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A b s t r a c t

Introduction: Long non-coding RNAs (lncRNAs) participate in the process of neuropathic pain (NP). Herein, the goal of this 
research was to examine the roles of lncRNA five prime to XIST (FTX) in influencing chronic constriction injury (CCI)-induced NP.
Material and methods: We have established a rat CCI model to simulate NP in vivo. Reverse transcription-quantitative 
PCR (RT-qPCR) was used to detect mRNA levels of FTX, microRNA (miR)-320a, and runt-related transcription factor 2 
(RUNX2) in the spinal cord. This was followed by subsequent regulation of FTX or miR-320a levels in vivo by intrathecal 
injection of overexpression FTX or miR-320a mimic lentivirus. The behaviour of rat NP was assessed by the paw withdraw-
al threshold (PWT) and paw withdrawal latency (PWL). Enzyme-linked immunosorbent assay (ELISA) was used to assess  
the secretion of pro-inflammatory and anti-inflammatory factors in the spinal cord tissue. A correlation between miR-320a 
and FTX or RUNX2 was validated by luciferase reporter. 
Results: FTX levels were reduced in CCI rats (p < 0.05), and miR-320a was a direct target of FTX. Overexpression of FTX 
typically reduced PWL and PWT as well as neuroinflammation thus alleviating NP (p < 0.05). However, increasing miR-320a 
reversed the alleviation of FTX on NP, increased PWL and PWT, and promoted neuroinflammation (p < 0.05). Additionally, 
RUNX2, which is a miR-320a target gene, was significantly repressed in CCI rats and its expression was increased by FTX, 
however, this increase was attenuated by elevated miR-320a (p < 0.05). 
Conclusions: In the CCI-induced NP rat model, FTX attenuates NP and neuroinflammation by regulating the miR-320a/
RUNX2 axis. This provides a new vision for NP treatment. 
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Introduction
Neuropathic pain (NP) is defined as chronic, dis-

abling pain resulting from lesions or diseases of the 
somatosensory nervous system [25]. The prevalence 
of NP is usually 7-10% and occurs after diabetes, spi-
nal cord injury (SCI), stroke, post-herpetic neuropathy 
infection, and toxic effects of chemotherapy drugs [2], 
and is characterized by ectopic pain, nociceptive hyper-
sensitivity, and spontaneous pain symptoms such as 
mood disorders [3]. Although pharmacotherapy, nerve 
blocks, spinal cord stimulation, and surgical treatment 

have been successfully applied in the treatment of 
neuropathic pain [16], however, significant challenges 
remain in its treatment. Therefore, more detailed stud-
ies of its underlying pathogenesis and the development 
of new effective management measures are crucial. 

Long non-coding RNAs (lncRNAs) are linear RNA 
molecules that have no protein-coding ability. Aber-
rant expression of lncRNAs is associated with human 
diseases, particularly in the nervous system, and has 
been postulated as a therapeutic biomarker for neuro-
genic diseases. For instance, lncRNA MALAT1 [26], FIRRE 
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[35], PVT1 [42], and CENDES [44] were identified to be 
involved in the pathological process of NP. Five prime 
to XIST (FTX) is a highly conserved LncRNA, located on 
chromosome Xq13.2, containing 2300 nucleotides. FTX 
is remarkably reduced in hepatitis B virus-associated 
cirrhosis and is associated with inflammation [22] and 
is a causative gene in rheumatoid arthritis [8]. FTX was 
significantly inhibited in hippocampal neuronal cells in 
both rats suffering from cerebral ischemia-reperfusion 
injury and in vitro oxygen-glucose deprivation/reoxygen-
ation and increasing FTX reduced neuronal cell apoptosis 
and improved neural injury [34]. Additionally, inflamma-
tion and SCI are major contributions to the development 
of NP [42], and FTX has been reported to be involved in 
inflammation and SCI repair in microglia [39]. Of more 
interest is that Su et al. explored differentially expressed 
lncRNAs in the spinal cord after nerve injury, in which 
FTX was greatly downregulated [31]. Nevertheless,  
the regulatory mechanism of FTX in NP is unknown. 

The current research focused on the role of FTX in 
NP and its molecular regulatory mechanism by estab-
lishing a rat model of chronic constriction injury (CCI), 
which may serve as novel insights and a broader thera-
peutic choice for the treatment of NP.

Material and methods
Animal research
Permission for the research was received from  

the First Affiliated Hospital, Zhejiang University School 
of Medicine Ethics Committee, and to conduct all 
experiments following the NIH Guide for care and use 
of laboratory animals. Additionally, this study followed 
the relevant regulations of the International Associa-
tion for the Study of Pain (IASP) to reduce discomfort 
in rats. The Shanghai Laboratory Animal Centre pro-
vided 90 female Sprague-Dawley (SD) rats, weighing  
290-380 g, housed in a  laboratory animal centre at 
20-25°C, 50-52% humidity, with a 12-h light/dark cycle, 
and with free access to food and water.

Experimental design and grouping 
Sprague-Dawley rats were randomly divided into 

a sham group and a CCI group after one week of adap-
tation to the environment. Subsequently, to examine 
the role of FTX in NP rats, the model group was further 
divided into the CCI + LV-NC group (a negative control 
lentiviral vector) and the CCI + LV-FTX group (FTX over-
expression lentiviral). In another batch of rats, LV-miR-
320a (miR-320a mimic lentivirus) and LV-miR-NC (cor-
responding control miRNA lentivirus) were intrathecally 
injected into CCI + LV-FTX rats to investigate the poten-
tial roles of FTX in NP. Among them, LV-FTX and LV-NC 
were obtained from GeneChem (Shanghai, China) 

LV-miR-320a (miR-320a mimic lentivirus); LV-miR-NC 
were constructed by RiboBio (Guangzhou, China).

Chronic constriction injury rat model 
construction
According to previous studies [19], CCI models were 

constructed to simulate NP in vivo. Briefly, 60 mg/kg 
pentobarbital was administered intraperitoneally to 
anesthetize the rats after one week of adaptation to 
the feeding environment. After a  3 cm incision was 
made in the skin between the gluteus and biceps fem-
oris muscles on each side, the subcutaneous tissue and 
muscle membrane were separated to expose the sciatic 
nerve trunk. Surrounding loose connective tissue was 
separated, and the sciatic nerve approximately 7 mm 
in length, was isolated with a glass microneedle. Sub-
sequently, a 4-0 chromic gut suture ligation was per-
formed 2 mm above the trigeminal nerve region and  
3 ligations were performed at 1 mm intervals with just 
enough pressure on the suture to produce a slight ther-
mal scald. Only the isolated sciatic nerve was revealed 
in the sham group and was not ligated. Rats were euth-
anized at the end of all experiments using an overdose 
of pentobarbital sodium (120 mg/kg). And it was con-
firmed by pupil dilation, muscle relaxation, and com-
plete cardiac arrest. The dorsal spinal cord tissue from 
L4 to L6 was acquired on days 0, 1, 3, 5, 7, 14, and 21 
respectively. 

Intrathecal catheter injection
According to the method of previous studies, pento-

barbital was injected intraperitoneally for anaesthesia, 
a  skin incision was made in the midline region of the 
lumbar spine (L4-S1), and a  poluethylene-10 (PE-10,  
18 ±2 cm) catheter was implanted in the rat through  
the area between L4 and S1 and advanced caudally 
about 7.8 cm to the subarachnoid space at the lumbar 
enlargement and in the posterior cervical region and the 
top of the occipital region. Additionally, intrathecal 10 μl 
of 5% lidocaine injection and immediate post-anaes-
thesia bilateral hind limb paralysis proved the success-
ful placement of the tube. The rats were recovered for 
two days and then used for other experiments. After CCI 
operations, the lentiviral vectors LV-FTX, LV-NC, LV-miR-
320a, and LV-miR-NC were infected by intrathecal injec-
tion at 1 × 107 TU/0.1 ml for 3 consecutive days. 

Pain threshold assessment
Paw withdrawal threshold (PWT) was applied to 

examine mechanical pain. Rats were exposed to a clear 
plastic box (22 × 12 × 22 cm) containing a metal mesh 
liner at 0, 3, 7, 14, and 21 days postoperatively. After 
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domestication, a  calibrated Von Frey plantar senso-
ry apparatus with a  thin wire lead was positioned on  
the plantar surface of the rat’s hind paw and pressure 
was applied. The pressure applied during contraction was 
recorded by the instrument when the paw contracted, 
and the facility cut-off value was 50 g. The average value 
of pressure after three consecutive stimuli was taken. 

Paw withdrawal latency (PWL) was performed 
via the BEM-410 automated thermal pain stimulator 
device to assess thermal hyperalgesia. The rats were 
placed in a clear glass box with raised glass, and the 
surface of the left hind paw was exposed to a radiant 
heat source separated by a  glass plate for the time 
between stimulation and paw retraction and the mean 
of three consecutive test results was taken. A 30 s cut-
off time was performed to prevent tissue burns in rats 
during the experiment. 

Reverse transcription-quantitative PCR
Rat L4-L5 spinal cord tissues were obtained separa- 

tely, and total RNA was extracted and isolated by TRIzol 
reagent. A  Nanodrop spectrophotometer checked the 
purity and concentration of RNA. Reverse transcrip-
tion of 500 ng RNA complementary DNA by FastKing 
gDNA Dispelling RT SuperMix kit or miRcute Plus miR-
NA First-Strand cDNA kit. Reverse transcription-quan-
titative PCR (RT-qPCR) amplification reactions were 
undertaken on a  LightCycler 480 machine using cDNA 
as a  template and mixing primers and reagents from 
the SuperReal PreMix Plus (SYBR) and miRcute Plus 
miRNA qPCR kit (SYBR Green). GAPDH and U6 for nor-
malizing LncRNA, mRNA, and miRNA expression were 
used as internal controls. And they were calculated 
in 2−ΔΔCt and performed in triplicate. The RT-qPCR was 
conducted using the following primer sequences: 
FTX: 5’-GAATGTCCTTGTGAGGCAGTTG-3’ (forward) and 
5’-TGGTCACTCACATGGATGATCTG-3’ (reverse); miR-
320a: 5’-GGGCTAAAAGCTGGGTTGA-3’ (forward) and 
5’-CAGTGCGTGTCGTGGAGT-3’ (reverse); RUNX2 5’-CAT-
GGCCGGGAATGATGAG-3’ (forward) and 5’-TGTGAAGAC-
CGTTATGGTCAAAGTG-3’ (reverse); GAPDH: 5’-GGA- 
TGCTGGAGGTCTGCGAGGAAC-3’ (forward) and 5’-GAGA- 
GGAAGCGTGTGAGGCGGTAG-3’ (reverse); U6: 5’-GCAG-
GAGGTCTTCACAGAGT-3’ (forward) and 5’-TCTAGAGGA- 
GAAGCTGGGGT-3’ (reverse). RT-qPCR analysis was car-
ried out as follows: 95°C for 15 min, followed by 40 cyc- 
les of 95°C for 15 s, 55°C for 30 s and 70°C for 30 s. 

Enzyme-linked immunosorbent assay
Inflammation factors, interleukin (IL)-6, tumor ne- 

crosis factor α (TNF-α), IL-1β, IL-4 and IL-10 in rats’ 
spinal cord tissues were measured by enzyme-linked 
immunosorbent assay (ELISA) kit. Rat IL-6 ELISA kit 

(ab234570), rat TNF-α ELISA kit (ab234712), rat IL-1β 
ELISA kit (ab255730), rat IL-10 ELISA kit (ab214566), 
and rat IL-4 ELISA kit (ab100770) were obtained from 
Abcam (Cambridge, MA, USA). Briefly, postoperative 
(14 days’) rat spinal cord tissue was spiked with the 
protein lysate RIPA. 3 h after lysis, the supernatant was 
collected by centrifugation at 10,000 rpm for 10 min. 
We set up standard wells and sample wells on the ELISA 
plate, and diluted samples and protein standards added 
and incubated at 37°C for 90 min, washed and second-
ary antibody was added, and incubated at room tem-
perature for 2 h, measured absorbance at 405 nm after 
incubation at room temperature with nitrobenzene 
phosphate, and protein concentration was calculated. 

Dual-luciferase reporter analysis
The binding sites of FTX and runt-related transcrip-

tion factor 2 (RUNX2) were combined with miR-320a by 
the online software StarBase 3.0 and miRWalk. Wilde- 
type (WT) and mutant (MUT) containing miR-320a bind-
ing sites were constructed and subcloned onto the lucif-
erase reporter plasmid pmirGLO to form the FTX-WT, 
RUNX2-WT, FTX-MUT, and RUNX2-MUT plasmids, respec-
tively. 293T were inoculated in 48-well plates and miR-
320a mimic or inhibitor was mixed with 200 ng of FTX-
WT, RUNX2-WT, FTX-MUT, and RUNX2-MUT plasmids, 
and supplemented with Lipofectamine 2000 at room 
temperature for 20 min and then dropped the mixture 
into 293T. And the cells were lysed after 48 h, and the 
activity was evaluated by Dual-luciferase reporter assay 
(Promega).

Statistical analysis
GraphPad Prism 6 software was applied for data 

processing. At least triplicate analyses were performed 
with measurements expressed as mean ±SD. Student’s 
t-test and one way ANOVA by Tukey’s multiple com-
parison post hoc test was conducted to evaluate the 
statistical significance between two or multiple groups. 
Statistical significance was established at p < 0.05.

Results

FTX was downgauged in rats 
undergoing CCI
After the CCI rat model was constructed, the PWT and 

PWL were first measured. As shown in Figure 1A, B, both 
PWL and PWT were significantly lower in the CCI group  
(p < 0.05). The results verified that the CCI models were 
successfully constructed. ELISA indicated that the CCI 
caused the release of pro-inflammatory factors TNF-α, 
IL-6, and IL-1β (p < 0.05, Fig. 1C) and suppressed the 
anti-inflammatory factors IL-4 and IL-10 (p < 0.05, Fig. 1D). 
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Critically, the mRNA levels of FTX were time-dependently 
reduced in the CCI group (p < 0.05, Fig. 1E). Therefore, 
we speculate whether the down-regulated FTX regulates 
neuro-inflammation and is involved in NP progression. 

Elevated FTX alleviates NP in CCI rats
To examine the potential functions of FTX in CCI- 

induced NP progression, the intrathecal LV-FTX virus 
was injected to overexpress FTX for loss-of-function 
experiments. CCI + LV-FTX dramatically increased FTX 
mRNA expression in the rat spinal cord compared 
with CCI + LV-NC (p < 0.05, Fig. 2A). Additionally, the 
CCI model-induced PWT was significantly restored due 
to the increase in FTX (p < 0.05, Fig. 2B). Consistently, 
PWL was markedly increased in the FTX overexpressed 
group of LV-FTX compared to CCI + LV-NC (p < 0.05,  
Fig. 2C). Based on the above study, it was confirmed 
that FTX increase alleviated NP behaviour in CCI rats. 

Increased FTX attenuates  
the neuroinflammation in vivo
Subsequently, we further examined the regulation 

of neuroinflammatory factor secretion by increased FTX 

in a CCI rat model. ELISA results showed that CCI-in-
duced secretion of pro-inflammatory factors (TNF-α, 
IL-6, and IL-1β) were markedly inhibited by overexpres-
sion of FTX (p < 0.05, Fig. 3A). What is more, compared 
to the CCI + LV-NC group, the secretion of anti-inflam-
matory factors (IL-4 and IL-10) was increased in the 
elevated FTX group (p < 0.05, Fig. 3B). Thus, the data 
support that reduced FTX may exacerbate the progres-
sion of NP by promoting neuroinflammation. 

MiR-320a functions as a target of FTX

We attempted to understand the mechanisms by 
which FTX regulates NP. StarBase database found that 
FTX has bound to miR-320a (Fig. 4A). And the dual-lu-
ciferase reporter displayed that the luciferase activity 
of FTX-WT was reduced upon con-transfection with 
miR-320a mimic (p < 0.05, Fig. 4B), while no statistical 
difference was observed for FTX-MUT. What is more, 
miR-320a levels were higher in CCI rats as the post-
operative time increased (p < 0.05, Fig. 4C). Overex-
pression of FTX significantly suppressed the increase 
of miR-320a caused by CCI induction (p < 0.05, Fig. 4D).
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Elevated miR-320a reversed the 
alleviation of NP behaviour and neuro-
inflammation by overexpression of FTX

The effects of miR-320a on the NP behaviour and 
neuro-inflammation were then analysed. There was 
a significant elevation of miR-320a in CCI + LV-FTX rats 
by intrathecal injection of LV-miR-320a (p < 0.05, Fig. 5A), 
which reversed the inhibition of miR-320a by FTX. 
Additionally, elevated miR-320a also suppressed the 
increase in PWL and PWT compared to CCI + LV-NC 
+ LV-miR-NC, reversing the alleviation of FTX on NP 
behaviour in CCI rats (p < 0.05, Fig. 5B, C). In terms of 
neuroinflammation, increased miR-320a reversed the 
suppression of pro-inflammatory factors and promo-
tion of anti-inflammatory factors by FTX, increasing 
the neuroinflammatory response (p < 0.05, Fig. 5D, E). 
In conclusion, FTX may regulate neuroinflammation 

through adsorption of miR-320a and thus participate 
in NP progression. 

RUNX2 was a direct target of miR-320a
To illustrate the specific mechanism of NP repres-

sion by FTX/miR-320a, we searched for the target of 
miR-320a. miR-320a has a  binding sequence with 
RUNX2 (Fig. 6A). And dual-luciferase reporter dis-
played that miR-320a mimic suppressed the lucifer-
ase activity of RUNX2-WT (p < 0.05, Fig. 6B) and had 
no effect on RUNX2-MUT. Additionally, RUNX2 was 
typically reduced in the spinal cord of CCI rats with 
increasing duration of surgery (p < 0.05, Fig. 6C). Final-
ly, elevated FTX increased the expression of RUNX2 in 
CCI rats, while overexpression of miR-320a diminished 
this facilitation (p < 0.05, Fig. 6D). These results con-
firmed that miR-320a directly acts on RUNX2 involved 
in NP progression. 
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Discussion

Neuropathic pain is a complex chronic pain, caused 
by disease or trauma that disrupts the neuroplasti-
city of the somatosensory system and induces neu-
roinflammation resulting in neuropathy [21]. Com-
mon drugs such as anticonvulsants acting on calcium 
channels, tricyclic antidepressants (amitriptyline), and 
5-hydroxytryptamine noradrenaline reuptake inhibi-
tors (duloxetine) only moderately alleviate NP but do 
not fully address the underlying pathophysiology, mak-
ing it particularly critical to developing new targets for 
the treatment of NP [20,38]. 

The bilateral sciatic nerve chronic CCI model is con-
sidered to be a representative model for humans suf-
fering from NP [10]. To better understand the molecular 
mechanism of NP, we used the CCI model to simulate the 
occurrence of NP. Although the death of 1 rat existed at 
the time of model construction, we took into account 

the expected mortality rate before the experiment 
and thus we constructed the model in more rats than 
planned. Herein, we observed that both PWT and PWL, 
indicators of NP severity, were significantly suppressed 
in the model group with increasing time, which is con-
sistent with previous findings [43]. The results suggest 
that we have successfully constructed an in vivo NP 
model in rats. Furthermore, chronic inflammation leads 
to neurological dysfunction, which is the main cause of 
NP, and therefore the treatment of NP usually focuses 
on suppressing the inflammation [43]. Similar to pre-
vious studies, we found that pro-inflammatory factors 
were significantly increased, while anti-inflammatory 
factors were significantly suppressed in the spinal cord 
tissue of CCI model rats [27,28]. 

Dysregulated lncRNAs assume critical function in 
neuronal injury and neuroinflammation, and most are 
involved in NP progression. LncRNA p21 is implicated in 
glial cell apoptosis and inflammatory response through 

Fig. 4. miR-320a functions as a target of FTX. A) Binding site sequences of miR-320a and FTX predicted by 
StarBase database. B) Dual-luciferase reporter to check the targeting between FTX and miR-320a. C) RT-qPCR 
was applied to explore the mRNA levels of miR-320a in the rat spinal cord. D) mRNA levels of miR-320a in 
rat spinal cord tissue after intrathecal injection of LV-FTX. n = 10; ***p < 0.001 vs. sham group or miR-NC, 
###p < 0.001 vs. CCI + LV-NC.
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the regulation of miR-181b/TNFAIP 1 thus participating 
in the progression of NP [24]. Upregulated MEG3 exac-
erbates NP in CCI rats as well as LPS-induced astrocyte 
inflammatory release and expression [9]. 

The potential role of dysregulated FTX has been 
noted in asthma [29], NAFLD [36], and colorectal cancer 
[45]. Previously, it has been shown that FTX covalently 
attenuates epilepsy-induced apoptosis in hippocampal 
neurons and exerts neuroprotective effects [18]. Neur-
ite growth is closely associated with neuronal degen-
eration after central nervous system (CNS) injury, and 
FTX overexpression eliminated the Nogo-66-induced 
reduction in neurite length [47]. Previous studies have 
confirmed that the rat’s hind paw is susceptible to NP 
after prolonged ischemia-reperfusion [14], while FTX 
is significantly reduced in SD rats with cerebral isch-
emia-reperfusion [34]. Spinal cord injury is one of the 
major causes of NP, FTX is abnormally decreased after 
spinal cord injury, and its knockdown promotes the 

induction of inflammatory response by LPS [42]. Here-
in, we discovered that FTX mRNA levels declined sig-
nificantly with increasing time after CCI surgery. And 
when FTX was overexpressed in CCI rats, it significantly 
attenuated NP-related behaviours, PWL and PWT, and 
suppressed the inflammatory response induced by CCI. 

LncRNAs are known to adsorb miRNAs, there-
by diminishing the regulation of mRNA by miRNAs. 
Numerous miRNAs have been reported to be involved 
in reporting various diseases such as neuropathy, car-
diovascular diseases, cancer, as well as NP. For exam-
ple, miR-138, miR-140, and miR-223 are involved in the 
progression of NP [13,17,46]. One study analysed dif-
ferential miRNA expression in plasma from neuropathic 
chronic musculoskeletal pain patients and found that 
miR-320a was significantly reduced [6]. Ischemic pre-
conditioning is involved in neuroprotection in diabetic 
rats through modulation of miR-320a [1]. Additionally, 
miR-320a was identified as an inflammatory regulator 
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sia. ELISA was employed to assess the effect of elevated miR-320a in chronic constriction injury (CCI) rats 
on the secretion of pro-inflammation (D) and anti-inflammation factors (E). n = 10; ***p < 0.001 vs. sham 
group, ##p < 0.01, ###p < 0.001 vs. CCI + LV-NC, &&p < 0.01, &&&p < 0.001 vs. CCI + LV-FTX + LV-miR-NC.
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and was reported to be associated with inflammatory 
bowel disease [5], atherosclerosis [40], and acute lung 
injury [15]. The targeting relationship between miR-
320a and FTX was confirmed in osteosarcoma [12]. 
Our study identified potential binding sites for FTX and 
miR-320a, and the dual-luciferase reporter confirmed 
them. And miR-320a was typically increased in CCI rats 
and FTX inhibited the level increase, but this inhibition 
was typically attenuated when miR-320a was overex-
pressed. Additionally, elevated miR-320a significantly 
attenuated the mitigating effect of FTX on NP behaviour 
and neuro-inflammation. 

RUNX2 has been described as a transcription factor 
for osteoblast differentiation, with the potential role in 
inflammation as well as neurological damage in addi-
tion to bone-related diseases. Wang et al. discovered 
that RUNX2 was upregulated in sciatic nerve injury and 
was involved in the palliative effect of curcumin [33]. 
It was also involved in nerve protrusion growth and 

migration after sciatic nerve compression [7]. RUNX2 
is involved in the inflammatory response in a  variety 
of diseases, such as cardiac aortic valve calcification 
[30], vascular injury repair [37], osteoarthritis [23], and 
atherosclerosis [4]. More importantly, the targeting 
relationship of RUNX2 with miR-320a was confirmed in 
polycystic soft nest syndrome [41], osteoarthritis [32], 
and MSC adipocyte differentiation [11]. RUNX2 was 
found to target binding to miR-320a in our study and 
RUNX2 was reduced in CCI rats. There are undeniable 
limitations of this study. The role of the FTX/miR-320a/
RUNX2 axis in pain needs to be validated in more rat 
samples and clinical samples. Overall, the association 
of the FTX/miR-320a/RUNX2 axis in the progression of 
NP was demonstrated for the first time in this study. 
We showed that FTX attenuates NP-related behaviours 
and neuroinflammation in CCI-induced NP rat models 
by inhibiting miR-320a/RUNX2.

Fig. 6. RUNX2 was a direct target of miR-320a. A) The binding sequence between miR-320a and RUNX2.  
B) Dual-luciferase reporter analysis was applied to verify the relationship between miR-320a and RUNX2.  
C) mRNA levels of RUNX2 in rat spinal cord after chronic constriction injury (CCI) surgery. D) mRNA levels of 
RUNX2 in rat spinal cord tissue after intrathecal injection of LV-FTX + LV-miR-320a. n = 10; **p < 0.01, ***p < 0.001 
vs. sham group or miR-NC, ###p < 0.001 vs. CCI + LV-NC, &&&p < 0.001 vs. CCI + LV-FTX + LV-miR-320a.
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