important pathway for SCs 
response. After NRG1 binding, ErbB2/3 receptors phosphorylate 
specific tyrosine residues, and recruit specific adaptor proteins and 
enzymes. This results in the activation of a number of downstream 
signalling pathways (PI3K/Akt, Erk1/2, FAK, Rac/Cdc42 and so on). 
These pathways mediate specific SCs responses to the NRG1 sig-
nal, including survival, migration, proliferation and differentiation.13 
Myelin basic protein (MBP) is a myelin-associated protease existing in 
both CNS and PNS.14 MBP is critical in SCs synthesis of myelin, and 
therefore plays a crucial role in the early stages of myelination and 
maintenance of stable axon-myelin interaction.15,16 Egr2/Krox20 is a 
zinc finger protein of the evolutionarily conserved Egr family, and each 
member of this family (Egr1-4) have very specific cell type-dependent 
functions.17 Krox20 is an essential transcriptional activator that medi-
ates SCs development and peripheral nerve myelination.18

Mechanical stimulation is effective in improving tissue regenera-
tion in many cell types, including mesenchymal stem cells, osteoblasts, 
chondrocytes, epithelial cells and muscle cells.19–24 Some studies on 
nerve regeneration showed that compressive strain and shear stress 
are harmful to injured nerve tissue, while tensile stress of appropriate 
strength and frequency is beneficial.25–27 Our team previously deter-
mined that both cyclic compressive and tensile loading downregulated 
expression of several important myelin-related SCs genes, thus facili-
tating demyelination.28

Low-intensity pulsed ultrasound (LIPUS) is a type of clinically effec-
tive mechanical stress that is approved to promote fracture healing by 
the Food and Drug Administration (FDA).29 Raso et al. demonstrated 
that sciatic functional index (SFI) and nerve fibre density were signifi-
cantly higher in the group treated with ultrasound irradiation on sciatic 
nerve of rats under a controlled crush injury. They concluded that low-
intensity therapeutic ultrasound enhanced nerve regeneration.30 In 
addition, several in vitro studies have shown that LIPUS can enhance 
the proliferation of SCs, inhibit SCs apoptosis, and promote the secre-
tion of neurotrophic factor.31–34 According to the literature and our 
previous work, 1.0 MHz frequency, 20% duty ratio, and 20 mW/cm2 
intensity are reasonable LIPUS parameters for cells that do not cause 
heat damage or proliferation.29,35

In recent years, adipose-derived stem cells (ASCs) have attracted 
public attention as a stem-cell source due to its easy material avail-
ability and self-renewal capacity.36,37 Our previous work showed that 
co-culturing of ASCs and SCs is an effective and practical way for ASCs 
neural transdifferentiation. ASCs secrete many different growth fac-
tors, including VEGF, HGF, bFGF and BDNF, which can stimulate blood 
vessel or nerve growth.38–40 Importantly, co-culturing in Transwell 
plates without intercellular contacts proved to be effective via sharing 
growth media.41

Tissue engineering researchers are constantly looking for new 
ways to shorten healing time of a damaged nerve by promoting SCs 
function. Currently, there was no research to discuss SCs response 
to LIPUS under co-culture conditions. Based on previous work, in the 

study we focused on evaluating the recovery capacity of nerve fibres 
after treatment with these two factors. We looked at the effectiveness 
of LIPUS and co-culture individually, as well as their combinatorial ef-
fects for synergism in promoting neural repair.

2  | MATERIALS AND METHODS

2.1 | Cell culture

All animal experiments described in this report were approved by 
the Sichuan University Animal Care and Use Committee. In total, 50 
Sprague-Dawley rats were used. The ethics committee number of this 
experiment is WCCSIRB-D-2014-081.

Rat ASCs (rASCs) are found in adipose tissue, which were obtained 
as subcutaneous fat from the groin of the rats (female, 2-week old, 
Experimental Animal Center of Sichuan University, China). The fat tis-
sue was carefully washed and minced, and then digested in collage-
nase type I (0.1% collagenase type I in α-MEM medium without FBS) 
at 37°C water bath for an hour. The cells were then seeded on culture 
flasks (25 cm2) with total α-MEM medium (α-MEM medium supple-
mented with 10% FBS, 1% penicillin/streptomycin) and incubated at 
37°C in a humidified atmosphere of 95% air and 5% CO2. After 5- to 7-
day culture, non-adherent cells were removed and the adherent cells 
were cultured in a monolayer; the media was changed every 2–3 days, 
and the cells were subcultured when cells reached confluence (80%). 
We used the passage 3 cells and seeded them to culture plate (six-
well plate, 9.5 cm2/12-well plate, 3.9 cm2) at an appropriate density in 
total supplemented α-MEM medium.

Rat Schwann cell line RSC96 (ATCC, USA) was used as the source 
of SCs. SCs were seeded at an appropriate density in 6- or 12-well 
plate with total low-sugar DMEM medium (DMEM medium supple-
mented with 10% FBS, 1% penicillin/streptomycin).

The co-culture condition was set up using polycarbonate mem-
brane Transwell plates (Corning, NY, USA). The porous membrane 
used is optically transparent with a pore size 0.4 μm. In our experi-
ments, the pore size is much smaller than the size of the ASCs body 
(approximately 80–160 μm), which greatly inhibits the migration of 
ASCs into the lower chamber. The ASCs (3 × 104/cm2) were cultured 
on the upper permeable membrane support and SCs (6 × 104/cm2) 
were cultured in lower plate chamber. Both cells were co-cultured in 
total α-MEM medium, so both cells were cultured in the same cul-
ture media without direct cell contact. The culture media was changed 
every 3 days.

There were four groups in our experimental conditions: group A, B, 
C and D. Group A and B were co-cultured groups (A, co-culture + LIPUS; 
B, co-culture without LIPUS), group C was LIPUS treatment only (SCs 
culture + LIPUS) and group D was a control (SCs culture).

2.2 | Ultrasound exposure

In this report, group A consisted of SCs co-cultured with ASCs and 
exposed to LIPUS (co-culture + LIPUS) (Fig. 1). Group B consisted of 
co-cultured SCs without LIPUS (co-culture without LIPUS). Group C 
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consisted of SCs that underwent LIPUS without co-culture (SCs cul-
ture + LIPUS), and group D (SCs culture) was control SCs cultured in 
α-MEM media without any other treatment.

For group A and B, ASCs (P3) were plated on the upper mem-
brane, and rat SCs were seeded on the plate chamber with α-MEM 
media. Cells were then placed in a cell culture incubator (37°C, 5% 
CO2, 95% humidity). For group C and D, SCs alone were seeded on 
plates with α-MEM media. After 24 hours, cells in the LIPUS exposure 
groups (groups A and C) were treated with ultrasound exposure; the 
first treatment was started either at the 1st, 4th and 7th day after 
cells adherence. After LIPUS exposure for 10 minutes per day for 1, 4 
or 7 days individually, all treatments were finished on the eighth day. 
After the last ultrasound treatment, cells were incubated for 30 min-
utes and samples were collected (either mRNA or protein), or cells 
were fixed by 4% paraformaldehyde for immunofluorescence (IF).

The LIPUS device consists of an array of six transducers, each 
30 mm in diameter. The LIPUS signal we used consisted of a 1.0 MHz 
and 20 mW/cm² at duty ratio of 20%. The plate was placed on the 
ultrasound transducer array conducted by a thin layer of coupling gel. 
All LIPUS treatments performed with the culture plates in the tissue 
culture incubator (37°C, 5% CO2, 95% humidity).

2.3 | RNA isolation and real-time PCR (RT-PCR)

We focused on transcriptional levels of ErbB3, NRG1, Krox20 and 
MBP in SCs by RT-PCR. Total RNA was harvested on treatment day 
8 as described previously. Initially, total SCs RNA was extracted using 
the Simply P Total Tissue⁄cell RNA Extraction Kit (Bioflux, Zhejiang, 
China) according to the manufacturer’s protocol. Total RNA was re-
versed transcribed to cDNA by Prime Script RT reagent Kit with cDNA 
Eraser (Takara Bio, Tokyo, Japan) according to the manufacturer’s 

protocol. PCR oligonucleotide primers were listed in Table 1. Gene 
expression was quantified with RT-PCR, utilizing SYBR® Premix 
ExTaq™II (TliRNaseH Plus) (Takara).

Reactions were carried out on an ABI 7300 system (ABI, Foster 
City, CA, USA). Expression of GAPDH was used for standardization of 
RT-PCR results, to compare mRNA levels of target genes in different 
amounts of samples. For each reaction, a melting curve was generated 
to rule out primer dimer formation and false priming followed by cal-
culation of the 2−△△Ct to determine relative levels of mRNA. cDNA of 
each sample was examined using agarose electrophoresis.

2.4 | Western blot

After treatment with LIPUS and/or co-culture for 1, 4 and 7 days, SCs 
from the bottom layer were collected on day 8. The protein concen-
tration was determined by BCA protein assay kit (Beyotime, China) 
according to the manufacturer’s protocol. Equal amount of pro-
tein extracts were run on 10% SDS-polyacrylamide gels at 80V for 
20 minutes then 120V for 50 minutes, followed by transfer to a PVDF 
membrane at 15V for 30 minutes. The membrane was incubated with 
rabbit polyclonal antibody against ErbB3 (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA), rabbit polyclonal antibody against NRG1 type III 
(Abcam, Cambridge, MA, USA), rabbit polyclonal rabbit polyclonal anti-
body against Krox20 (Abcam, Cambridge, MA, UK) or mouse antibody 
against GAPDH (Abcam, Cambridge, MA, USA) and incubated with 
anti-rabbit IgG or anti-mouse IgG Zhongshanjinqiao, Shanghai, China) 
secondary antibody. The protein bands were exposed using a scanner.

2.5 | Immunofluorescence

To demonstrate distribution of ErbB3, NRG1 and Krox20 proteins, 
ASCs (1000/cm2) and SCs (2000/cm2) in a 12-well plate and cultured 
with total α-MEM medium for IF staining. After completing treatments 
followed by the 30-min incubation, the experiment group cells and the 
control cells were then washed in PBS and fixed in cold 4% paraform-
aldehyde for 15 minutes at room temperature. Cells were then per-
forated by 0.5% Triton-X and blocked in 0.5% bovine serum albumin 

F IGURE  1 Experimental design to test RT-PCR, Western blot 
and immunofluorescence. a, b and c represent 7-day, 4-day and 
1-day groups respectively, and each group contains group A (co-
culture + LIPUS), group B (co-culture without LIPUS), group C (SCs 
culture + LIPUS) and group D as control (SCs culture). a1, b1 and c1 
respectively display the cells of the third passage planted at culture 
plate with an appropriate density. a2, b2 and c2 indicate the SCs 
were cultured after 24 h of the cells planted at plate and group A 
and C were treated by LIPUS exposure (1.0 MHz frequency, 20% 
duty ratio, 20 mW/cm2 intensity) for 10 min every day. Finally, after 
10 min LIPUS followed by incubation on the 8th day, cells were 
harvested by different methods

TABLE  1 Primer sequences of target genes and GAPDH for 
RT-PCR assay

Sequence (5′->3′)

GAPDH F:CCGTATCGGACGCCTGGTTA

R:CCGTGGGTAGAGTCATACTGGAAC

ErbB3 F:CCACATTGTACGGCTGCTAGG

R:TGGTCCCAATGTCTCACGGT

NRG1 F:CCTGTCAAACCCGTCAAGATACT

R:CTCCGCTTCCATAAATTCAATCC

Krox20 F:CCTACAATCCGCACCACCTG

R:GAACCTCCTGTCGCAACCCT

MBP F:GAAGTCGCAGAGGACCCAAGA

R:CTGCCTCCGTAGCCAAATCC
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for 15 minutes. Plates were subsequently incubated overnight at 4°C 
with rabbit polyclonal antibody against ErbB3 (Santa Cruz) (1:100), 
rabbit polyclonal antibody against NRG1 type III (Abcam, USA) (1: 200) 
and rabbit polyclonal antibody against Krox20 (Abcam, UK) (1:200). 
Sequentially, plates were incubated with secondary antibodies Alexa 
Fluor® 488 Donkey Anti-Rabbit IgG (Invitrogen, Carlsbad, CA, USA) 
for 1 hour at room temperature and nuclei were stained with DAPI 
(Molecular Probes, Eugene, OR, USA) for 10 minutes.

2.6 | Statistical analysis

We performed three or more independent sets of the experiments, 
and each experiment was run at least three times. Data are given 
as mean values ± SD. P values were calculated using two-way 
ANOVA by graphpad prism 6.0. P<.05 was considered as statistically 
significant.

3  | RESULTS

3.1 | Co-culture and LIPUS together and individually 
increased mRNA expression of ErbB3, NRG1, Krox20 
and MBP

After 1, 4 and 7 days of ultrasound exposure with or without co-
culture, mRNA expression of ErbB3, NRG1, Krox20 and MBP was 
detected by RT-PCR (Fig. 2).

mRNA levels of ErbB3 in group A were significantly higher than 
all other groups at all time points, and group B and C were both 

significantly higher than the control at all time points. In addition, 
mRNA levels of ErbB3 in group B were significantly higher than group 
C at the time points of 4 and 7 days. With additional days of treat-
ment, mRNA levels of ErbB3 in group A, B and C decreased.

mRNA levels of NRG1 had the same trend as ErbB3, and mRNA 
levels of NRG1 in group A, B and C were significantly higher than in 
control groups respectively at all time points. Again, mRNA expression 
in group A was significantly higher than all other groups.

Transcription levels of the gene coding for Krox20 were all sig-
nificantly higher in group A, B and C than that of control groups at 
the time points of 1, 4 and 7 days. Additionally, group A was higher 
than group B and C, but group B was significantly lower than group 
C at 1 day and higher at 4 days. Of note, global transcription levels of 
Krox20 were significantly higher at 4 days than 1 or 7 days.

With respect to MBP, we found that mRNA levels increased in 
groups A, B and C as time went on, with the peak mRNA levels at 
7 days. The mRNA level in group A was higher than in group B and C at 
almost all time points, but there was no significant difference between 
1 and 4 days for group A and C. Meanwhile, group B was lower than 
group C at 7 days.

3.2 | Different treatment increased protein 
expression of ErbB3, NRG1 and Krox20 by 
Western blot

Western blot results showed that protein levels of ErbB3, NRG1 
and Krox20 were consistent with the RT-PCR results (Fig. 3). At all 
time points, protein expression of ErbB3, NRG1 and Krox20 was 

F IGURE  2  I, II, III and IV show RT-PCR 
analysis of ErbB3, NRG1, Krox20 and MBP 
at different time points. A, B, C and D 
indicate groups, with group A (co-culture 
+ LIPUS), group B (co-culture without 
LIPUS), group C (SCs culture + LIPUS) 
and group D as a control (SCs culture) 
respectively. Results demonstrated that co-
culture, ultrasound exposure or co-culture 
with ultrasound exposure upregulated 
expression of all three genes of ErbB3, 
NRG1 and Krox20 compared to untreated 
control cultures. Method of statistical 
analysis was two-way ANOVA in GraphPad 
Prism 6.0. *Represents significant 
difference from groups respectively (P<.05)
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significantly higher in group A than all other groups. In comparing 
groups B and C, there was no clear trend regarding protein levels of 
Krox20, while group B had higher protein levels of ErbB3 and NRG1 
than group C. Finally, the protein expressions of ErbB3 and NRG1 
gradually declined with longer treatment time, while the protein ex-
pressions of Krox20 peaked at 4 days.

3.3 | Protein expression of ErbB3, NRG1 and  
Krox20 increased by IF after treatment

ErbB3, NRG1 and Krox20 are produced by SCs upon activation. IF 
was performed with anti-ErbB3, anti-NRG1 and anti-Krox20 antibod-
ies at different time points to validate protein expression levels as 
demonstrated by Western blot (Fig. 4).

Consistent with other experiments, protein expression levels 
of ErbB3, NRG1 and Krox20 by IF were higher in group A than any 
other group. At the same time, there was no determinate relation-
ship between group B and C at different time points for each pro-
tein. Moreover, as treatment time increased, the Krox20 protein levels 
peaked at 4 days (like Western blot analysis), while the protein ex-
pression of ErbB3 and NRG1 gradually dropped (consistent with the 
Western blot analysis).

4  | DISCUSSION

Tissue engineering in neuroscience and regenerative medicine is the 
fabrication of controlled microenvironments for the study of axon 
guidance, with the goal of developing strategies to overcome nerve 
injury.35 Mechanical stress, including strain stress,42–45 compressive 
stress,46 shear press15 and LIPUS, is getting more attention as a novel 
condition to manipulate nerve regeneration. Meanwhile, the use of 
co-culture (shared culture media) as a method to induce stem cells to 
differentiation has become popular in recent years.41

In our experiment, we tested the individual and combinational 
function of mechanical stimulation (LIPUS) and co-culture (ASCs with 
SCs) to determine if these treatment conditions’ effects on SCs myelin-
ation ability were synergistic. In this study, we gave group co-culture 
and group SCs with or without LIPUS (1.0 MHz frequency, 20% duty 
ratio, 20 mW/cm2 intensity, 10 minutes every day) to obtain four dif-
ferent groups: group A (co-culture with LIPUS), group B (co-culture 
without LIPUS), group C (SCs culture with LIPUS) and group D (SCs 
culture). To assess the expression of SCs pro-myelination indicators, 
we evaluated mRNA levels (by RT-PCR) of ErbB3, NRG1, Krox20 and 
MBP, and protein levels (by Western blot and IF) of ErbB3, NRG1 and 

F IGURE  3 Protein expression of ErbB3, NRG1 and Krox20 were analysed by Western blot at different time points (I). A, B, C and D indicate 
groups: group A (co-culture + LIPUS), group B (co-culture without LIPUS), group C (SCs culture + LIPUS) and group D as a control (SCs culture). 
Co-culture, ultrasound exposure or co-culture with ultrasound exposure promoted expression of ErbB3, NRG1 and Krox20 compared to control 
at different time points, and combination of co-culture with ultrasound exposure for SCs displayed the most remarkable effects(II). Method of 
statistical analysis chosen was two-way ANOVA in graphpad prism 6.0. *Represents significant difference from groups respectively (P<.05)
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Krox20. These proteins are essential for SCs function and are consid-
ered reasonable markers for SCs activity.

NRG1 is a member of the neuregulin family and has at least 15 
different isoforms from alternative splicing and multiple transcription 
start sites.47,48 Structurally, all types NRG1 have a similar epidermal 
growth factor (EGF)-like domain with distinct N-terminal regions.49 
Both membrane-bound type I- and type III-oriented isoforms are 
highly O-glycosylated in close to the EGF-like domain.50 Literature 
shows hypermyelination of peripheral nerves can be induced by 
neuronal overexpression of type III NRG1; however, overexpres-
sion of type I NRG1 does not affect peripheral myelination.12 In vivo 

models have confirmed the myelination effect of NRG1, as Wallerian 
degeneration increases the expression of NRG1 in SCs and mice 
overexpressing NRG1 type III in SCs only are capable of restoring 
normal myelination after peripheral axonal injury.51 Therefore, type 
III NRG1 plays a crucial role during SCs myelination and development, 
indicating this isoform is presented by the axon to the SCs. In vitro 
experiment, many aspects of SCs biology are affected by NRG1: (i) 
NRG1 increased glial; (ii) NRG1 is required for survival of cultured 
Schwann cell progenitors; (iii) NRG1 promotes migration and pro-
liferation of Schwann cell precursors; and (iv) NRG1 is essential for 
myelination.10,52

F IGURE  4  I, II and III show expression of ErbB3, NRG1 and Krox20 stained and analysed by immunofluorescence at 1, 4 and 7 d 
respectively. Co-culture, ultrasound exposure or co-culture with ultrasound exposure increased proteins expression of ErbB3, NRG1 and  
Krox20 compared to control at ll different time points, and the combination of co-culture with ultrasound exposure for SCs displayed the  
most remarkable effect
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NRG1 as a key axonal signal controls many steps of SCs develop-
ment through binding to ErbB2/3 receptors, including migration, pro-
liferation and myelination.13 The two receptors of ErbB2 and ErbB3 are 
an unequal pair: ErbB3 directly binds NRG1 with high affinity.48 The 
NRG1/ErbB3 signalling pathway activates a variety of signalling path-
ways (PI3K/Akt, Erk1/2, FAK, Rac/Cdc42) with effects on many facets 
of SCs biology, including myelination, proliferation and migration.

Krox20, a zinc finger transcription factor, has been considered 
the master regulator of myelination which induces the expression 
of myelin-related genes and coordinates the peripheral nerve my-
elination programme.53,54 In fact, patients with mutations in Krox20 
consistently have been shown to suffer from peripheral neuropathy,55 
while loss of Krox20 function blocks peripheral myelination in mice.56 
Thus, we assayed the levels of this protein to determine if global ex-
pression of myelin-related proteins was increased.

Finally, we looked at MBP which is well known to play an important 
role in formation and maintenance of myelin sheaths and as a major 
structural component of compact myelin in the peripheral and central 
nervous systems.57–59 MBP is an abundant myelin protein and its ab-
sence in mutant rats results in a severe CNS hypomyelination.58–60 
As the absence of other myelin proteins still allows the formation of 
myelination except MBP and MBP has been denoted as the “executive 
molecule of myelin”.60

Consequently, we chose these four signals (ErbB3, NRG1, Krox20 
and MBP) to assess SCs myelination ability under conditions of co-
culture and LIPUS.

In this study, we found that individually or together, co-culture 
(ASCs with SCs) and LIPUS treatment facilitated the mRNA expression 
of ErbB3, NRG1, Krox20 and MBP as well as increased the protein lev-
els of ErbB3, NRG1 and Krox20 at different time points as evaluated 
by Western blot and IF. Thus, we concluded that LIPUS (as a kind of 
mechanical stress) can promote transcription and increased protein 
levels of myelination factors, and likely promote the myelination ability 
of SCs. Cong et al.61 measured the neurites length after LIPUS treat-
ment to define the effect of LIPUS stimulation on neurons, and demon-
strated that LIPUS increased elongation of neurites. Tsuang et al.32 
designed a study to elucidate the effects of low-intensity pulsed ul-
trasound on cultured SCs, and concluded that intervention with low-
intensity pulsed ultrasound could promote SCs proliferation, prevent 
cell death and keep adequate phenotype presentation for peripheral 
nerve recovery. Thus, our results are consistent with findings in the lit-
erature that LIPUS stimulation can potentiate SCs myelination ability.

Co-culture, which resulted in an increase of certain released 
growth factors in the media, also increased the mRNA expression of 
myelination factors (ErbB3, NRG1, Krox20 and MBP) along with the 
protein levels (NRG1, ErbB3 and Krox20). Adipose tissue is an accessi-
ble and affluent source of adult stem cells for tissue engineering. ASCs 
have the potential to differentiate into many different type cells in re-
sponse to specific growth factors and environmental cues, including 
myocytes, neurons, adipocytes, chondrocytes and osteoblasts.62 It 
has been confirmed that ASCs can also boost tissue recovery through 
the delivery and localized secretion of cytokines.63,64 Therefore, we 
concluded that shared culture media provides environmental cues via 

the secretion of growth factors or cytokines from ASCs, which primes 
SCs by upregulating pro-myelination indicators. However, this study 
did not address which growth factors or cytokines from ASCs may be 
responsible for the enhancement of SCs pro-myelination indicators 
expression, which is an important question that will be explored in the 
future. Furthermore, this study did not directly test the myelination 
ability of SCs, but upregulation of critical pro-myelination factors has 
been considered a reasonable proxy.

We also demonstrated that the combination of co-culture and 
LIPUS was significantly more effective than either individual treatment 
alone. We saw same trend of ErbB3, NRG1 and Krox20 by different 
treatments even when assayed by different methods, including RT-
PCR, Western blot and IF. Our results showed that mRNA and pro-
tein levels of myelination factors in group co-culture with LIPUS were 
significantly higher than all the other groups at all time points, even 
though group co-culture and group LIPUS alone augmented expres-
sion of these factors compared to the control. Thus, we propose that 
co-culturing ASCs with SCs along with LIPUS treatment will maximize 
the myelination ability of SCs.

Moving forward, these results lay the foundation for future in vivo 
studies. We will investigate the effect of combination of LIPUS and 
co-culture on myelination by transplanting ASCs and SCs together 
into rat wounds. After transplantation, we will periodically stimulate 
with LIPUS localized to the wound to help nerve regeneration. We 
hypothesize that ASCs will secret growth factors or cytokines to 
promote myelination of SCs and that effect could be potentiated by 
LIPUS treatment. In conclusion, our study demonstrated that ASCs co-
culture with SCs along with LIPUS stimulation synergistically act to 
promote the myelination ability of SCs.
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