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loaded with induced pluripotent stem cell-derived neural stem
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Background: Stem cell transplantation has been increasingly used for spinal cord repair, and some
achievements have been made. However, limited stem cell sources as well as immune rejection and ethical
issues have restricted its wide application. Therefore, to achieve further breakthroughs regarding the
application of stem cell transplantation to treat spinal cord injury (SCI), it is important to develop a stem cell
line that can effectively avoid immune rejection and ethical issues.

Methods: Urine cells (UCs) were induced to differentiate into induced pluripotent stem cells (iPSCs),
which then further differentiated into neural stem cells (NSCs). Relevant tests were performed, and three-
dimensional (3D) printed scaffolds were prepared. Thirty C57BL/6 mice were divided into 5 groups based
on a random number table: a sham group, an SCI group, an SCI + control group, an SCI + siNC group, and
an SCI + siGASS5 group (n=6). The latter 4 groups replicated SCI models. Mice in the SCI + control group
were transplanted with 3D scaffolds loaded with iPSC-derived NSCs (iPSd-NSCs). Mice in the SCI + siNC
group and the SCI + siGASS5 group were transplanted with scaffolds loaded with iPSd-NSCs-siNC and 3D
scaffolds loaded with iPSA-NSCs-siGASS, respectively. Mice in the other groups were injected with the same
amount of normal saline. Hematoxylin-eosin staining was used to observe the histopathology of the injured
spinal cord, the Basso-Mouse Scale was used to assess the motor function of the hind limbs of the mice, and
Western blot was used to detect the expression of apoptosis-related proteins after SCI.

Results: iPSd-NSCs were successfully induced and differentiated, and 3D printed heparin sulfate-collagen
scaffolds were prepared, inside which a 3D loose porous structure was shown by electron microscopy.
Morphological observations showed that iPSd-NSC transplantation improved SCI in mice, while GASS
silencing inhibited the reparative effect of iPSd-NSC transplantation on SCI in mice. Western blot results
indicated that iPSd-NSC transplantation significantly increased the expression level of B cell lymphoma/
leukemia-2 (Bcl-2) (P<0.01) but decreased the expression levels of Bel-2 associated X protein, cytochrome C,
and cleaved caspase-3 (P<0.001).

Conclusions: The overexpression of IncRNA-GASS5 can promote spinal cord repair and inhibit neural
apoptosis via the transplantation of 3D printed scaffolds loaded with iPSd-NSCs.
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Introduction

Spinal cord injury (SCI) causes different degrees of
secondary injury responses, including axonal disconnection,
neuronal apoptosis, and necrosis. The toxins released by
the lysis of dead cells cause neuronal apoptosis, spinal cord
tissue necrosis, cavitation, glial scar hyperplasia, and axonal
fragmentation and demyelination near the injury plane,
while inhibiting the regeneration of nerve cells and axons (1).
SCI treatment has been a challenge in the medical
community. In recent years, the emergence of stem cell
transplantation technology has provided a new direction
for the treatment of SCI. Studies have shown that the
transplantation of human umbilical cord mesenchymal
stem cells has a reparative effect on SCI, with notable
achievements (2). Progress has been made in SCI repair via
transplantation of neural stem cells (NSCs). Transplanted
NSCs can secrete various neurotrophic factors, which can
improve the local microenvironment and promote the
regeneration of endogenous NSCs in injured spinal cord,
facilitating the regeneration of injured nerve axons that can
then be passed through the injured cavity in the spinal cord,
thereby promoting the repair and functional reconstruction
of the injured spinal cord (3). However, limited stem cell
sources, ethical issues and immune rejection have restricted
the development of stem cell transplantation. LncRNA-
GASS, located on chromosome 1 of the human genome,
is a growth suppressor, plays an important regulatory
function in the regulation of biological processes, such as
cell proliferation, apoptosis, migration, and invasion, and is
currently considered to be associated with various biological
behaviors, such as tumor growth, vascular remodeling, and
inflammatory response (4).

In this study, induced pluripotent stem cells (iPSCs)
derived from urine cells (UCs) were induced to differentiate
into NSCs, and three-dimensional (3D) printed scaffolds
loaded with iPSC-derived NSCs (iPSd-NSCs) were
modified using long non-coding RNA-growth arrest-
specific transcript 5 (IncRNA-GASS) and transplanted
into injured spinal cord to further investigate the role of
IncRNA-GASS in the repair of SCI in mice.
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We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-2570).

Methods
Experimental materials

Thirty C57BL/6 mice (8-12 weeks old) were purchased
from Zhejiang Chinese Medical University. All experimental
procedures were conducted at the Experimental Animal
Management Center of Jiangnan Hospital Affiliated with
Zhejiang Chinese Medical University. Experiments were
performed under a project license (No.: 20170625182365)
granted by ethics board of Jiangnan Hospital Affiliated
with Zhejiang Chinese Medical University, in compliance
with national guidelines for the care and use of animals. A
protocol was prepared before the study without registration.
StemPro cell dissociation reagent (A11105, Sigma, USA),
neurobasal medium (21103049, Sigma, USA), advanced
DMEM/F12 (12634010, Sigma, USA), Alexa Fluor 594
(1:200 dilution, Sigma, USA), pcDNA3.1 vector (V79020,
Sigma, USA), siRNA GASS5 (siGASS; siB1356203228-1-5,
Bioss, China), Lipofectamine® 2000 transfection reagent
(11668, Sigma, USA), polylactic-co-glycolic acid (P133293,
Aladdin), glial fibrillary acidic protein (GFAP) (ab53554,
Sigma, USA), tubulin (B-tubulin IIT, ab52623, Sigma, USA),
growth-associated protein 43 (GAP-43) (ab75810, Sigma,
USA), nestin (OM264981, Sigma, USA), fetal bovine
serum (F8687, Sigma, USA), ALP detection kits (KL-
ALP-Ra, Shanghai Kanglang Biological Technology Co.,
Ltd., China), heparin sulfate (QC30767, GlpBio, USA),
a cryostat (CM3050 S, Leica Microsystems, Japan), a 3D
printer (HangZhou Regenovo Biotechnology., Ltd., China),
H&E staining kits (G1120, Solorbio, China), and TUNEL
apoptosis detection kits (20 mg/ml, ST533, China) were
used in the study.

Differentiation and identification of iPSd-NSCs

The isolation of UCs and the construction of iPSCs
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followed the methods described by Zhou ez al. (5). iPSCs
were passaged after successful induction and differentiation.
Feeder cells were seeded 1 day before selecting the
clones. Under a microscope, monoclonal cells with good
morphology were selected for alkaline phosphatase (ALP)
activity analysis (ALP staining) using an ALP detection kit.
A total of 1x10° iPSCs were injected subcutaneously into
the back of 5-week-old male SD mice, and the formation
of teratomas was verified by hematoxylin-eosin (HE)
staining. iPSCs were fixed with 4% paraformaldehyde for
15 min at room temperature, permeabilized with 0.25%
(V/V) polyethylene glycol octyl phenyl ether (Triton
X-100)/phosphate-buffered saline (PBS) for 10 min, and
blocked with 4% (W/V) bovine serum albumin for 1 h at
room temperature. Then, the iPSCs were incubated with
primary antibodies at 4 °C overnight and then incubated
with secondary antibodies for 30 min at room temperature.
Nuclei were stained with 4',6-diamidino-2-phenylindole
(DAPI). The primary antibodies used were anti-OCT4
(1:350, rabbit polyclonal antibody), anti-NANOG (1:1,000,
rabbit monoclonal antibody), anti-TRA-1-81 (1:100, mouse
monoclonal antibody), and anti-TRA-1-60 (1:100, mouse
monoclonal antibody). The secondary antibodies were
goat anti-rabbit Alexa Fluor 488 or 568 and goat anti-
mouse Alexa Fluor 647. The samples were imaged under a
fluorescence microscope.

Digested iPSC colonies were cultured in embryoid body
(EB) medium to form mature EBs, induced with retinoic
acid + serum-free medium, and then induced and cultured
in EB medium for 4 days; the medium was then replaced
with serum-free medium for adherent culture. The resulting
neurosphere-like clones obtained by screening and culture
were named iPSCs-NSCs. The induced and differentiated
iPSCs-NSCs were cultured in a medium containing
10% fetal bovine serum and were then loaded with 0.1%
gelatin to detect B-tubulin III and GFAP expression using
immunofluorescence. Cells were also grown in culture plates
and were fixed with 4% paraformaldehyde for 15 min, after
which 5% bovine serum albumin was added dropwise for
blocking for 30 min at 37 °C. The blocking solution was
removed using a pipette, and the primary antibody (anti-
nestin, 1:200) was added dropwise to the culture plate, and
the cells were incubated overnight at 4 °C. The cells were
rinsed with PBS, and residual PBS in the culture plate was
removed using a pipette. Next, FITC-conjugated secondary
antibody (1:100) was added dropwise to the culture plate,
and the cells were incubated at 37 °C for 45 min. The cells
were rinsed with PBS, and DAPI was added dropwise to
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the culture plate, followed by incubation in the dark for
5 min to stain nuclei. Excess DAPI was removed using PBS,
and the cells was sealed with 50% glycerol. The expression
of nestin, a specific marker of iPSCs-NSCs, was observed
under a fluorescence microscope.

Preparation and pretreatmment of 3D beparin sulfate-
collagen scaffolds

One milligram of heparin sulfate, 100 mg of type I collagen,
and 10 mg of type II collagen were mixed with 200 mg of
polylactic-co-glycolic acid, and the thickener improved the
viscosity and stability of the slurry. Under a nitrogen stream,
the prepared slurry was transferred to a material bucket,
and the partial pressure was set. The 3D printer nozzle
was selected, and the material out-feed was calibrated.
The printing parameters were set and adjusted, including
material out-feed temperature, platform temperature, etc.
Once the three-dimensional scaffolds were generated,
they were kept at room temperature for more than 4 h and
continuously dried in a thermostatic drying oven at 45 and
60 °C for 12 h each. The morphology of the scaffolds was
observed under an electron microscope.

Then, each 3D scaffold was trimmed into small segments
(approximately 2 mm®) and soaked in stem cell medium for
48 h. The scaffolds were then air-dried in a laminar flow
hood and sterilized prior to use. On the 7" day of culture,
iPSCs-NSCs cells were digested and counted, and 1x10°
cells were concentrated to 0.2 mL and dropped onto the
pretreated scaffolds, which were placed in an incubator for
2 h before being used for the experiment.

Grouping and intervention

Thirty C57BL/6 mice were divided into 5 groups based
on a random number table: a sham group, an SCI group,
an SCl+control group, an SCI+siNC group and an
SCI+siGASS5 group (n=6 mice). In the sham group, only the
lamina was removed, and the spinal cord was not injured.
In the remaining groups, the modified Allen method was
used to reproduce SCI. After the model was successfully
established, the animals were reared for 7 days before the
experiment. In the SCl+control group, a 3D scaffold loaded
with 5x10° iPSd-NSCs was implanted into the center of
the lesion in each mouse; in the SCI+siNC group and the
SCI+siGASS group, 3D scaffolds loaded with the same
amount of iPSd-NSCs-siNC and iPSd-NSCs-siGASS,
respectively, were implanted using the above method; and
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in the sham group and the SCI group, 3D scaffolds without
any cell coating were implanted.

Assays and procedures

Transfection of iPSd-NSCs

Full-length mouse GAS5 ¢cDNA was amplified and then
cloned into the pcDNA3.1 vector to construct the GASS
plasmid. The empty pcDNA3.1 vector was used as a
negative control (NC). siGASS5 and its corresponding
NC (siNC) were obtained. iPSCs were seeded in 60-mm
dishes and cultured to 70-90% confluency, after which
they were transfected with siRNA and the plasmids using
Lipofectamine® 2000. After 48 h of transfection, cells from
each group were used for the subsequent experiments.

Methyl thiazolyl tetrazolium (MTT) assay

iPSd-NSCs transfected with GASS were seeded into
polystyrene tissue culture plates (96-well) (1x10 cells/well),
and the medium was replaced with 100 pL of M'T'T solution
on the 1%, 3™, and 5" days of seeding. After incubation for
4 h at 37 °C in 5% CO,, the supernatant was removed, and
the MT'T solution was replaced with 100 pL of dimethyl
sulfoxide to dissolve the product (methoxypyrimidine). The
optical density at 570 nm was read with a microplate reader.

Rating of hindlimb motor function

The hindlimb motor function of mice was assessed using
the 9-point Basso-Mouse Scale (BMS). The BMS scores for
each group were recorded on the 1%, 7% 14® 21%, and 28"
days after SCI, and differences were compared.

Histomorphological observation

Histopathological examination of the spinal cord was
performed via HE staining. The above experimental mice
were anesthetized by intraperitoneal injection of 10%
chloral hydrate (0.3 mL/100 g). A longitudinal incision was
made along the middle of the chest. The tissue was cut layer
by layer, and the ribs were cut to expose the heart. The left
ventricle and the right atrium were incised, and cannulation
was performed from the left ventricle along the direction of
the aorta. Infusion of normal saline was rapidly performed
until the perfusate returning to the right atrium was clear.
Then, 4% paraformaldehyde PD solution (pH 7.4) was
rapidly infused at a flow rate of 50 ml/min for 3-4 min,
followed by 10 mL/min for 20 min. Ten millimeters of
spinal cord corresponding to the T9-T10 vertebral bodies
was taken and washed with normal saline, and the specimens
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were fixed in 10% formaldehyde for 24-48 h and routinely
embedded in paraffin. The specimens were dehydrated in
an ethanol series, cleared in xylene, embedded in paraffin,
and sliced into 5-pm sections. HE staining was performed,
and spinal cord tissue from each group was observed under
a microscope to observe pathological changes.

Western blot analysis

Spinal cord samples (50-100 pg) were mixed with buffer
solution (5x volume) and boiled for 10 min. Proteins were
resolved on a sodium dodecyl sulfate -polyacrylamide gel
and transferred to a polyvinylidene fluoride membrane. The
membrane was incubated with primary antibody [rabbit anti-
Bcl-2 antibody (1:40, dilution, Bioworld, China), rabbit anti-
Bax antibody (1:20, dilution, Bioworld, China), rabbit anti-
Cyt-C antibody (1:40, dilution, Bioworld, China), and rabbit
anti-caspase-3 antibody (1:40, dilution, Bioworld, China)] at
4 °C overnight and then incubated with the corresponding
secondary antibody [goat anti-rabbit IgG (H & L chains)].
The expression levels of B cell lymphoma/leukemia-2 (Bcl-2),
Bcl-2 associated X protein (Bax), cytochrome C, and cleaved
caspase-3 were assessed. Quantity One image analysis
software was used to analyze the optical density, and the ratio
of the optical density of the target band to that of the band
corresponding to the internal control protein B-actin was the
relative expression value of the target protein.

Statistical analysis

All data were analyzed using SPSS 19.0. The data are
presented as mean + SD (¥ £ 5). When comparing groups,
if the data had a normal distribution and the variance was
homogeneous, then one-way ANOVA (least significant
difference) and the Student-Newman-Keuls test were used
for the analysis. When the variance was not homogeneous,
the Tamhane T2 and Dunnett T3 methods were used
for variance tests and pairwise comparisons. P<0.05 was
considered statistically significant.

Results
Characterization of iPSA-NSCs

Validation experiments indicated that UC-derived iPSCs
were pluripotent and expressed the pluripotent proteins
OCT4, NANOG, TRA-1-81, and TRA-1-60 (Figure 1).
The teratoma test confirmed that they had the ability
to differentiate into 3 germ layers: intestinal epithelium
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A B

Figure 1 Immunofluorescence staining of pluripotent proteins expressed in induced pluripotent stem cells (iPSCs) [A, expression of the
pluripotent protein OCT4 (1:350, rabbit polyclonal); (B) expression of the pluripotent protein NANOG (1:1,000, rabbit monoclonal
antibody); (C) expression of the pluripotent protein TRA-1-81 (1:100, mouse monoclonal antibody); (D) expression of the pluripotent
protein TRA-1-60 (1:100, mouse monoclonal antibody); x200].

Figure 2 HE staining of teratoma tissue sections [A, intestinal epithelium (endoderm); B, cartilage (mesoderm); C, neuroepithelium
(ectoderm); HE staining, x200].

A
100 pm

Figure 3 Immunofluorescence characterization of iPSCs-NSCs [A, the expression of nestin (1:200, rabbit polyclonal), a characteristic

marker of induced pluripotent stem cells (iPSCs)-neural stem cells (NSCs); B, the expression of tubulin (B-tubulin ITI) (1:200, mouse
monoclonal antibody) in iPSCs-NSCs; C, the expression of glial fibrillary acidic protein (GFAP) (1:200, mouse monoclonal antibody) in
iPSCs-NSCs; x100]. iPSC, induced pluripotent stem cell; NSCs, neural stem cell.

(endoderm), cartilage (mesoderm), and neuroepithelium cell morphology analysis, iPSCs-NSCs could be identified
(ectoderm) (Figure 2). In immunofluorescence images, (Figure 3A4). Additionally, in immunofluorescence images,
the target protein nestin in iPSCs-NSCs exhibited green the target protein P-tubulin exhibited red fluorescence,
fluorescence, and nuclei exhibited blue fluorescence after and nuclei exhibited blue fluorescence after DAPI
DAPI staining. When combined with the abovementioned staining. The cells showed high levels of expression and
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Figure 4 Scanning electron microscopy showed that the cross-section of the scaffold was loose and porous (left x50, right x200).
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Figure 5 The expression of GAS5 (A) and the activity of iPSd-NSCs at different time points (B). Compared with Control group, **, P<0.01;
*** P<0.001; A, P<0.05; M2, P<0.001. iPSC, induced pluripotent stem cell; NSCs, neural stem cell; NC, negative control.

had good differentiation ability (Figure 3B). Last, in
immunofluorescence images, the target protein GFAP
exhibited red fluorescence, and nuclei exhibited blue
fluorescence after DAPI staining. The cells had peripheral
extension and good differentiation ability (Figure 3C).

Characterization of 3D printed scaffolds
The 3D printed heparin sulfate-collagen scaffolds had a

three-dimensional porous structure. Scanning electron
microscopy indicated that the cross-section of the scaffold
was loose and porous, with a pore size between 50 and
200 pm (Figure 4).

Regulation of iPSd-NSC activity by GASS

The SCI+control (control) group was transplanted with

© Annals of Translational Medicine. All rights reserved.

a 3D scaffold loaded with 5x10° iPSd-NSCs, the GAS5
group was transplanted with a 3D scaffold loaded with the
same amount of iPSd-NSCs-GASS5, and the NC group was
transplanted with a 3D scaffold loaded with iPSd-NSCs-
NC. The GASS plasmid significantly increased the level of
GASS5 in iPSd-NSCs, while siGASS decreased the level of
GASS in iPSd-NSCs (Figure 54, P<0.001). The results from
the MTT assay indicated that the GASS5 overexpression
significantly increased the activity of iPSd-NSCs at day 5
(P<0.01), while siGASS significantly inhibited the activity of
iPSd-NSCs (P<0.05) (Figure 5B).

Histomorphological observations

Healthy spinal cord tissue was observed in the sham
group. In the SCI group, hemorrhage, liquefaction, and
inflammatory cell infiltration were observed at the SCI
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Figure 6 Morphological changes in spinal cord tissue from mice in each group (A,B,C,D,E; HE staining) and BMS scores for mice in each

group at different time points (F). ***, P<0.001; A, P<0.05; ¥, P<0.05

site, the boundary between the gray matter and white
matter of the spinal cord was unclear, and the cytoplasm
of neurons showed granular and vacuolar degeneration.
In the SCl+control group and the SCI+siNC group, there
was less bleeding from the SCI, less inflammatory cell
infiltration, and a smaller cavity area in the cross-section of
the spinal cord. In the SCI+siGAS5 group, there was local
hemorrhage, significant inflammatory cell infiltration, and

cytoplasmic vacuolar degeneration of the neurons at the
SClI site (Figure 64,B,C,D,E).

Regulatory effects of IncRNA-GASS on SCI repair and
neuronal apoptosis inhibition via the transplantation of
3D scaffolds loaded with iPSd-NSCs

The mean BMS score in the SCI group was significantly
lower than that in the sham group at different time points
after SCI (P<0.001). On the 14™, 21, and 28™ days,
the mean BMS scores in the SCl+control group were
significantly higher than those in the SCI group (P<0.05),
and the mean BMS scores in the SCI+siGASS group were
significantly lower than those in the SCI+siNC group
(P<0.05) (Figure 6F).

In addition, iPSd-NSC transplantation markedly reduced
neuronal apoptosis in the spinal cord, while GASS silencing

© Annals of Translational Medicine. All rights reserved.

. BMS, Basso-Mouse Scale; SCI, spinal cord injury.

partially abolished this effect. Western blot results indicated
that iPSd-NSC transplantation significantly increased
the expression of Bcl-2 and reduced the expression of
Bax, cytochrome C and cleaved caspase-3. The ratio of
Bcl2 to Bax in sham, SCI, SCl+control, SCI+siNC and
SCI+siGASS5 groups were 1.98, 0.1, 1.01, 1.23 and 1.675,
respectively (Figure 7).

Discussion

The repair and functional reconstruction of SCI has been a
hot topic in the medical community. With the development
of tissue engineering, biological scaffold-loaded seed cell
transplantation therapy has been increasingly used to repair
spinal cords because of the similarities in the dynamic
interactions between cells and the extracellular matrix in
normal tissues iz vivo (6,7). Studies have shown that 3D
printed scaffolds loaded with NeuroD1-modified NSCs
can promote the reconstruction of neural circuits and the
recovery of motor and sensory function in rats with SCI (8).
Additionally, collagen-heparin sulfate scaffolds combined
with NSCs can promote the regeneration of nerve fibers at
SCI sites and improve the motor function of hind limbs in
rats (9). However, NSCs can only be obtained from limited
sources, are mired in ethical controversies, and are associated
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with immune rejection. The iPSCs used in this study were
obtained by reprogramming UCs from a homologous host.
The abovementioned iPSCs differentiated into NSCs after
induction. The characterization results indicated that the
differentiated cells aggregated into neurospheres and that
the NSC marker nestin was expressed. The results showed
that iPSCs successfully differentiated into NSCs. IPSCs
are multipotent stem cells established by reprogramming
somatic cells, which are not associated with ethical and
immune rejection issues. Moreover, under different
induction conditions, iPSCs can be transformed into a
variety of cells. iPSCs have successfully differentiated into
cells of the nervous system (10), hematopoietic system (11),
and other systems (12) under specific culture conditions iz
vitro.

It participates in the regulation of cell proliferation,
ion channels, and cell growth through the following 3
mechanisms: (I) GASS binds to regulatory proteins with
transcriptional function to regulate the expression of related
genes; (II) GASS negatively regulates the expression of its
downstream target genes by binding to targeted miRNAs
via mimicking molecular sponges; and (III) GASS is directly
involved in the regulation of protein translation (13). In
this study, we show that GASS overexpression significantly
improves the viability of iPSd-NSCs. Studies have shown
that GASS5 is essential for the self-renewal and pluripotency
of iPSCs. It forms a positive feedback network with a set of key
pluripotency modulators (Sox2, Oct4, Nanog, Tcll, Esrrb, and
Tetl). When the GASS gene is knocked out, the efficiency of
iPSC reprogramming is significantly reduced (14), a finding
that is similar to the results of the present study. In addition,
the BMS scores indicated that NSC transplantation
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significantly improved the motor function of the hindlimbs,
while GASS5 silencing significantly inhibited the beneficial
effect of NSC transplantation on the hindlimb motor
function in SCI mice.

After SCI, the expression of related apoptosis factors
is modified. Among them, Bcl-2 and Bax are important
apoptosis-regulating proteins in acute SCI. Bcl-2 inhibits
apoptosis, while Bax promotes apoptosis, and the Bel-2/
Bax ratio determines whether cells undergo apoptosis, with
an increased ratio promoting cell survival and a decreased
ratio promoting cell death (15). In addition, cytochrome
C is a key factor in the mitochondria-mediated apoptotic
pathway. When cells are damaged, the permeability of
the mitochondrial membrane changes, and cytochrome C
and caspase-3 are released to activate apoptosis through a
signaling cascade (16). The results of this study confirmed
that the implantation of GAS5-modified iPSd-NSCs into
injured spinal cord significantly increased the expression of
Bcl-2, decreased the expression of Bax, cytochrome C, and
cleaved caspase-3, and partially reversed neuronal apoptosis,
thereby promoting spinal cord repair in SCI mice.

In summary, IncRNA-GASS promotes the reparative
effect of the transplantation of 3D printed scaffolds loaded
with iPSd-NSCs after SCI, significantly restoring motor
function. These effects may occur because the 3D printed
heparin sulfate-collagen scaffolds provide a bridge for
interrupted neural circuits and iPSCs-NSCs can improve
the damaged spinal cord microenvironment. Additionally,
IncRNA-GASS5 has a regulatory effect on the activity of
iPSd-NSCs and inhibits neuronal apoptosis, thus further
promoting SCI repair. However, the current research is
only in the basic experimental stage, and more samples are
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needed for clinical application.
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