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Purpose: The pathogenesis of neuropathic pain is complex, and previous studies have found that microRNAs are important regulators
of neuropathic pain and are associated with the progression of neuropathic pain. This study aims to explore the level and role of miR-
204-5p in the chronic constrictive injury (CCI) model of rats.

Patients and Methods: The CCI rat model was constructed to evaluate paw withdrawal threshold (PWT), paw withdrawal latency
(PWL), the expressions of miR-204-5p, and the contents of inflammatory factors in the model. Overexpression of miR-204-5p in rat
spinal cord was induced by intrathecal injection of miR-204-5p mimics. PWT and PWL were used to estimate mechanical and thermal
pain thresholds. IL-6 and TNF-a were determined by ELISA. Luciferase reporter gene was conducted to verify the targeting
relationship between miR-204-5p and BRD4.

Results: miR-204-5p was abnormally down-regulated in the CCI group. The thresholds of mechanical and thermal pain stimulation in the
CCI group were lower, and the levels of inflammatory factors were higher than those in the sham group. Overexpression of miR-204-5p
alleviated PWT, PWL and inflammatory factors. Besides, the luciferase reporter gene showed that BRD4 was a target gene of miR-204-5p.
Conclusion: These results suggested that miR-204-5p may alleviate neuropathic pain and inflammation through targeted regulation of
BRD4 expression.
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Introduction

Neuropathic pain is a nervous system disease caused by primary pathological changes or dysfunction of central or
peripheral nervous system, which is characterized by allodynia and hyperalgesia of somatosensory system.'** Infection,
trauma, ischemia, inflammation and other factors can cause central and peripheral nerve damage, resulting in neuropathic
pain.® Neuropathic pain has become a global problem, affecting about 7% to 10% of the world’s population and incurring
enormous socioeconomic costs.* At present, neuropathic pain is a complex disease whose mechanism is still unclear.
Therefore, a more accurate understanding of the molecular mechanisms underlying the pathogenesis of neuropathic pain
is crucial for finding new and effective therapeutic targets.

MicroRNAs (miRNAs) are a new class of non-coding RNAs with about 22 nucleotides, and they can bind to the
3°-UTR of multiple mRNA targets.® Today, miRNAs have been established as key micro-regulators of normal
cellular homeostasis, and similarly, dysregulation of miRNA is associated with cancer, cardiovascular disease,
inflammatory diseases, and neurodegenerative diseases.’” In the past few decades, the research of miRNA related to
somatic pain has been developing rapidly, several studies have confirmed that neurological diseases can induce
changes in miRNA expression profile. It was found that mouse sciatic nerve injury resulted in the down-regulation of
miR-200b in postsynaptic neurons, which was closely related to the increase of DNMT3a.® Another study analyzed
hippocampal formation in CCI rats using the TagMan low-density array, with 51 miRNA expressions significantly
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altered compared to contralateral sham surgery.” MiR-204-5p was located in intron 6 of TRPM3 and was originally
found to be abnormally expressed in melanoma.'® A study reported that miR-204-5p expression changes have been
found in patients with neuropathic pain caused by spinal cord injury and is expected to be a potential marker of
SCL'" And another study has also been reported that miR-204 is abnormally expressed in rat spinal cord compression
(SCC) model.'? However, at present, few studies have focused on analyzing the mechanism of miR-204-5p regulating
the neuropathic pain. Furthermore, the miRNA.org database has predicted the relationship between miR-204-5p and
bromodomain-containing protein 4 (BRD4). A previous study showed that BRD4 is associated with neuropathic pain.
BRD4 has been reported to be involved in the regulation of various pathophysiological activities, such as inflamma-
tion and oxidative stress injury. Zhang et al found that the overexpression of BRD4 can aggravate vincristine induced
neuropathic pain by promoting inflammation and oxidative stress damage.

According to the aforementioned studies, this study was designed to assess the functions of miR-204-5p in an animal
model of neuropathic pain and to evaluate the potential mechanisms of the clinical application of miR-204-5p as a novel
therapeutic target and tool.

Materials and Methods

Animals and Establishment of Animal Model
The experimental animals used in this study were adult male Sprague Dawley rats (190-220g) obtained from Shanghai
Animal Experimental Center. Animals were placed in cages with temperatures of 20°C-25°C, humidity of 55%+5%, and
adequate food and water. The animal experimental procedures involved in this study strictly followed the national
institutes of health guidelines for the use and care of laboratory animals. This experiment was conducted with approval of
the Animal Ethics Committee of Dongying People’s Hospital.

The CCI model was constructed based on the previously published articles.'? Briefly, the rats were anesthetized with
proper dose of pentobarbital sodium according to body weight. The rat was fixed on the operating table in the right
lateral position, the hair on the lateral thigh of the left hind leg was removed, and the skin was cut along the posterior
edge of the femur at the midpoint of the thigh, with the incision length of about 2cm. After blunt muscle separation, the
sciatic nerve was carefully separated and exposed with a nerve glass minute needle. The sciatic nerve was freed 7-8mm
before the bifurcation, and ligated with 4-0 non-absorbable silk thread, each about 1mm apart. The degree of tightness
should be appropriate to cause slight trembling of leg muscles. Finally, the surgical incision was sutured. Postoperative
rats received daily intramuscular injections of penicillin to prevent wound infection. Rats that were postoperatively
paralyzed or died were excluded. Rats in the sham operation group were referred to the modeling group except for the
ligation.

Intrathecal Injection and Administration

Thirty rats were randomly divided into six groups with five rats in each group, namely sham-operated group, CCI group,
CCI + LV-NC group, CCI + LV-miR-204-5p group, CCI + LV-miR-204-5p + oe-NC group and CCI + LV-miR-204-5p +
oe-BRD4 group. Except for the sham-operated group, the other groups required an epidural catheter based on CCI, and
the specific experimental method was referred to the published literature.'* In short, after anesthesia, the rats were placed
in prone position and fixed on the operating table A PE-10 polyethylene catheter was inserted into the spinal cord
subarachnoid space, followed by intrathecal implantation by injecting 2% lidocaine to paralyze bilateral hindlimbs. For
in vivo transfection, lentiviral vector expressing miR-204-5p (LV-miR-204-5p) and negative control virus vector (LV-
NC), and pcDNA3.1 negative control (oe-NC) and pcDNA3.1-BRD4 (0oe-BRD4) were constructed by GenePharm
Company, and their titers were determined. The above vectors were injected into rats at a dose of 1 pg via
a microsyringe attached to an intrathecal catheter 72 hours before the initiation of CCI.

Pain Threshold Measurement
To eliminate external interference, this experiment should be carried out in a quiet environment. Paw withdrawal
threshold (PWT) and paw withdrawal latency (PWL) measurements were performed on predetermined time point after
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the CCI model was established to assess the sensitivity of mechanical and thermal nociceptive stimuli. PWT was
measured using a pain meter. The rats were placed in a transparent glass cage, and their feet were stimulated with a metal
probe, and the minimum stimulus intensity (g), namely PWT, which produced the feet contraction was recorded. Each
stimulus lasted for 5s, and the interval between two stimuli was 20s. The average value was taken for five consecutive
tests. In addition, the rats were placed in plexiglass boxes with a radiant heat source focused on the surface of the
hindlimb plantar. When the rats felt pain on the plantar, there was a foot contraction reflex, and the delay time (s) of paw
retraction was recorded, which was PWL. Each rat was measured 5 times, and the interval of each measurement was
10min. The heating time was 10s, and the longest time was no more than 20s, so as not to burn the soles of the rats.

Cell Culture and Cell Transfection

HEK-293T cells were purchased from ATCC and were grown in DMEM, 10% FBS and 1% penicillin/streptomycin. Cells
should be placed to the incubator with adjustable humidity and air/CO, at 37°C. For cell transfection, mimic-NC, inhibitor-
NC, miR-204-5p mimic and miR-204-5p inhibitor were purchased from GenePharm Company. Cells were inoculated into
6-well plates, and lentiviruses were transfected into cells according to the instructions of Lipofectamine 3000.

Isolation of RNA and RT-qPCR

Total RNA isolation from spinal cord tissues and cells were accomplished by TRIzol kit. After RNA quality and quantity were
determined by Nanodrop 2000 spectrophotometer, cDNA was synthesized using PrimeScript RT kit. PCR reactions were
performed using SYBR Premix Ex Taq TM II kit in a real-time PCR system to detect gene expression levels in cells and tissues
according to manufacturer’s instructions. U6 and GAPDH were selected as the internal references of miR-204-5p and BRD4.
Relative levels were determined using the 272" method. The primer sequences are as follows: miR-204-5p: (forward primer):
5’-CCAGATCTGGAAGAAGATGGT-3" and (reverse primer): 5’-GCGAATTCACAGTTGCCTACA-3’. BRD4: (forward
primer): 5’-ACAACAAGCCTGGAGATGACA-3’ and (reverse primer): 5’-GTTTGGTACCGTGGAAACGC-3’. U6: (for-
ward primer): 5’-CTCGCTTCGGCAGCACA-3 and (reverse primer): 5’~-AACGCTTCACGAATTTGCGT-3’. GAPDH: (for-
ward primer): 5’-TCATCTCTGCCCCCTCTGCT-3’ and (reverse primer): 5’-CGACGCCTGCTTCACCACCT-3".

ELISA

The obtained spinal cord tissue was mixed with RIPA lysate containing protease inhibitor and homogenized at 4°C,
then centrifuged and the supernatant was extracted and placed at 4°C for later use. Commercial ELISA kits were used
to detect the concentrations of IL-6 and TNF-a. The absorbance value at 450nm was measured with a microplate

reader.

Luciferase Reporter Gene

The target gene of miR-204-5p was predicted using the online database TargetScan 7.0, and then the results showed that
BRD4 was the target gene. Luciferase reporter gene assay was conducted to verify the relationship of miR-204-5p and
BRD4. Briefly, the 3’-URT of wild-type BRD4 (WT-BRD4) and mutant-type BRD4 (MUT-BRD4) was amplified and
cloned into pmirGLO vector. Subsequently, WT-BRD4 or MUT-BRD4 was co-transfected into HEK-293T cells with
miR-204-5p mimic or inhibitor using Lipofectamine 3000. Cells were collected and treated 48h later, and luciferase
activity was detected using a dual-luciferase assay system. Renilla luciferase activity was deemed as the reference.

Data Analysis
Statistical analysis was conducted in SPSS 17.0. Data are expressed as mean =+ standard deviation (SD). Student’s #-test
and one-way ANOVA were used to analyze the statistical differences in two groups and multiple groups. The P < 0.05

are considered to be significantly different.
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Results

MiR-204-5p Level Was Decreased in the CCl Group

The level of miR-204-5p in spinal cord tissue of rats at 0, 3, 7, 14 and 21 days postoperatively was evaluated. PWT,
PWL, IL-6 and TNF-o were detected after CCI surgery, respectively. Compared with sham operation group, the
mechanical abnormal pain and thermal hyperalgesia in the CCI group were gradually increased after surgery
(Figure 1A and B, P < 0.001). In addition, CCI-induced inflammatory response was also observed in rat models, mainly
manifested by increased IL-6 and TNF-a levels (Figure 1C and D, P < 0.001). The above results indicate that the animal
model is successfully constructed. Besides, it was observed that the miR-204-5p level in the CCI group showed a time-
dependent decreasing trend (Figure 2, P < 0.05), while the miR-204-5p expression in the sham operation group did not

change significantly with the extension of time.

Overexpression of miR-204-5p Alleviates Mechanical Pain Stimulation, Thermal Pain

Stimulation and Inflammatory Response in Rats

To investigate the effect of abnormally expressed miR-204-5p on the development of nerve pain in rat, miR-204-5p was
overexpressed in rat spinal cord tissue by intrathecal injection of LV-miR-204-5p. The results showed that injection of LV-
miR-204-5p in rats significantly up-regulated the expression level of miR-204-5p in the CCI group (Figure 3A, P < 0.001).
Besides, miR-204-5p overexpression increased the threshold of mechanical and thermal pain stimulation in rats (Figure 3B
and C, P <0.001). Meanwhile, overexpression of miR-204-5p down-regulated the CCI-induced elevation of IL-6 and TNF-a
(Figure 3D and E, P < 0.001).
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Figure | Effects of CCl on inflammatory response, stimulation of mechanical pain and thermal pain in rats. (A) The mechanical pain threshold was decreased in the CCI
group. (B) The thermal pain threshold was decreased in the CCl group. The level of (C) IL-6 and (D) TNF-a in the CCI group was increased. Unpaired t-test and one-way
repeated measures ANOVA. ***P < 0.001 vs sham group.
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Figure 2 MiR-204-5p level was down-regulated in chronic constriction injury (CCl) rat model. One-way ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001 vs sham group.

A 2.5+ B 309-©- Sham -¥ CCI+LV-miR-204-5p C 304
S L. i - CCl - CCHLV-NC
g2 ol 25 25 e
2w —_ —_
=+ 1.5 o =)
=Q J N = 204
3210 220 N I el 3 201 .o sham e
£ o e 1 & |8 ca
2 *kk J ®. 4
3 05 — - 15 $-.._ it 151 - cemLvne
x -miR- N
0.0 N . 10 . . . ; ; 10 -": CCI+LIV miR ?04 Sp . .
& S o N 0 3 7 1 21 0 3 7 14 21
N o & bb:"
& Q_:) Days Days
& &
v
D & E
150+ 250+
*k %k * k%
=
s T S 200 T
Z _ 1004 £ 150
£+ £ |
i it $E HiH
g2 T S Z 100- -
- 504 o]
d’ ; 50--
z
0 T 04
<& o ‘\0 R <& o eo R
(Q.o’b ($) Q& & ‘b‘\’b [$) QO &
0 v N ¥
& & & &
> >
N &
& &

Figure 3 Effects of miR-204-5p on inflammatory response, stimulation of mechanical pain and thermal pain in CCI rat model. (A) LV- miR-204-5p injection can up-regulate
miR-204-5p level in the CCI group. Injection of LV-miR-204-5p alleviated (B) mechanical pain stimulation and (C) thermal pain stimulation in CCl rats. Injection of LV-miR-
204-5p inhibited (D) IL-6 and (E) TNF-o. levels in CCl rats. One-way repeated measures ANOVA. ¥P < 0.001 vs sham group, *#P < 0.001 vs CCI group.

MiR-204-5p Targeted Regulation the BRD4 Expression

To determine the potential mechanism by which miR-204-5p regulates the development of nerve pain, the potential target
genes of miR-204-5p were analyzed and predicted using the TargetScan target gene prediction database. The predicted
results suggested that BRD4 might be a potential target gene of miR-204-5p. Further analysis revealed that the 3°-UTR of
BRD4 had complementary sequences with miR-204-5p (Figure 4A). In order to confirm whether miR-204-5p directly
binds to 3’-UTR of BRD4, the luciferase reporter gene assay was used to verify that overexpression of miR-204-3p
significantly reduced luciferase activity in the WT-BRD4 group, while these effects were not observed in the MUT-BRD4
group (Figure 4B, P < 0.001). On the basis of the above studies, the expressions of BRD4 in the rat model were
evaluated. Figure 4C revealed that the level of BRD4 showed a time-dependent increase after CCI (P < 0.001) in
comparison to the sham group. Further examination revealed that BRD4 expression level in spinal cord tissue of rats was
decreased after injection of LV-miR-204-5p (Figure 4D, P < 0.001).
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Figure 4 BRD4 is a potential target gene of miR-204-5p. (A) Complementary binding sites of miR-204-5p and BRD4. (B) The luciferase reporter gene proved that miR-204-
5p binds to BRD4. ***P < 0.001 vs Control group. (C) BRD4 level was upregulated in CCl rat model. (D) Overexpression of miR-204-5p can inhibit the level of BRD4.
Unpaired t-test and one-way repeated measures ANOVA. *P < 0.05, **P < 0.001 vs sham group, P < 0.001 vs CCl group.

Overexpression of BRD4 Reversed the Alleviative Effect of miR-204-5p on Mechanical

Pain Stimulation, Thermal Pain Stimulation and Inflammatory Response in Rats

To explore the effect of BRD4 on nerve pain in rats, the expression of BRD4 was regulated by intrathecal injection of oe-
BRD4. As shown in Figure 5A, the addition of oe-BRD4 relieved the inhibitory effect of miR-204-5p on BRD4
expression (P < 0.001). The results of the sensitivity of rats to mechanical and thermal pain showed that overexpression
of BRD4 made rats more sensitive to mechanical and thermal pain stimuli, which showed that PWL and PWT were
significantly reduced (Figure 5B and C, P < 0.001). Additionally, overexpression of BRD4 can also reverse the inhibitory
effect of miR-204-5p on IL-6 and TNF-a (Figure 5D and E, P < 0.001).

Discussion

More and more attention has been paid to the function of non-coding RNAs. Numerous studies have reported that
miRNA is involved in neuropathic pain. For instance, miR-194 has been shown to alleviate neuropathic pain and prevent
neuroinflammation and down-regulate the cytokines, including COX-2, IL-6 and IL-10 by targeting FOXA1."> In our
study, we mainly focused on the role of miR-204-5p in neuropathic pain and tried to find out the possible regulatory
mechanism through rat experiments. Based on the literature, the model of chronic compression injury of the sciatic nerve,
a recognized classical animal model of neuropathic pain was selected. An analysis of cerebrospinal fluid from 215
healthy subjects showed high levels of miR-204-5p in normal brain and spinal cord tissues, and the authors speculated
that diseases in brain and spinal cord tissues may directly lead to the abnormal expression of miR-204-5p.'® In the
present study, it was found that miR-204-5p expression was down-regulated in the CCI rat model, and intrathecal
injection of miR-204-5p lentivirus not only increased the concentration of miR-204-5p in the spinal cord but also
improved the thresholds of mechanical and thermal pain stimulation in rats. This result was consistent with the down-
regulation of miR-204-5p in the SCC model described by Shen et al.'?
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Figure 5 Effects of BRD4 on inflammatory response, stimulation of mechanical pain and thermal pain in CCl rat model. (A) The addition of BRD4 can reverse the inhibitory
effect of miR-204-5p on BRD4 expression. Overexpression of BRD4 aggravated (B) mechanical pain stimulation and (C) thermal pain stimulation in CCI rats.
Overexpression of BRD4 promoted (D) IL-6 and (E) TNF-a levels in CCI rats. One-way repeated measures ANOVA. #¥P < 0.001 vs sham group, **P < 0.001 vs CCl
group. 4P < 0.01, #%%p < 0.001 vs CCI + LV-miR-204-5p group.

From the perspective of pathological mechanism, the release of inflammatory mediators, such as IL-6, IL-1p and
TNF-q, is associated with the occurrence or maintenance of hyperalgesia.'” It has been reported that chronic constriction
injury of the sciatic nerve can cause nerve injury and lead to activation of microglia, which are involved in the
development and maintenance of neuropathic pain by releasing pro-inflammatory factors.'® There is sufficient evidence
that miR-204-5p plays an important regulatory role in inflammatory diseases. Studies have shown that miR-204-5p is an
inhibitor of inflammatory response, and miR-204-5p can inhibit inflammation and chemokine production in renal tubular
epithelial cells by regulating the IL-6/IL-6 receptor axis, while inflammatory cytokine-mediated neuroinflammation is
associated with the progression of neuropathic pain.'” Other studies have confirmed that miR-204 is involved in
neuroinflammation induced by spinal cord compression in rats.'” In this study, CCI surgery induced an inflammatory
response in rats, with elevated levels of IL-6 and TNF-q. It is worth investigating that overexpression of miR-204-5p
significantly reduced the levels of IL-6 and TNF-a in CCI rats, thereby alleviating the inflammatory response.

MiRNAs usually play regulatory roles in various physiological and pathological processes as competing endogenous
RNAs (ceRNAs). Salmen et al speculated that miRNAs complete the communication between genes by binding to the
corresponding miRNA response element (MREs) at the 3°-UTR.?° For example, miR-101 plays a role in regulating nerve
pain by targeting KPBN1.?" The binding site of miR-204-5p to BRD4 were analyzed using the database, and this result
was verified via luciferase reporter gene assay. We could see that miR-204-5p was negatively correlated with BRD4
level. In the CCI rat model, miR-204-5p was under-expressed and BRD4 was overexpressed. BRD4, a member of the
BET family, can bind to acetylated histones or non-histone proteins to regulate gene replication and transcription, thereby
affecting cell cycle, differentiation, signal transduction and other processes.”*>> Abnormal up-regulation of BRD4 is
closely associated with tumor and inflammation, and inhibition of BRD4 could effectively delay the progression and
metastasis of the disease. It was reported that reduced BRD4 expression improves peri-neuropathy and neuropathic pain
induced by the anticancer drug vincristine by inhibiting inflammatory response and oxidative stress.>* In addition, the
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relationship between miR-204-5p and BRD4 has been confirmed in some other studies. Zheng et al reported that miR-
204-5p could be directly combined with BRD4 and negatively regulates BRD4 expression in squamous cell carcinoma.?

Our current studies on miR-204-5p mainly focus on its effects on pain threshold and inflammatory response in animal
models, while previous reports suggest that patients with chronic pain may suffer from long-term mood disorders, such as
depression. Animal models show that rats appear anxiety, tension, and other emotional abnormalities after CCI
(30130302, 30284123, 22854119). We can hypothesize that modulation of miR-204-5p can improve neuropathic pain
and, in turn, the emotional impact of pain. Therefore, it will be very meaningful to design experiments to further evaluate
whether miR-204-5p can alleviate the emotional problems caused by neuropathic pain, and it also helps to further
confirm the alleviation effect of miR-204-5p on neuropathic pain.

Conclusion

In conclusion, abnormal miR-204-5p plays a crucial role in neuropathic pain. MiR-204-5p alleviated neuropathic pain
and inflammatory responses in CCI rats by targeting BRD4, which preliminarily indicated that miR-204-5p may be
a breakthrough point in the treatment of neuropathic pain.
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