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Diabetic neuropathic pain (DNP), one of the early symptoms of diabetic neuropathy, relates tometabolic disorders induced by high
blood glucose, neurotrophic vascular ischemia and hypoxia, and autoimmune factors.This study was aimed at exploring the effects
of long noncoding RNA (lncRNA) BC168687 siRNA on DNPmediated by P2X7 receptor on SGCs in DRG of rats. The mechanical
withdrawal threshold (MWT) and thermal withdrawal latency (TWL) of rats, the expression levels of P2X7 mRNA and protein in
the DRG, and nitric oxide (NO) in the serum were, respectively, detected in our study. Our experimental results showed that the
level of BC168687 mRNA in DNP group was markedly higher than that of control group; the MWT and TWL of DNP + BC168687
si group were significantly increased, and the expression levels of P2X7 in DRG and the concentrations of NO in serum of DNP
+ BC168687 si group were decreased compared to those of the DNP group. In conclusion, lncRNA BC168687 may participate in
the pathogenesis of DNP mediated by P2X7 receptor, which will provide a novel way for the study of the pathogenesis of diabetes
mellitus complicated with neuropathic pain and its prevention and treatment.

1. Introduction

Long noncoding RNA (LncRNA), the cognition of which
is still unclear, is a byproduct of RNA polymerase II tran-
scription and has no biological function [1]. However, recent
studies have shown that lncRNA is involved in many impor-
tant regulatory processes, such as X-chromosome silenc-
ing, genomic imprinting, chromatin modification, transcrip-
tional activation, transcriptional interference, and intranu-
clear transport, and these regulatory actions of lncRNA are
beginning to arouse widespread attention [2, 3]. LncRNAs
could produce a complex regulatory process by interacting
with transcription factors, coactivators, and/or inhibitory
factors to influence various aspects of gene transcription
[4, 5]. Studies have demonstrated that knockout ofmice lncR-
NAs can lead to functional abnormalities [6, 7]. Moreover,

lncRNAs play an important role in the pathogenesis of
neurological diseases [8].

Diabetic neuropathic pain (DNP), also known as painful
diabetic peripheral neuropathy (PDN), is one of the most
common types of neuropathic pain with quite complicated
clinical manifestations [9] and could lead to spontaneous
pain, hyperalgesia, and allodynia as well as other atypical
paresthesia [10]. DNP is a kind of chronic pain whose mech-
anisms are complex and poorly understood, and effective
therapies for DNP remain elusive [11], making DNP one of
the major difficulties in the field of pain research for a long
time [12]. DNP has severe effects on the quality of patients’
life and could bring immense physical and mental suffering
to the patients. Statistics indicate that the number of patients
suffering from DNP accounts for 50%. Growing evidence
supports that people with components of the metabolic
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syndrome, including prediabetes, are also likely to suffer from
neuropathy [13].

Adenosine triphosphate (ATP) is involved in the trans-
mission of analgesia, and there are evidences that extracellu-
lar ATP plays important roles via activation of purinoceptors
in the physiological and pathological processes of neuro-
pathic pain [14–16]. Purinoceptors 2 (P2 receptors) can be
divided into ligand-gated ion channels receptor P2X (P2X1–7)
and G-protein linked receptor P2Y [17, 18]. DRG transmit
sensory signals from the peripheral nerve to the spinal cord
[19]. P2X receptors and acid-sensing ion channels (ASICs)
are both ligand-gated ion channels, and they are different
in primary structures as well as responding to ligands (P2X
receptors are gated by extracellular ATP, while ASICs are
activated by extracellular acidification) [20]. The ATP-gated
P2X7 receptor expressed on satellite glial cells (SGCs) has
previously been shown to play a central role in the pain
transmission and the occurrence of neuropathic pain in
diabetes mellitus patients [21]. Studies have indicated that,
compared with wild-type mice, sensitivities to mechanical
pain and thermal pain are decreased significantly in P2X7
receptor-knockout mice [22]. Conversely, the activation of
P2X7 receptor can lead to the release of inflammatory factors,
thus initiating chronic pain such as neuropathic pain [23, 24].
Furthermore, antagonists of the P2X7 receptor could inhibit
the mechanical pain and thermal pain of neuropathic pain
rats [25, 26].

LncRNA BC168687 is one of the lncRNAs (https://www
.ncbi.nlm.nih.gov/nuccore/BC168687) [27]; however, unfor-
tunately, the function of lncRNA BC168687 is unclear at
present.Our study showed that the level of lncRNABC168687
was augmented in the DRG of DNP rats, suggesting that
lncRNA BC168687 might be related to the transmission of
analgesia signaling; thus inhibiting lncRNA functions in vivo
may be a hopeful therapeutic strategy to treat some diseases
[6–8].This research explored the effects of lncRNABC168687
siRNA on P2X7 receptor mediated neuropathic pain in
diabetic model rats through the system-level tests, which will
provide a novel way for the study of the pathogenesis of
diabetes mellitus complicated with neuropathic pain and its
prevention and treatment.

2. Materials and Methods

2.1. Animal Model and Groups. Healthy male Sprague-
Dawley (SD) rats (weight 180–220 g) were provided by the
Laboratory Animal Science Department of Nanchang Uni-
versity. All the rats were kept under constant conditions (22
± 2∘C and 12 h light/dark cycle) with free access to food and
water according to the Care and Use of Animals guidelines
set by the Ethical Committee of Nanchang University. The
rats were fed with high-sugar and high-fat diet (formula
quality ratio: conventional feed 66.5%, cholesterol 2.5%,
sodium cholate 1%, lard 10%, and sucrose 20%; the materials
above were mixed with water and kneaded into a ball and
then placed into an air dry oven with constant tempera-
ture) for four weeks, and after that the rats were injected
intraperitoneally with a dosage of 30mg/kg streptozotocin
(STZ) solution. After one week, the mechanical withdrawal

threshold (MWT) and fasting plasma glucose (FPG) of the
rats were measured to evaluate the establishment of DNP
models, and the blood was obtained from the tail vein. DNP
of rats was defined as FPG > 16.7mmol/L and MWT < 15 g
after 6 weeks.

The rats were randomly divided into control group,
DNP model group (DNP), DNP treated with BC168687
siRNA group (DNP + BC168687 si), DNP treated with
the scrambled siRNA group (DNP + NC si), and DNP
treated with empty vector group (DNP + vector), and each
group contained 6 rats. The target sequences of BC168687
siRNA were sense 5-GACGGUUGAUACUGACUCUTT-
3 and antisense 5-AGAGUCAGUAUCAACCGUCTT-3.
The BC168687 siRNA and negative control (NC siRNA)
were provided by Novobio Company (Shanghai, China).
The Entranster�-in vivo transfection reagents were obtained
from the Engreen Company (Engreen Biosystem Co, Ltd.).
According to the instructions of the reagent, the DNP +
BC168687 si group andDNP +NC si group rats were injected
with 25 𝜇l of transfection complexes comprising BC168687
siRNA or NC siRNA through intrathecal injection, and
25 𝜇l of normal saline was injected into control and DNP
group rats. The behavior of the rats was tested on the 1st,
3rd, and 5th days after injection. After the measurement
of blood glucose and behavior on the fifth day, the rats
were anesthetized by intraperitoneal injection with 50mg/kg
sodium pentobarbital and sacrificed to collect the DRG.

2.2. Measurement of the Mechanical Withdrawal Threshold
(MWT). Mechanical hyperalgesia wasmeasured by noxious-
pressure stimulation. Unrestrained rats were placed into a
transparent plastic chamber (22× 12× 22 cm) standing on a
stainless steel mesh floor (1× 1 cm grid). All rats were adapted
to the new environment before the trials were started. Room
temperature was maintained at 20–25∘C with environment
kept quiet. Withdrawal responses to mechanical stimula-
tion were determined using BME-404 Electrical Mechanical
Analgesia Tester (BME-404, Tianjin) through the grids in the
floor to an area adjoining to the paw. Random bending force
was exerted through the filaments to different parts of the rat
mid plantar glabrous skin for 1min. The average strength of
six selected peak values was designated as the pain threshold.

2.3. Measurement of theThermal Withdrawal Latency (TWL).
Noxious heat stimulation was implemented by the BME-
410C Full-Automatic Plantar Analgesia Tester (BME-410C,
Tianjin), and Hargreaves’ test was used for determining
hyperalgesia. The rats were placed on a glass plate within a
transparent bottomless plastic chamber (22× 12× 22 cm) and
were allowed to habituate for 30min. TWL was considered
as an index of the nociceptive threshold. At the beginning
of trails, the plantar surface of the rats’ paws was exposed
to a beam of radiant heat. Once a rat lifted its paw, the light
beamwas automatically turned off immediately, and the time
from the start of the light beam to the raising of the foot
was recorded to be specified as the paw thermal withdrawal
latency. The hind paws were tested alternately at intervals of
5min. The cut-off time for heat stimuli was 30 s.
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2.4. Quantitative Real-Time PCR. The total amount of RNA
was extracted with Total RNA Isolation Kit (Beijing Tiangen
Biotech Co.), and the RNA was reverse-transcribed using
a RevertAid� First-Strand cDNA Synthesis Kit (Fermentas,
Glen Bernie, MD, USA) according to the manufacturer’s
instructions. After first-strand cDNA synthesis, quantitative
PCR amplification was conducted using the specific primers
designed with the Primer Express 3.0 software (Applied
Biosystems), and the sequences were as follows: 𝛽-actin,
sense 5-CCTAAGGCCAACCGTGAAAAGA-3, antisense
5-GGTACGACCAGAGGCATACA-3; P2X7, sense 5-
GATGGATGGACCCACAAAGT-3, antisense 5-GCT-
TCTTTCCCTTCCTCAGC-3. SYBR� Green quantitative
PCR was performed using an ABI PRISM� 7500 Sequence
Detection System (Applied Biosystems, Inc., Foster City,
CA, USA). The thermal cycling parameters were as follows:
95∘C for 30 s to activate DNA polymerase, followed by 40
cycles of amplification at 95∘C for 5 s and 60∘C for 30 s [28].
The melting curve was used to determine the amplification
specificity, and the results were analysed by the software
with the ABI7500 PCR instrument. The average threshold
cycle (CT) value for P2X7 minus the average value for 𝛽-
actin was ΔCT value (ΔCT = CT target − CT reference).
And ΔΔCT value was calculated as follows: ΔΔCT = ΔCT
test sample − ΔCT calibrator sample. The relative quantity
(RQ) of P2X7 expression was calculated using the following
equation: RQ = 2−ΔΔCT.

2.5. Reverse Transcription-PCR. The total amount of RNA
was extracted with Total RNA Isolation Kit (Beijing Tian-
gen Biotech Co.) and PCR amplification was implemented
after RT reaction. The upstream and downstream primer
sequences were as follows: lncRNA BC168687, sense 5-
CACCACCTGGATGACATGCT-3, antisense 5-GGT-
GGCATCCTTTGACTGGA-3, with the product size being
102 bp; P2X7, sense 5-GATGGATGGACCCACAAAGT-
3, antisense 5-GCTTCTTTCCCTTCCTCAGC-3, with the
product size being 115 bp. As an internal control, 𝛽-actin was
also amplified using specific primers (forward and reverse
primer sequence genes were 5-CCTAAGGCCAACCGT-
GAAAAGA-3 and 5-GGTACGACCAGAGGCATACA-
3, resp.) with the product size being 111 bp. After reverse
transcription at 37∘C for 60min, PCR amplification was
performed as follows: RTase inactivation at 94∘C for 3min,
followed by 31 cycles of denaturation at 94∘C for 45 s and
annealing at 60∘C for 30 s, and ultimately extension at 72∘C
for 45 s. The spot density scanning value of the objective
electrophoresis bands was detected by using the multifunc-
tional gel imaging system (BIO-RAD, USA). Image LabC gel
imaging system software (BIO-RAD, USA) was used to read
the band densities. Acting as an internal control, 𝛽-actin was
used to normalize each band density to show the relative level
of lncRNA BC168687 and P2X7 mRNA.

2.6. Immunofluorescence. Immunofluorescence was per-
formed to measure the coexpression quantities of P2X7 and
glial fibrillary acidic protein (GFAP) in the DRG of DNP rats.
The DRG of the rats were removed and fixed in 4% PFA for
2 h at room temperature. The DRG or sections were washed

three times with 0.1M PBS before the implementation of
the following steps. DRG were incubated in 20% sucrose
in PBS overnight, and after that, they were cut into 12 𝜇m
thick sections using a cryostat and mounted onto the slides.
Then the DRG were blocked and permeabilized in PBS
containing 3% BSA and 0.3% Triton X-100 for 30min
at room temperature. The sections were incubated with
primary antibodies against GFAP (chicken anti-GFAP,
Abcam) and P2X7 (rabbit anti-P2X7, Abcam) 1 : 100 diluted
in PBS containing 1% BSA overnight at 4∘C, after which
they were incubated with the secondary antibodies [goat
anti-rabbit TRITC (Jackson ImmunoResearch Inc., West
Grove, PA, USA) and goat anti-chicken FITC (Beijing
Zhongshan Biotech Co.)] 1 : 200 diluted in PBS for 45min at
37∘C. Finally, coverslips were mounted on slides and images
were taken with a fluorescencemicroscope (Olympus, Tokyo,
Japan).

2.7. Western Blotting. Total protein was extracted for western
blotting analysis.The DRG tissues were homogenized in lysis
buffer by mechanical disruption and incubated on ice for
50min. After that, the lysates were centrifuged at 12,000×g
and 4∘C for 10min.The supernatants were harvested to mea-
sure the protein concentrations using a bicinchoninic acid
assay reagent kit and then preserved at −20∘C for later use.
After being diluted with the same amount of sample buffer
(250mmol/L Tris-Cl, 200mmol/L dithiothreitol, 10% SDS,
0.5% bromophenol blue, and 50% glycerol), the supernatants
were heated to 95∘C for 10min for denaturation. Supernatant
samples containing 20𝜇g proteins were separated by 10%
SDS-polyacrylamide gels and transferred to polyvinylidene
fluoride (PVDF) membranes. The PVDF membranes were
blocked in 5% skimmilk dissolved in buffer [10mmol/L Tris-
HCl (pH 8.0), 150mmol/L NaCl, and 0.05% Tween-20] for
1 h at room temperature and then incubated with the primary
antibodies (rabbit anti-P2X7, 1 : 1000, Abcam; mouse anti-𝛽-
actin, Sigma-Aldrich) overnight at 4∘C, followed by incuba-
tion with an HRP-conjugated secondary antibody (1 : 5000,
Beijing Zhongshan Biotech Co.) at room temperature. The
band densities were determined using Image J Software and
normalized to each 𝛽-actin internal control.

2.8. Determination of Nitric Oxide (NO). NO in the serum
was detected by using NO assay kit (Nanjing Jiancheng
Bioengineering Institute, China). All the operations in the
experiment were carried out in accordance with the spec-
ification. The OD values were read by the multifunctional
microplate reader at 550 nm (PerkinElmer, USA), and then
the result was calculated according to the formula given by
the specification.

2.9. Statistical Analysis. Significant differences were eval-
uated using analysis of variance (ANOVA), followed by
Fisher’s Least Significant Difference (LSD) test for multiple
comparisons. The statistical analyses were performed using
SPSS 21.0 (IBM, USA), and all of the histograms were made
inGraphPad Prism 5.0 (GraphPad Software Inc., USA). All of
the data were expressed as mean ± SD, and significance was
considered as 𝑃 < 0.05.
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Figure 1: The level of LncRNA BC168687 in DRG increased in DNP rats by reverse transcription-PCR. The level of lncRNA BC168687 in
DNP group was significantly higher than that in the control group. 𝑛 = 6, ∗∗𝑃 < 0.01 versus control group.

3. Results

3.1. The Level of LncRNA BC168687 in DRG Increased in
DNP Model Rats. Studies had showed that dysregulation
of lncRNAs was associated with nervous system diseases.
Reverse transcription-PCR was conducted to evaluate the
level of lncRNA BC168687 in DRG. Our experimental results
revealed that the level of lncRNA BC168687 in DRG of the
DNP group was significantly higher than that of the control
group by reverse transcription-PCR (Figure 1), indicating
that lncRNA BC168687 was involved in the initiation of DNP
in rats.

3.2. BC168687 siRNA Decreased the Mechanical Hyperalgesia
and Thermal Hyperalgesia of DNP Rats. Mechanical hyper-
algesia and thermal hyperalgesia will be enhanced during
DNP state.The effects of the BC168687 siRNA onmechanical
hyperalgesia and thermal hyperalgesia were tested by using
BME-404 Electrical Mechanical Analgesia Tester and BME-
410C Full-Automatic Plantar Analgesia Tester, respectively.
A two-way ANOVA was performed to examine the effect of
treatment and time on MWT and TWL. Simple main effects
analysis showed that the effect of treatment was statistically
significant (𝐹4,525 = 87.878, 𝑃 < 0.01, for the MWT,
Figure 2(a); 𝐹4,525 = 68.837, 𝑃 < 0.01, for the TWL,
Figure 2(c)). There was an interaction between time factors
and treatment factors in the MWT (𝐹8,525 = 3.050, 𝑃 < 0.01)
and the TWL (𝐹8,525 = 4.209, 𝑃 < 0.01); after intrathecal
injection with BC168687 siRNA, the MWT and TWL of each
group increased on the 1st, 3rd, and 5th days (as shown in
Figure 2), indicating that BC168687 siRNA contributed to
alleviating DNP. In terms of the ANOVA results, the MWT
of each group was statistically significant (𝐹4,535 = 58.007,
𝑃 < 0.01, Figure 2(b)), and similar results were also obtained
about the TWL (𝐹4,535 = 65.501, 𝑃 < 0.01, Figure 2(d)).
Followed by LSD test for comparative analysis between two
groups, at the 1st, 3rd, and 5th days, theMWTandTWLof the
DNP group, the DNP + NC si group, and the DNP + vector
group were significantly lower than those in control group,
while, compared to theDNP group, theMWTandTWLwere

increased in the DNP + BC168687 si group (𝑃 < 0.01). For
example, on the 5th day, the MWT (34.54 ± 4.59 g, 𝑛 = 36)
and the TWL (18.03 ± 4.09 s, 𝑛 = 36) of DNP + BC168687
si rats were significantly (𝑃 < 0.01) higher than those of
DNP rats (27.30 ± 4.81 g, 𝑛 = 36, for the MWT; 13.02 ±
2.57 s, 𝑛 = 36, for the TWL), while there was no significant
difference among the DNP, DNP + NC si, and DNP + vector
group (𝑃 > 0.05). The data revealed that MWT and TWL in
DNPmodel ratswere increased after injectionwithBC168687
siRNA.

3.3. BC168687 siRNAReduced P2X7 mRNAExpression ofDRG
in DNP Rats. The expression level of P2X7 mRNA in DRG
was detected by reverse transcription-PCR (Figure 3(a)). The
results showed that the relative expressions of P2X7mRNA in
control, DNP, DNP + BC168687 si, DNP + NC si, and DNP
+ vector groups were 0.34 ± 0.08, 0.60 ± 0.05, 0.15 ± 0.05,
0.54± 0.03, and 0.62± 0.04, respectively, and the variancewas
statistically significant (𝐹4,10 = 37.53, 𝑃 < 0.001). Compared
to the control group, the expression level of P2X7 mRNA in
the DNP group increased significantly. The expression level
of P2X7 mRNA in the DNP + BC168687 si group was lower
than that in the DNP group (𝑃 < 0.001). No significant
difference appeared among the DNP, the DNP + NC si, and
the DNP + vector groups (𝑃 > 0.05). In order to ensure
the accuracy of the results, we repeated the experiment by
qPCR (Figure 3(b)), and the results were similar to RT-PCR.
The relative expressions of P2X7 mRNA by qPCR in control,
DNP, DNP + BC168687 si, DNP + NC si, and DNP + vector
groups were 1.00 ± 0.00, 1.26 ± 0.01, 0.57 ± 0.05, 1.21 ± 0.09,
and 1.18 ± 0.06, respectively; and the variance analysis was
statistically significant (𝐹4,10 = 72.67, 𝑃 < 0.01). Based on the
results obtained, we concluded that BC168687 siRNA could
influence the upregulation of P2X7 mRNA in the DNP rats.

3.4. The Coexpression of P2X7 and GFAP in DRG Based on
Immunofluorescence. GFAP is the marker of satellite glial
cells (SGCs). Immunofluorescence technique was used to
detect the coexpression of P2X7 receptor and GFAP in
DRG. The fact that the expression of GFAP in the DRG
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Figure 2: BC168687 siRNA increased the MWT and TWL of DNP rats. A 3-day protocol consisting of six blocks was performed on each
group (consisting of six rats) on the 1st, 3rd, and 5th days after intrathecal injection with BC168687 siRNA.Three days after inoculation, block
analysis of MWT (a, b) and TWL (c, d) indicated lower threshold of DNP rats compared to the control rats and higher threshold of DNP +
BC168687 si rats compared to the DNP rats. Symbols (a, c) filled with color indicate significance; unfilled symbols represent no significance
versus control group; ∗∗𝑃 < 0.01, versus control group; #𝑃 < 0.05, ##𝑃 < 0.01, DNP + BC168687si group versus DNP group.

was upregulated revealed that SGCs were activated in the
condition of nervous injury stimulus [29]. What have been
shown in Figure 4 are the coexpression quantities of the P2X7
receptors and GFAP in the five groups detected on the 5th
experimental day based on the colocalization of P2X7 and
GFAP on SGCs in DRG. When compared to control group,
the coexpression quantities of the P2X7 receptors and GFAP
increased in the DNP group and the coexpression quantities
of the DNP group were higher than that of the DNP +
BC168687 si group. No apparent difference was observed
among the DNP, the DNP + NC si, and the DNP + vector
groups. Therefore, we inferred that BC168687 siRNA may
reduce the upregulation of the P2X7 receptors which were
related to the activation of SGC in the DRG.

3.5. BC168687 siRNADownregulated the P2X7 Protein Expres-
sion of DRG in DNP Rats. The P2X7 protein expression was
detected by western blotting (Figure 5). The result showed
that the relative expressions of P2X7 protein of the control, the
DNP, theDNP+BC168687 si, the DNP+NC si, and theDNP
+ vector groups were 0.72 ± 0.09, 1.37 ± 0.11, 0.65 ± 0.08, 1.35
± 0.18, and 1.17 ± 0.10, respectively, and the variance analysis
was statistically significant (𝐹4,10 = 24.11, 𝑃 < 0.001). The
expression of P2X7 protein in theDNP groupwas higher than
that in the control group (𝑃 < 0.001), while, compared to the
DNP group, the expression level of the P2X7 protein in the
DNP + BC168687 si group decreased markedly (𝑃 < 0.001),
but no significant differences were observed among the DNP,
the DNP + NC si, and the DNP + vector groups (𝑃 > 0.05).
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Figure 3: BC168687 siRNA reduced P2X7 mRNA expression of DRG in DNP rats. (a) The relative expressions of P2X7 mRNA in DRG by
reverse transcription-PCR; (b) the relative expressions of P2X7 mRNA in DRG by qPCR.The expression level of the P2X7 mRNA in the DNP
group was higher than that in the control group.The expression level of the P2X7 mRNA in the BC168687 si group was lower than that in the
DNP group. 𝑛 = 6, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 versus control group; ###𝑃 < 0.001 versus DNP group.
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Figure 4: The coexpression quantities of P2X7 and GFAP were increased in the DRG of DNP rats. The coexpression of P2X7 receptor and
GFAP in the DNP group was higher than that in the control group, whereas the coexpression value in the DNP + BC168687 si group was
lower than that in DNP group.The green signal represents GFAP staining with FITC (fluorescein isothiocyanate), and the red signal indicates
P2X7 staining with TRITC (tetraethyl rhodamine isothiocyanate). Merge represents the P2X7 and GFAP double staining image. The arrows
indicate the positive cells in DRG. Scale bar: 20𝜇m.
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Figure 5: BC168687 siRNA downregulated the P2X7 protein expression of DRG in DNP rats. (a) Representative SDS-PAGE electrophoresis
of western blotting for P2X7 receptor (69 kd) and an internal control of the same sample’s 𝛽-actin (43 kd). (b) Relative expression level of P2X7
receptor protein in each group. The expression of P2X7 protein in DNP group showed a significant increase compared to the control group.
The DNP + BC168687 si group showed a decrease in the expression level of P2X7 protein compared to the DNP group. 𝑛 = 6, ∗∗𝑃 < 0.05,
∗∗∗
𝑃 < 0.001 versus the control group; ###𝑃 < 0.001 versus the DNP group.

Therefore, BC168687 siRNA may influence the upregulation
of P2X7 receptor in the DNP rats.

3.6. Effects of BC168687 siRNA on NO Level in the Serum
of DNP Rats. NO, as a kind of oxidative injury factor
released from SGCs, was considered to initiate and maintain
neuropathic pain. Results showed that theNOconcentrations
(𝜇mol/L) of serum in the control, DNP, DNP + BC168687
si, DNP + NC si, and DNP + vector groups were 27.21 ±
1.40, 216.51 ± 4.20, 89.29 ± 9.54, 198.77 ± 6.88, and 212.53 ±
1.40, respectively, and the variance analysis was statistically
significant (𝐹4,10 = 689.80, 𝑃 < 0.001). The NO level in
the DNP group was considerably higher than that in the
control group (𝑃 < 0.001), and the NO level in the DNP +
BC168687 si group was lower than that in the DNP group
(𝑃 < 0.001), while there was no statistical difference among
the DNP group, the DNP + NC si group, and the DNP +
vector group (𝑃 > 0.05) (Figure 6).

4. Discussion

DNP is a common neurological complication in diabetic
patients, but the current treatment of it is far from satis-
factory. LncRNAs have been proved to perform important
cellular functions through many in vitro researches and
considered to contribute to the pathogenesis of neurological
diseases [7, 30]. Recent experiments suggested directions
for the development of disease therapies targeting lncRNAs
[31–33]. Through the reverse transcription-PCR experiment
discussed above, we found that the level of lncRNABC168687
in the DRG of the DNP group was significantly higher than
that in the control group. In combination with the fact that
the dysregulation of lncRNAs was associated with numerous
diseases, including nervous system diseases [34], we inferred
that the upregulation of lncRNA BC168687 in DRG may be
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Figure 6: BC168687 siRNA reduced NO level in the serum of DNP
rats. The level of NO in DNP group showed a significant increase
compared to the control group. The DNP + BC168687 si group
showed a decrease in the level of NO compared to the DNP group.
𝑛 = 6, ∗∗∗𝑃 < 0.001 versus the control group; ###𝑃 < 0.001 versus
the DNP group.

associated with the pathological changes that contribute to
DNP.

Diabetic neuropathy is the general term of a variety of
diseases caused by diabetes mellitus in the nervous system
[35]. As one of the most common, complex, and serious
complications of patients with diabetes, diabetic neuropathy
is a kind of nervous system damage caused by the state of
chronic hyperglycemia and other various pathophysiological
changes induced by diabetes, and any part of the systemic
peripheral nervous system (including sensory nerve, motor
nerve, and autonomic nerve) can be affected [36, 37]. Clin-
ically, diabetic neuropathy has been manifested as sponta-
neous pain, hyperalgesia, and allodynia or even developed
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to diabetic foot ulcers or required amputation, which has
serious impacts on the life quality of patients [38, 39]. As
our experimental results showed, the MWT and TWL of
DNP rats were lower than those of the control rats, while,
compared to the DNP rats, the MWT and TWL of DNP rats
treated with the BC168687 siRNA in vivo were increased. In
addition, a further test showed that no significant difference
of MWT or TWL was observed among the DNP group,
the DNP + NC si group, and the DNP + vector group,
indicating that it was not the scrambled siRNA or empty
vector treatment but the BC168687 siRNA treatment that
exerted significant effect on the MWT and TWL. Therefore,
suppressing lncRNA BC168687 may alleviate pain in DNP
rats. However, the underlying mechanism of the effect of the
BC168687 siRNA on the neuropathic pain diabetic rats is still
poorly understood and requires further investigation.

DRG accepted pain signals from peripheral nerve and
transmitted them to the central nervous system [40, 41].
Several P2X receptor subtypes, such as P2X3 and P2X7, have
been proved to have distinct effect on the pathogenesis of
central pain [41]. P2X3 receptor is mainly located in primary
sensory neurons and can elevate the nociception by directly
sensitizing pain fibers, thus being involved in pathological
pain [42]. However, P2X7 receptor expressed on the SGCs
in DRG was regarded as a more recent participant in the
field of purinergic signaling in chronic pain [42]. Previous
researches have demonstrated that P2X7 exerts various effects
in neuropathic and inflammatory pain due to its role in the
inflammasome activation and maturation of IL-1𝛽 [41, 43].
We observed that the P2X7 mRNA and protein expression
levels in the DRG of DNP rats were significantly increased
compared with DNP + BC168687 si group rats, while there
was no apparent difference among the DNP group, the DNP
+ NC si group, and the DNP + vector group, indicating
that BC168687 siRNA could inhibit the expression of P2X7
receptor to influence the pathological process of DNP.

It has been generally assumed that the somata of neu-
rons in primary sensory ganglia are tightly enwrapped by
satellite glial cells (SGCs) [44, 45]. The SGCs in DRG
mainly expressed P2X7 receptor [15, 46] and could commu-
nicate with neurons via signaling molecules. Our experiment
revealed that P2X7 receptor was coexpressed with GFAP on
SGCs based on immunofluorescence, and the coexpression
levels of P2X7 and GFAP in DRG were upregulated in the
DNP rats compared with the control rats. As is known to
all, GFAP is an SGC marker [47], and SGCs can be activated
in the condition of nervous system pathological injuries
[45, 48]. In DNP rats, BC168687 siRNA suppressed the
upregulated coexpression values of P2X7 and GFAP on SGCs
in DRG, indicating that the BC168687 siRNAmay reduce the
upregulation of the P2X7 receptor related to SGCs activation
in DRG.

Studies demonstrated that there existed interaction
between neurons and SGCs in the DRG [45, 48, 49]. ATP
released from nerve terminals could activate the P2X7 recep-
tor on the SGCs in DRG, thus stimulating SGCs to release
oxidative injury factors, such as NO that was involved in
the initiation and maintenance of neuropathic pain [50].
In addition, the excitability of neurons in DRG and their

sensitivity to noxious stimulation could be strengthened with
NO existing [51]. Our results showed that the level of NO
in serum of the DNP group was higher than that of the
control group, while, in BC168687 si group, the level of NO in
serum was significantly decreased. Based on these results, we
inferred that BC168687 siRNAmay suppress P2X7 activation
on SGCs to inhibit the upregulation of NO, thus decreasing
the nociceptive behaviors of DNP rats.

5. Conclusions

In summary, our experimental results displayed that the
expression of P2X7 receptors in the DRG of DNP rats
was reduced after BC168687 siRNA intrathecal injection.
Furthermore, the BC168687 siRNA may reduce the release
of NO and the activation of SGCs, thus restraining the
DRG neurons from being excited and relieving the pain
behaviors of DNP rats. These findings manifested that the
P2X7 receptors on SGCs in DRG played an important role
in mediating DNP and highlighted the potential of lncRNA
BC168687 as a novel therapeutic target for DNP.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Chenglong Liu, Jia Tao, and Hui Wu contributed equally to
this work.

Acknowledgments

The authors are particularly grateful to those who have con-
tributed to their study. They would like to thank the Labora-
tory Animal Science Department of Nanchang University for
providing experimental animals.This work was supported by
theYouth Science Foundation of the EducationalDepartment
of Jiangxi Province (Grant no. GJJ14146), the Cultivating
Foundation of Young Scientists (Star of Jinggang) of Jiangxi
Province (Grant no. 20153BCB23033), and the Innovation
Foundation of the Graduate School of Nanchang University
(Grant no. cx2016361). They also thank Shangdong Liang,
Ph.D., atNanchangUniversity, whoparticipated in this study.

References

[1] Y. He, X.-M. Meng, C. Huang et al., “Long noncoding RNAs:
novel insights into hepatocelluar carcinoma,” Cancer Letters,
vol. 344, no. 1, pp. 20–27, 2014.

[2] M. Quan, J. Chen, and D. Zhang, “Exploring the secrets of long
noncoding RNAs,” International Journal of Molecular Sciences,
vol. 16, no. 3, pp. 5467–5496, 2015.

[3] R. Bonasio and R. Shiekhattar, “Regulation of transcription by
long noncoding RNAs,” Annual Review of Genetics, vol. 48, pp.
433–455, 2014.

[4] K. K. Ebbesen, J. Kjems, and T. B. Hansen, “Circular RNAs:
identification, biogenesis and function,” Biochimica et Biophys-
ica Acta (BBA)—Gene Regulatory Mechanisms, vol. 1859, no. 1,
pp. 163–168, 2016.



BioMed Research International 9

[5] J. L. Knauss and T. Sun, “Regulatory mechanisms of long non-
coding RNAs in vertebrate central nervous system development
and function,” Neuroscience, vol. 235, pp. 200–214, 2013.

[6] L. Li and H. Y. Chang, “Physiological roles of long noncoding
RNAs: insight from knockout mice,” Trends in Cell Biology, vol.
24, no. 10, pp. 594–602, 2014.

[7] M. Sauvageau, LA. Goff, S. Lodato, B. Bonev, A. F. Groff, C.
Gerhardinger et al., “Multiple knockout mouse models reveal
lincRNAs are required for life and brain development,” Elife, vol.
2, Article ID e01749, 2013.

[8] C. Pastori and C. Wahlestedt, “Involvement of long noncoding
RNAs in diseases affecting the central nervous system,” RNA
Biology, vol. 9, no. 6, pp. 860–870, 2012.

[9] C. C. de Vos, K. Meier, P. B. Zaalberg et al., “Spinal cord
stimulation in patients with painful diabetic neuropathy: a
multicentre randomized clinical trial,” Pain, vol. 155, no. 11, pp.
2426–2431, 2014.

[10] D. Wang, R. Couture, and Y. Hong, “Activated microglia in
the spinal cord underlies diabetic neuropathic pain,” European
Journal of Pharmacology, vol. 728, no. 1, pp. 59–66, 2014.

[11] K. Sugimoto, Y. Murakawa, and A. A. F. Sima, “Dia-
betic neuropathy—a continuing enigma,” Diabetes/Metabolism
Research and Reviews, vol. 16, no. 6, pp. 408–433, 2000.

[12] R. Slangen, N. C. Schaper, C. G. Faber et al., “Spinal cord stimu-
lation and pain relief in painful diabetic peripheral neuropathy:
A prospective two-center randomized controlled trial,”Diabetes
Care, vol. 37, no. 11, pp. 3016–3024, 2014.

[13] B. C. Callaghan, H. T. Cheng, C. L. Stables, A. L. Smith, and E.
L. Feldman, “Diabetic neuropathy: clinical manifestations and
current treatments,”TheLancet Neurology, vol. 11, no. 6, pp. 521–
534, 2012.

[14] G. Burnstock, “Short- and long-term (trophic) purinergic
signalling,” Philosophical Transactions of the Royal Society B:
Biological Sciences, vol. 371, no. 1700, Article ID 20150422, 2016.

[15] K. Puchalowicz, I. Baranowska-Bosiacka, V. Dziedziejko, and
D. Chlubek, “Purinergic signaling and the functioning of the
nervous system cells,” Cellular & Molecular Biology Letters, vol.
20, no. 5, pp. 867–918, 2015.

[16] K. Puchałowicz, M. Tarnowski, I. Baranowska-Bosiacka, D.
Chlubek, and V. Dziedziejko, “P2X and P2Y receptors—role
in the pathophysiology of the nervous system,” International
Journal of Molecular Sciences, vol. 15, no. 12, pp. 23672–23704,
2014.

[17] G. Burnstock, “Purinergic signalling: Fromdiscovery to current
developments,” Experimental Physiology, vol. 99, no. 1, pp. 16–
34, 2014.

[18] V. N. Mutafova-Yambolieva and L. Durnin, “The purinergic
neurotransmitter revisited: A single substance or multiple
players?” Pharmacology &Therapeutics, vol. 144, no. 2, pp. 162–
191, 2014.

[19] R. Baron, C. Maier, N. Attal et al., “Peripheral neuropathic pain:
a mechanism-related organizing principle based on sensory
profiles,” Pain, vol. 158, no. 2, pp. 261–272, 2017.

[20] S. Kellenberger and T. Grutter, “Architectural and functional
similarities between trimeric ATP-Gated P2X receptors and
acid-sensing ion channels,” Journal of Molecular Biology, vol.
427, no. 1, pp. 54–66, 2015.

[21] B. Luchting, J. Heyn, T. Woehrle et al., “Differential expression
of P2X7 receptor and IL-1𝛽 in nociceptive and neuropathic
pain,” Journal of Neuroinflammation, vol. 13, no. 1, article 100,
2016.

[22] N. Mehta, M. Kaur, M. Singh et al., “Purinergic receptor P2X7:
a novel target for anti-inflammatory therapy,” Bioorganic &
Medicinal Chemistry, vol. 22, no. 1, pp. 54–88, 2014.

[23] D. Baudelet, E. Lipka, R. Millet, and A. Ghinet, “Involvement
of the P2X7 purinergic receptor in inflammation: An update of
antagonists series since 2009 and their promising therapeutic
potential,” Current Medicinal Chemistry, vol. 22, no. 6, pp. 713–
729, 2015.

[24] S. D. Skaper, P. Debetto, and P. Giusti, “The P2X7 puriner-
gic receptor: from physiology to neurological disorders,” The
FASEB Journal, vol. 24, no. 2, pp. 337–345, 2010.

[25] W. He, J. Cui, L. Du et al., “Spinal P2X 7 receptor mediates
microglia activation-induced neuropathic pain in the sciatic
nerve injury rat model,” Behavioural Brain Research, vol. 226,
no. 1, pp. 163–170, 2012.

[26] P. Honore, D. Donnelly-Roberts, M. T. Namovic et al., “A-
740003 [N-(1-{[(cyanoimino)(5-quinolinylamino)methyl]ami-
no}-2,2-dimethylpropyl)-2-(3,4-dimethoxyphenyl)acetamide],
a novel and selective P2X7 receptor antagonist, dose-depend-
ently reduces neuropathic pain in the rat,” The Journal of
Pharmacology and Experimental Therapeutics, vol. 319, no. 3,
pp. 1376–1385, 2006.

[27] R. L. Strausberg, E. A. Feingold, L. H. Grouse et al., “Generation
and initial analysis of more than 15,000 full-length human and
mouse cDNA sequences,” Proceedings of the National Acadamy
of Sciences of the United States of America, vol. 99, no. 26, pp.
16899–16903, 2002.

[28] H. Xu and S.-D. Liang, “Effect of P2X7 receptor on inflamma-
tory diseases and its mechanism,” Acta Physiologica Sinica, vol.
65, no. 2, pp. 244–252, 2013.

[29] M. Hanani, “Satellite glial cells in sensory ganglia: from form to
function,” Brain Research Reviews, vol. 48, no. 3, pp. 457–476,
2005.

[30] S. Chen, C. Dong, X. Qian et al., “Microarray analysis of long
noncoding RNA expression patterns in diabetic nephropathy,”
Journal of Diabetes and its Complications, vol. 31, no. 3, pp. 569–
576, 2017.

[31] C. Bär, S. Chatterjee, and T. Thum, “Long Noncoding RNAs in
Cardiovascular Pathology,Diagnosis, andTherapy,”Circulation,
vol. 134, no. 19, pp. 1484–1499, 2016.

[32] P. J. Batista and H. Y. Chang, “Long noncoding RNAs: cellular
address codes in development and disease,” Cell, vol. 152, no. 6,
pp. 1298–1307, 2013.

[33] O. Wapinski and H. Y. Chang, “Long noncoding RNAs and
human disease,” Trends in Cell Biology, vol. 21, no. 6, pp. 354–
361, 2011.

[34] P. Riva, A. Ratti, and M. Venturin, “The long non-coding
RNAs in neurodegenerative diseases: Novel mechanisms of
pathogenesis,” Current Alzheimer Research, vol. 13, no. 11, pp.
1219–1231, 2016.

[35] R. Slangen, C. G. Faber, N. C. Schaper et al., “A Trial-Based
Economic Evaluation Comparing Spinal Cord Stimulation
With Best Medical Treatment in Painful Diabetic Peripheral
Neuropathy,”TheJournal of Pain, vol. 18, no. 4, pp. 405–414, 2017.

[36] K. A. Sullivan and E. L. Feldman, “Diabetic nerve disease,
neuropathy,” Encyclopedia of Endocrine Diseases, pp. 677–679,
2004.

[37] R. Singh, L. Kishore, and N. Kaur, “Diabetic peripheral neu-
ropathy: current perspective and future directions,” Pharmaco-
logical Research, vol. 80, pp. 21–35, 2014.



10 BioMed Research International

[38] R. A. Gupta, N. Shah, K. C. Wang et al., “Long non-coding
RNA HOTAIR reprograms chromatin state to promote cancer
metastasis,” Nature, vol. 464, no. 7291, pp. 1071–1076, 2010.

[39] K. Kim, I. Jutooru, G. Chadalapaka et al., “HOTAIR is a
negative prognostic factor and exhibits pro-oncogenic activity
in pancreatic cancer,” Oncogene, vol. 32, no. 13, pp. 1616–1625,
2013.

[40] R. Freeman, R. Baron, D. Bouhassira, J. Cabrera, and B. Emir,
“Sensory profiles of patients with neuropathic pain based on the
neuropathic pain symptoms and signs,” PAIN, vol. 155, no. 2, pp.
367–376, 2014.

[41] Y.-H. Kuan and B.-C. Shyu, “Nociceptive transmission and
modulation via P2X receptors in central pain syndrome,”
Molecular Brain, vol. 9, no. 1, article 58, 2016.

[42] L. Bernier, A. R. Ase, and P. Séguéla, “P2X receptor channels in
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