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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.

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
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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 CIQB 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 C5aRl, 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 CIQB 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.

Conflict of Interest None

References

[1] Gilbert EAB, Lakshman N, Lau KSK, et al. Regulating endogenous
neural stem cell activation to promote spinal cord injury repair[J].
Cells, 2022, 11(5): 846.

[2] Chen CD, Qiao X, Liu W, et al. Epidemiology of spinal cord injury in
China: a systematic review of the Chinese and English literature[J].
Spinal Cord, 2022, 60(12): 1050-1061.

[3] Hu YP, Li LX, Hong BX, et al. Epidemiological features of traumatic
spinal cord injury in China: a systematic review and
meta-analysis[J]. Front Neurol, 2023, 14: 1131791.

[4] Ye B, Chen LB, Liu R. Diagnostic evaluation and treatment effect of
acute spinal trauma and spinal cord injury complicated with multiple
trauma[J]. J Cervicodynia Lumbodynia, 2017, 38(2): 162-165.[In
Chinese]

[5] Lee BB, Cripps RA, Fitzharris M, et al. The global map for traumatic
spinal cord injury epidemiology: update 2011, global incidence
rate[J]. Spinal Cord, 2014, 52(2): 110-116.

[6] Pickett GE, Campos-Benitez M, Keller JL, et al. Epidemiology of
traumatic spinal cord injury in Canada[J]. Spine, 2006, 31(7):
799-805.

[7] Hu X, Xu W, Ren YL, et al. Spinal cord injury: molecular
mechanisms and therapeutic interventions[J]. Sig Transduct Target
Ther, 2023, 8: 245.

[8] Hellenbrand DJ, Quinn CM, Piper ZJ, et al. Inflammation after spinal
cord injury: a review of the critical timeline of signaling cues and
cellular infiltration[J]. J Neuroinflammation, 2021, 18(1): 284.

[9] Maas AIR, Peul W, Thomé C. Surgical decompression in acute spinal
cord injury: earlier is better[J]. Lancet Neurol, 2021, 20(2): 84-86.

[10] Sandhu MS, Gray E, Kocherginsky M, et al. Prednisolone
pretreatment enhances intermittent hypoxia-induced plasticity in
persons with chronic incomplete spinal cord injury[J]. Neurorehabil
Neural Repair, 2019, 33(11): 911-921.

[11] Hodgetts SI, Harvey AR. Neurotrophic factors used to treat spinal
cord injury[M]//Vitamins and Hormones. Amsterdam: Elsevier,
2017: 405-457.

[12] Gao LS, Peng YC, Xu WL, et al. Progress in stem cell therapy for
spinal cord injury[J]. Stem Cells Int, 2020, 2020: 2853650.

[13] Linker R, Gold R, Luhder F. Function of neurotrophic factors
beyond the nervous system: inflammation and autoimmune
demyelination[J]. Crit Rev Immunol, 2009, 29(1): 43-68.

[14] Zipser CM, Cragg JJ, Guest JD, et al. Cell-based and
stem-cell-based treatments for spinal cord injury: evidence from
clinical trials[J]. Lancet Neurol, 2022, 21(7): 659-670.

[15] Maroufi SF, Azadnajafabad S, Pour-Rashidi A, et al. Adopting and
adapting clinical practice guidelines for timing of decompressive
surgery in acute spinal cord injury from a developed world context
to a developing region[J]. Acta Neurochir, 2023, 165(6): 1401-1406.



of W8] e aft 5

Chin J Clin Res, May 2024, Vol.37, No.5

[16] Zhao CL, Zhou X, Qiu J, et al. Exosomes derived from bone marrow
mesenchymal stem cells inhibit complement activation in rats with
spinal cord injury[J]. Drug Des Devel Ther, 2019, 13: 3693-3704.

[17] Ye S, Zhang JC, Liu X, et al. The expression and significance of
C1QB in spinal cord injury based on proteomics and bioinformatics
analysis[J]. J Xuzhou Med Univ, 2023, 43(5): 325-330.

[18] Coulthard LG, Hawksworth OA, Li R, et al. Complement C5aR1
signaling promotes polarization and proliferation of embryonic
neural progenitor cells through PKC ¢ [J]. J Neurosci, 2017, 37(22):
5395-5407.

[19] Coulthard LG, Hawksworth OA, Conroy J, et al. Complement C3a
receptor modulates embryonic neural progenitor cell proliferation
and cognitive performance[J]. Mol Immunol, 2018, 101: 176-181.

[20] Gorelik A, Sapir T, Haffner-Krausz R, et al. Developmental
activities of the complement pathway in migrating neurons[J]. Nat
Commun, 2017, 8: 15096.

[21] Gorelik A, Sapir T, Ben-Reuven L, et al. Complement C3 affects
Racl activity in the developing brain[J]. Front Mol Neurosci, 2018,
11: 150.

[22] Pozo-Rodrigalvarez A, Ollaranta R, Skoog J, et al. Hyperactive
behavior and altered brain morphology in adult complement C3a
receptor deficient mice[J]. Front Immunol, 2021, 12: 604812.

[23] Norris GT, Smirnov I, Filiano AJ, et al. Neuronal integrity and
complement control synaptic material clearance by microglia after
CNS injury[J]. J Exp Med, 2018, 215(7): 1789-1801.

[24] Gong B, Pan Y, Zhao W, et al. IVIG immunotherapy protects
against synaptic dysfunction in Alzheimer * s disease through
complement anaphylatoxin CS5a-mediated AMPA-CREB-C/EBP
signaling pathway[J]. Mol Immunol, 2013, 56(4): 619-629.

[25] Stokowska A, Atkins AL, Moran J, et al. Complement peptide C3a
stimulates neural plasticity after experimental brain ischaemia[J].
Brain, 2017, 140(2): 353-369.

[26] Benavente F, Piltti KM, Hooshmand MIJ, et al. Novel Clq
receptor-mediated signaling controls neural stem cell behavior and
neurorepair[J]. eLife, 2020, 9: €55732.

[27] Almitairi JOM, Venkatraman Girija U, Furze CM, et al. Structure of
the Clr - Cls interaction of the Cl1 complex of complement
activation[J]. Proc Natl Acad Sci U S A, 2018, 115(4): 768-773.

[28] Yates AG, Anthony DC, Ruitenberg MJ, et al. Systemic immune
response to traumatic CNS injuries-are extracellular vesicles the
missing link?[J]. Front Immunol, 2019, 10: 2723.

[29] Carpanini SM, Torvell M, Morgan BP. Therapeutic inhibition of the
complement system in diseases of the central nervous system[J].
Front Immunol, 2019, 10: 362.

[30] Anderson AJ, Robert S, Huang WC, et al. Activation of complement
pathways after contusion-induced spinal cord injury[J]. J
Neurotrauma, 2004, 21(12): 1831-1846.

[31] Qiao F, Atkinson C, Song HB, et al. The alternative and terminal
pathways of complement mediate post-traumatic spinal cord
inflammation and injury[J]. Mol Immunol, 2010, 47(13): 2215.

[32] Peterson SL, Anderson AJ. Complement and spinal cord injury:
traditional and non-traditional aspects of complement cascade
function in the injured spinal cord microenvironment[J]. Exp Neurol,
2014, 258: 35-47.

[33] Beck KD, Nguyen HX, Galvan MD, et al. Quantitative analysis of
cellular inflammation after traumatic spinal cord injury: evidence
for a Multiphasic inflammatory response in the acute to chronic
environment[J]. Brain, 2010, 133(2): 433-447.

[34] Hooshmand MJ, Nguyen HX, Piltti KM, et al. Neutrophils induce
astroglial differentiation and migration of human neural stem cells
via Clq and C3a synthesis[J]. J Immunol, 2017, 199(3): 1069-1085.

[35] Dong HX, Fazzaro A, Xiang CX, et al. Enhanced oligodendrocyte
survival after spinal cord injury in bax-deficient mice and mice with
delayed wallerian degeneration[J]. J Neurosci, 2003, 23(25):
8682-8691.

[36] Peterson SL, Nguyen HX, Mendez OA, et al. Complement protein
Clq modulates neurite Outgrowth in vitro and spinal cord axon
Regeneration in vivo[J]. J Neurosci, 2015, 35(10): 4332-4349.

[37] Peterson SL, Nguyen HX, Mendez OA, et al. Complement protein
C3 suppresses axon growth and promotes neuron loss[J]. Sci Rep,
2017, 7: 12904.

Submission received: 2024-02-06 / Revised:2024-03-06



- 670 - R E G RAFFE 2024 455 A58 37 %55 5] Chin J Clin Res,May 2024, Vol.37, No.5

GNENEES R < R DG VIR (A 3 =l O (DEE BT
k', ot FAX, R, K, xR
L R BRI M 2210043
2. BRMBERA IR B BE A 0I5 0, T M 221006

R AR RA S EOER S S EER IR, )T — B A, B B BB DT IR ARG YT F Bt 8, B
BRI R LA AT BT R BUS AN BRAE . ol R T S B, S S 1o 25 8 R4 03 1) RS A M 1A 8 SR A 7
Horp AMAR GBS BRSO 0 S A R SR P IR TR R G, A SR RERIRAMA R G AR Ak R M B 5 SR B R PR AR B R
IR AR AMA R LR XTSIV, AMAS R GE R M i S FEAL 5 S Ml e, K2 T REAPTE B9 5308, DU A B0 A P A3t
BHIRTT R

KR WA AMA; MREFRAE; BIREA SRR

FEHHES . R7454 XEHRIEEE. A XEHS. 1674-8182(2024)05-0670-04

Effect progress of complement system in neural repair after spinal cord injury

ZHANG Jiacheng” , YE Shuang, LI Congwen, XUE Huai, XU Tie, LIU Xiao

* Xuzhou Medical University, Xuzhou, Jiangsu 221004, China

Corresponding author; LIU Xiao, E-mail; docliuxiao@ 163.com
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.

Keywords: Spinal cord injury; Complement; Nerve regeneration; Axonal regeneration; Immune reaction

Fund program: Xuzhou Municipal Health Commission, Pengcheng Yingcai-Medical Young Reserve Talent ( XWRCHT20220035) ; Key

Project of Medical Science and Technology Innovation Project of Xuzhou Municipal Health Commission ( XWKYHT20230055)

1 HHERGEE

HREA 5 A 4 A AR DR (A B 45 TR 3 A 2 A%
) FEUE ST A SRR T RS MR RER
A1 R ME S5 JUL PR B4 58 47 3 BBOHE AT 1A 1 22 45 4 CFF B R
S B I RERIAE | Hh BB K L2 LR B B U e (2
Bl JEAE S ) B b S e b R 5 R 0
Pl A 5 2D AR B A5 2 A 40 10 P LA TN 4
DU YRS TE, A Bk A5 0 BE B K R O (236 ~

DOI; 10. 13429/j. enki. cjer. 2024. 05. 004

EE&WAB: RN IEMREZINIA — B2 HF RS AATH (XWRCHT20220035) 5 fM i
TR PR A B B BT H  (XWKYHT20230055)

BIS1EE . X%, E-mail; docliuxiao@ 163.com
HAREHA: 2024-05-20

4 187)/100 J3 , i E (9 & A= % K (14.6 ~ 60.6) /100 T, #F
BE 45 R HE AL 2t T T 2e s

HREG T o0 N R MR Rk R B . TR R M
FEAGII XA AR DU 15, 3 H R AN, 4k R
PSS A A R B P %5 B B L 45 R, S DA I AR PR T
S 20 T 322 Y R Y P B M A RRAIE Y 4 R M A R
JREO L TRk S VA A 2 B S A 0B S I R 0 R T
BB HBURR RN Z T Ht H R e T e
BERUG 5 1R JNE T o AR

QR code for English version



FE GRS 2024 455 HEE 37 %55 5 Chin J Clin Res,May 2024, Vol.37, No.5 + 671 -

BB I PR 1 T BESU3 3607 5 T I Z , 4% Bt
B T ARVE 5 , H % J2 T R B P, o 2278 3R 25 W L, T
AR, LA BTG i A S it i e
A VR R O T AT, BRI 053 [, RUTT R e
Gk ARG AEL R T AR [ o P B R it
A, BRLAP IR A2 30 9 0 B 1 A ke E TR B TS R O T
P SR I T LTI 9 403 F 0 4 S 00, 3 2 R
F AR AL, R il AL e, ke O, A A Ak R R
GRE R , T AT B T (47 B 0 B T2 O R E . MR 7
TR 2 e K A7 B A AR 0 4, 75 T T A
PEIE S AN 1 B G e vp LR 2 R A
H I PRI 6 L 0F 50K T 40 RS A 0 % 405 8 A o 1) T4
Kiiae 4 e, I HLBEE BEIE 09 AR WA, B G 7T L3 5 (8 )
PEWIREA R T 20 MRS A R8O 3 LA R B A0 10 1R
FERRABET AIAF A7 10 o Ll T AR 5 52 4% fy s B 2
WL, X HE3A 7 7 PR B 854 A3 75 69 6 RSSO A 1R I B0
Wik,

Zhao %15 XA A U0 BB L 4 40 I
BIFLE R KB, B REB)E 72 h,Clq €3 .C5 MAC % 24 fi
FMAR A3 B, FL gPCR 255 R EIRFMA R mRNA 7K
FERE T , 2 U 1 45 B 1505 20k 301 6K 28 S 1 22 15 D14 ol
AP AR e B, ¥ B 00 R B Al R B T R
HIE, 1175 #MA Clq W5 BL( CLOB) /K- 76445 17 5 11
Th , HLAA e R S IR 56, WIS C1QB T fE
SRR TR B L bR

2 WMERS

2.1 AMRBAME R AMASRAETETIEHE AR s 5
NP I — A e A BRGENE A . AME RS H
50 Z A 43 WA U RR A N2 A 2R 1 2H I, 3 e o E R T A
HAEREFEILTIRE . AMARZIN IR e R R Ge i) — A QR4
A, 38 2oL R R it 5 vy TG AN T, TR R R AR
FIHE B . 7648 T BEAC I, fMA 2R B 2k I 4 5 3%
PR AE AL M A LT RERRAR . HOR B 2 (R UE TR 20,
MERGAETMEREMNR T , R E P 2 RS
PR RS DA B 8 4 22 T 9 Pk o MR A O L AR R
B ZMAMARE I Clq 7] LU A 540 2 T 40 2 1w 19 32
T, IR 3 28 T 0 M B 56 42 P L X BRI IE 5K,
HME R G RERA  & A R P A T E A, B
5 BERL I 56 R ] E— 25 4 7R A RE 4 1Y) AR AL,
IR HIGITH R IAEE

2.2 AMRZIRABUERE  AMASIR NS R R AR 2
R BEEREIRR MM, Hh, C3a fl C5a & = 4% 30%
WA R AAZ RN 3 T, FLS2 AR AE K & & b 48 mT 98 1
TR EEEIEM . C3a BY3ZIAZ C3aR,C5a AN Z 14 . —Fh
S C5aR1, %21 G B FBBE R 21k, 3Rk T R AR
YIME_L ;5 —Fh kg C5aR2, C3a-C3aR HifEM &L CER T HA
FEAEM , C5a-C5aR1 Hili ] 37 57 AL 41 M ) 384 565 Fn 41, 78 IR 1R

Wz Rk E B EE
3 MERGESEMERG

3.1 AMRZ R R AR AMEIERES 5 U B R
NG REPR T A P AR B 2 R G ) S RN,
HX 28 22 GEAA75 i 114 4 28 & I 2 51 R B 88 2R G 0T 1Y) 4%
F B TR M I A . /IR B A I PR 52 200 ML R 47 ) ke U ) S 8 24
B AN N 7 A AL 7 A B A s R v
S RGPS MRS . AMEBRIREIE N S R IE S R
PEE LI A A A ARG B 00 BT, AMAR RIS Ak R PE B A S
RAE SN B L B 43 o AH R LI UE D] Clq, C4.B HF,
MAC Z57EH B 05 DX 4 2870 R 20 5 J58 Jo 40 Hh 3804 DA
H Clq f1 B FFAEfz by G 50 W e, SRR — % 7T A
S BAR AT 0 e 2 2 e A S I A7 AR G
R, AMHIAMA 16 T A2 7T LA 0 3l P 45 0 v (1) 6 0 12
FETHR, YD 5 A 40 MO AN 40 ML X T, R ASE Bh h Y . AN
IR B RE 5T Y SR SR Ak R M M B R, H
F MR AR BT 1 SO S5 IV B A Rk SRR
SR, AT R, AMA R GE A BEH 5 A B i 3 R AE
R, FEAEAR SR 5 16 52 P AR . Beck 4517 % 3, K
HHERG 14 d 5, 45T CSaR 5505, B S0 X py #h &0
IR FEAE | 5 e 4 5 90 R/ o 2 L T Ak 3G i 32 2h B e R 2
SURBLE B3 0, Benavente %% & B, #MAE [ Clq 7
VAT o A 41 25T 200 M R T 1) 52 445, DA AR 22 o 22 200 B 1Y)
TSR, BEE RIS s YIRE. e K Sy i 40 B AMAC L
Iy UV NIRRT 40 S (WNSC) (Y fiv iz FIL # o Al BF
FERIL, B Clq+C3a JRYTEBERLIRT , PIBK/AKT 842 b¥
WO L ARHET hNSC ) BEH S ARG . Y RHIBT PIBK/AKT 3%
12)5 ,Clq+C3a Joki5 T hNSC iR ; 24 imA Clq Ab 5 C3a
Ab J5 R T hNSC BYIERS ™ . PRI, R AR 72 A A B
B CEAVE R o — 5 T, AMAETE BT 3 445 Y 4k K
PEIAI 5 53— 5 T, AMASHOS L6 B B0 05 (9 — 5 W B AT A i 40
s
32 AMRAAH M ERAR g BHBOERR
i S5 SE AL [R] £ 4 A R R 1 B S Y, 3k S 4 i A
FB0 25 R T R A EA AN (] 1 28 1 ROAR S FR A
S BT S AMA B4 il S R BB B AR DG PR I, H AT
CL A A ISR S AMACE 11 AT LS 2 00 o 4 1 440 i ) 240 i
REANFUEH M ZNEE 523 DIRE IR E , (AFMATE 2
T H s A KRB e AR ANV 2 . B B4
H AT E S PRI, SRR ST RO R TR SR A AR T
TN 2R, e G IRk — 2D BR ) T b 98 T AR AN 40 T
%o XU I Pl B TR o 200 5 e 5 %8 s 25 ) 0% AL TR 2k
HEEHEPE (chondroitin sulfate proteoglycans, CSPGs) JE i,
1A B30 AF A DURRAL B, AE 1 22 2 58 A6 R RN AE I W 3R AR
WA b fee AT BB ) AR B ARG, #MA Clq 7
OIS L TS BES 3 5 AR T A PR AR . &0
FERIL, Clq AIHG MBS 1RSSR . @ ad B 1 s M4



- 672 - PEIGRAFT 2024 455 A% 37 %55 58] Chin J Clin Res,May 2024, Vol.37, No.5

AT B, Clq SHEES h 0 B 85 A SCHE & 1 (MAG) HHE A
VERT, S8R 28 70 A KA 5 130 08 0 . Peterson
AT T — TS U2 V)RR A % R SR A S 8, 45 )
6 A C3(~/=)/NRSEFAER C3(+/+) /N L, B B8R
BTN T 2 5. FEARSNIZIG b, 5 Rk i BE W IS AH
L, BRI C3 0 LA BEBENR A 5 00 b 22 58 A KA A il 28 T
JIEN 2 £, ELISA SCU6 /R SRR NG 22 202 25 11 il 24 C3 77
HIEPE R B, WG4k C3b AN EI B IR 2ot g5 R R
B C3b HA C3 (A 400 1) A0 pf 28 5 Pk s b 60 B o . G g
BAEF A, C3 ZEMR SN il B 28 28 A K FIph 0038 o, FEAR Y
Il sE FAs . XSATSTIE B R MA B TR RS MIT 5 Hh i S0
B TR S g T A MER B T A RN ERE 221
A FRAE T, #MACER A 7E A P X e 28 AR 08 VR AT A B2t — 25
HIFIE o

4 RHEERE

AL BEEAGN T H AT B0 K AL G AR R
GERTFEBUR , AMAER AT RE B B0 5 45 11 ) 12 3 D REAK
H R R GG Z W R IT o AR R B, I i
C1QB W] B B W AE B9 MLV 7 hn a5, (R 6 TAMA SR
FRET P A B BEIE A S P A MR T AR AE . PRIHOR R Y
WO ARS8 ) T HR R AMAER P B 150400 B B9 AR AR AR
P TR AT — R 5 B i DR B FERITE 5 0 F — PR AR 4 it Bt
W
FlzEmsR L

Sk

[1] Gilbert EAB, Lakshman N, Lau KSK, et al. Regulating endogenous
neural stem cell activation to promote spinal cord injury repair[ J].
Cells, 2022, 11(5) : 846.

[2] Chen CD, Qiao X, Liu W, et al. Epidemiology of spinal cord injury
in China: a systematic review of the Chinese and English literature
[J]. Spinal Cord, 2022, 60(12) : 1050-1061.

[3] Hu YP, Li LX, Hong BX, et al. Epidemiological features of trau-
matic spinal cord injury in China: a systematic review and meta-a-
nalysis[ J]. Front Neurol, 2023, 14. 1131791.

[4]  FEE VG, 202, R E SE00G B H IR S
BRI B 2 R AT FE L) ] h A R B 2%, 2021, 19 (12)
2136-2140.

Huang RR, Liu AN, Li LL, et al. Relationship between marital sat-
isfaction and post-traumatic growth in patients with traumatic spinal
cord injury[ J]. Chin J Gen Pract, 2021, 19(12) : 2136-2140.

[5] Lee BB, Cripps RA, Fitzharris M, et al. The global map for trau-
matic spinal cord injury epidemiology: update 2011,
incidence rate[ J]. Spinal Cord, 2014, 52(2) . 110-116.

global

[6] Hu X, Xu W, Ren YL, et al. Spinal cord injury; molecular mecha-
nisms and therapeutic interventions[ J]. Sig Transduct Target Ther,
2023, 8. 245.

[7] Hellenbrand DJ, Quinn CM, Piper Z], et al. Inflammation after spi-

nal cord injury: a review of the critical timeline of signaling cues and

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

cellular infiltration[ J]. J Neuroinflammation, 2021, 18(1) ; 284.
Maas AIR, Peul W, Thomé C. Surgical decompression in acute spi-
nal cord injury: earlier is better[ J]. Lancet Neurol, 2021, 20(2) :
84-86.

Sandhu MS, Gray E, Kocherginsky M, et al. Prednisolone pretreat-
ment enhances intermittent hypoxia-induced plasticity in persons
with chronic incomplete spinal cord injury[ J]. Neurorehabil Neural
Repair, 2019, 33(11): 911-921.

Gao LS, Peng YC, Xu WL, et al. Progress in stem cell therapy for
spinal cord injury[ J]. Stem Cells Int, 2020, 2020 2853650.
oKL, BB, FARAAMABAE 3% GDNF Fil NLRP3 e /MA
IRV BRI ] Bl B2 20K, 2022, 22(2) :246-250.
Wang SL, Huang LZ, Jiang ZD. The expression levels and
correlation of GDNF and NLRP3 inflammasomes in patients with de-
pression[ J]. J Trop Med, 2022, 22(2) ; 246-250.
HERR T8 M6 3L WIS, 5. Newritn X8R0 J2 76 o=
Jx GRP78/CHOP i ity s2 e [ )] Pl B 2 240, 2022, 22.(3) -
342-346,362,445.

Mei LL, Zheng WQ, Chen GJ, et al. Effects of neuritin on apoptosis
of cortical neurons and GRP78/CHOP pathway after traumatic brain
injury[ J]. J Trop Med, 2022, 22(3) . 342-346, 362, 445.
Zipser CM, Cragg JJ, Guest JD, et al. Cell-based and stem-cell-
based treatments for spinal cord injury: evidence from clinical trials
[J]. Lancet Neurol, 2022, 21(7) : 659-670.

Zhao CL, Zhou X, Qiu J, et al. Exosomes derived from bone
marrow mesenchymal stem cells inhibit complement activation in rats
with spinal cord injury [ J]. Drug Des Devel Ther, 2019, 13.
3693-3704.

WX, 5 S, XA, A5 B T4 1 5T 4 2 WF 5T R A £ 20 T 1Y
C1QB 7E5 B 151 3 1 2635 B 38 SCLT ] AR M EE R K 2 25 3,
2023,43(5) :325-330.

Ye S, Zhang JC, Liu X, et al. The expression and significance of
C1QB in spinal cord injury based on proteomics and bioinformatics
analysis[ J]. J Xuzhou Med Univ, 2023, 43(5) : 325-330.
Coulthard LG, Hawksworth OA, Conroy J, et al. Complement C3a
receptor modulates embryonic neural progenitor cell proliferation and
cognitive performance[ J]. Mol Immunol, 2018, 101; 176-181.
Gorelik A, Sapir T, Ben-Reuven L, et al. Complement C3 affects
Racl activity in the developing brain [ J]. Front Mol Neurosci,
2018, 11 150.

Pozo-Rodrigalvarez A, Ollaranta R, Skoog J, et al. Hyperactive be-
havior and altered brain morphology in adult complement C3a
receptor deficient mice[ J]. Front Immunol, 2021, 12 604812.
Norris GT, Smirnov I, Filiano AJ, et al. Neuronal integrity and
complement control synaptic material clearance by microglia after
CNS injury[J]. J Exp Med, 2018, 215(7) : 1789-1801.
Stokowska A, Atkins AL, Moran J, et al. Complement peptide C3a
stimulates neural plasticity after experimental brain ischaemia[]J].
Brain, 2017, 140(2) : 353-369.

Benavente I, Piltti KM, Hooshmand MJ, et al. Novel Clq receptor-
mediated signaling controls neural stem cell behavior and neurorepair

[J]. eLife, 2020, 9. 55732.



T s RS

2024 4E 5 HE 37 %5 58 Chin J Clin Res,May 2024, Vol.37, No.5

- 673 -

[22]

(23]

[24]

[25]

[26]

[27]

Almitairi JOM, Venkatraman Girija U, Furze CM, et al. Structure of
the C1r-Cls interaction of the C1 complex of complement activation
[J]. Proc Natl Acad Sci U S A, 2018, 115(4) : 768-773.

Yates AG, Anthony DC, Ruitenberg MJ, et al. Systemic immune re-
sponse to traumatic CNS injuries-are extracellular vesicles the
missing link? [J]. Front Immunol, 2019, 10. 2723.

Carpanini SM, Torvell M, Morgan BP. Therapeutic inhibition of the
complement system in diseases of the central nervous system|[ ] ].
Front Immunol, 2019, 10. 362.

Anderson AJ, Robert S, Huang WC, et al. Activation of
complement pathways after contusion-induced spinal cord injury[ J].
J Neurotrauma, 2004, 21(12) . 1831-1846.

Qiao I, Atkinson C, Song HB, et al. The alternative and terminal
pathways of complement mediate post-traumatic spinal cord inflam-
mation and injury[ J]. Mol Immunol, 2010, 47(13); 2215.
Peterson SL, Anderson AJ. Complement and spinal cord injury: tra-
ditional and non-traditional aspects of complement cascade function
in the injured spinal cord microenvironment[ J]. Exp Neurol, 2014,

258 35-47.

[28]

[29]

[30]

[31]

[32]

Beck KD, Nguyen HX, Galvan MD, et al. Quantitative analysis of
cellular inflammation after traumatic spinal cord injury: evidence for
a Multiphasic inflammatory response in the acute to chronic environ-
ment[ J]. Brain, 2010, 133(2) . 433-447.
Hooshmand MJ, Nguyen HX, Piltti KM, et al. Neutrophils induce
astroglial differentiation and migration of human neural stem cells via
Clq and C3a synthesis [ J]. J Immunol, 2017, 199 (3):
1069-1085.
Dong HX, Fazzaro A, Xiang CX, et al. Enhanced oligodendrocyte
survival after spinal cord injury in bax-deficient mice and mice with
delayed wallerian degeneration [ J]. J Neurosci, 2003, 23(25):
8682-8691.
Peterson SL, Nguyen HX, Mendez OA, et al. Complement protein
Clq modulates neurite outgrowth in vitroand spinal cord axon regen-
eration in vivo[ J]. J Neurosci, 2015, 35(10) ; 4332-4349.
Peterson SL, Nguyen HX, Mendez OA, et al. Complement protein
C3 suppresses axon growth and promotes neuron loss[ J]. Sci Rep,
2017, 7: 12904.

Y #E E 80 :2024-02-06 {EE E#3:2024-03-06 4ig: 257

(57 669 1T)

[31]

[32]

[33]

[34]

Shi M, Wang C, Wang HH, et al. Posterior cervical full-endoscopic
technique for the treatment of cervical spondylotic radiculopathy with
foraminal bony stenosis: a retrospective study [ J ]. Front Surg,
2023, 9: 1035758.

Zhong Z1., Hu QF, Huang LY, et al. Unilateral biportal endoscopic
posterior cervical foraminotomy: an outcome comparison with the
full-endoscopic posterior cervical foraminotomy [ J ]. Clin Spine
Surg, 2024, 37(1): 23-30.

Wang D, Xu JC, Zhu CY, et al. Comparison of outcomes between
unilateral biportal endoscopic and percutaneous posterior endoscopic
cervical keyhole surgeries[ J]. Medicina, 2023, 59(3) : 437.
Zhang P, Jin YH, Zhu B, et al. Unilateral biportal endoscopic
foraminotomy and diskectomy combined with piezosurgery for treating

cervical spondylotic radiculopathy with neuropathic radicular pain

[J]. Front Neurol, 2023, 14 1100641.

[36]

[37]

Platt A, Gerard CS, O’Toole JE. Comparison of outcomes following
minimally invasive and open posterior cervical foraminotomy: de-
scription of minimally invasive technique and review of literature
[J]. J Spine Surg, 2020, 6(1) . 243-251.
Ng M, Emara A, Lam A, et al. P36. Multilevel posterior cervical
foraminotomy associated with increased perioperative infection rates
relative to anterior cervical discectomy with fusion and cervical disc
arthroplasty[ J]. Spine J, 2022, 22(9) . S143.
Franco D, Mouchtouris N, Gonzalez GA, et al. A review of endo-
scopic spine surgery: decompression for radiculopathy [ J]. Curr
Pain Headache Rep, 2022, 26(3): 183-191.
Choi KC, Ahn Y, Kang BU, et al. Motor palsy after posterior cervi-
cal foraminotomy; anatomical consideration[ J]. World Neurosurg,
2013, 79(2) : 405.

e B #:2023-10-09  4R4gE: T3



