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Background: Spinal cord injury (SCI) triggers a intense inflammatory response that hinders the success of cell transplantation 
therapies. Immortalised Schwann cells (iSCs) offer a renewable cell source, but their response to inflammation is poorly understood. 
Wnt3a regulates neural stem cells, but its role in modulating inflammatory responses in iSCs remains unclear.
Methods: Rat Schwann cells (SCs) were immortalised using SV40Tag. An inflammatory model was established by treating iSCs with 
LPS, in the presence or absence of Wnt3a protein. The inflammatory response, apoptosis, proliferation, and migration were assessed 
using quantitative PCR (qPCR), Western blotting, immunofluorescence, CCK-8 assay, TUNEL staining, flow cytometry, and scratch 
wound healing assay. An acute spinal cord injury model in rats was utilised for in vivo validation.
Results: This study shows that immortalized Schwann cells share some genotypic similarity with primary Schwann cells, but have a much 
faster proliferation rate than Schwann cells, which can be better used for neurological disease-related research. In addition, in the LPS- 
induced inflammatory environment, Wnt3a was able to inhibit the expression of IL-1β in immortalized Schwann cells, and enhance the 
expression of TGF-β by activating NF-κB. More importantly, Wnt3a inhibited the level of apoptosis in the inflammatory environment and 
promoted the proliferation and migration ability of cells, which also enhanced the function of immortalized Schwann cells.
Conclusion: Wnt3a modulates the inflammatory response in iSCs, primarily through NF-κB-mediated upregulation of TGF-β, and 
promotes iSC survival and function. The combination of iSCs and Wnt3a presents a promising strategy for improving cell 
transplantation therapy for SCI.
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Introduction
Spinal cord injury (SCI) is a severe traumatic disease of the central nervous system(CNS),1 and cell-based regenerative 
therapies have shown promise in the treatment of SCI, with exogenously transplanted cells improving the microenviron
ment, promoting vascular regeneration and playing a neuroprotective role.2,3 Schwann cells (SCs) are glial cells in the 
peripheral nervous system (PNS) that play a crucial role in peripheral nerve regeneration after traumatic injury and 
peripheral neuropathy.4,5 When transplanted, SCs act as a scaffold that guides regenerating axons to their intended target 
sites, thereby improving or restoring the conduction velocity of demyelinated axons.6,7

However, during the early stages of SCI, an increase in pro-inflammatory factors and chemokines leads to an intense 
inflammatory response and apoptosis at the site of injury.8,9 This inflammatory response and apoptosis reduce cell survival and 
proliferation, thus limiting the efficacy of detrimental to cell survival and proliferation, and the therapeutic means of cell 
transplantation may not be able to fully achieve the expected therapeutic effect.10,11 Therefore, modification of the exogenous 
cellular or CNS environment is necessary to overcome unfavourable environmental factors and reduce the level of apoptosis 
after cell transplantation. Primary SCs are difficult to obtain and have a limited capacity for expansion in culture. Immortalised 
Schwann cells (iSCs) provide a renewable and consistent cell source for research and potential therapy.
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Cross-regulation between the NF-κB and Wnt/β-catenin signalling pathways plays an important role in the regulation of 
inflammation, immunity, development and oncogenesis.12,13 The NF-κB signalling pathway has a significant regulatory 
role in inflammatory responses, with NF-kB translocating to the nucleus to stimulate the transcription of cellular 
inflammatory factors.14,15 The Wnt/β-Catenin signalling pathway is a typical Wnt signalling pathway that plays an 
important role in neural development, axon guidance, neuropathic pain relief and neuronal survival.16,17 The Wnt/β- 
Catenin signalling pathway has either inhibitory or facilitatory effects on the activity of NF-κB in different cell types 
through different mechanisms.18 Wnt3a is a significant member of the Wnt family and is expressed during central nervous 
system development. Through the Wnt/β-Catenin signalling pathway, Wnt3a can regulate spinal neural stem cells 
differentiation and proliferation, inhibit neuronal death, and promote spinal axonal conduction and regeneration.19–21 

However, it is unclear whether Wnt3a can regulate inflammatory responses through NF-κB.
This study first constructed rat immortalised Schwann cells (iSCs) to provide a scalable cell model for subsequent cell 

model construction. A cellular inflammation model was then created to investigate whether Wnt3a regulates the 
inflammatory response through NF-κB, as well as regulating apoptosis, proliferation and cellular function, providing 
potential therapeutic ideas for SCI.

Methods and Materials
Extraction, Culture and Immortalization of Primary Schwann Cells
Bilateral sciatic nerves were aseptically dissected from neonatal 24-hour-old rats following euthanasia via cervical 
dislocation and sterilization with alcohol. The nerves were minced and digested with 0.25% trypsin (BIOAGRIO, China). 
An equal volume of complete medium (DMEM (Gibco, USA) supplemented with 10% FBS (Gibco, USA) and 1% 
penicillin–streptomycin (Solarbio, China)) was added to terminate digestion, followed by filtration. The filtrate was 
centrifuged at 1000 rpm for 10 min, and the supernatant was discarded. The pellet was resuspended in complete medium 
and plated into culture dishes. Cells were maintained at 37 °C in a 5% CO2 incubator. To eliminate fibroblasts, 5 μg/mL 
cytarabine (MedChemExpress, USA) was added after 24 hours. Schwann cell purity was confirmed by S100β immuno
fluorescence. All cultures were routinely tested and verified to be free of mycoplasma contamination.

Primary Schwann cells were infected with a HEK293-packaged retrovirus containing a plasmid with the immortalisa
tion gene SV40Tag, the hygromycin resistance gene and the green fluorescent protein gene GFP. After 24 hours of 
transfection, the medium was replaced with complete medium and the medium was changed every 3 days at half the 
amount. Upon reaching 80–90% confluence, the cells were passaged sequentially for 6–7 generations. Immortalized 
Schwann cells (iSCs) were then selected by culturing in medium supplemented with 0.1 g/L hygromycin for 3 days. All 
cell cultures were maintained at 37 °C in a 5% CO2 atmosphere.

Construction and Grouping of Cellular Inflammation Models
Cells were treated as follows: the LPS group was stimulated with 100 ng/mL LPS (Sigma, China) to induce inflammation; 
the Wnt3a group received 50 ng/mL recombinant Wnt3a protein(Med Chem Express, USA), which acts by binding to 
Frizzled and LRP5/6 co-receptors on the cell surface to activate downstream Wnt/β-catenin signaling; and the control group 
was maintained in complete medium. NF-κB expression was inhibited using BAY 11–7082 (MedChemExpress, USA).

Immunofluorescence
SCs were plated in confocal dishes at a density of 4×103 cells per well. When cells reached 60% confluence, the medium 
was removed. Cells were fixed with 4% paraformaldehyde for 15 min, permeabilized with 0.3% Triton X-100 for 15 min, 
and blocked with 5% fetal bovine serum for 30 min. Subsequently, the cells were incubated with primary antibodies at 
4°C overnight, followed by incubation with secondary antibodies for 1.5 hours at room temperature protected from light. 
Nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI; Beyotime, China) for 10 min at room temperature. 
Images were acquired using a confocal microscope (Nikon C2, Japan). The same protocol was applied to detect Sox10 
(1:2000, Proteintech, China) expression in both iSCs and Schwann cells.
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Quantitative Real-Time PCR
Total RNA was extracted by The SteadyPure Quick RNA Extraction Kit (Accurate Biology, China) and reverse 
transcription was performed to synthesise cDNA. The Bio-Rad CFX96 instrument was used to perform RT-qPCR 
experiments. The reaction system was set to 95°C for 3 minutes, followed by 40 cycles of 95°Cfor 15seconds, 60°C 
for 30seconds, and 72°Cfor 30seconds. Gene expression was analysed using the 2−ΔΔCT method.22 The primers used are 
listed in Table 1.

Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)
The cDNAs of iSCs and SCs were amplified by RT-PCR, and the primer sequences are shown in Table 2. The reaction 
conditions were 98°C for 5 min, and the following 35 cycles consisted of 95°Cfor 30s, 55°C for 30s, and 72°C for 2 min. 
Afterwards, the mixtures were held at 72°C for 7 min, and finally stored at 4°C. The amplified products were analysed by 
agarose gel electrophoresis and ethidium bromide staining.

Western Blot
Total protein was extracted using RIPA lysis buffer (Beyotime, China) according to the manufacturer’s instructions. 
Protein concentration was determined with a BCA assay kit (Beyotime, China). Proteins were separated by 10% SDS- 
PAGE and transferred onto PVDF membranes (Millipore, IPVH00010). After blocking with 5% skim milk, the 
membranes were incubated with primary antibodies at 4°C overnight, followed by incubation with horseradish 

Table 1 Primer Sequences for RT-qPCR

Genes Sequences of Primers (5′→3′)

Forward Reverse Accession

NGF GAGCGCATCGCTCTCCT TGTACGCCGATCAAAAACGC NM_001277055

BDNF ATAATGTCTGACCCCAGTGCC AACCCGGTCTCATCAAAGCC NM_001270630

GDNF AAAAGTCGCTAGGCATCCCC CGTTTTGAGCAGGAGAGGGT NM_001401780

MPZ CTCAGGTGGTGGTCATCGAG AGTCCAGGCCCATCATGTTC NM_001314068

IL-1β TTGAGTCTGCACAGTTCCCC GTCCTGGGGAAGGCATTAGG NM_031512

TGF-β ATGCCAACTTCTGTCTGGGG CCACGTAGTAGACGATGGGC NM_021578

Caspase-3 GAGCTTGGAACGCGAAGAAAA CCATTTTGTAACTGCTGTCCAGA NM_012922

Bax CGTCTGCGGGGAGTCAC AGCCATCCTCTCTGCTCGAT NM_017059

Bcl2 GGGGTCATGTGTGTGGAGAG GCATGCTGGGGCCATATAGT NM_016993

P65-NF-KB TGAACTTGTGGGGAAGGACT GGTCTCGCTTCTTCACACAC NM_199267

c-Jun GCACATCACCACTACACCGA GACACTGGGCAGCGTATTCT NM_021835

Sox2 GGGGTGCAAAAGAGGAGAGT AGTCGGCATCACGGTTTTTG NM_001109181

Wnt3a GATGGCTCCTCTCGGATACC TCAGTGAGGAGTACTGGGGT NM_001414349

β-Catenin ATCATTCTGGCCAGTGGTGG GACAGCACCTTCAGCACTCT NM_053357

SV40Tag ATTTGCCTTCAGGTCAGG ACTCCAATTCCCATAGCC NP_043127

GAPDH TGGAGTCTACTGGCGTCTT GCTGACAATCTTGAGGGAG NM_017008

Abbreviations: NGF, Nerve growth factor; BDNF, Brain-derived neurotrophic factor; GDNF, Glial cell derived neurotrophic 
factor; MPZ,Myelin protein zero; IL-1β,Interleukin-1 beta; TGF-β, Transforming Growth Factor-beta; Caspase-3,Cysteine-aspartic 
acid protease 3; Bax, Bcl-2-associated X protein; Bcl2, B-cell lymphoma 2; Sox2, SRY-box transcription factor 2; GAPDH, 
Glyceraldehyde 3-phosphate dehydrogenase.
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peroxidase-conjugated anti-rabbit or anti-mouse secondary antibodies for 2 hours at room temperature. Protein bands 
were visualized using an ECL system (BIO-RAD). The ratio of target protein to GAPDH was analyzed using Image Lab 
software (USA) to determine relative expression levels. Antibodies and their dilutions are listed in Table 3.

Cell Proliferation Assay
Cells were seeded in 96-well plates at a density of 2×103 cells per well and cultured for 24 hours. The medium was then 
replaced with 100 μL of serum-free medium. Subsequently, 10 μL of CCK-8 solution (Solarbio, China) was added to 
each well, followed by incubation at 37°C for 2 hours. The absorbance at 450 nm was measured using a microplate 
reader (BioTek, USA).

Scratch Test
The cells’ migratory capacity was assessed using a cell scratch test. After being separated with trypsin, the cells were 
placed in 6-well plates at a concentration of 1×105 cells per well. Once the cells reached 90% confluence, a 1 mL sterile 
pipette tip was used to create a uniform and flat scratch by scratching the six-well plate vertically. Wound healing was 
observed under the microscope at 0 and 24 hours, respectively, and photographs were taken to record the process. The 
wound closure rate was calculated using Image J software.

TUNEL Staining
The iSCs were inoculated into confocal dishes and cells were treated using the One-Step TUNEL Flow Cytometry 
Apoptosis Kit (Elabscience Biotechnology, China). After staining, the photographic conditions of the confocal micro
scope were adjusted according to the positive and negative control groups, and the treated groups were photographed 
under the same conditions.

Flow Cytometry
Cell apoptosis was assessed using an Annexin V-PE/7-AAD Apoptosis Detection Kit (MeilunBio, China) according to 
the manufacturer’s protocol. Briefly, cells were seeded in 6-well plates, subjected to the indicated treatments, harvested, 
washed with PBS, and resuspended in binding buffer at a density of 1×106 cells/mL. The cell suspension was stained 

Table 3 Antibodies and Dilution Concentrations

Antibody Number Dilution Product Source

TGF-β PA2154S 1:1000 Abmart(Shanghai,China)

IL-1β ab254360 1:1000 Abcam(UK)

P65-NF-kB ab16502 1:1000 Abcam(UK)

c-Jun 380397 1:1000 Zenbio(ChengDu,China)

Sox2 A19118 1:1000 ABclonal(Wuhan,China)

GAPDH AC002 1:10000 ABclonal(Wuhan,China)

Rabbit Anti-Mouse IgG antibody HA1012 1:5000 Huabio(Hangzhou,China)

Mouse Anti-Rabbit IgG antibody 701051 1:5000 Zenbio(ChengDu,China)

Table 2 Primer Sequences for RT-PCR

Genes Sequences of Primers (5′→3′)

Forward Reverse Tm

SV40Tag AAAAAAGAATTCATGGATAAAGTTTTAAACAGAGAGG AAAAAAAAGCGGCCGCTTATGTTTCAGGTTCAGGGG 55°C
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with 5 μL Annexin V-PE and 5 μL 7-AAD, followed by incubation in the dark at room temperature for 15 min. Apoptotic 
cells were defined as Annexin V+/7-AAD− (early apoptotic) and Annexin V+/7-AAD+ (late apoptotic), and analyzed by 
flow cytometry within 1 hour.

Experimental Animals
The study used 20 female wild-type Sprague-Dawley rats weighing between 200–220 g, purchased from the Animal 
Experimentation Centre of Chongqing Medical University. The experimental protocols were approved by the China 
Association for Assessment and Accreditation of Laboratory Animal Care International, and all methods followed the 
ARRIVE guidelines. The rats were randomly divided into two groups: iSCs treatment (n = 10) and Wnt3a+iSCs 
treatment (n = 10). The animals were kept in a room with a temperature range of 22 to 26°C, a relative humidity of 
40–60%, and a light/dark cycle of 12/12 hours.

Acute Spinal Cord Injury Model
A rat model of spinal cord injury (SCI) was established using a modified Allen’s method. Briefly, rats were anesthetized 
with sodium pentobarbital (10 g/L, 40 mg/kg; Sigma, USA). After hair removal and disinfection over the T9–T11 
vertebrae, a dorsal midline incision was made, and the T10 lamina was removed to expose the spinal cord. A 10-g weight 
was dropped from a height of 3 cm through a guide tube to impact the spinal cord. Successful injury was confirmed by 
immediate tail flicking or curling. For treatment, the iSC group received an intraspinal injection of PBS containing 1×106 

iSCs, while the Wnt3a+iSC group received PBS with 50 ng/mL Wnt3a and 1×106 iSCs. After hemorrhage control, 
muscle and skin layers were sutured sequentially. Rats were placed on a heating pad until fully awake and then returned 
to their cages with free access to food and water. Manual bladder expression was performed twice daily.

Frozen Slices
On day 2 after SCI, the experimental rats were anaesthetised. The chest cavity was opened to perfuse saline from the 
heart to remove blood from the tissue. Subsequently, spinal cord tissues were collected from the surgical area and fixed in 
paraformaldehyde solution for 24 h at 4°C. Each spinal cord tissue was dehydrated in 20% sucrose solution for 12 h, 
embedded in OCT medium, and stored at −80°C. Serial sagittal sections, 7 μm in thickness, were prepared using 
cryosectioning (Leica) and observed under a fluorescence microscope.

Statistical Analysis
All data were analysed using GraphPad Prism 9 software (San Diego, CA, USA) and results are expressed as mean ± 
standard deviation. Differences between groups were compared using two-way ANOVA or one-way ANOVA, followed 
by Tukey’s post-hoc test for multiple comparisons. P< 0.05 was considered statistically significant.

Results
Immortalisation of Rat Schwann Cells
After 7 days of culture, primary SCs were observed under a microscope. The cells gradually took on the form of small 
bipolar or tripolar elongated shapes arranged in a reticulated or swirling pattern (Figure 1A). Confocal microscopy 
revealed that the cells were small, shuttle-shaped, or bipolar. Upon staining with S100β antigen, the cytoplasm of the 
cells appeared green and the nucleus appeared blue (Figure 1B). It is known that the primary SCs can be successfully 
cultured in this experiment.

Primary SCs at passage 2 (P2) were transfected with SV40T-Ag and cultured for 10 consecutive generations. 
Hygromycin was used to select for an immortalised Schwann cell line. iSCs exhibited a spindle-shaped morphology 
with slender processes, the majority being bipolar and a minority multipolar. (Figure 1C).

RNA was extracted from 12th generation iSCs and primary cells for agarose gel electrophoresis (Figure 1D) and RT- 
qPCR analysis (Figure 1E), respectively. The primary cells did not express SV40T-Ag, whereas the immortalised Schwann 
cell line stably expressed SV40T-Ag(P<0.01), indicating successful construction of the immortalised Schwann cell line.
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Comparison of Primary and Immortalised Cells
The maintenance and regeneration of Schwann cells (SCs) are closely associated with Sox10 expression. In this study, 
immunofluorescence staining was performed to detect Sox10 expression in both primary SCs and immortalized SCs 

Figure 1 Characterization of primary and immortalised Schwann cells. (A) Cell morphology of SCs, scale bar 100 μm; (B) Confocal image of S100β immunofluorescence 
staining of Schwann cells, microscope magnification 200x, scale bar 50 μm; (C) Cell morphology of iSCs(at passage 6–7), scale bar 100μm; (D) Agarose gel electrophoresisof 
SV40Tag PCR products; (E) Results of RT-qPCR assay of SV40Tag gene expression level (****P<0.0001). Data are presented as mean ± SD (n=3).

https://doi.org/10.2147/JIR.S549712                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 17720

Zheng et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



(iSCs). Following staining, the cytoplasm of both cell types exhibited red fluorescence, while the nuclei were counter
stained blue (Figure 2A). Anti-Sox10 positivity was observed in both primary and immortalized cells.

The expression levels of NGF, BDNF, and GDNF were assessed in primary SCs and iSCs using RT-qPCR. The results 
revealed no significant differences in the expression of these genes between the two cell types (Figure 2B). Additionally, 

Figure 2 Comparison of primary SCs and iSCs. (A)Immunofluorescence staining of Sox10 in SCs and iSCs, microscope magnification 100x, scale bar 50μm; (B) and (C)gene 
expression levels of neurotrophic factors (B) and myelin-associated genes (C) in SCs and iSCs; (D)CCK-8 cell proliferation assay.(n=3) (`ns` for not significant, `****` for 
P<0.0001) Data are presented as mean ± SD (n=3).
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the expression of c-Jun and MPZ, two key genes involved in myelin formation, was examined. Similarly, no significant 
differences were detected between iSCs and primary SCs (Figure 2C). These findings indicate that iSCs are genotypically 
comparable to primary SCs and suggest their suitability for neural-related research.

Furthermore, a CCK-8 assay was conducted to evaluate cell proliferation rates. The results demonstrated that the 
proliferation rate of iSCs was significantly higher than that of primary SCs (Figure 2D).

Wnt3a Inhibits LPS-Induced Inflammatory Response in iSCs
The iSCs were stimulated with induction medium containing 100 ng/mL LPS, and the expression of inflammatory factors 
was assessed via RT-qPCR at different time points. The results showed that, compared to the control group, the 
expression levels of IL-1β and TGF-β were altered to varying degrees after 24 h, 48 h, and 72 h of LPS treatment 
(Figure 3A and B). The highest expression of IL-1β was observed at 24 h, which was therefore selected as the optimal 
intervention time for subsequent experiments. Furthermore, LPS treatment led to a reduction in Wnt3a expression, 
accompanied by downregulation of β-catenin (Figure 3C and D).

In parallel, different concentrations of Wnt3a protein were applied for 24 h alongside LPS to evaluate its effect on the 
inflammatory response. qRT-PCR analysis revealed that Wnt3a treatment differentially inhibited IL-1β expression and 
enhanced TGF-β expression compared to the LPS-alone group (Figure 3E and F). Notably, treatment with 50 ng/mL 
Wnt3a recombinant protein significantly increased the anti-inflammatory factor TGF-β while markedly decreasing the 
pro-inflammatory factor IL-1β. Accordingly, 50 ng/mL was chosen as the effective concentration for further experiments.

Figure 3 Wnt3a modulates LPS-induced inflammatory response in iSCs. (A) and (B):After LPS induction for different times, the expression levels of IL-1β and TGF-β were 
increased in the 24h, 48h and 72h groups compared to the Control group; (C) and (D) LPS inhibited the expression of Wnt3a and β-Catenin; (E) and (F) LPS-induced 
inflammatory response regulated by Wnt3a, which modulates IL-1β and TGF-β expression.(`ns` for not significant, `*` for P<0.05, `**` for P<0.01, `***` for P<0.001, `****` 
for P<0.0001) Data are presented as mean ± SD (n=3).
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Wnt3a Inhibits LPS-Induced Apoptosis and Promotes Cell Proliferation and Migration
TUNEL staining revealed a significantly higher proportion of apoptotic cells in the LPS group compared to the Control 
group. In contrast, the Wnt3a group (treated with 50 ng/mL Wnt3a) exhibited a marked reduction in TUNEL-positive 
cells relative to the LPS group, indicating that Wnt3a suppresses LPS-induced apoptosis (Figure 4A and B). Flow 
cytometry analysis further confirmed that Wnt3a significantly decreased the overall proportion of apoptotic cells, 
including a notable reduction in early apoptotic cells (Annexin V+/7-AAD−).

Figure 4 Wnt3a inhibits apoptosis and promotes proliferation and migration in iSCs under inflammatory conditions. (A) TUNEL assay, microscope magnification 100x, scale 
bar 150μm; (B) Apoptosis detection by flow cytometry; (C–E) Expression levels of apoptosis-related genes Bax, Caspase3, and Bcl2 measured by qPCR; (F) CCK-8 cell 
proliferation assay; (G) Wound healing assay and quantitative analysis of the results.(`*` for P<0.05, `**` for P<0.01, `***` for P<0.001, `****` for P<0.0001) Data are 
presented as mean ± SD (n=3).
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At the molecular level, LPS stimulation significantly upregulated the expression of Bax (Figure 4C) and activated 
Caspase-3 (Figure 4D), while downregulating the Bcl-2 (Figure 4E). Wnt3a treatment counteracted these effects, 
reducing Bax and cleaved Caspase-3 levels and increasing Bcl-2 expression (Figure 4C–E), suggesting that Wnt3a 
modulates apoptosis-related proteins to inhibit cell death.

CCK-8 assays indicated that LPS exposure significantly impaired iSC proliferation compared to the Control. 
However, supplementation with 50 ng/mL Wnt3a restored the proliferation rate, indicating that Wnt3a promotes iSC 
proliferation even under inflammatory conditions (Figure 4F).

Additionally, a scratch assay demonstrated that LPS inhibited cell migration compared to the Control, whereas Wnt3a 
significantly enhanced scratch closure (P < 0.01), confirming its promotive effect on cell migration (Figure 4G).

Wnt3a Enhances Neural Repair in iSCs Under Inflammatory Environment
The transcription factors c-Jun and Sox2 play crucial roles in the proliferation, differentiation, and myelin formation of 
SCs. In the LPS-induced inflammatory response (Figure 5), the expression of c-Jun and Sox2 was suppressed, which may 
have contributed to the slowdown of proliferation in iSCs. However, when treated with 50 ng/mL Wnt3a, the expression 
levels of c-Jun and Sox2 increased compared to the LPS group (Figure 5). This suggests that Wnt3a can enhance the 
neural repair function of iSCs.

Wnt3a Regulates LPS-Induced Inflammatory Responses in iSCs Through the NF-kB 
Signalling Pathway
The specific inhibition of the NF-κB pathway by Bay 11–7082 has been extensively studied. Various concentrations of 
Bay 11–7082 were used to intervene with iSCs cells for 1 hour before inducing the inflammatory response. The 

Figure 5 Wnt3a enhances expression of c-Jun and Sox2 in iSCs under inflammatory conditions. (A) Relative mRNA expression of c-Jun. (B) Relative mRNA expression of 
Sox2. (C) Protein expression changes of c-Jun and Sox2 (`**` for P<0.01, `***` for P<0.001, `****` for P<0.0001) Data are presented as mean ± SD (n=3).
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expression of NF-kB was inhibited by Bay 11–7082 (Figure 6A). The strongest inhibitory effect on NF-kB was observed 
with 2 μM of Bay 11–7082, which was chosen as the experimental concentration for all subsequent experiments.

To investigate the potential molecular mechanism of Wnt3a on LPS-induced inflammatory response, the study 
evaluated the expression level of NF-kB in iSCs. The mRNA expression level of NF-kB was detected by using RT- 
qPCR, and the results showed that the expression of NF-kB increased significantly after 24 hours of LPS stimulation 
(Figure 6B). Then, Western Blot experiments at the protein level observed that the NF-kB expression level was also 
increased in the LPS group compared to the control group (Figure 6E). Furthermore, following the intervention with 
Wnt3a, it was observed that the activation level of NF-kB was once again enhanced (Figure 6B–E). This suggests that 
Wnt3a may regulate the inflammatory response by promoting the activation of NF-kB.

This was followed by exploring how Wnt3a inhibits the inflammatory response by modulating NF-kB. RT-qPCR was 
used to examine IL-1β and TGF-β mRNA levels. The results indicate that the expression level of IL-β decreased with the 
use of Bay11-7082 or Wnt3a alone. However, Wnt3a caused a more significant decrease in the expression level of IL-1β 
(Figure 6C). When both BAY11-7082 and Wnt3a were used, the expression level of IL-1β decreased compared to the 
LPS group. However, there was no significant change in IL-1β expression compared to when Wnt3a was used alone 
(Figure 6C). This suggests that the inhibition of IL-1β expression by Wnt3a was not due to the modulation of the NF-kB 
signalling pathway. After inhibiting NF-κB with Bay11-7082, the expression level of TGF-β decreased. However, when 
Wnt3a was introduced, the expression level of TGF-β increased (Figure 6D). When BAY11-7082 and Wnt3a were used 
together, the expression level of TGF-β decreased compared to Wnt3a alone (Figure 6D). This suggests that Wnt3a 
enhances the expression of TGF-β by increasing the activation of NF-kB. The validation was repeated using Western 
Blot, which yielded the same conclusion as RT-qPCR (Figure 6E).

7, Wnt3a increases survival of iSCs in injured spinal cord
The study investigated the effect of Wnt3a on reducing cell death in transplanted cells in animals. The study 

constructed spinal cord injury model using SD rats (Figure 7A). The iSCs solution was injected at the injury site with 
or without Wnt3a. After 24 hours, spinal cord frozen sections were viewed under a fluorescence microscope. Both the 
iSCs treatment and Wnt3a+iSCs treatment groups showed green fluorescence indicating the presence of iSCs cells. The 
number of cells in the Wnt3a+iSCs treatment group was higher than that in the iSCs treatment group (Figure 7B). 
Additionally, there was migration of iSCs cells in the damaged spinal cord, and some transplanted cells were observed 
outside the injury site (Figure 7B). These findings suggest that transplanted iSCs can survive in the injured spinal cord, 
and that the intervention of Wnt3a enhances their survival.

Discussion
Regenerative therapies with cell transplantation have been promising in the treatment of SCI.23 As a type of glial cells, 
SCs drive axon regeneration and myelin formation in the PNS and perform similar functions when transplanted into the 
spinal cord.24,25 SCs are involved in degrading the damaged myelin at an early stage after SCI,26 and SCs-secreted 
growth factors, extracellular components, and adhesion molecules are able to promote damaged axon regeneration.27,28 

More importantly, demyelinated axons in the CNS can also be remyelinated by transplantation of SCs to improve 
conduction.29,30 However, obtaining primary SCs is a challenging task. These cells can be obtained from the sciatic nerve 
of neonatal rats, and their purity can be improved by removing fibroblasts with cytarabine.31 However, the obtained SCs 
cannot be passaged multiple times, and it is time-consuming to perform primary cell extraction and culture multiple 
times. In this study, immortalized Schwann cells were created through transfection with SV40Tag. The results showed 
significant genetic similarity between iSCs and SCs. SCs secrete various trophic factors, such as BDNF, NGF, and 
GDNF,32–34 which are crucial for maintaining neuronal function and repair. Additionally, the transcription factor c-Jun 
and Myelin Protein Zero (MPZ) expressed by SCs play vital roles in myelin formation.35,36 The study found no 
significant difference in gene expression levels between iSCs and SCs. After immortalisation, SCs did not lose their 
original functions, and iSCs have the same potential neurorestorative ability as SCs. More importantly, the ability of iSCs 
to undergo multiple passages and rapid proliferation facilitated the study. Secondly, while SV40Tag expression confirms 
immortalization, further validation through karyotyping or telomerase activity assays would strengthen the conclusion of 
stable immortalization.

Journal of Inflammation Research 2025:18                                                                                          https://doi.org/10.2147/JIR.S549712                                                                                                                                                                                                                                                                                                                                                                                                 17725

Zheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 6 Wnt3a regulates inflammatory response via NF-κB signaling pathway. (A):BAY11-7082 produces significant inhibition of NF-κB after two hours of treatment 
(Ordinary one-way ANOVA, F(7,8),P<0.0001); (B–E) Wnt3a enhances the NF-κB signalling pathway to promote TGF-β expression. Additionally, the inhibition of IL-1β by 
Wnt3a does not involve the NF-κB signalling pathway.(`ns` for not significant, `*` for P<0.05, `**` for P<0.01, `***` for P<0.001, `****` for P<0.0001) Data are presented as 
mean ± SD (n=3).
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Following spinal cord injury (SCI), imbalances in the microenvironment lead to low cell survival rates in the 
transplanted cells within the injured spinal cord region.37,38 While the acute phase of SCI is considered the optimal 
period for cell transplantation,39 this period is also associated with the most severe imbalanced microenvironment due to 
the inflammatory response and oxidative stress.40,41 Therefore, in addition to modifying the transplanted cells, how to 
improve the inflammatory response after spinal cord injury is a critical issue that needs to be urgently addressed.

Both the Wnt/β-catenin and NF-κB signalling pathways play a crucial role in mammalian development.42,43 While the 
Wnt/β-catenin signalling pathway is essential for development and tissue regeneration, NF-κB is primarily involved in 
regulating inflammatory responses.18 Research has demonstrated that β-catenin decreases the enzymatic activity of 
cAMP-responsive element-binding protein (CREB)-binding protein (CBP), which specifically inhibits the expression 
of pro-inflammatory subpopulations of NF-κB target genes.44 Then Wnt3a, as an activator of the Wnt/β-catenin 
signalling pathway,45,46 has potential research value for the regulation of inflammatory responses. The study demon
strated that Wnt3a enhances NF-κB activation, promotes the expression of the anti-inflammatory factor TGF-β, and 
inhibits the expression of IL-1β. Inhibition of the NF-κB signalling pathway by BAY11-7082 did not affect the 
expression level of IL-1β. Instead, the decrease in NF-κB activation led to a reduction in TGF-β expression. The findings 
suggest that Wnt3a did not regulate IL-1β through the NF-κB signalling pathway. The findings suggest that Wnt3a did 
not regulate IL-1β through the NF-κB signalling pathway. The association between elevated TGF-β expression levels and 
NF-κB signalling pathway activation was observed. Further exploration is needed to determine if the decrease in IL-1β is 
due to the high expression of TGF-β.

Apoptosis is closely related to tissue destruction and cellular stress. It is a strategy used by the body to control 
excessive inflammatory responses.47,48 Excessive apoptosis can cause nerve damage and further induce sensory and 
motor impairments.49 Research has shown that Wnt-3a can improve functional recovery by activating autophagy and 

Figure 7 Wnt3a enhances survival of transplanted iSCs in a rat model of spinal cord injury. Survival of transplanted cells in the rat spinal cord 24 hours after spinal cord 
injury. (A) Construction of SCI model and cell transplantation: (i):Exposure of spinal cord on T9-T10 after resection of the laminae; (ii) Cell transplantation is performed on 
the spinal cord after an injury. (B) Fluorescence microscopic observation of frozen sections of spinal cord tissue:(i) iSCs treatment Group; (ii) Wnt3a+iSCs treatment 
Group; microscope magnification 100x, scale bar 100μm.
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inhibiting the mTOR signalling pathway after SCI.21,50 In this study, Wnt3a reduced apoptosis in the inflammatory 
response by regulating the expression of pro-apoptotic protein Bax and anti-apoptotic protein Bcl2. This suggests that 
Wnt3a may be a potential regulator of the inflammatory response. Based on this, a spinal cord injury model in SD rats 
was constructed in the study and validated in vivo in animals by injecting cytosol with iSCs with or without 50 ng/mL 
Wnt3a. The addition of Wnt3a significantly improved the survival of transplanted cells compared to the control group 
without Wnt3a. This finding provides crucial evidence for the potential use of cell transplantation as a therapeutic 
intervention during the acute phase of spinal cord injury.

Furthermore, in an inflammatory environment, the expression levels of c-Jun and Sox2 in iSCs decrease, which is 
unfavourable for promoting myelin tissue regeneration. However, the intervention of Wnt3a promotes the expression of 
both genes, which has greater significance for the application of Wnt3a to promote myelin repair in the injured spinal cord.

It is important to note that this study has some limitations. Firstly, only iSCs were selected for certain studies, while 
other cell types exist in the nervous system. Secondly, the mechanism of Wnt3a inhibiting the inflammatory response was 
not extensively explored in the study. The study has some limitations that need to be addressed. Cell transplantation 
experiments will be conducted in the future to investigate the role of Wnt3a and iSCs combination therapy in nerve repair 
for spinal cord injuries. This will provide additional treatment strategies for SCI.

In conclusion, this study aimed to facilitate the development of experiments. To achieve this, iSCs were constructed 
to avoid the inconvenience caused by multiple extractions of primary cells. An immortalised cell line with high similarity 
to primary cells was obtained. Secondly, our cellular experiments revealed that Wnt3a can regulate inflammatory 
responses by modulating the NF-kB signalling pathway. Additionally, it can inhibit apoptosis, promote cell proliferation, 
and improve the function of iSCs in inflammatory environments. Finally, we demonstrated that Wnt3a can enhance the 
neural repair function of iSCs.

Conclusion
Our study demonstrated that Wnt3a modulates inflammatory responses, reduces apoptosis, promotes cell proliferation 
and migration, and enhances cell function. The results suggest the potential use of iSCs in treating spinal cord injuries, 
and highlight the regulatory role of Wnt3a in modulating inflammatory responses and promoting neural recovery. 
Therefore, this study proposes a new cellular regimen for a cell transplantation therapeutic approach for spinal cord 
injury and provides further evidence for the use of Wnt3a in SCI treatment.
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