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Abstract
Introduction: Spinal cord injury (SCI) is a neurological, medically incurable disorder. Human pluripotent
stem cells (hPSCs) have the potential to generate neural stem/progenitor cells (NS/PCs) which hold
promise in therapy for SCI by transplantation. In our study, we aimed to establish a chemically
de�ned culture system by using serum-free medium and ascorbic acid (AA) to generation and expansion
of long-term self-renewing neuroepithelial-like stem cells (lt-NES cells) differentiated from hPSCs
effectively and stably.

Methods: We induce hESC/iPSC to neurospheres by using a newly established induction system in vitro
in our study. And lt-NES cells derived from hESCs/iPSCs-neurospheres using two induction systems,
including conventional N2 medium with gelatin-coated (coated) and N2+AA medium without pre-coated
(AA) were characterized by reverse transcription-polymerase chain reaction (RT-PCR) analysis and
immunocytochemistry staining. Subsequently, lt-NES cells were induced to neurons and the
microelectrode array (MEA) recording system was used to evaluate the functionality of neurons
differentiated from lt-NES cells. Moreover, the mechanism of AA-induced lt-NES cells was explored
through RNA-seq and the use of inhibitors.

Results: HESCs/iPSCs were e�ciently induced to neurospheres by using a newly established induction
system in vitro. And lt-NES cells derived from hESCs/iPSCs-neurospheres using two induction system
(coated vs AA) both expressed neural pluripotency-associated genes PAX6, NESTIN, SOX1, SOX2. After
long-term cultivation, we found that they both can maintain the long-term expansion for more than a
dozen generations while maintaining neuropluripotency. Moreover, the lt-NES cells retain the ability to
differentiate into general functional neurons that highly express β-tubulin. We also demonstrated that AA
promotes the generation and long-term expansion of lt-NES cells by promoting collagen synthesis via the
MEK-ERK1/2 pathways.

Conclusions: Taken together, this new chemically de�ned culture system is stable and effective to
generate and culture the lt-NES cells induced by hESCs/iPSCs using serum-free medium combined with
ascorbic acid (AA). The lt-NES cells under this culture system can maintain the long-term expansion and
neural pluripotency, with the potential to differentiate into functional neurons. Keywords: Spinal cord
injury, Neurospheres, Ascorbic acid, lt-NES cells, Human pluripotent stem cells.
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Figure 1

Generation of neurosphere from hiPS/ESCs7 60 (A)The protocol for deriving neurospheres from H9 and
UiPS.(B) The morphology and Immunostaining of H9 and UiPS at days -1 (a,b,f,g), day 5 (c,h), and day 7
(d,e,i,j) during neural induction. Immunostaining showing emergence of SSEA4+ (green), OCT4+(red) H9
and UiPS(b,g), and SOX2+ (red),NESTIN+ (green) neurospheres induced from H9 and UiPS at day 7(e,j).
Scale bars = 100 μm. Nuclei were counterstained with DAP (blue). (C) Quantitative RT-PCR analysis of the
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expression level of neural progenitor markers SOX1, PAX6, NESTIN and SOX2 and pluripotency markers
NANOG and OCT4 of H9 and H9-neurospheres. (D) Quantitative RT-PCR analysis of the expression level
of neural progenitor markers SOX1, PAX6, NESTIN and SOX2 and pluripotency markers NANOG and
OCT4 of UiPS and UiPS-neurospheres. n = 3 each. Data are expressed as means ± SD.*P < 0.05, **P <
0.01 vs. control.

Figure 2
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lt-NES cells can be generated from H9/UiPS-neurospheres7 75 under a chemically de�ned culture system
using N2+AA medium.7 76 (A)The lt-NES cells derivation protocol from neurospheres. (B) The
morphologies of the lt-NES cells in N2 medium (coated/uncoated) and N2+AA (AA). Scale bars = 100 μm.
(C) The viability of P0 lt-NES cells was assessed by a CCK-8 assay after plated for 12 h. (D) Expansion
capacity of lt-NES cells investigated by continuous culture in N2 medium (coated/uncoated) and N2+AA
(AA) in 8 days. n = 3 each.

Figure 3
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N2+AA medium can maintain the neural pluripotency of lt-NES cells (A) Quantitative RT-PCR analysis of
the expression level of NSC markers SOX1, PAX6, NESTIN and SOX2, and pluripotency markers NANOG
and OCT4 of P0 H9 neurospheres-derived lt-NES cells. (B) Quantitative RT-PCR analysis of the expression
level of NSC markers SOX1, PAX6, NESTIN and SOX2, and pluripotency markers NANOG and OCT4 of P0
UiPS neurospheres-derived lt-NES cells. n = 3 each. Data are expressed as means ± SD.*P < 0.05, **P <
0.01 vs. control. (C) Immuno�uorescence for NSC markers SOX2 (red) and NESTIN (green) of P0 H9 &
UiPS neurospheres-derived lt-NES cells. Scale bars = 100 μm. Nuclei were counterstained with DAPI
(blue). (D) Quanti�cation of SOX2, NESTIN positive cells of Immuno�uorescence of P0 H9 neurospheres-
derived lt-NES cells. P, passage.(E) Quanti�cation of SOX2, NESTIN positive cells of Immuno�uorescence
of P0 UiPS neurospheres-derived lt-NES cells.
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Figure 4

lt-NES cells can maintain long-term expansion and neural pluripotency using N2+AA medium. (A)
Quantitative RT-PCR analysis of the expression level of NSC markers SOX1, PAX6, NESTIN and SOX2, and
pluripotency markers NANOG and OCT4 of P5 H9 neurospheres-derived lt-NES cells. (B) Quantitative RT-
PCR analysis of the expression level of NSC markers SOX1, PAX6, 41 NESTIN and SOX2, and pluripotency
markers NANOG and OCT4 of P10 H9 neurospheres-derived lt-NES cells. n = 3 each. Data are expressed
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as means ± SD.*P < 0.05, **P < 0.01 vs. control. (C) Immuno�uorescence for NSC markers SOX2 (red) and
NESTIN (green) of P5&P10 H9 neurospheres-derived lt-NES cells. Scale bars = 100 μm. Nuclei were
counterstained with DAPI (blue). (D) Quanti�cation of SOX2+, NESTIN+ cells of Immuno�uorescence. P,
passage. (E) Representative karyotypes of H9 neurospheres-derived lt-NES cells at passage 15.

Figure 5
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lt-NES cellsdifferentiated intofunctional neurons. (A) Neurons and glia differentiated from P10 H9
eurospheres-derived lt-NES cells (a, c). Immuno�uorescence for neuronal marker class III β-tubulin (green)
and glia marker GFAP (red) of Neurons and glia (b, d). (B) Neurons and glia differentiated of P10 UiPS
neurospheres-derived lt-NES cells (a, c). Immuno�uorescence for neurons marker class III β-tubulin
(green) and glia marker GFAP (red) of Neurons and glia (b, d). Scale bars = 100 μm. Nuclei were
counterstained with DAPI (blue). (C) Quantitative RT-PCR analysis of the expression level of neurons
markers NeuN, β-tubulin,vGlut1, and Neurog, and glia markers S100B-β and GFAP . Transcript levels were
normalized to undifferentiated lt-NES cells ,n = 3 each. (D) Representative images of activity map of
neurons differentiated from H9 neurospheres-derived lt-NES cells on the 24-electrode array. (E) Spikes of
neurons differentiated from H9 neurospheres-derived lt-NES cells in 30s.

Figure 6
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Transcriptome analysis of lt-NES cells cultured by coated or AA. (A) Volcano plot of upregulated (red) or
downregulated (green) transcripts in AA cultured lt-NES cells vs coated cultured. (B) Signi�cantly enriched
Gene Ontology (GO) terms in AA cultured lt-NES cells. (C) GO terms categorization and distribution of
differentially expressed genes. GO terms were processed and categorized under three main categories
(biological process, cellular component, and molecular function). (D) KEGG (Kyoto Encyclopedia Genes
and Genomes) pathway rich detail.

Figure 7
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AA activates ERK signaling in a collagen synthesis-dependentmanner. A) The morphology of lt-NES cells
treated with AA or alternative antioxidants vitamin B1(Vb1) and reduced glutathione(GMEE). (B)
Quantitative RT-PCR analysis of the relative expression of collagen genes Col1a1 and Col4a1. n = 3 each.
Data are expressed as means ± SD.*P < 0.05, **P < 0.01 vs. control. (C) The morphology of lt-NES cells
treated with AA and collagen synthesis inhibitor AzC. (D) The whole-cell extracts of N2 cultured (coated)
and N2+AA cultured (AA) lt-NES cells were analyzed by Western blot with phospho-speci�c antibodies
against ERK1/2 (pERK1/2), and total ERK1/2. GAPDH was used as a control. (E) ERK activation is
de�ned as the ratio of p-ERK/total ERK. n = 3 each. Data are expressed as means ± SD.*P < 0.05, **P <
0.01 vs. control. (F) The morphology of lt-NES cells when treated with or without ERK inhibitor. Scale bars
= 100 μm.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

GraphicalAbstract.png

https://assets.researchsquare.com/files/rs-79357/v1/GraphicalAbstract.png

