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Introduction
Stem cell therapy holds promise as a potential treatment for Spinal Cord Injury (SCI), a 
devastating condition characterized by damage to the spinal cord resulting in varying degrees 
of sensory and motor impairment. The use of stem cells in SCI aims to promote tissue repair, 
neural regeneration, and functional recovery by harnessing the regenerative capacity of these cells. 
This article provides an overview of the use of stem cells in SCI treatment, including the types 
of stem cells used, mechanisms of action, preclinical and clinical studies, challenges, and future 
directions.

Stem cells are undifferentiated cells capable of self-renewal and differentiation into various cell 
types, including neurons, glial cells, and other cell types found in the Central Nervous System 
(CNS). Several types of stem cells have been investigated for their potential therapeutic application 
in SCI, including Embryonic Stem Cells (ESCs), induced Pluripotent Stem Cells (iPSCs), Neural 
Stem Cells (NSCs), Mesenchymal Stem Cells (MSCs), and Olfactory Ensheathing Cells (OECs). 
Each type of stem cell offers unique advantages and challenges in terms of safety, efficacy, and 
scalability for SCI treatment.

Description
ESCs and iPSCs are pluripotent stem cells capable of differentiating into virtually any cell type 
in the body, including neurons and glial cells. While ESCs are derived from embryos, iPSCs 
are generated by reprogramming adult cells, offering a potentially unlimited source of patient-
specific cells for transplantation. Preclinical studies have demonstrated the ability of ESCs and 
iPSCs to differentiate into neural progenitor cells and integrate into host spinal cord tissue, 
promoting axonal growth, remyelination, and functional recovery in animal models of SCI.

NSCs are multipotent stem cells found in the CNS, capable of generating neurons, astrocytes, 
and oligodendrocytes. NSCs have been investigated as a potential cell source for SCI treatment 
due to their ability to differentiate into neural cell types and support neural repair processes. 
Preclinical studies have shown that NSC transplantation can enhance tissue sparing, axonal 
regeneration, and functional recovery in animal models of SCI. Additionally, NSCs can produce 
neurotropic factors and modulate the inflammatory response, contributing to tissue repair and 
neuroprotection.

MSCs are multipotent stem cells found in various tissues, including bone marrow, adipose 
tissue, and umbilical cord blood. MSCs have immunomodulatory, anti-inflammatory, and 
trophic properties, making them attractive candidates for SCI treatment. Preclinical studies 
have demonstrated that MSC transplantation can reduce inflammation, promote tissue repair, 
and enhance functional recovery in animal models of SCI. MSCs secrete factors that stimulate 
endogenous neural stem/progenitor cells, enhance angiogenesis, and modulate the immune 
response, creating a favourable microenvironment for neural repair and regeneration.

OECs are a type of glial cell found in the olfactory system, known for their unique regenerative 
properties and ability to support axonal growth. OEC transplantation has been investigated as a 
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potential therapy for SCI due to their capacity to 
promote axonal regeneration and remyelination. 
Preclinical studies have shown that OEC 
transplantation can improve locomotors 
function, promote tissue sparing, and facilitate 
axonal regeneration in animal models of SCI. 
OECs create a permissive environment for 
axonal growth by secreting neurotropic factors, 
forming cellular bridges, and modulating the 
inflammatory response.

In addition to their regenerative properties, stem 
cells exert therapeutic effects through paracrine 
signalling, immunomodulation, and trophic 
support. Stem cells secrete various growth factors, 
cytokines, and extracellular vesicles that promote 
tissue repair, angiogenesis, and neuroprotection. 
Stem cells also modulate the immune response 
by suppressing inflammation, promoting tissue 
remodelling, and enhancing tissue regeneration. 
Moreover, stem cells provide trophic support 
to injured neurons and glial cells, promoting 
their survival, differentiation, and functional 
integration into host tissue.

While preclinical studies have shown promising 
results, translating stem cell therapies from the 
laboratory to the clinic poses several challenges. 
These challenges include optimizing cell 
survival, migration, and integration following 
transplantation; minimizing immune rejection 
and graft-versus-host reactions; ensuring safety 
and efficacy in human trials; and developing 
standardized protocols for cell production, 
delivery, and monitoring. Additionally, 
ethical considerations, regulatory hurdles, and 

commercialization issues must be addressed to 
advance stem cell therapies for SCI to the clinic.

Despite these challenges, several clinical trials 
have been conducted to evaluate the safety and 
efficacy of stem cell therapies for SCI. These 
trials have primarily focused on assessing the 
feasibility, safety, and preliminary efficacy of 
stem cell transplantation in patients with acute 
and chronic SCI. While early-phase trials have 
shown promising results in terms of safety and 
feasibility, larger-scale, multi-center trials are 
needed to establish the efficacy of stem cell 
therapies and determine their long-term effects 
on neurological recovery and quality of life in 
SCI patients.

Conclusion
Stem cell therapy holds great promise as a 
potential treatment for SCI by promoting tissue 
repair, neural regeneration, and functional 
recovery. Various types of stem cells, including 
ESCs, iPSCs, NSCs, MSCs, and OECs, have 
been investigated for their therapeutic potential 
in SCI treatment. While preclinical studies have 
shown encouraging results, translating stem cell 
therapies from the bench to the bedside poses 
significant challenges that must be addressed 
through rigorous research, clinical trials, and 
interdisciplinary collaboration. With continued 
advancements in stem cell biology, regenerative 
medicine, and neuro-rehabilitation, stem cell-
based therapies have the potential to revolutionize 
the treatment of SCI and improve outcomes for 
affected individuals.


