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Background: Neuropathic pain (NP) after spinal cord injury (SCI-evoked NP) is clinically challenging; the underlying mechanisms
are not fully understood, leading to a lack of promising treatment options. NP occurs in only a subset of patients with SCI. The injured
spinal cord exhibits a series of histopathological changes, and the complement system has been shown to play an important role in
these processes. In addition, NMDA receptor subunit 2B (NR2B) is involved in the development and maintenance of NP. This
preliminary study was performed to investigate the correlations of the complement receptor 3/complement component 3 (CR3/C3)
pathway and NR2B with SCI-evoked NP.
Methods: A trauma-induced SCI animal model was established and SCI-evoked NP was evaluated by behavioural analysis.
Transcriptome analysis was performed to identify genes in the CR3/C3 pathway related to synaptic modification, while the expression
and distribution of NR2B in the injured spinal cord, and the relation to NP, were examined by immunohistochemical analysis.
Results: Nine of seventeen SCI rats (52.9%) developed NP. C3 mRNA expression was significantly decreased in SCI-evoked NP rats
and significantly increased in the non-NP SCI rats. C1q mRNA and CR3 mRNA expression were significantly increased in all SCI rats,
but higher levels of expression were observed in the non-NP SCI rats. NR2B mRNA expression was significantly increased in the SCI-
evoked NP rats and significantly decreased in the non-NP SCI rats. In addition, significantly elevated expression of NR2B-positive
cells was seen in lamina II of the superficial dorsal horn in SCI-evoked NP rats in comparison with non-NP SCI rats.
Conclusion: NP occurred in only a subset of SCI rats, and the CR3/C3 pathway and NR2B were involved in SCI-evoked NP. Further
studies are required to determine the mechanisms underlying the SCI-evoked NP associated with the CR3/C3 pathway and NR2B.
Keywords: spinal cord injury, neuropathic pain, complement receptor 3, complement component 3, NMDA receptor 2B subunit

Introduction
Spinal cord injury (SCI) results in a serious catastrophic events that leave patients with lifelong disabilities, including
neuropathic pain (NP). An estimated 53% of SCI patients will develop NP,1,2 which adversely affects quality of life.
Studies regarding the efficacy of current treatments, including medications, brain stimulation and biofeedback techniques,
have yielded inconclusive results.3–7 Therefore, management of SCI-evoked NP is still a major clinical challenge.

A number of possible mechanisms of NP have been proposed, including peripheral, spinal and supraspinal mechanisms,8

but the mechanisms underlying SCI-evoked NP remain unclear. In addition, it is unclear why SCI-evoked NP occurs in only
a subset of patients. Pathological changes, including abnormal synapses and synaptic dysfunction, are likely responsible for
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SCI-evoked NP. The injured spinal cord exhibits a series of histopathological changes, including acute injury, secondary injury
and a glial scar surrounding and sequestering the damaged tissue. In the later phase of SCI, proliferating astrocytes, fibronectin
and laminin deposition form the glial scar necessary for neural regeneration,9,10 which plays a key role in recovery of function
following SCI. However, abnormal neural regeneration results in aberrant neural connectivity, which contributes to dysfunc-
tions such as NP. In the healthy central nervous system (CNS), microglia-dependent synaptic pruning facilitates the
construction of a normal neural network.11 Microglia engulf presynaptic inputs during peak retinogeniculate pruning, and
engulfment is dependent upon neural activity and the microglia-specific phagocytic signalling pathway involving complement
receptor 3/complement component 3 (CR3/C3).12,13 Furthermore, disrupting microglia-specific CR3/C3 signalling results in
sustained deficits in synaptic connectivity. The N-methyl-D-aspartate receptor (NMDAR) is an important ionotropic glutamic
acid receptor formed by combinations of different subunits, including NMDAR1 (NR1), NMDAR2 (NR2A, NMDAR subunit
2B [NR2B], NR2C, NR2D) and NMDAR3 (NR3A, NR3B). These NMDAR subunits exhibit not only differential distribu-
tions, but also variable functions in the spinal cord. Abnormalities of NMDARs can cause excitotoxicity, leading to
neurodegeneration. Both the development and maintenance of pain have been shown to be dependent on the NMDAR, and
the NR2B subunit plays an important role in NP.14

In this preliminary study, we established an animal model of trauma-induced SCI, evaluated NP after SCI by
behavioural analysis, explored the expression of the key genes in the complement pathway related to synaptic modifica-
tion and the NR2B gene related to NP by transcriptome analysis, and investigated the expression and distribution of the
NR2B subunit in the spinal cord using immunohistochemical techniques. The results provide a basis for further research
and will facilitate the development of therapeutic strategies for SCI-evoked NP.

Materials and Methods
Animals and Protocols
Sprague-Dawley rats weighing 250–350 g were housed under a 12-h light/dark cycle with controlled temperature and
humidity (18°C–22°C, 50–60%), and were allowed free access to food and water. The experiments were conducted in
accordance with institutional guidelines regarding the use of animals in research, and the protocol was approved by the
Animal Care and Use Committee of Guilin Medical University (Approval No. 2019–0019).

All rats received health checks and were allowed to acclimatise to the laboratory conditions for 1 week before the
experiments. Then, SCI models were established according to standard procedures.15 The Basso-Beattie-Bresnahan (BBB)
Locomotor Rating Scale was used to confirm successful establishment of the SCI model,16 and the paw withdrawal threshold
(PWT) was examined to evaluate SCI-evoked NP. Global transcriptome analysis was conducted to explore the target genes of
the complement pathway and NR2B in association with SCI-evoked NP. In addition, immunofluorescence analysis was
performed to determine the expression and distribution of NR2B in the superficial dorsal horn of the spinal cord of SCI-evoked
NP and non-NP SCI rats. All behavioural measurements and morphological evaluations were conducted by experimenters
blinded to the experimental protocol. The protocol is outlined in Figure 1.

Figure 1 Schematic illustration of the time window of the experiment.
Notes: All rats were acclimated to the laboratory conditions for 1 week before surgery. PWTwas assessed using the BBB Locomotor Rating Scale 1 day before, and on days
1, 7, 14, 21 and 28 after, SCI surgery. TA&IF were performed following the last behavioural test.
Abbreviations: AC, acclimation; BBB, Basso-Beattie-Bresnahan; BS, before surgery; PS, days post-surgery; PWT, paw withdrawal threshold; SCI, spinal cord injury; TA&IF,
total transcriptome analysis and immunofluorescence.
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Establishment and Assessment of SCI Model
Twenty rats were anaesthetised using 2–3% isoflurane mixed with air at a flow rate of 2 L/min. Laminectomy at T10 was
performed and the spinal cord at T9 was exposed. A metal rod, 3 mm in diameter and weighing 10 g, was dropped from
a height of 25 mm, and directly impacted the exposed spinal cord to create a contusive lesion. After contusion, the skin
was closed with 4/0 sutures and the rat was placed in a heated cage to maintain the body temperature during recovery
from anaesthesia. Manual abdominal massage and extrusion were performed twice daily until bladder reflex was
established. The same surgical procedure was performed, but without injury, in three sham-operated rats. All rats
received penicillin (30,000 U/kg, i.p. injection daily for 7 days) to prevent postoperative infection.

SCI rats were assessed using the BBB Locomotor Rating Scale, on which scores range from 0 (no observable
locomotor movements) to 21 points (normal locomotor movements), to quantify multiple aspects including joint move-
ment, toe clearance, paw placement, forelimb-hindlimb coordination, stepping, tail position and trunk stability.16 Before
the tests, the rats were placed in a transparent plexiglass box (100 cm × 100 cm × 30 cm) with a pasteboard-covered anti-
skid floor. The rats were checked individually for a total of 4 min by two observers before surgery. A BBB score of 0–2
for at least 3 days following lesion creation was considered to indicate successful SCI.

Pain Behaviour Test
The rats with successful SCI were evaluated repeatedly by the BBB Locomotor Rating Scale, at 7 days after SCI, and the
PWT test17 was performed in rats with a BBB score > 8 at 7, 14, 21 and 28 days after SCI. At 28 days, rats with
hyperalgesia were classified into the SCI-evoked NP group, while the others were classified into the non-NP SCI group.

PWT can be measured by the up-down method, using a calibrated von Frey hair to determine the threshold for sensing
mechanical touch/pressure (range: 0.02–300 g).18,19 During testing, rats were restrained in a transparent plexiglass box
(20 cm × 10 cm × 15 cm) with a wire mesh bottom, which allowed full access to the hind paw. The von Frey hair was
pushed onto the skin of both hind paws until the filament bent. Each von Frey hair was applied to the mid-plantar hind
paw for 2–3 s, with a 60-s interval between stimuli. The middle weight von Frey hair 2.0 (4.31) was first applied to the
hind paw. A positive response was denoted by sharp withdrawal and/or licking of the test area immediately upon removal
of the hair. If an ambiguous response occurred, the stimulus was repeated. When a positive response to a stimulus
occurred, the next-smallest von Frey hair was applied. If an ambiguous response repeatedly occurred, the next-largest
von Frey hair was applied. Testing was continued for five stimuli after the first response; the up-down method requires
six responses in the immediate vicinity of the 50% von Frey threshold. A decrease of two steps was considered to
indicate cutaneous hyperalgesia in this study.20

RNA-Seq Analysis
To elucidate the gene expression patterns, RNA-Seq analysis was performed in nine rats (SCI-evoked NP rats, non-NP
SCI rats and sham rats, n = 3/group). Rats were anaesthetised (sodium pentobarbital, i.p., 50 mg/kg), and their spinal
cords (T9) were excised and snap frozen in liquid nitrogen, and then subjected to RNA-Seq assay for transcriptome
analysis. Briefly, 3 μg of total RNA was isolated and quantified, and reverse-transcribed into cDNA; adapters were
ligated to each end of the cDNA. Sequencing was performed on the Illumina HiSeq™ platform (Illumina, San Diego,
CA, USA), and then aligned to a reference genome database or assembled to obtain a genome-wide expression profile for
further analysis. cDNA library construction and Illumina sequencing of these samples were performed by Novogene
Bioinformatics Technology Co., Ltd. (Beijing, China). The relative NR2B, CR3, C3 and C1q mRNA expression levels in
the spinal cord of rats were obtained via RNA-Seq analysis.

Immunohistochemistry
Rats were anaesthetised (sodium pentobarbital, i.p., 50 mg/kg) and perfused intracardially with 0.1 M phosphate-buffered
saline (PBS) and then fixed with 4% paraformaldehyde. Specimens were obtained 0.5 cm rostral to the injured spinal
cord, at the epicentre of the spinal cord lesion, and 0.5 cm caudal to the injured spinal cord; they were then embedded in
paraffin, cut into serial sections 3 μm thick and collected on polylysine-coated slides. The sections were then
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deparaffinised, rehydrated, subjected to antigen retrieval and finally subjected to immunohistochemical assay. Sections
were incubated with primary rabbit monoclonal anti-NR2B antibody (ab65783; Abcam, Cambridge, UK) at 1:1000
dilution, and then with secondary antibody (Alexa Fluor 488-labeled goat anti-rabbit IgG).

All sections were imaged at a magnification of 10×, with blue DAPI staining indicating cell nuclei and green Alexa
Fluor 488 indicating NR2B. The photomicrographs were saved as TIF files and analysed quantitatively using ImageJ
software (NIH, Bethesda, MD, USA). The NR2B-positive cells and total cells in laminin I–IV were measured in
a blinded manner.

Data Presentation and Statistical Analysis
Statistical analysis was performed using SPSS software (version 22.0; SPSS Inc., Chicago, IL, USA). All data were
tested for normality using the Kolmogorov–Smirnov test with Lilliefors correction, and for homogeneity of variance by
Levene’s test. Differences between two groups of variables were analysed by Student’s t-test. Data are presented as the
mean ± standard error of the mean (SEM). In all analyses, p < 0.05 was taken to indicate statistical significance.

Results
NP Only Occurred in a Subset of SCI Rats
Based on the standard BBB score < 3 at 1–3 days and > 8 at 7 days after SCI, two SCI rats were excluded because the
BBB score was > 3 at 1–3 days; another rat died after surgery. Finally, 17 SCI rats were included in the present study, 9
(52.9%) of which exhibited hyperalgesia associated with SCI. The body weight, BBB scores and PWT test results are
shown in Figure 2.

Distinct Expression of C1q, C3, CR3 and NR2B Between SCI-Evoked NP and Non-NP
SCI Rats
The RNA-Seq assay was performed to elucidate gene expression patterns. The fragments per kilobase of exon per million
mapped fragments (FPKM) distribution and cluster analysis of differently expressed genes showed marked differences in
gene expression levels among SCI-evoked NP rats, non-NP SCI rats and sham rats (Figure 3A and B). Further analysis
identified a total of 4117 differentially expressed genes (DEGs), including 1729 that were upregulated and 2388 that were
downregulated in SCI-evoked NP rats (Figure 3C). Venn diagram analysis identified 2633 DEGs between SCI-evoked NP
and non-NP SCI rats; 1,304,41 and 1814 DEGs were specifically detected in SCI-evoked NP rats, non-NP SCI rats and sham
rats, respectively, indicating different transcriptional changes among the three groups (Figure 3D). Gene Ontology (GO)
analysis of DEGs between SCI-evoked NP and non-NP SCI rats was performed; the top 30 are listed in Figure 3E, including
11 associated with biological processes and 19 associated with cellular components. We also examined C1q, C3, CR3 and

Figure 2 Pain-evoked NP developed in a subset of SCI rats.
Notes: (A) There was no significant difference in body weight between SCI-evoked NP and non-NP SCI rats over time after SCI. (B) Significant locomotor impairment
developed and then reversed progressively over time after SCI, but there were no significant differences between SCI-evoked NP and non-NP SCI rats. (C) PWT was
significantly decreased in nine SCI rats at 28 days after surgery. *Significantly decreased in comparison with BS, P < 0.05; #Significant differences between SCI-evoked NP and
non-NP SCI rats, P < 0.01.
Abbreviations: BBB, Basso-Beattie-Bresnahan; BS, before surgery; PS, days post-surgery; PWT, paw withdrawal threshold; SCI, spinal cord injury surgery.
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NR2BmRNA expression levels in spinal cord tissue. The data showed significant differences in the levels of NR2B, CR3, C3
and C1q transcripts among SCI-evoked NP rats, non-NP SCI rats and sham rats (Figures 4A–E).

Significant Increase in NR2B-Positive Cells in Lamina II of the Spinal Cord from
SCI-Evoked NP Rats
Immunochemical analysis was performed to examine the expression and distribution of NR2B in the spinal cord of SCI
rats. Representative images of NR2B expression in the spinal cord are shown in Figure 5. NR2B-positive cells were
mainly present in lamina II of the superficial dorsal horn from SCI-evoked NP rats, with a few NR2B-positive cells
scattered in the other laminae of the superficial dorsal horn from SCI-evoked NP rats and the whole superficial dorsal
horn from non-NP SCI rats. The number and ratio of NR2B-positive cells were significantly higher in lamina II of the
superficial dorsal horn from SCI-evoked NP than non-NP SCI rats, but there was no significant difference in the number
or ratio of NR2B-positive cells in laminae I, III or IV between the two groups (Figure 6A–I).

Discussion
The occurrence of SCI-evoked NP in a subset of cases of SCI was investigated in an animal model mimicking clinical
NP after SCI. Nine of the total of seventeen SCI rats (52.9%) showed NP; these animals also showed differential
expression of C3, C1q, CR3 and NR2B mRNAs in the injured spinal cord, which may be involved in SCI-evoked NP. In
addition, the number of NR2B-positive cells was significantly increased in lamina II of the superficial dorsal horn from
the spinal cord of SCI-evoked NP rats in comparison to non-NP SCI rats.

Different C3, C1q and CR3 mRNA Expression Levels Have Important Implications for
SCI-Evoked NP
Our data indicated differential expression of C3 mRNA between SCI-evoked NP rats and non-NP SCI rats, with significant
upregulation of C3 mRNA seen in non-NP SCI rats. C3 is an immune protein cleaved by C3 convertase, and its breakdown
products participate in the classical, alternative and lectin pathways of complement activation. Liu et al investigated gene
expression in the injured spinal cord at 1 week after SCI, and demonstrated 36% upregulation of C3 mRNA expression.21 C3

Figure 3 RNA-Seq analysis of rat spinal cords.
Notes: (A) Violin diagram of FPKM distribution. (B) Cluster analysis of differentially expressed genes (DEGs) among SCI-evoked NP rats, non-NP SCI rats and sham rats.
(C) Volcano plot of differences in gene expression between SCI-evoked NP rats and non-NP SCI rats. (D) Venn diagram showing shared significant DEGs among SCI-evoked
NP rats, non-NP SCI rats and sham rats. (E) Gene ontology (GO) analysis of DEGs. *Significant differences between SCI-evoked NP and non-NP SCI rats.
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exhibits neurotoxicity in various neurological diseases. In mouse models of amyloidosis and tauopathy, deletion of C3 rescues
synapse loss, ameliorates neuron loss and brain atrophy, and improves neurophysiological and behavioural parameters.22 Aged
mice exhibit region-specific and age-dependent synapse loss, which was not observed in C3 knockout mice.23 Mice deficient in
C3 (C3−/−) showed reduced loss of synaptic terminals from injured motoneurons at 1 week after spinal nerve transection.24

Peterson et al investigated the potential role of C3 in the modulation of axon regeneration and neuronal survival after SCI.
A twofold increase in sensory axon regeneration was observed in the spinal cord of C3−/− mice in comparison with wild-type
controls.25 In vitro, the addition of C3 tripled both myelin-mediated neurite outgrowth inhibition and neuron loss versus myelin
alone.25 Therefore, abnormalities of C3 quality and function have detrimental effects on synapse regeneration.

C1q plays an important role in synaptic pruning during CNS development, and is a causative factor in NP.26,27

Previous experimental studies demonstrated failure of synaptic pruning in mice deficient in C1q, and also that tagging of
synapses by C3 is dependent on the upstream C1q. In C1q knockout mice proper synaptic connectivity cannot be
established, and spontaneous epileptiform activity occurs.28 The absence of synaptic pruning can also result in length-
ened dendrites, increased branching, and more dense dendritic spines.29 In the present study, upregulation of C1q mRNA
was observed in all SCI animals, but the increase was greater in non-NP SCI than SCI-evoked NP rats. C1q may be
involved in the synaptic pruning disorder of microglia associated with SCI-evoked NP, but further studies are required to
clarify the underlying mechanisms.

The present study also demonstrated upregulation of CR3 mRNA in all SCI animals, although the level of expression
was higher in non-NP SCI than SCI-evoked NP rats. CR3 is a heterodimer of α (CD11b) and β (CD18) transmembrane
glycoproteins, which are mainly expressed in macrophages, monocytes, granulocytes and natural killer (NK) cells. CR3

Figure 4 Relative NR2B, CR3, C3 and C1q mRNA expression levels in rat spinal cord. (A) The NR2B mRNA level was significantly increased in SCI-evoked NP rats and
significantly decreased in non-NP SCI rats in comparison with sham controls. (B) The C3 mRNA level was significantly increased in non-NP SCI rats and significantly
decreased in SCI-evoked NP rats in comparison with sham controls. (C) The CR3 mRNA level was significantly increased in all SCI rats, but was higher in non-NP SCI than
SCI-evoked NP rats. (D) The C1q mRNA level was significantly increased in all SCI rats, but was higher in non-NP SCI than SCI-evoked NP rats. (E) The NR2B, CR3, C3 and
C1q mRNA expression levels are shown. *Significant difference compared with sham rats, P < 0.05; #Significantly higher in non-NP SCI than SCI-evoked NP rats, P < 0.01.
Abbreviations: C1q, complement component 1q; C3, complement component 3; CR3, complement receptor 3; NP, neuropathic pain; NR2B, NMDA receptor subunit 2B;
SCI, spinal cord injury surgery.
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plays prominent roles in the removal of invading pathogens and cell debris, and the induction of immune tolerance and
synaptic pruning, and is also involved in the pathogenesis of numerous autoimmune and chronic inflammatory diseases.
Widespread C3aR1 staining was observed at and around the site of SCI.30 At 35 days after SCI, when the lesion site is
dominated by macrophages and a glial scar,31 C3aR1 expression remained high in GFAP+ astrocytes and Iba1+ microglia/
macrophages.30

The differential levels of C3, C1q and CR3 mRNA expression in SCI-evoked NP and non-NP SCI rats in the present
study suggest that the deficiency of C3 may be directly involved in the reduced synaptic pruning of microglia that

Figure 5 Immunohistochemistry of NR2B in the superficial dorsal horn of rostral, epicentral and caudal sections from SCI-evoked NP rats with significantly decreased
expression compared to non-NP SCI rats (10×). NR2B-positive cells were mainly present in lamina II of the superficial dorsal horn of SCI-evoked NP rats. A few NR2B-
positive cells were scattered in the other laminae of the superficial dorsal horn of SCI-evoked NP rats, and the entire superficial dorsal horn of non-NP SCI rats. Green
fluorescence indicates NR2B-positive cells, blue fluorescence indicates all cells, and merged images show the distribution of NR2B-positive cells and all cells in the superficial
dorsal horn. *Indicates the epicentre of SCI. Scale bar, 0.1 mm.
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contributes to the abnormal neural regeneration and neural connectivity associated with SCI-evoked NP. Synaptic
pruning is an important function of microglia in CR3/C3-dependent signalling.32 CR3 is a phagocytic receptor expressed
on the surface of microglia, and C3 is its ligand (localised to synaptically enriched regions). Microglia migrate to C3-
enriched regions via CR3/C3-dependent signalling, and then engulf or prune immature synapses undergoing synaptic
pruning. In contrast, deficiency of C3 and/or abnormal synaptic pruning of microglia result in an abundance of
unmodified synapses that are enriched in the injured spinal cord.

Increased NR2B in Lamina II of Injured Spinal Cord is Implicated in SCI-Evoked NP
The results of the present study also demonstrated significantly increased NR2B mRNA expression in SCI-evoked NP rats,
while non-NP SCI rats showed significantly reduced NR2B mRNA expression. In addition, NR2B-positive cells were
significantly increased in lamina II of the superficial dorsal horn from the spinal cord of SCI-evoked NP rats. The NMDAR
subunits are differentially distributed in the CNS, which may have significant functional implications. In the dorsal horn of the
spinal cord, only NR2B was localised in laminae II–III, and NR2A and NR2C were not detected.33 Lamina II, which is
dominated by nociceptive input from C fibre nociceptors and Aδ nociceptors, consists of excitatory glutamatergic interneur-
ons. In addition, NR2B receptors are located primarily extrasynaptically.34,35 Activation of NR2B receptors by extrasynaptic
glutamate would have a major influence on pain transmission in chronic pain states.36,37

Accumulating evidence suggests that NR2B, but not NR2A, is particularly important for the development and perception of
persistent pain.38 Coincident with the allodynic phase after SCI, there was a significant increase in the NR2BmRNA level at 28
days, but not at 1 or 14 days.39 In the hemisection model, the nociceptive threshold and NR2B expression in the spinal cord were
significantly increased; these effects were reversed by NR2B antagonists, including ifenprodil and Ro25-6981.40 Conantokin-G,
an inhibitor of NR2B, was injected intrathecally into rats with spinal cord compression injury and dose-dependently attenuated

Figure 6 The number and ratio of NR2B-positive cells increased significantly in lamina II of the spinal cord of SCI-evoked NP rats. (A) The merged image illustrates the
boundaries of laminae I–IV in the superficial dorsal horn, and the distribution of NR2B-positive cells and all cells. Green fluorescence indicates NR2B-positive cells and blue
fluorescence indicates all cells (10×). (B–E) Analyses of NR2B-positive cell expression in laminae I–IV, respectively. (F–I) Analyses of the ratio of NR2B-positive cells to all
cells in laminae I–IV, respectively. Significant differences between SCI-evoked NP rats and non-NP SCI rats, *P < 0.05, #P < 0.01.
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nociceptive responses.41 Astaxanthin, a ketocarotenoid with anti-inflammatory effects, also reduced the expression of NR2B and
improved NP following compression SCI.42 The present study also investigated the opposing changes in expression of NR2B
mRNA in the injured spinal cord of SCI-evokedNP and non-NP SCI rats, and provided further evidence that the increasedNR2B
seen in lamina II of the injured spinal cord is involved in SCI-evoked NP.

Potential Mechanism of SCI-Evoked NP Involving the CR3/C3 Pathway and NR2B
The increased NR2B expression observed in lamina II of the injured spinal cord is a potential mechanism for the
production of SCI-evoked NP, but is not the only such mechanism. Synapse regeneration, aberrant axonal connections
and remodelling of neural circuits may be involved in SCI related-NP. In the late phase of SCI, nerve regeneration and
remodelling of neural circuits are the foundation of neurofunctional recovery of the spinal cord. Normally, the balance
between synaptic regeneration and synaptic pruning is crucial for axonal connections and neural circuits. However,
impaired or supernumerary synapse regeneration within and outside of persistent scars may contribute to aberrant axonal
connections and remodelling of neural circuits. Insufficient synaptic pruning of microglia because of a deficit of C3 may
lead to an overabundance of synaptic connections. In contrast, excessive synaptic pruning of microglia induced by
superfluous C3 and CR3 would result in synapse deficiency. The overabundance of synaptic connections caused by
increased NR2B expression contributes to NP in a subset of SCI rats.

Conclusion
The present study suggested that NP only occurred in a subset of SCI rats. The genes involved in the CR3 pathway and
encoding NR2B were differently expressed in the spinal cord of SCI-evoked NP and non-NP SCI rats, and a significant
increase in the number of NR2B-positive cells was observed in lamina II of the spinal cord from SCI-evoked NP rats. We
speculate that the CR3/C3 pathway and NR2B both contribute to SCI-evoked NP. Further studies are required to verify
this hypothesis regarding the mechanism underlying SCI-evoked NP.
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