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Abstract: Spinal cord injury has the characteristics of high mortality and disability rates, and the treatment of spinal cord injury
has been a worldwide problem. With the deepening of spinal cord injury research and the advancement of treatment methods,
the survival rate of patients has improved, but the clinical efficacy is still not ideal. New research has found that the immune
response is involved in the entire process of pathological changes and regeneration and repair after spinal cord injury. Among
them, the complement system plays an important role in the occurrence and development of spinal cord injury. This article
mainly reviews the role of the complement system in secondary spinal cord injury and regeneration and repair after spinal cord
injury, including the double-edged sword effect of the complement system, the impact of the complement system on axonal
regeneration and synaptic maintenance, and possible signaling pathways, with a view to improving the treatment of spinal cord
injury, providing new treatment ideas.
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1 Overview of spinal cord injury

Spinal cord injury refers to damage to the integrity
of the spinal column structures due to various causes such
as trauma, tumor compression, lumbar tuberculosis, etc.
This includes damage to the vertebrae, intervertebral
discs, ligaments stabilizing the spine, and muscles
surrounding the spine, leading to impairment of the neural
structures within the spinal canal (including the spinal
cord and nerve roots) and their functions. This results in
disorders of spinal cord functions such as movement,
sensation, reflexes, etc., below the level of injury [1].
Traumatic injuries, such as those from traffic accidents
and falls from heights, are the primary causes, with fewer
reports on the specific etiology of non-traumatic spinal
cord injuries [2]. Globally, the incidence of traumatic
spinal cord injuries ranges from 236 to 4,187 per million
population, with rates in China ranging from 14.6 to 60.6
per million [3]. Spinal cord injury imposes a heavy
economic burden on families and society [4-5].

The spinal cord injury is divided into primary and
secondary injuries. The former primarily refers to
mechanical damage to the spinal cord caused by external
forces, which is usually irreversible. Secondary injury is
the result of cellular responses to primary injury,
characterized by a cascade of secondary injury reactions
such as ischemia, apoptosis promotion, inflammatory cell
infiltration, and excitotoxicity [6]. The complex cascade
of inflammatory reactions following secondary injury is a
key factor determining the extent of damage and patient
prognosis [7]. Therefore, current research mainly focuses

on improving the post-spinal cord injury inflammatory
and immune microenvironment.

Currently, there are many treatment methods for
spinal cord injury patients, including timely surgical
decompression and fixation, local application of
methylprednisolone, neurotrophic drug therapy, stem cell
transplantation, and comprehensive measures to prevent
complications [8-10]. Acute spinal cord injuries are
mainly treated through surgical intervention to limit the
extent of injury and minimize secondary damage, but
decompression surgery also entails significant risks [8].
Furthermore, because the functional reconstruction during
the recovery period determines the patient's prognosis and
quality of life, corticosteroids can prevent secondary
injury after spinal cord injury by decreasing oxidative
stress, enhancing impulse conduction, improving blood
flow, reducing oxidative stress, and regulating immune
responses to protect the spinal cord's structure, thereby
aiding in maintaining spinal cord ultrastructure stability.
Neurotrophic factors are molecules that control neuronal
growth, survival, proliferation, and differentiation,
playing a crucial role in regulating immune responses and
autoimmunity [11-12]. Clinical trials over the past decade
have demonstrated the feasibility and long-term safety of
transplanting stem cells into injured spinal cords.
Additionally, as research progresses, the use of
biomaterials to enhance cell transplantation effectiveness
provides a feasible direction for future spinal cord injury
treatment [13]. However, due to the complex
pathophysiological mechanisms of spinal cord injury,
these treatment methods still have a long way to go
before achieving satisfactory clinical outcomes.
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Zhao et al. [14] through high-throughput sequencing

of spinal cord tissue cells in spinal cord hemisected mice
found that 24 complement components, including Clq, C3,
C5, and MAC, were upregulated 72 hours after spinal
cord injury. qPCR results also showed a corresponding
increase in the mRNA levels of these complement
components, indicating an increase in the expression
levels of the complement system during the acute phase
of spinal cord injury. Previous studies by our research
group have also found a significant increase in serum
C1QB level in spinal cord injury patients compared to
simple spinal fractures patients, and C1QB level was
closely related to the severity of spinal cord injury,
suggesting that serum C1QB may be a potential
serological marker for spinal cord injury [15].

2 Complement System

2.1 Complement and complement system

Complement is a group of proteins present in normal
human and animal sera and tissue fluids, which exhibit
enzymatic activity upon activation. The complement
system consists of over 50 secreted proteins and
membrane-bound proteins, which exert their functions
through highly ordered interactions. Complement
cascades are key components of the innate immune
system, rapidly supplementing and efficiently identifying
and clearing pathogens through cascading enzymatic
reactions, while also promoting tissue repair. Under
pathology conditions, dysregulation of the complement
cascade can lead to chronic inflammation, persistent pain,
and neurological dysfunction. Increasing evidence
suggests that the complement system plays important
roles in central nervous system development,
maintenance, and restoration of homeostasis, as well as in
regulating neuronal plasticity [16-20]. Recent studies
have found that complement protein C1Q can promote
the migration and repair of neural stem cells by mediating
receptors on the surface of neural stem cells [21]. These
studies confirm the significant role of the complement
system in the occurrence and development of spinal cord
injury, clarifying its relationship with the
pathophysiological mechanisms of spinal cord injury and
bringing new hope for the treatment of this debilitating
disease.

2.2 Activation pathways of the complement cascade

The activation pathways of the complement cascade
include the classical pathway, the lectin pathway, and the
alternative pathway. Among them, C3a and C5a are two
core effector molecules in the activation pathways, and
their receptors play important roles in brain development
and neuroplasticity. The receptor for C3a is C3aR, and
there are two receptors for C5a: one is C5aR1, a G
protein-coupled pro-inflammatory receptor expressed on

myeloid-derived cells; the other is C5aR2. The C3a-C3aR
axis plays an important role in neuronal migration, while
the C5a-C5aR1 axis regulates the proliferation and
differentiation of progenitor cells, which are also crucial
in human embryonic brain development [22].

3 Complement system and spinal cord injury

3.1 The dual role of the complement system

The complement pathway participates in the body's
defense responses and immune regulation and also
mediates inflammatory responses after central nervous
system injury. The neuroinflammation after central
nervous system injury is the result of activation of the
innate immune system, mediated by cytokines and
chemokines released by astrocytes, microglia, endothelial
cells, and immune cells from peripheral sources [23].
Additionally, primary central nervous system injury can
activate the complement pathway. The inflammation and
immune responses mediated by complement pathway
activation are central components of secondary injury,
and complement cascades are critical components of the
inflammatory response after secondary injury. Relevant
experiments have shown that Clq, C4, factor B, MAC,
and others are deposited in neurons and oligodendrocytes
in the spinal cord injury area, and the staining of Clq and
factor B in axons is particularly significant, indicating
their possible correlation with axonal degeneration or
demyelination reactions after spinal cord injury [24].
Studies have found that inhibiting the activation pathways
of complement can reduce the area of inflammatory
invasion, decrease inflammatory cells and factors, and
improve motor function in animal models [25]. As
mentioned earlier, the inflammatory response induced by
spinal cord injury is an important factor in secondary
injury, with complement pathway activation playing a
crucial role in the occurrence of inflammation [26-27].

However, research has shown that the complement
system induces inflammatory cascades in spinal cord
injury models and plays a role in promoting injury repair.
Beck et al. found that 14 days after spinal cord injury in
rats, administration of a C5aR antagonist increased
demyelination of neurons, infiltration of macrophages,
and activation of microglia in the spinal cord injury area,
exacerbating motor function and histopathological
damage [28]. Benavente et al. [21] found that
complement protein C1Q can promote the migration and
repair of neural stem cells by mediating receptors on the
surface of neural stem cells, improving motor function in
rats. Components of the innate immune system can alter
the fate and migration of human neural stem cells
(hNSCs). Similarly, research has found that when treating
spinal cord injury with C1Q+C3a, the PI3K/AKT
pathway is activated, promoting the growth of hNSCs
toward the center of spinal cord injury. Migration of
hNSCs was not induced when the PI3K/AKT pathway
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was blocked, and the addition of C1Q Ab and C3a Ab
inhibited the migration of hNSCs [29]. Therefore, the
complement pathway has a dual role in spinal cord injury.
On the one hand, complement activation can exacerbate
secondary injury of spinal cord injury; on the other hand,
complement activation can promote injury repair at
certain stages of spinal cord injury.

3.2 Complement system affects axon regeneration
and synaptic maintenance

The inflammatory response following spinal cord
injury is mediated by a variety of cells and proteins,
which have diverse, overlapping, and sometimes
opposing roles in histological and behavioral recovery.
Although complement components have been associated
with axons and myelin phospholipids after spinal cord
injury, current research has only confirmed that
complement proteins can promote neural repair and motor
function recovery by activating surface mediators of
neural stem cells. However, whether complement proteins
directly influence axon growth or neuronal cell
regeneration remains unclear. As the injury transitions
from acute to chronic phases, persistent inflammatory
stimuli and apoptosis of necrotic cells leave behind
multiple microcavities, whose fusion further restricts
axon regeneration and cell migration. These microcavities
consist of a dense network woven by astrocytic processes
and deposits of chondroitin sulfate proteoglycans
(CSPGs), forming a physical and biochemical barrier to
neural axon growth and regeneration, ultimately forming
tough scars [30]. It has been reported that complement
C1Q plays a crucial role in axon growth and spinal cord
injury-induced axon regeneration in vitro. Studies have
found that C1Q can increase axon length on myelin.
Subsequent protein and molecular analyses revealed a
direct interaction between C1Q and myelin-associated
glycoprotein (MAG) in myelin, leading to reduced
activation of growth-inhibitory signals in neurons [31].
Peterson et al. [32] conducted a study involving dorsal
hemi section with peripheral reflex condition damage,
and found that at 6 weeks post-injury, spinal sensory axon
regeneration increased twofold in C3 (-/-) mice compared
to wild-type C3 (+/+) mice. In vitro experiments showed
that adding C3 to myelin phospholipids increased myelin
phospholipid-mediated neurite growth inhibition and
neuronal loss by twofold compared to using myelin
phospholipids alone. ELISA experiments showed that
myelin phospholipase cleaved C3 into active fragments.
Adding purified C3b to cultured neurons resulted in C3b
exhibiting growth inhibition, neurotoxicity, or
anti-adhesive activity. These data suggest that C3 inhibits
neurite growth and neuronal viability in vitro and inhibits
axon regeneration in vivo. These studies demonstrate that
complement proteins indeed promote axon and neuronal
regeneration in vitro, but given the complex physiological
effects within the human body, further research is needed

to understand the role of complement proteins in neural
regeneration in vivo.

4 Summary and outlook

This review summarizes the current research status
of the complement system in the pathogenesis of spinal
cord injury and suggests that complement proteins may
be key therapeutic factors for improving motor function
recovery and neural repair after spinal cord injury.
Previous studies have found that C1QB may be a
potential serum biomarker for spinal cord injury.
However, whether complement proteins can promote
spinal cord repair and regeneration remains to be verified.
Therefore, future research will continue to explore the
positive effects of complement proteins on the prognosis
of spinal cord injury and conduct a series of clinical and
basic research to provide a theoretical basis for further
exploration.
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