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Abstract 

Spinal cord injury is a complex central nervous system disease with an unsatisfactory prognosis, often accompa-
nied by multiple pathological processes. However, the underlying mechanisms of action of this disease are unclear, 
and there are no suitable targeted therapeutic options. Long non-coding RNA mediates a variety of neurological 
diseases and regulates various biological processes, including apoptosis and autophagy, inflammatory response, 
microenvironment, and oxidative stress. It is known that long non-coding RNAs have significant differences in gene 
expression in spinal cord injury. To further understand the mechanism of long non-coding RNA action in spinal cord 
injury and develop preventive and therapeutic strategies regarding spinal cord injury, this review outlines the current 
status of research between long non-coding RNAs and spinal cord injury and potential long non-coding RNAs target-
ing spinal cord injury.
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Introduction
Spinal cord injury (SCI) is a disabling, prolonged, and 
costly central nervous system disease [1, 2]. According 
to relevant literature statistics [3]: Nationwide, the num-
ber of SCI patients was about 0.9 per 1 million in 2019. 
It is prevalent in elderly males, mainly caused by falls 
and traffic accidents. As the population gets older and 
older, the incidence of SCI rises year by year, leading to 
an increased economic burden, and reduced quality of 
life is gradually being taken into account. External forces 
cause primary spinal cord injury. In contrast, second-
ary spinal cord injury is caused by permanent damage to 
normal neuronal cells due to ischemia and hypoxia, elec-
trolyte disturbance, edema, accumulation of excitotoxic 
neurotransmitters, inflammatory response, and oxidative 

stress [4]. Although many experimental studies have been 
conducted to treat SCI, the therapeutic effect of interven-
tions implemented for this purpose is limited, so how to 
effectively treat SCI is still a severe test.

Non-coding RNA (NCRNA) is RNA that does not 
encode into proteins. It mainly includes transfer RNA 
(tRNA), ribosomal RNA (rRNA), and small nuclear 
RNA (snRNA), as well as regulatory ncRNAs, includ-
ing PIWI-interacting RNA (piRNA), long non-coding 
RNA (lncRNA) and microRNAs (miRNAs), and other 
unknown types [5]. It has been proposed that some 
miRNAs regulate the tendon healing process by partic-
ipating in biological processes such as oxidative stress, 
tendon collagen formation, and cellular senescence in 
damaged tendons [6]. Some miRNAs can intervene 
in osteoarthritis development by regulating the level 
of inflammatory factors in osteoarthritis, and it is 
conjectured that the severity of osteoarthritis can be 
determined by the expression level of related miRNAs 
[7]. Some miRNAs may also regulate disease trends 
by participating in several pathological processes 
such as apoptosis, oxidative stress, and inflammatory 
responses in spinal cord ischemia–reperfusion injury 
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[8]. However, lncRNAs and miRNAs are not independ-
ent, and their relationship is inextricably linked. It has 
been found that lncRNAs can compete with miRNAs 
to regulate the expression of downstream genes, form-
ing an endogenous RNA (ceRNA) regulatory network 
involved in various pathological processes [9].

In recent years, some related studies have found that 
lncRNA is involved in developing many disease pro-
cesses. lncRNA is differentially expressed genetically 
in Parkinson’s, cancer, ischemic stroke, and other dis-
eases. For example, differential expression of lncRNA 
and mRNA expression profiles in Parkinson’s revealed 
that the expression level of lnc-MKRN2-42:1 was posi-
tively correlated with the severity of dyskinesia and 
dysarthria [10], lncRNA can promote tumor cell pro-
liferation by regulating the expression of oncogenes, 
binding to miRNAs, and influencing the regulation 
of miRNAs [11]. The lnc-D63785 knockdown can 
induce miR-422a accumulation in ischemic stroke and 
aggravate neuronal apoptosis [12]. Alterations in gene 
expression play an essential role in the pathogenesis of 
secondary spinal cord injury. However, the mechanism 
of the action of lncRNAs regulating SCI-related gene 
expression is unclear.

LncRNA is characterized as having a length of more 
than 200 nucleotides. RNA polymerase II transcribes 
the majority of lncRNAs, and certain lncRNAs can be 
stabilized by polyadenylation at the 3’ end and encapsi-
dation at the 5′ end [13]. LncRNAs regulate biological 
processes through different mechanisms of action [14]. 
Wang, K. C et  al. [15] divide the interaction between 
lncRNA and DNA, RNA, and proteins into four types: 
1. Signal lncRNAs: lncRNAs act as signaling molecules, 
affecting the response of molecules such as signaling 
pathways and regulating downstream gene transcrip-
tion; 2. Inducible lncRNAs: Inducible lncRNAs control 
transcription by interacting with transcription factors. 
lncRNAs interact with transcription factors and chro-
matin-binding proteins to prevent them from binding 
to target genes, an ability also known as a molecular 
sponge; 3. Guide lncRNAs: guide-related protein com-
plexes to bind to specific target genes; and 4. Scaffold 
lncRNAs: lncRNAs serve as the central platform for 
assembling various protein complexes and regulating 
intermolecular interactions.

It has recently been shown that SCI induces changes 
in lncRNA gene expression and that lncRNA plays 
a critical role in SCI [16, 17]. Therefore, an in-depth 
understanding of the role of lncRNAs in SCI can help 
to develop a treatment plan for SCI. This review out-
lines our present understanding of the regulatory 
mechanisms of SCI lncRNA treatment.

Pathogenesis of spinal cord injury
SCI is mainly divided into primary and secondary inju-
ries caused by various factors. Among them, apoptosis 
and autophagy, inflammation, microenvironment, oxida-
tive stress, excitatory amino acid toxicity, and other path-
ological processes play an essential role in SCI (Fig. 1).

Apoptosis and autophagy
Apoptosis is a form of programmed cell death that main-
tains the stability of the internal environment in the 
body by removing non-functional, abnormal, and harm-
ful cells. Neurons and oligodendrocytes in SCI undergo 
widespread apoptosis, leading to neurological dysfunc-
tion, and it can exacerbate SCI [18]. Cysteinyl aspar-
tate-specific proteinase (Caspase), Bax, and Bcl-2 genes 
are intimately involved in the biological mechanisms 
associated with apoptosis [19]. Autophagy is an impor-
tant defense and protection mechanism in the organ-
ism. Autophagy maintains metabolic homeostasis in the 
body mainly by degrading and removing damaged and 
denatured proteins and lost organelles. There are three 
primary forms of autophagy: macroautophagy, microau-
tophagy, and molecular chaperone-mediated autophagy, 
which ultimately transports substances to lysosomes for 
degradation and recycling. Autophagy is controlled by a 
number of mechanisms, including the serine/threonine 
protein kinase ULK1 complex, the Beclin1 complex, pos-
itive AMPK regulation, and negative mTOR target regu-
lation [20]. Some related studies have reported [21] that 
autophagy promotes neurological recovery, reduces neu-
ronal cell apoptosis, and suppresses inflammation. On 
the other hand, excessive autophagy can lead to neuronal 
cell death. Therefore, proper activation of autophagy can 
help improve SCI.

Fig. 1 Pathological mechanisms after spinal cord injury
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Inflammation
After spinal cord injury, the integrity of the blood–spinal 
cord barrier (BSCB) is disrupted, leading to the infiltra-
tion of peripheral immune cells into the site of injury, 
producing many pro-inflammatory cytokines involved in 
the inflammatory response, and affecting the prognosis 
of SCI. Among these immune cells, neutrophils are the 
first to infiltrate the damaged part of the spinal cord and 
reach their peak within 24  h. It can have a bactericidal 
effect through phagocytosis and clearance and an indi-
rect tissue repair effect. However, it has also been shown 
that as neutrophils accumulate, they gradually produce 
products such as proteases, oxidases, and tissue degener-
ating enzymes that reverse the neurotoxicity of the stim-
ulated neurons [22]. After this, microglia gradually enter 
the damaged area, and activated microglia can regulate 
NF-κB and IL-6 expression levels by activating the PI3K/
Akt/mTOR signaling pathway and also upregulate TNF-α 
and IL-1 expression levels by activating STAT3. Large 
amounts of cytokines that inhibit the repair of nerves and 
synapses are released through multiple signaling path-
ways, thereby exacerbating the inflammatory response 
[23, 24]. It has been suggested that microglia in the 
injured area also have the role of scavenging neurotoxic 
substances and secreting nutritive substances to create 
good growth conditions for nerves and synapses [25]. In 
SCI, astrocytes, like microglia, are also a double-edged 
sword. On the one hand, activated astrocytes produce 
glial scarring to form a protective barrier, protecting the 
damaged area and inhibiting inflammatory cell activation 
and infiltration. On the other hand, astrocytes inhibit the 
self-repairing action of neuronal axons [26]. Astrocytes 
and microglia produce more pro-inflammatory factors 
after inflammatory stimulation exacerbating the inflam-
matory response process and leading to neuronal apop-
tosis [27, 28]. Lymphocytes also play an essential role 
in the inflammatory response, and lymphocytes can be 
divided into B lymphocytes and T lymphocytes. In SCI, 
due to changes in vascular permeability and the action of 
chemokines, lymphocytes are released from blood vessels 
and enter the area of injury to release large amounts of 
inflammatory factors (such as IFN-γ, TNF-α, and IL-2), 
which exacerbate the inflammatory cascade response and 
cause damage to the spinal cord microenvironment.

Microenvironment destruction
Pathological processes such as intracellular calcium over-
load, lipid peroxidation, inflammatory response, and 
neuronal apoptosis occur after SCI, destabilizing the spi-
nal cord microenvironment and exacerbating secondary 
spinal cord injury. Some related researchers [29] divided 
the microenvironmental changes into three levels: tissue, 

cellular, and molecular, according to the research per-
spective. Tissue level: The disruption of local capillaries 
and blood–spinal cord barrier (BSCB) caused by SCI 
promotes the increase in cytokines and chemokines, 
causes edema and ischemia in neural tissues, and forms 
glial scars that prevent axonal regeneration and growth. 
Cellular level: SCI promotes the differentiation of astro-
cytes, the loss of oligodendrocytes, and the transfor-
mation of microglia and macrophages into the M1 
phenotype, which is detrimental to the recovery of SCI. 
Molecular level: Neurotrophic factors include brain-
derived neurotrophic factor (BDNF), nerve growth fac-
tor (NGF), and neurotrophic factor (NT), and their 
precursors are disproportionately balanced; changes in 
cytokines and chemokines such as interleukin-1 (IL-1), 
IL-6, tumor necrosis factor-α (TNF-α), granulocyte–
macrophage colony-stimulating factor (GM-CSF), and 
leukocyte inhibitory factor (LIF) and other cytokines and 
chemokines CXCL12, chemokine receptor CXCR4, and 
other chemokines are involved in the dynamic changes 
of the microenvironment after SCI; imbalance of sodium, 
potassium, and calcium ions can also lead to tissue cell 
edema, apoptosis, and axonal demyelination, which affect 
the recovery of spinal cord function.

Oxidative stress
The imbalance between reactive oxygen species (ROS) 
and antioxidant levels after SCI leads to oxidative stress 
(OS), which includes hydrogen peroxide  (H2O2), super-
oxide anion  (O2

−), and highly reactive hydroxyl radicals 
 (HO·) that can damage neuronal cells and cause second-
ary spinal cord injury [30]. ROS can induce lipid peroxi-
dation and attack and degrade polyunsaturated lipids in 
biofilms, leading to cell death, which disrupts calcium 
homeostasis, increased excitotoxicity of amino acids, 
and other processes that aggravate secondary spinal cord 
injury [31]. The degree of oxidative stress after SCI can 
be assessed by measuring the concentration of biomark-
ers such as glutathione (GSH), copper, zinc, superoxide 
dismutase (SOD), malondialdehyde (MDA), and acrolein 
[32].

Excitatory amino acid toxicity
Glutamic acid (Glu) is a neurotransmitter of the central 
nervous system, and ischemia after SCI can induce an 
increase in extracellular Glu concentration. Appropriate 
Glu concentration maintains regular physiological activ-
ity. Excessive concentrations of Glu lead to increased 
permeability of sodium, potassium, and calcium ions in 
cell membranes, causing reactions such as increased  Ca2+ 
and NO concentrations and activation of free radicals, 
resulting in toxic effects on the central nervous system 
[33, 34].
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Regulatory role of lncRNA in spinal cord injury
A large number of experimental studies have shown 
that there are significant differences in gene expression 
of lncRNAs in spinal cord injury. However, the mecha-
nism of lncRNA action in spinal cord injury is complex 
and unclear. By extracting serum from SCI patients 
for in  vitro experiments, some researchers found that 
lncRNA Mirt2 mediated the inflammatory response after 
SCI by inhibiting NF-κB and p38MAPK signaling path-
ways, suppressing apoptosis, and reducing the release 
of pro-inflammatory cytokines (e.g., TNF-α and IL-6) 
through sponge miR-429 [8]. In addition, other lncRNAs 
mitigate spinal cord injury in SCI by regulating apoptosis 
and autophagy, anti-inflammatory, improving microenvi-
ronment, and antioxidant pathways (Table 1) [35–37].

Regulation of apoptosis
SCI is often accompanied by apoptosis of neuronal 
cells. Many studies have found that many LNCRNAs 
are involved in the regulation of apoptosis in SCI such 
as lncRNA LEF1-AS1, lncRNA XIST, lncRNA MIAT, 
lncRNA CasC7, lncRNA CCAT1, and lncRNA BDNF-
AS. lncRNA lymphatic enhancer factor 1 antisense RNA 

1 (LEF1-AS1), a ceRNA of miR-222-5p, increases recep-
tor activity-modifying protein 3 (RAMP3) by inhibiting 
the miR-222-5p expression and accelerates apoptosis 
[38]. LncRNA XIST sponges miR-27a and inhibits miR-
27a gene expression. Knockdown of lncRNA XIST upreg-
ulates miR-27a to inhibit Smad ubiquitination regulatory 
factor 1 (Smurf1) expression, thereby inhibiting micro-
glia apoptosis and inflammatory response [39]. LncRNA 
MIAT overexpression increases RBFOX2 protein levels 
by binding to RBFOX2 protein, promotes the produc-
tion of anti-apoptotic factor MCL-1L, and reduces neu-
ronal apoptosis [40]. Hydrogen sulfide is recognized as an 
essential neuromodulator in the central nervous system. 
Hydrogen sulfide inhibits miR-30c expression by upregu-
lating lncRNA CasC7 levels to inhibit apoptosis [41]. The 
nuclear factor of activated T cells 5 (NFAT5) is a direct 
target negatively regulated by miR-218 to alleviate apop-
tosis and inflammatory injury. LncRNA CCAT1 was 
shown to be a ceRNA of miR-218, lncRNA CCAT1 over-
expression alleviates apoptosis and inflammation through 
miR-218/NFAT5 signaling pathway, downregulation of 
Bax/Bcl-2 ratio and Caspase-3, as well as pro-inflamma-
tory factors such as TNF-α, IL-1β, and IL-6 [42]. It has 

Table 1 List of studied lncRNA and their effect on SCI

lncRNA Function References

Mirt2 Suppressing apoptosis and reducing the release of pro-inflammatory cytokines [34, 51]

LEF1-AS1 Accelerates apoptosis [37]

XIST Inhibiting microglia apoptosis and inflammatory response [38]

MIAT Reduces neuronal apoptosis [39]

CasC7 Inhibit apoptosis [40]

CCAT1 Alleviates apoptosis and inflammation [41]

BDNF-AS Exacerbating apoptosis and inflammatory responses [43]

NEAT1 Alleviate inflammation [44, 45]

Ftx Inhibits the inflammatory response [46]

Gm37494 Inhibits the inflammatory response [47]

TUSC7 Inhibits microglial activation and inflammatory response [48]

GBP9 Inhibits the inflammatory response [49]

MALAT1 Exacerbating the inflammatory response [50]

MEG3 Exacerbating the inflammatory response [50]

ZNF667-AS Inhibit the inflammatory response [52]

DLEU1 Exacerbating the inflammatory response [53]

SNHG4 Suppressed neuroinflammation [54]

H19 Inhibits axonal regeneration [55]

TUG1 Exacerbating the inflammatory response [56]

Map2k4 Promote neuronal proliferation and inhibit apoptotic cell death [57]

OL1 Promotes myelin formation [58]

CASC9 Reduce SCI oxidative stress and inflammatory response [59]

SOX2OT Exacerbates oxidative stress, inflammatory response, and apoptosis [60]

TCTN2 Alleviating oxidative stress, inflammatory response, and apoptosis [61]

HOTAIR Exacerbates oxidative stress, inflammatory damage, and neuronal apoptosis [62]
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been shown [43] that miR-9-5p regulates the expression 
of monocyte chemotactic protein-inducible protein-1 
(MCPIP1) expression and modulates macrophage activa-
tion and inflammatory responses, thereby regulating neu-
ronal apoptosis. lncRNA BDNF-AS can target and inhibit 
the expression of miR-9-5p. Some researchers have used 
lithium to downregulate BDNF-AS, which counteracts 
the inhibition of miR-9-5p by lncRNA BDNF-AS inhibi-
tion, reducing SCI-induced apoptosis and inflammation 
[44].

Regulation of neuroinflammation
The inflammatory response plays a crucial role in SCI. 
Some LncRNAs, such as ncRNA NEAT1, lncRNA Ftx, 
and lncGm37494, regulate inflammatory responses in 
SCI. LncRNA NEAT1 is the molecular sponge of miR-
211-5p and BCL2L11, and the knockdown of lncRNA 
NEAT1 can reduce the production of inflammatory 
cytokines IL-6, IL-1β, and TNF-α through miR-211-5p/
MAPK1 and miR-29a/BCL2L11 pathways and alleviate 
SCI inflammation [45, 46]. LncRNA Ftx competes for 
miR-382-5p and inhibits its gene expression to increase 
neuromodulin-1 (NRG1) expression and reduce the 
expression of inflammatory factors such as iNOS, IL-6, 
TNF-α, and IL-1β [47]. LncRNA Gm37494 converts 
microglia polarization from M1 to M2 by inhibiting 
miR-130b-3p and promoting PPARγ expression [48]. In 
addition, lncRNA TUSC7 inhibited microglial activa-
tion and expression of associated inflammatory factors 
by upregulating PPARγ by inhibiting miR-449a [49]. 
lncRNA GBP9 competes for binding miR-34a to coun-
teract miR-34a inhibition of SOCS3, thereby regulating 
STAT1/STAT6 signaling and promoting macrophage 
polarization to M2 type [50]. Knockdown of lncRNA 
MALAT1 upregulated miR-199b to activate the Ikap-
paB kinase-β (IKKβ)/nuclear factor κB (NF-κB) signaling 
pathway to alleviate SCI by inhibiting microglia inflam-
matory responses. LncRNA MEG3 is a ceRNA for miR-
130a-5p. lncRNA MEG3 upregulates miR-130a-5p to 
increase CXCL12/CXCR4 expression and activates the 
TLR4/NF-κB signaling pathway, exacerbating the inflam-
matory response [51]. LncRNA Mirt2 protects PC12 cells 
from LPS-induced inflammatory damage by downregu-
lating miR-429, thereby blocking NF-κB and p38MAPK 
signaling pathways [52]. The JAK-STAT signaling path-
way is closely related to spinal cord neuronal death 
and ischemia. A related study reported that lncRNA 
ZNF667-AS could inhibit the inflammatory response 
and promote SCI recovery by inhibiting the JAK-STAT 
signaling pathway [53]. Serine/arginine protein kinase 
1 (SRPK1), a downstream target of miR-133a-3p, is a 
multifunctional protein closely related to the inflam-
matory response. lncRNA DLEU1 competes to bind 

miR-133a-3p, counteracting the inhibitory effect of miR-
133a-3p on SRPK1, upregulating IL-6, IL-1β, TNF-α, and 
other pro-inflammatory factor levels, and exacerbating 
the inflammatory response [54]. LncRNA SNHG4 sup-
pressed neuroinflammation to relieve neuropathic pain 
by upregulating IL-6, IL-12, and TNF-α gene expression 
and downregulating IL-10 expression through the sponge 
miR-423-5p [55].

Regulation of microenvironment
SCI produces a series of pathological responses that dis-
rupt the microenvironment and affect the recovery of 
neuronal function. It has been found that lncRNA H19, 
lncRNA TUG1, lncRNA-Map2k4, and lncRNA OL1 
can effectively improve SCI microenvironment damage. 
Knockdown of lncRNA H19 increased the expression 
of IGF1R and pS6, a marker of IGF1R-mediated activa-
tion of the mTOR pathway, promoting axonal regen-
eration and functional recovery in the spinal cord [56]. 
MiR-29b-1-5p restores lower limb motor function and 
alleviates BSCB injury after SCI by binding to MTDH 
while blocking the downstream NF-κB/IL-1β pro-inflam-
matory signaling pathway. lncRNA TUG1 is a ceRNA of 
MiR-29b-1-5p, and knocking down lncRNA TUG1 effec-
tively improves the SCI microenvironment [57]. LncRNA 
plays a key role in central nervous system development 
and neurogenesis. FGF1, a downstream target gene of 
miRNA-199a, is distributed in the CNS and has a trophic 
support role for neurons. lncRNA-Map2k4 upregulates 
FGF1 expression by repressing miRNA-199a to pro-
mote neuronal proliferation and inhibit apoptotic cell 
death [58]. Oligodendrocytes are intimately involved in 
myelin formation in the CNS, and it has been found that 
lncRNA OL1 binding to multiple comb suppressor com-
plex 2 (Suz12-PRC2) induces oligodendrocyte formation 
and promotes myelin formation [59].

Regulation of oxidative stress
Oxidative stress injury has an essential effect on SCI, 
which generates a large amount of oxygen free radi-
cals, resulting in impaired cell metabolism, cell edema, 
and eventually apoptosis. It has been demonstrated that 
lncRNA CASC9, lncRNA SOX2OT, lncRNA TCTN2, 
and lncRNA HOTAIR are involved in oxidative stress 
response after SCI. LncRNA CASC9 acts as a ceRNA 
of miR-383-5p to regulate the LDHA-mediated Nrf2/
HO-1 signaling pathway, and CASC9 overexpression can 
reduce SCI oxidative stress and inflammatory response 
[60]. It has been shown that the lncRNA SOX2OT sponge 
miR-331-3p in PC12 cells positively regulates Neurod1 
expression and exacerbates oxidative stress, inflam-
matory response, and apoptosis after SCI by activating 
the JAK-STAT pathway [61]. In addition, miR-329-3p 
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regulates the increase in SOD level and decrease in MDA 
level in LPS-stimulated PC12 cells. lncRNA TCTN2 acts 
as a sponge for miR-329-3p to upregulate IGF1R expres-
sion, alleviating oxidative stress, inflammatory response, 
and apoptosis in neurons through the miR-329-3p/
IGF1R pathway [62]. High mobility group protein B1 
(HMGB1) is involved in oxidative stress, inflammatory 
response, and apoptosis through multiple signaling path-
ways. lncRNA HOTAIR positively regulates HMGB1 and 
exacerbates oxidative stress, inflammatory damage, and 
neuronal apoptosis in SCI through the ROS/NF-κB sign-
aling pathway [63].

Limitations
This time, although there are more comprehensive sta-
tistics on the research progress about SCI in the past 5 
years, there are still some limitations. First, the litera-
ture in this article is all in English, and the information 
of other relevant databases is not counted, and some 
important literature may be missed. Second, this paper 
mainly analyzes the research progress in the past 5 years 
and needs to include the relevant progress of earlier and 
current research. Finally, this paper only discusses SCI-
related lncRNAs and does not analyze the impact of 
lncRNAs on SCI from other systemic diseases as a whole.

Summary and outlook
Differential expression of lncRNA genes was found in the 
rat spinal cord at different times of SCI injury. LncRNA 
can regulate the biological process of SCI by inhibiting 
or promoting its expression through molecular interac-
tion with miRNA/mRNA. However, the study of lncRNA 
regulation of SCI still needs to be more profound, and it 
is difficult to control the regulatory mechanism. lncRNA 
not only has a particular regulatory role in SCI but also 
has a similar role in other diseases. For example, one 
study found that lncRNA NKILA significantly alleviated 
the extent of cerebral infarction, brain edema, and neu-
rological damage. It also inhibits the NF-κB pathway in 
cerebral infarction by inhibiting astrocytes’ inflamma-
tory response and oxidative stress, effectively alleviating 
brain infarction injury [64]. In hepatocellular carcinoma, 
lncRNA DILC has a role in regulating inflammation. 
lncRNA DILC can inhibit multiple signaling pathways 
such as NF-κB and STAT3 to affect the proliferation of 
hepatocellular carcinoma stem cells by suppressing the 
transcription of IL-6 [65]. The lncRNA DILC induces the 
expression of SOCS3, which alleviates neuropathic pain 
by inhibiting the JAK/STAT3 pathway, and suppressor of 
cytokine signaling inhibitor 3(SOCS3), a member of the 
SOCS family, inhibits STAT3 phosphorylation, reduces 
the production of IL-6 and IL-1β, and is an inhibitor of 
the JAK/STAT3 pathway, an inflammatory signaling 

pathway [66]. In epileptic disorders, downregulation of 
lncRNA 17A promotes brain-derived neurotrophic fac-
tor (BDNF) expression, downregulating the glutamate/
GABA ratio, promoting neuronal growth, and reducing 
neuronal excitotoxicity [67]. However, whether these 
lncRNAs have the same role in SCI is unknown, and their 
mechanism of action needs to be further investigated. 
LncRNAs still have great potential to be studied in the 
treatment of SCI. However, the research on lncRNAs is 
still at the stage of animal experiments, and a large num-
ber of experiments are still needed to verify the validity 
of lncRNAs based on the study of gene expression differ-
ences in SCI rats to predict the relevant lncRNAs.

In summary, SCI often involves multiple complex path-
ological processes that require significant time and effort 
for research. Many studies have investigated the patho-
genesis of SCI and the regulatory role of related lncR-
NAs in SCI. However, these studies still need to form a 
complete regulatory network system. Further studies on 
the functional roles of lncRNAs and their correspond-
ing target genes are needed to understand their complex 
mechanisms of action and expand the targeted therapies 
for SCI.
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