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Original Article

The long intergenic non-protein coding RNA 472 (LINC00472) 
aggravates neuropathic pain through the microRNA-300/high 
mobility group box protein 1 axis: a study using the chronic 
constrictive injury rat model
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Background: This study investigated the role and molecular mechanisms of the long intergenic non-
protein coding RNA 472 (LINC00472) in neuropathic pain using a chronic constrictive injury (CCI) rat 
model.
Methods: CCI rat model was established and PC12 cells were induced by LPS to simulate 
neuropathological injury in vivo and in vitro. The levels of LINC00472, miR-300, and high mobility group 
box protein 1 (HMGB1) in the spinal cord tissue of CCI rats and PC12 pheochromocytoma cells were 
assessed by qRT-PCR and western blot. The effects of LINC00472 on neuropathic pain in the CCI rats 
were observed by their pain behavior. ELISA was used to detect the levels of inflammatory cytokines in rat 
tissues and cells. The molecular mechanisms of LINC00472 were verified by luciferase experiments, RNA 
immunoprecipitation, and RNA pull down assays. 
Results: The expression of LINC00472 and HMGB1 were upregulated, and the expression of miR-300 
was downregulated in the spinal cord tissues of CCI rats and in PC12 cells. The upregulation of LINC00472 
in CCI rats significantly induced the occurrence of neuropathic pain. In addition, downregulation of 
LINC00472 inhibited the inflammatory response of CCI rats and PC12 cells. This study identified miR-300 
as a target gene of LINC00472, and HMGB1 as the target gene of miR-300. Further experiments confirmed 
that the expression of anti-miR-300 could partially reverse the anti-inflammatory effects and the reduction of 
neuropathic pain induced by low expression of LINC00472.
Conclusions: LINC00472 promotes the progression of neuropathic pain by reducing miR-300 expression 
and increasing HMGB1 expression. The LINC00472/miR-300/HMGB1 axis may be a novel therapeutic 
target for neuropathic pain.
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Introduction 

Neuropathic pain is caused by the injury or dysfunction 
of the somatic nervous system. It has a high incidence 
in the 40–60-year-old age group and in the elderly (1,2), 
and is characterized by hyperalgesia, abnormal headaches, 
and hypoalgesia (3). The pathogenesis of neuropathic 
pain is complex, and treatment is difficult. Recently, the 
neuroimmune mechanism has been widely recognized by 
researchers. Immune cells and glial cells are activated in the 
state of neuropathic pain and communicate with neurons by 
releasing a large number of inflammatory mediators (such as 
cytokines, chemokines, etc.). These inflammatory mediators 
can regulate inflammatory response and pain-related signal 
transduction by interacting with neurotransmitters and 
their receptors. Thus it plays a vital role in the occurrence 
and development of neuropathic pain (4,5). Currently, the 
first line treatment for neuropathic pain includes analgesics, 
antidepressants, and NMDA antagonists. However, the 
clinical efficacy is unclear and thus, their clinical application 
is limited (6). Therefore, it is crucial to understand the 
mechanisms underlying neuropathic pain so as to develop 
effective prevention and treatment strategies.

Long non-coding RNAs (lncRNAs) are important RNA 
molecules located in the nucleus or cytoplasm of the cell. The 
expression of lncRNAs is more specific to the protein coding 
gene than to a specific tissue or cell type (7). LncRNAs can 
participate in post transcriptional gene regulation as well 
as RNA maturation and transport by controlling protein 
synthesis and transcriptional gene silencing by modifying 
chromatin structure (8). Studies on gene knockout animal 
models have shown that a variety of lncRNAs may play 
important roles in nervous system functions and the onset of 
numerous diseases. Indeed, there has been some experimental 
evidence to support the development therapies that target 
lncRNAs (9,10). Liu et al. showed that lnc-DILC (lncRNA 
downregulated in liver cancer stem cells) exacerbated 
neuropathic pain by activating the JAK2/STAT3 pathway via 
suppressor of cytokine signaling 3 (SOC3) (11). Similarly, 
upregulating the lncRNA LOC100911498 promoted 
neuropathic pain and nerve injury (12). The long intergenic 
non-protein coding RNA 472 (LINC00472) has been shown 
to play an important role in the progression of cancer (13,14). 
In addition, studies have shown that LINC00472 aggravates 
lipopolysaccharide (LPS)-induced inflammatory responses 
by regulating the microRNA (miR)-373-3p/tripartite motif 
containing 8 (TRIM8) axis in acute liver injury (15). This 
suggested that LINC00472 is involved in the progression of 

inflammation. However, the regulatory role of LINC00472 
on inflammation in neuropathic pain has not been fully 
elucidated. 

MicroRNAs (miRNAs) are non-coding functional RNAs 
that negatively regulate polygene expression. Functional (or 
mature) miRNAs recognize and bind to certain homologous 
sequences in the 3'-untranslated regions (3'-UTRs) of 
mRNAs. To date, there have been many studies examining 
the application of miRNAs in the diagnosis and treatment 
of diseases (16,17). The regulation of miRNA-related gene 
expression is involved in the occurrence and development 
of learning and memory, neural remodeling, and neuronal 
degradation diseases (18). Studies have shown that miRNAs 
may play an important role in changing the expression of 
pain-related proteins. For example, studies have shown 
that miR-128-3p could alleviate neuropathic pain (19). 
Furthermore, miR-300 targets high mobility group box 
protein 1 (HMGB1) relieves cancer-induced neuropathic 
pain (20). However, the role of miR-300/HMGB1 in 
neuropathic pain is unclear. Other studies have also shown 
that downregulation of LINC00472 by targeting miR-128-
3p and downregulation of aquaporin 4 (AQP4) regulated the 
progression of spinal cord traumatic neuropathic pain (21). 
The lncRNA MALAT1 has also been shown to promote 
the progression of neuropathic pain through the miR-154-
5p/AQP9 axis (22). In addition, Zhang et al. showed that 
the downregulation of LINC00472 promoted the incidence 
of osteosarcoma by reducing FoxO1 expression through 
miR-300 (23). However, the precise role of LINC00472 in 
regulating miR-300 in neuropathic pain is unclear.

This study explored the roles and mechanisms of 
LINC00472 in neuropathic pain. Chronic constrictive 
injury (CCI) was established in rats as a model of 
neuropathic pain and the degree of pain and inflammation 
was assessed. The study demonstrated that the expression of 
LINC00472 was upregulated in CCI rats and miR-300 was 
the direct target of LINC00472. Further studies confirmed 
that the interaction between LINC00472, miR-300, and 
high mobility group box protein 1 (HMGB1) was associated 
with neuropathic pain. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://dx.doi.org/10.21037/apm-21-2651).

Methods

Ethical statement

Animal experiments were approved by The First Affiliated 

https://dx.doi.org/10.21037/apm-21-2651
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Hospital of Southern University of Science and Technology 
Ethics Committee, and was compliance with the First 
Affiliated Hospital of Southern University of Science and 
Technology institutional guidelines for the care and use of 
animals. A protocol was prepared before the study without 
registration.

Construction of the chronic constrictive injury (CCI) model

Specific pathogen-free Sprague Dawley (SD) rats were 
purchased from Beijing Animal Research Institute. Ten SD 
rats, half male and half female, were about 9 weeks old. The 
weight of female was 240 g and that of male was 290–380 g.  
Rats were housed in a quiet room with good ventilation 
and air filtration, maintained at 20–25 ℃ and 50% relative 
humidity, with a 12 h:12 h light and dark cycle. Animals 
were given free access to water and food and bedding was 
changed daily. The rats adapted to the environment for  
3 days prior to experiments. Animals were randomly divided 
into a sham operation group (n=5) and a model group (n=5). 
The CCI model was constructed as described previously (19). 
Briefly, rats underwent bilateral sciatic nerve ligation under 
pentobarbital (50–70 mg/kg) anesthesia. A 3 cm incision was 
made into the skin between the gluteal muscle and biceps 
femoris. The subcutaneous tissue and muscle membrane 
were passively separated, the trunk of sciatic nerve was 
exposed and a 7 mm long sciatic nerve was dissociated with 
a glass minute needle. Three loose knots with an interval of  
1 mm were tied with 4-0 chromium catgut to ligate the sciatic 
nerve trunk until a short twitch was observed. In the sham 
operation group, the sciatic nerve was exposed and isolated, 
but not ligated. 

Behavioral testing of the animal model

The mechanical pain threshold and the cold pain 
threshold were measured between 9:00–11:00 am every 
day for 3 consecutive days before the operation and 
again at days 0, 3, 7, 10, and 14 after the operation. 
To determine the mechanical pain threshold, rats 
were placed on a steel wire grid frame covered with a 
breathable plexiglass box for 10 minutes to adapt to the 
environment, and the mechanical pain threshold of the 
soles of both feet was measured with von Frey filaments. 
Each foot was measured three times and the average 
value was determined. To determination the cold pain 
threshold, a 1 mL syringe was used and 0.1 mL acetone 
was dropped on the plantar of the rats. Retraction of 

the foot indicated a positive response. Each plantar was 
assessed 5 times with an interval of 2 min and the positive 
rate (out of 10) for each rat was determined. 

Cell culture and transfection

Rat pheochromocytoma PC12 cells were obtained from 
American Type Culture Collection (ATCC; Manassas, VA, 
USA). Cells were cultured in Dulbecco Modified Eagle 
Medium (DMEM; Gibco, Thermo Fisher Scientific, Inc., 
Waltham, Ma, USA) supplemented with 10% fetal bovine 
serum (FBS; Invitrogen, USA), 100 units/mL penicillin, and 
100 mg/mL streptomycin in a humidified environment of at 
37 ℃ containing 5% CO2. The short hairpin RNA (shRNA) 
of LINC00472 and LINC00472 (RIBOOCO, Guangzhou, 
China), as well as miR-300, a miR-300 inhibitor, and a miR 
negative control were synthesized. Cells were transfected 
using Lipofectamine 2000 (Invitrogen) according to the 
manufacturer’s instructions.

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR)

The total RNA from cells was extracted using TRIzol 
reagent (Thermo Fisher Scientific). The first strand of 
cDNA was synthesized by reverse transcription followed 
by amplification of the lipocalin-2 mRNA fragment using 
abi7300 fluorescence quantitative PCR. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used as 
the internal reference gene and the relative value of 
the target gene was determined using the following 
equation: RQ =2−∆∆Ct. The primer sequences used in the 
experiment were all synthesized by Guangzhou Ruibo 
Biology Co., Ltd. β-actin was the standardized internal 
parameter of LINC00472 and HMGB1 mRNA, and 
U6 was the standardized internal parameter of miR-300.
The gene specific primers were as follows: LINC00472 
( forward:  5 '-CAACACAACACAGGAGGGGA-3' ; 
reverse: 5'-CCAAATAACGGGGGCTACCA-3'); miR-
300 (forward: 5'-CCGGTTCAAGAGGAGACCAG-3'; 
reverse:  5 '-GGAGGGTAATTGAGGAAGGA-3') ; 
HMGB1 (forward: 5'-ACATCCAAAATCTTGATC 
AGTTA-3'; reverse: 5'-AGGACAGACTTTCAAAAT 
GTTT-3'); β-actin (forward: 5'-TGAGAGGGAAATCGT 
GCGTGAC-3'; reverse: 5'-AAGAAGGAAGGCTGGA 
AAAGAG-3'); U6 (forward: 5'-CTCGCTTCGGC 
AGCACAT-3'; reverse: 5'-AACGCTTCACGAATTT 
GCGT-3'). 
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Enzyme-linked immunosorbent assay (ELISA)

Protease inhibitors were added to cell lysates. The supernatant 
was centrifuged for 25 minutes at 4 ℃ at 14,000 g. The 
ELISA Kit (Invitrogen, USA) was used to detect the levels 
of interleukin-(IL)1β, IL-6, IL-4, IL-10, and tumor necrosis 
factor (TNF)-α.

Double luciferase experiments

The LINC00472 sequence was amplified and incorporated 
downstream of the luciferase gene in the pmirGLO 
plasmid (Promega, Fitchburg, WI, USA) to obtain pMIR-
LINC00472-WT. To obtain a mutant structure (pMIR-
LINC00472-MUT), a fragment containing a mutant target 
was designed. The pMIR-LINC00472-WT and pMIR-
LINC00472-MUT, as well as miR-300 mimics and miR-
negative control (NC), were co-transfected into human 
embryonic kidney HEK-293T cells with Lipofectamine 
3000 (Thermo Fisher Scientific, Inc.). The Luciferase 
Reporter Assay System (Promega) was used to detect the 
luciferase activity 48 hours after transfection.

Western blot analysis

Total protein was extracted from cells and the protein 
concentration was measured using the BCA method. Protein 
samples were stored at −80 ℃ until use. Following protein 
denaturation, 20 μg protein/sample was loaded and separated 
by electrophoresis on a 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) gel. Samples 
were then transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Bedford, Ma, USA) at a constant 
current of 300 mA. Membranes were blocked at room 
temperature with Tris-buffered saline solution with Tween 20 
(TBST) containing 5% skimmed milk for 1 hour, followed by 
probing with the primary antibody anti-HMGB1 (ab18256, 
Abcam, Shanghai, China) at 4 ℃ overnight. Membranes 
were then washed with TBST 4 times for 8 min each time 
and incubated with the corresponding secondary antibody 
(1:2,000 dilution) for 1.5 h at room temperature. Following 
another 4 washes in TBST, protein bands were visualized 
by X-ray development using the Pierce ECL Western Blot 
Substrate Kit (Thermo Fisher Scientific).

RNA immunoprecipitation (RIP)

RIP was performed using the Magna RIP RNA Binding 

Protein Immunoprecipitation Kit (Millipore, Bedford, Ma, 
USA) according to the manufacturer’s instructions. Briefly, 
2×107 cells were lysed and the resultant lysate was incubated 
with magnetic beads bound to normal mouse IgG (negative 
control) or human anti-ago2 antibody (Micropores). The 
immunoprecipitated RNA was extracted, and the bound 
target was confirmed by qRT-PCR and visualized via gel 
electrophoresis.

RNA pull-down assays

LINC00472 or antisense RNA was labeled with a biotin RNA 
labeling mixture (Roche, Mannhei, Germany) and incubated 
with streptavidin beads (Thermo, CA, USA) overnight at 4 ℃.  
The mixture was then centrifuged at 3,000 g at 4 ℃ for  
1 minute followed by 3 washes with washing buffer. A total of 
2×107 cells were lysed and the resultant lysate was incubated 
with the bead biotin complexes at room temperature for  
1 h. After washing with the washing buffer, the RNA bound 
to the beads was captured and extracted with Trizol for 
subsequent qPCR analysis. 

Statistical analysis

All experiments were repeated at least 3 times and the data 
was analyzed using SPSS 17.0 statistical software (SPSS 
Inc., Chicago, IL, USA). The mean ± standard deviation 
(x ± s) was used to describe the normal distribution of the 
measured data, the variance analysis was used to compare 
the measured data between groups, the Least Significant 
Difference (LSD) method was used to compare two 
groups, and the t test was used to compare the measured 
data between two groups. A P value <0.05 was considered 
statistically significant.

Results

LINC00472 participates in the development of neuropathic 
pain in the chronic constrictive injury (CCI) rat model

To determine the role of LINC00472 in neuropathic 
pain, a rat model of chronic constrictive injury (CCI) 
was constructed and the time-dependent expression of 
LINC00472 was assessed. In the CCI rats, the expression 
of LINC00472 in the L4–L6 spinal cord dorsal tissue was 
elevated compared to rats in the sham operation group 
(control group) on post-operative days 0, 3, 7, 10, and  
14 (Figure 1A). In addition, CCI rats were injected with a 
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Figure 1 LINC00472 is involved in the progression of neuropathic pain in the CCI rat model. (A) qRT-PCR showing the expression of 
LINC00472 in the dorsal tissue of the L4–L6 spinal cord of control rats and CCI rats. (B) CCI rats were injected with lv-LINC00472 
or the relevant negative control (lv-NC). The level of LINC00472 expression was detected by qRT-PCR. (C-F) The mechanical pain 
threshold and the cold pain threshold of the left and right foot. *P<0.05; **P<0.01; ***P<0.001. CCI, chronic constrictive injury; qRT-PCR, 
quantitative reverse transcription polymerase chain reaction; NC, negative control.
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lentivirus vector containing LINC00472 (lv-LINC00472) 
and the transfection efficiency was verified (P<0.05; 
Figure 1B). The role of LINC00472 in the progression of 
neuropathic pain was assessed through measurements of 
the mechanical pain threshold and the cold pain threshold. 
Rats in the CCI group had significantly lower mechanical 
pain threshold and lower cold pain threshold in both feet 
compared to rats in the sham group at post-operative days 7, 
10, and 14. In CCI rats treated with lv-LINC00472, both the 
mechanical pain threshold and the cold pain threshold were 
further reduced (Figure 1C-1F). These results demonstrated 
that upregulation of LINC00472 aggravated neuropathic 
pain in CCI rats, suggesting that LINC00472 is involved in 
the progression of neuropathic pain.

Downregulation of LINC00472 reduces inflammation 

Previous studies have reported that inflammatory 
factors play a vital role in the progression of neuropathic 
pain (24). To determine the role of LINC00472 in the 
progression of neuropathic pain mediated by inflammatory 
factors, LINC00472 expression was suppressed in rat 

pheochromocytoma PC12 cells using short hairpin (sh)-
LINC00472 and the corresponding negative control 
(sh-NC) (P<0.05; Figure 2A). LINC00472 expression 
was suppressed in the CCI rats by transfection of lv-sh-
LINC00472 and the corresponding control, lv-shNC, 
into the spinal cord (P<0.05; Figure 2B). The levels of 
inflammatory biomarkers including TNF-α, IL-1β, IL-6, 
IL-4, and IL-10 in the cells and rat models were assessed. 
As shown in Figure 2C, TNF-α, IL-1β, and IL-6 levels 
were downregulated by sh-LINC00472, while IL-4 and IL-
10 levels were upregulated (P<0.05; Figure 2C). Similarly, 
downregulation of LINC00472 reduced the levels of 
TNF-α, IL-1β, and IL-6 in the L4–L6 spinal cord of the 
CCI rats, and increased the levels of IL-4 and IL-10 (P<0.05; 
Figure 2D). The above results suggested that LINC00472 
is involved in the progression of neuropathic pain by 
mediating the expression of inflammatory mediators. 

LINC00472 targets the microRNA miR-300

Bioinformatics analysis identified miR-300 as a potential 
target of LINC00472 in neuropathic pain. The binding 
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Figure 2 Downregulation of LINC00472 inhibits the inflammatory response. (A) PC12 cells were transfected with sh-LINC00472 and 
sh-NC and the relative LINC00472 expression was determined by qRT-PCR. (B) The in vivo model was established by injection of lv-
shNC or lv-sh-LINC00472 into the spinal cords of CCI rats and the relative expression of LINC00472 was assessed by qRT-PCR. (C) The 
levels of TNF-α, IL-1β, IL-6, IL-4, and IL-10 in PC12 cells were determined via ELISA. (D) The levels of TNF-α, IL-1β, IL-6, IL-4, and 
IL-10 in the spinal cord tissues of CCI rats were determined using ELISA. **P<0.01; ***P<0.001. CCI, chronic constrictive injury; qRT-
PCR, quantitative reverse transcription polymerase chain reaction; sh, short hairpin; NC, negative control; TNF, tumor necrosis factor; IL, 
interleukin; ELISA, enzyme-linked immunosorbent assay.
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between LINC00472 and miR-300 was examined using 
constructs containing the wild-type LINC00472 binding 
site (WT-LINC00472) and a mutant LINC00472 binding 
site (MUT-LINC00472) (Figure 3A). The expression of 
miR-300 in the L4–L6 spinal dorsal tissue of CCI rats 
was downregulated compared with control rats on days 0, 
3, 7, 10, and 14 after the operation (Figure 3B). Further 
experiments were conducted in which lv-miR-300 was 
injected into CCI rats (Figure 3C) and miR-300 mimics were 
transfected into PC12 cells (Figure 3D). Co-transfection 
of miR-300 mimics and a luciferase vector containing 
WT-LINC00472 resulted in a significant decrease in 
relative luciferase activity in HEK-293T cells (Figure 3E). 
To determine whether LINC00472 could be used as the 
sponge RNA of miR-300, RIP analysis was performed. 

The results demonstrated that LINC00472 and miR-300 
were more abundant in Ago2 particles than in IgG particles 
(Figure 3F). In addition, the RNA pull-down test using the 
biotinylated miR-300 (miR-300-bio) probe increased the 
level of LINC00472 compared to the miR-300 probe in 
the control group (NC-bio) (Figure 3G). Furthermore, low 
expression of LINC00472 elevated the levels of miR-300 in 
PC12 cells (Figure 3H). These results indicated that miR-
300 is a direct microRNA target of LINC00472 and its 
expression is negatively regulated by LINC00472.

High mobility group box protein 1 (HMGB1) is a direct 
target of miR-300 

Bioinformatics analysis (http://www.targetscan.org/
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Figure 3 miR-300 is a target microRNA of LINC00472. (A) Bioinformatics analysis confirmed the presence of a conservative binding site 
between LINC00472 and miR-300. (B) qRT-PCR was used to determine the expression of miR-300 in the dorsal tissues of L4–L6 spinal 
cord of control rats and CCI rats. (C) The lv-miR-300 was injected into CCI rats, and the expression of miR-300 was detected by qRT-PCR. 
(D) The miR-300 mimics was transfected into PC12 cells and the expression of miR-300 was detected by qRT-PCR. (E) Double luciferase 
experiment showing the binding relationship between LINC00472 and miR-300. (F) RIP experiment showing the binding relationship 
between LINC00472 and miR-300. (G) RNA pull-down assay showing the binding relationship between LINC00472 and miR-300. (H) 
LINC00472 expression was silenced in PC12 cells and the expression of miR-300 was assessed by qRT-PCR. *P<0.05; ***P<0.001. CCI, 
chronic constrictive injury; qRT-PCR, quantitative reverse transcription polymerase chain reaction; RIP, RNA immunoprecipitation assay; 
NC, negative control; WT, wildtype; MUT, mutant; sh, short hairpin.
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vert_72/) identified HMGB1 as a potential downstream 
target of miR-300. The binding site between miR-300 and 
HMGB1 is shown in Figure 4A. The luciferase reporter 
analysis was used to assess the relationship between miR-
300 and HMGB1. As shown in Figure 4B, luciferase activity 
was significantly reduced in 293T cells co-transfected with 

miR-300 and HMGB1-WT. The protein and mRNA 
expression of HMGB1 decreased with miR-300 and lv-
miR-300 treatment, but increased with miR-300 inhibitors 
and lv-anti-miR-300 treatment, suggesting that miR-300 
negatively regulates HMGB1 expression in PC12 cells and 
CCI rats (Figure 4C,4D). In addition, the expression of 
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Figure 4 HMGB1 is a direct target of miR-300. (A) Bioinformatics analysis confirmed the presence of conservative binding sites between 
HMGB1 and miR-300. (B) The dual luciferase assay was used to detect the binding relationship between HMGB1 and miR-300. (C,D) 
CCI rats were injected with lv-miR-300 or lv-anti-miR-300, and PC12 cells were transfected with miR-300 mimics or miR-300 inhibitors. 
The miR-300 expression was detected by Western blot analysis and qRT-PCR. (E,F) The expression of HMGB1 in the spinal cord of CCI 
rats was determined by Western blot and qRT-PCR. *P<0.05; ***P<0.001. CCI, chronic constrictive injury; qRT-PCR, quantitative reverse 
transcription polymerase chain reaction; HMGB1, high mobility group box chromosomal protein 1; NC, negative control; WT, wildtype; 
MUT, mutant; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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HMGB1 in the spinal cord of CCI rats was also detected 
in a time-dependent manner. The protein and mRNA 
expression of HMGB1 was elevated in CCI rats compared 
to sham rats (Figure 4E,4F). These results suggested that 

miR-300 targets HMGB1 and negatively regulates its 
expression in PC12 cells and the CCI rat model, and indeed 
this may represent a potential mechanism by which miR-
300 facilitates neuropathic pain.
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LINC00472 regulated neuropathic pain progression 
through the miR-300/HMGB1 axis

To investigate whether LINC00472 regulates neuropathic 
pain through HMGB1, lv-sh LINC00472 and lv-anti-
miR-300 were co-transfected into CCI rats. Rats with lv-
sh LINC00472 showed reduced expression of HMGB1, 
while rats with lv-anti-miR-300 demonstrated elevated 
levels of HMGB1 (Figure 5A). Furthermore, rats with lv-
sh LINC00472 showed significantly increased mechanical 
pain threshold and cold pain threshold, and this effect was 
reversed by lv-anti-miR-300 (P<0.05; Figure 5B-5E). Rats 
with lv-sh LINC00472 also showed decreased expression 
of IL-6, IL-1β, and TNF-α, and elevated expression of 
IL-4 and IL-10. Conversely, rats with lv-anti-miR-300 
showed a partial reversal of the effects of lv-sh LINC00472 
on inflammatory markers (P<0.05; Figure 5F,5G). This 
suggested that the interaction between LINC00472/miR-
300/HMGB1 is related to neuropathic pain.

Discussion

Neuropathic pain accounts for about one-fifth of all patients 

with chronic pain. It has a high incidence and it causes 
significant damage to the patient’s physical and mental well-
being (25). In recent years, the role of non-coding RNAs, 
such as lncRNAs and miRNAs, in the pathogenesis of 
neuropathic pain has attracted much attention. This study 
demonstrated that LINC00472 is positively correlated with 
the development of neuropathic pain. In the CCI rat model, 
the expression of LINC00472 was significantly elevated and 
was associated with significantly accelerated development 
of neuropathic pain. Our study also demonstrated that 
LINC00472 induces neuropathic pain by stimulating the 
expression of inflammatory factors. Furthermore, the data 
indicated that LINC00472 may induce the progression of 
neuropathic pain by regulating the miR-300/HMGB1 axis. 
Thus, the report provided novel insights into the molecular 
mechanism of neuropathic pain, and this information may 
contribute to the development of future clinical treatments.

Thousands of intergenic lncRNAs have been identified 
by whole-genome sequencing and have been shown to 
play vital roles in a variety of diseases. LINC00472 has 
been identified as a novel type of lncRNA, consisting 
of 3 exons, that plays a key role in the gene regulation 

Figure 5 LINC00472 regulates neuropathic pain progression through the miR-300/HMGB1 axis. CCI rats were co-transfected with lv-
sh LINC00472 and lv-anti-miR-300. (A) qRT-PCR was applied to monitor the level of HMGB1; (B-E) determination of mechanical pain 
threshold and cold pain threshold; (F,G) ELISA was used to assess the content of TNF-α, IL-1β, IL-6, IL-4, and IL-10 in the spinal cord 
tissue of CCI rats. **P<0.01; ***P<0.001. CCI, chronic constrictive injury; qRT-PCR, quantitative reverse transcription polymerase chain 
reaction; HMGB1, high mobility group box chromosomal protein 1; TNF, tumor necrosis factor; IL, interleukin.
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of many diseases, including malignancies. For example, 
LINC00472 can inhibit the migration and invasion of lung 
adenocarcinoma cells through regulation of YBX1 (26). 
Similarly, LINC00472 can also inhibit the progression of 
hepatocellular carcinoma by regulating the LINC00472/
miR-93-5p/PDCD4 axis (27). In addition, in acute 
liver injury, LINC00472 aggravates the LPS-induced 
inflammatory response by regulating the miR-373-3p/
TRIM8 axis (15). Our current study demonstrated that 
the expression of LINC00472 was increased in CCI rats, 
and upregulation of LINC00472 could aggravate the 
development of neuropathic pain. Studies have reported 
that neuroinflammation is also closely related to chronic 
pain (24). Our results revealed that downregulation of 
LINC00472 inhibited neuropathic pain by reducing 
the expression of neuroinflammation-related molecules 
including IL-6, IL-1β, and TNF-α, and elevating the 
expression of IL-4 and IL-10.

In recent years, studies have shown that the mutual 
regulation between lncRNAs and miRNAs plays an essential 
role in the occurrence and development of neuropathic pain. 
Ma et al. showed in the CCI model that downregulating 
the lncRNA MALAT1 inhibits the development of 
neuropathic pain through regulation of the miR-129-5p/
HMGB1 axis (28). In addition, deletion of SNHG4 (small 
nucleolar RNA host gene 4) inhibited neuroinflammation 
and neuropathic pain by targeting miR-423-5p (29). In 
the current study, bioinformatics analysis identified miR-
300 as a likely target of LINC00472. Previous research 
has demonstrated that miR-300 can participate in a variety 
of diseases. For example, the expression of miR-300 is 
upregulated in gastric cancer cell lines, and high expression 
of miR-300 is associated with poor prognosis of gastric 
cancer (30). Conversely, in a rat model of cancer bone 
pain, miR-300 reduced pain by targeting HMGB1 (20). 
However, the precise role of miR-300 in neuropathic pain 
remains unclear. In this current study, we demonstrated that 
LINC00472 could regulate neuropathic pain by regulating 
miR-300. The expression of LINC00472 was negatively 
correlation with miR-300 and overexpression of miR-
300 could partially reverse the effects of LINC00472 in 
promoting the progression of neuropathic pain.

HMGB1 is a late inflammatory factor that belongs to the 
alarmin family. Together with the pathogen related molecular 
pattern family (PMMP), HMGB1 forms the damage-related 
molecular pattern family (DAMPs), which plays an important 
role in the occurrence and development of inflammatory 
responses. Previous studies have reported that HMGB1 

aggravates LPS-induced acute lung injury through the 
TLR4/NF-κB and PI3K/Akt/mTOR pathways (31). Studies 
have also shown that in tumor-infiltrating dendritic cells, the 
interaction between the TIM-3 and HMGB1 receptors can 
inhibit nucleic acid-mediated innate immune responses (32).  
In recent years, there has been much focus on the role of 
HMGB1 in neurological diseases. HMGB1 can induce 
astrocyte inflammation through the NF-κB pathway (33). 
Other studies using the CCI rat model demonstrated that 
miR-129-5p regulates the expression of HMGB1 to reduce 
neuropathic pain (34). Consistent with previous studies, 
this present report found that HMGB1 was elevated in the 
CCI rat model. Furthermore, miR-300 targeted HMGB1 
and negatively regulated its expression. Further experiments 
confirmed that LINC00472 could regulate the expression 
of HMGB1 by absorbing miR-300, and participate in the 
progression of neuropathic pain by mediating the level of 
inflammation.

This investigation revealed the important role of the 
LINC00472/miR-300/HMGB1 axis in neuropathic pain. 
LINC00472 knockout increased miR-300 expression and 
reduced HMGB1 expression, alleviated neuropathic pain, 
and inhibited neuroinflammation in CCI rats. However, 
there were several limitations to this study. First, clinical 
samples should be included in future studies to explore the 
role of LINC00472 in patients with neuropathic pain. In 
addition, the role of other potential downstream miRNA 
targets related to LINC00472 should be further explored. 
Previous studies have shown that HMGB1 interacts with 
the TLR4/NF-κB and PI3K/Akt/mTOR pathways to 
aggravate LPS-induced acute lung injury (29). The ability 
of HMGB1 to regulate relevant signaling pathways and 
mediate neuroinflammatory responses in neuropathic 
pain warrants further investigation. In conclusion, this 
study demonstrated the role and molecular mechanisms 
of LINC00472 in neuropathic pain, and this may provide 
insights into potential therapeutic strategies for patients 
with neuropathic pain. 
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