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Abstract

Spinal cord injury (SCI) often leads to sensory or motor dysfunction in the affected area below the level of injury, and in severe
cases, it can even be life-threatening. Unfortunately, due to the spinal cord’s limited ability to regenerate, there is currently no
effective treatment strategy available for SCI patients. However, recent research has focused on the potential therapeutic benefits of
mesenchymal stem cell exosomes (MSC-Exos). MSC-Exos as the main form of paracrine action by MSCs, enabling the transportation
of bioactive molecules across cell barriers. This phenomenon allows MSC-Exos to modulate crucial physiological functions such as
immunosuppression, tissue repair, and angiogenesis. In this paper, we aim to review the immune microenvironment of SCI, explore
the characteristics of MSC-Exos, and discuss their potential applications in the treatment of SCI. Lastly, we address the limitations

and shortcomings of MSC-Exos in the context of SCI therapy.
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Introduction

Neuronal death, axonal and myelin necrosis occurs after SCI, le-
ading to an extensive inflammatory response, which further exacer-
bates the secondary injury [1]. MSC improves motor function and
increases neuronal survival after SCI [2], and its exosomes promote
tissue damage repair, vascular regeneration, reduce inflammatory
cell infiltration, attenuate myelin deletion and axon degeneration,
and increase the number of neurons surviving [3], thus reducing
the degree of damage to the spinal cord tissue and improving motor
and sensory functions after SCI, and the combined application of
its biomaterials, such as hydrogel, resulted in the longer duration
of the action of MSC-Exos, and a more significant therapeutic ef-
fect. The MSC-Exos described herein is considered to be the best

non-cellular treatment currently available to improve the local mi-
croenvironment after SCI and to promote neuronal and axonal re-
generation after injury as well as functional recovery after injury.

MSC-Exos

MSC-Exos serve as the primary vehicles for exerting MSC pa-
racrine secretion. These exosomes carry abundant genetic infor-
mation from MSCs and, due to their small size and high mobility,
establish a stable bio signalling pathway for transmitting biomole-
cules throughout the entire organism [4]. Additionally, MSC-Exos
have the capability to modulate various biological processes, such
as apoptosis, fibrosis, angiogenesis, inflammatory response, cell re-
generation, and immunity (Figure 1).
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Figure 1: Schematic illustration of the extraction of exosomes from mesenchymal stem cells and their treatment of spinal cord injuries.

Application of MSC-Exos in SCI Treatment

Currently, there is a growing research interest in inhibiting the
acute inflammatory response of SCI, improving cellular edema, pro-
moting local blood vessel regeneration, inhibiting demyelination of
spinal cord tissues, and promoting axon regeneration as hot spots
focused in SCI treatment research.

MSC-Exos have been shown to significantly reduce the risk of
the body’s immune response and target the site of injury. They also
alleviate the local inflammatory response, attenuate myelin de-she-
athing and axonal degeneration, and reduce the expression levels
of inflammatory factors. MSC-Exos promote macrophage polari-
zation from the M1 phenotype to the M2 phenotype [5], decrease
the number of Al-type astrocytes, and modulate the local immune
microenvironment [6]. Furthermore, they increase the number of
residual neurons, neuronal synaptic branches, and promote axon
regeneration in both the central and peripheral nervous systems
after neurological injuries [7]. Lastly, MSC-Exos have been found to
improve limb motor function [8].

The exosomes extracted by low oxygen pretreatment of MSCs
are more numerous and more readily taken up by target cells in the
injured area. Its treatment of SCI resulted in a smaller area of spi-
nal cord lesions, a greater number of neurons surviving, and more
pronounced functional recovery. Exosomes obtained through low
oxygen pretreatment of MSCs are abundant and are easily interna-
lized by target cells in the injured region [9]. Treatment with these
exosomes led to reduced spinal cord lesion size, increased neuronal
survival, and enhanced functional recovery in SCI.

Exosomes Combined with Biomaterials for the
Treatment of SCI

To address the issue of exosomes’ unstable duration of action
in organisms, researchers combine them with biomaterials, which
serve as carriers and facilitate their functions. Natural biomate-
rials can be composed of proteins found in the extracellular matrix
(ECM). ECM-based biomaterials typically undergo faster in vivo
degradation and have lower mechanical strength. Synthetic bioma-
terials are typically more adjustable compared to natural bioma-
terials [10,11]. Currently, the primary biomaterials used in spinal
cord injury (SCI) treatment are biodegradable hydrogels. These
hydrogels fill the lesion cavity after in situ injection of SCI [12] and
provide a sustained release of exosomes to the local area of SCI, re-
sulting in a longer duration of action and a more significant thera-
peutic effect than ordinary exosomes [13].

Conclusion

MSC exosomes offer significant advantages in the treatment of
SCI, as an effective drug carrier, they can bypass the cerebral spi-
nal cord barrier. Exosomes secreted from MSCs pre-treated with
hypoxia can additionally enhance the therapeutic effect. By com-
bining biomaterials with exosomes, the biological half-life of exo-
somes can be prolonged, ensuring a more stable therapeutic effect.

Despite the significant potential of exosomes in SCI treatment,
numerous challenges persist in applying exosome therapy in clini-
cal settings. These challenges include identifying the appropriate
source of exosomes, establishing standardized preparation proce-
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dures, and determining the optimal mode of administration, fre-
quency of injection, and dosage. The majority of current research
on exosomes for SCI involves animal experiments, predominantly
using rodents. However, the relatively small size and robust survi-
vability of rodent spinal cord tissue present differences compared
to the larger human spinal cord tissue, which also exhibits anatomi-
cal disparities and distinct immune response mechanisms. Hence,
it is crucial to conduct studies using non-human primates. While
the therapeutic efficacy of exosomes in SCI is undeniable, the in-
vestigation of post-treatment complications associated with exoso-
mes remains deficient, and the precise repair mechanism by which
exosomes alleviate damage has not been thoroughly elucidated.
Consequently, caution is warranted in applying exosomes to clinical
settings at this stage.
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