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Long noncoding RNAs (IncRNAs) have been involved in the development of multiple patho-
logical processes including neuropathic pain. The aim of the present study is to investigate
the role of IncRNA down-regulated in liver cancer stem cells (DILC) in the progression of neu-
ropathic pain and its underlying mechanism. Neuropathic pain rat model was established
with the bilateral chronic constriction injury (bCCIl) method. The results from quantitative
PCR analysis in the spinal cord showed that DILC was significantly up-regulated in rats
with bCCl compared with the sham group. DILC down-regulation mediated by intrathecal
administration of DILC siRNA significantly increased the mechanical shrinkage threshold
(MWT) and paw withdrawal threshold latency (PWTL), decreased the positive frequency for
nerve sensitivity to cold and suppressed the expression of inflammatory genes in bCCl rats.
Down-regulation of DILC induced suppressor of cytokine signaling (SOCS3) expression and
inhibited the phosphorylation of signal transducer and activator of transcription 3 (p-STAT3)
in spinal cord tissues. Western blotting showed that down-regulation of DILC by DILC siRNA
transfection induced SOCSS3 expression and inhibited the expression of p-Janus kinase
2 (p-JAK2) and p-STAT3 and their downstream genes in primary microglia. Furthermore,
down-regulation of DILC increased the viability of primary microglia, suppressed apoptosis,
and inhibited the production of interleukin (IL)-6 and IL-1{ in microglia. In contrast, overex-
pression of DILC showed the opposite functions to those of DILC knockdown. In conclusion,
silence of IncRNA DILC attenuates neuropathic pain via SOCS3-induced suppression of the
JAK2/STAT3 pathway.

Introduction

Neuropathic pain occurs from lesions or diseases affecting the somatosensory pathways within the periph-
eral or central nervous system (CNS). It is reported that neuropathic pain accounts for 7-8% prevalence
among the general population [1]. Due to the complex mechanism, neuropathic pain is regarded as a
major challenge to currently available clinical therapy of neurogenic pain syndromes. So, improving the
understanding of the mechanisms underlying neuropathic pain might eventually lead to more specific,
mechanism-oriented and thus more efficient treatment strategies [2].

Many studies have indicated that many intracellular signal pathways play important roles in
the development of neuropathic pain. For example, a previous study showed that p38 played a
critical role in microglial signaling under neuropathic pain conditions and represented a valu-
able therapeutic target for neuropathic pain management [3]. Inhibitors of the mitogen-activated
protein kinase (MAPK) were regarded as potential antinociceptive drugs, even several substances
have been advanced into clinical trials, such as Dimethyl Pimod [4]. Ma and Quirion reported
that in several animal models of neuropathic pain, the extracellular regulated protein kinases
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(ERKSs) were activated in neurons, microglia and astrocytes. The inhibitors of ERKs could alleviate pain at various
time points [5]. Chemokine (C-C motif) ligand 2 (CCL2), a member of the CC chemokine family, was regarded
as a trigger for spinal microglia activation. The CCL2 neutralizing antibody effectively prevented neuropathic pain
behaviors following CCI [6]. Piotrowska et al. reported that modulation of CCL2/CCR2 pathway by microglial in-
hibitor as well as CCL2 receptor (CCR2) antagonist was effective for alleviating neuropathic pain development in rats
[7]. Furthermore, the JAK2/STAT3 pathway was reported to be one of the most important cascades for the cellular
transduction of signals in response to many pain modulators. Dominguez et al. reported that spinal nerve lesion led
to an early activation of the JAK2/STAT3 pathway in the spinal cord microglia in projections areas of injured nerves.
Blockade of this signaling pathway attenuated the generation of ipsilateral mechanical and thermal hypersensitivity
and the mirror-image mechanical allodynia evoked by spinal nerve ligation [8].

Long noncoding RNAs (IncRNAs) are a number of non-coding RNAs that are >200 nucleotides and have been
shown to participate in various cellular processes, such as cell proliferation, apoptosis, metastasis and inflamma-
tion [9-11]. LncRNAs are involved in many kinds of diseases, including cancers [12-14], cardiovascular diseases
[15,16], immune diseases [17,18] and neurological diseases [19]. Many IncRNAs are highly expressed in the CNS,
and their expression profiles are associated with specific neuroanatomical regions, cell types, or subcellular compart-
ments, suggesting their potential functional roles in the nervous system [20]. A previous study showed that IncRNA
down-regulated in liver cancer stem cells (IncRNA DILC) regulated behaviors of liver cancer stem cells via IL-6/STAT3
axis [21], so we supposed that IncRNA DILC might be associated with the progression of neuropathic pain through
regulating STAT3 activation. The aim of study was to analyze the effect of IncRNA DILC on the progression of neu-
ropathic pain and explore the underlying mechanism.

Materials and methods

Bilateral chronic constriction injury model of rats

Male Sprague-Dawley (SD) rats (250-300 g) were purchased from Better Biotechnology Co., Led (Nanjing, China)
and kept in tray cages in the Animal Center of Tianjin University of Traditional Chinese Medicine (Tianjin, China).
The rats were housed at 22°C under a 12/12 h light/dark cycle with free access to food and water. The CCI model was
build according to the previous study [22]. Briefly, the rats were anesthetized by intraperitoneal injection of sodium
pentobarbital at doses of 40-50 mg/kg. The sciatic nerve on each side was exposed through a mid-thigh incision and
separation of the heads of the biceps femoris muscles. Then, each sciatic nerve was identified above the trifurcation
and freed from surrounding loose connective tissue. Three snug ligatures of 4-0 chromic gut were placed (the space
between the sciatic nerve ligatures is 1 mm) around the nerve of the experimental group (284 + 22 g) and the sutures
were placed with just enough pressure to produce mild blanching on the epineurium visible under the operating
scope. Sham surgery was identical except that no ligatures were placed on the sciatic nerves of the control group
(288 £ 24 g). A single individual performed all the sham and bilateral sciatic nerve ligations (N = 4). The protocol
and procedure of the experiment were approved by the Institutional Animal Care and Use Committee of the Second
Affiliated Hospital of Tianjin University of Traditional Chinese Medicine (Tianjin, China). All rats were killed by
neck dislocation at 21 d after operation.

Intrathecal administration

LncRNA DILC siRNA and scrambled control were obtained from GenePharma (Shanghai, China). For continuous
administration, an intrathecal catheter was pre-implanted in each CCI model rat. Briefly, a 22 G needle (Beyotime
Biotechnology, Shanghai, China) was inserted into the sheath of the lumbar spine. The tip of the needle was located in
the L6-S1 (Lumbar vertebra 6-Sacrum 1) gap. The body of the needle and the spine of the rat were approximately 20°,
through the muscle, ligamentum flavum and dura mater. The rats displayed tail flick, indicating that the needle had
entered the sheath. The catheter was inserted through the gap on the needle body, with the direction parallel to the
longitudinal axis of the spine. The catheter was inserted into approximately 4 cm, so that the tip of the catheter was
located at the lumbar distention. Different concentrations of DILC siRNA and scrambled control were administered
to CCI model rats using the pre-implanted intrathecal catheter. Briefly, 2 or 5 mg/kg DILC siRNA was administered
intrathecally once daily for 4 days after CCI. As a control, 5 mg/kg scrambled siRNA was administered intrathecally
at the same frequency.

Pain threshold assessment
Pain threshold of sharp withdrawal threshold after mechanical stimuli (MWT) for rats was assessed using pain gauge
measurement (von Frey, IITC, U.S.A.). Briefly, at days 0, 3, 7 and 14 following operation, the rats were acclimated in
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transparent plastic cages with wire mesh floor for 30 min. Plantar surface of each hind paw was applied pressure from
below with the calibrated Electronic von Frey filament and held for approximately 5 s. Then force applied at the time
of sharp withdrawal was recorded.

Thermal hyperalgesia: Heat sensitivity was measured using paw withdrawal threshold latency (PWTL) in response
to radiant heat. Briefly, at days 0, 3, 7, and 14 following operation, a radiant heat source beneath a glass floor was aimed
at the plantar surface of the hind paw. The latency for each hind paw in each test was repeated for three times. The hind
paws were tested alternately with greater than 3 min intervals between consecutive tests. The three measurements of
latency per side were averaged. The cutoff time was set at 20 s to avoid tissue damage.

Cold allodynia: At days 0, 3, 7 and 14 following operation, 0.1 ml acetone was gently sprayed onto the plantar
surface of the hind paw using a multistepper pipette (Sigma) connected with a blunt rubber tube. Reactions performed
with rapid withdrawal, licking, shaking or lifting of the hind paw after the spread of the acetone over the planter
surface were regarded as positive. Measurement was performed three times for each hind paw with an interval of
approximately 2 min between consecutive tests.

Transfection

Primary microglia were isolated and cultured according to previous study described [23]. The cells were cultured in
DMEM medium containing 10% fetal bovine serum (FBS). The pcDNA-DILC and pcDNA3.1 empty vectors were
constructed purchased and from GenePharma Company. The pcDNA-DILC (1 pg/ml) and DILC siRNA (40 nM)
and their relative controls were transfected into cells according to the instruction of Lipofectamine 3000 (Thermo)
for 48 h.

Real-time PCR

Total RNA was extracted from spinal cord tissues of rats or from microglia by using the Trizol Reagent (Thermo Scien-
tific, Rockford, U.S.A.). The complementary DNA (cDNA) was synthesized with PrimeScript RT-PCR Kit (TaKaRa,
Dalian, China). The real time PCR was performed according to the instruction of SYBR Premix Ex Taq Kit (TaKaRa).
The reaction was run in ABI7500 Real-time PCR system (Applied Biosystems, Carlsbad, CA). The reaction program
was as follows: 95°C for 5 min for initial denaturation, and followed by 40 cycles at 95°C for 10 s and 60°C for 34 s. All
primers used in the present study were synthesized from Sangon Biotech (Shanghai, China). The relative expression
of gene was normalized to the 185 RNA and quantified with the 2722CT method.

Western blot

The total protein was extracted by using protein lysis buffer from the spinal cord tissues. The protein concentra-
tion was measured using BCA Protein Kit (Thermo Fisher). The protein sample (20 pg) was separated on 10%
sodium dodecyl sulfate/polyacrylamide gel electrophoresis (SDS/PAGE) and then transferred to polyvinylidene flu-
oride (PVDF) membranes. The blots were probed with rabbit anti-SOCS3 (Abcam, Cambridge, U.K.; 1:200 dilution),
rabbit anti-pSTAT3 (Abcam, 1:1000 dilution), rabbit anti-STAT3 (Abcam, 1:1000 dilution), rabbit anti-pJAK2 (Ab-
cam, 1: 1000 dilution), rabbit anti-JAK2 (Abcam, 1:5000 dilution) for overnight at 4°C. The blots were incubated
with horse radish peroxide-conjugated secondary antibody. The imaging was performed with electron chemilumi-
nescence (ECL) emitting solution. Finally, the blots were visualized with an Immobilon Western Chemiluminescent
HRP Substrate system (Millipore Corp., Billerica, MA, U.S.A.).

Cell Counting Kit-8 cell viability assay

Cell viability was measured by Cell Counting Kit-8 (CCK-8) assay (Dojindo, Kumamoto, Japan). After cells trans-
fected for 48 h, 10 pl of CCK-8 was added to each well and incubated at 37°C for 1 h. Cell viability was measured at
450 nm using a microplate reader.

Flow cytometry

After transfected with pcDNA-DILC or DILC siRNA for 48 h, cells were harvested and re-suspended in 500 pl of
binding buffer and then mixed with 10 pl of Annexin V (Beyotime Institute of Biotechnology, China) for 15 min in the
dark at room temperature. Cells were added with 5 pl of propidium iodide (PI; Beyotime Institute of Biotechnology)
and incubated for 15 min. Finally, samples were analyzed using a FACSAria flow cytometry (BD Biosciences, San
Jose, CA, US.A.).
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Enzyme-linked immunosorbent assay

The production of interleukin-6 (IL-6), IL-1f3, and tumor necrosis factor-oc (TNF-) in spinal cord tissues and cell
culture supernatants were measured according to instructions of their relative enzyme-linked immunosorbent assay
(ELISA) kits.

Statistical analysis

The data were analyzed by using SPSS 22.0 software. All the measurements from at least triplicates are presented as
mean £ SD. The statistical analysis was performed with one-way analysis of variance, followed by Dunnett’s test for
multiple comparison to a control group. P < 0.05 was considered statistically significant.

Results

LncRNA DILC was significantly up-regulated in rats with bCClI

First, we checked the expression profile of IncRNA DILC in the CNS at different developmental stages. The results
showed that DILC level was relatively low in the CNS of rat embryo, and moderate in CNS of new born individuals;
in the CNS of rat after born (both new born and adult), DILC displayed higher expression level in the spine than the
brain; it was quite interesting that, the level of spinal DILC was much higher than cerebral DILC in adult rats, but the
difference in DILC levels between the brain and spinal cord is not so outstanding in newborn rats (Supplementary
Figure S1). Moreover, we investigated its expression in main cell types in adult rats, and the results showed that was
mainly expressed in microglia (Supplementary Figure S2). To analyze whether DILC was involved the progression of
neuropathic pain, we investigated the expression levels of DILC in spinal cord tissues. The results of neuropathic pain
threshold assay showed that MWT and PMTL were significantly decreased in bilateral chronic constriction injury
(bCCI) rats compared with sham group (P<0.05, Figure 1A,B). Besides, the positive frequency for nerve sensitivity to
cold was dramatically increased in bCCI rats compared with sham group (P<0.05, Figure 1C). These results suggested
that the rat model of bCCI was successfully built. The result of real-time qPCR showed that DILC was significantly
increased in bCCI rats after 3, 7, 14 and 21 days, and it reached the peak at day 14 post-operation (P<0.05, Figure
1D).

DILC siRNA alleviated the neuropathic pain of bCCI rats in vivo

To further analyze the effect of DILC siRNA on the neuropathic pain of bCCI rats in vivo, IncRNA DILC siRNA or
scrambled siRNA (scramble) was administered to rats by using the pre-implanted intrathecal catheter. The results
showed that the expression level of DILC was significantly decreased in bCCI rats administrated with 2 or 5 mg/kg
of DILC siRNA (siDILC) (P<0.05, Figure 2A). Furthermore, MWT and PMTL were significantly increased in bCCI
rats with 2 or 5 mg/kg of siDILC intrathecal administration, and the threshold up to maximum at day 14 post oper-
ation compared with the scramble group (P<0.05, Figure 2B,C). The positive frequency for nerve sensitivity to cold
was dramatically decreased in bCCI rats with 2 or 5 mg/kg of siDILC intrathecal administration, also decreased to
minimum at day 14 (P<0.05, Figure 2D). These results indicated that DILC had an important role in the progression
of neuropathic pain.

DILC siRNA inhibited inflammation in rats with bCCl in vivo

To further investigate the effect of DILC on the inflammation of bCCI rats, the expression level of IL-6, IL-13 and
TNEF-« in spinal cord tissues was measured by real-time qPCR. The results showed that the expression of IL-6, IL-1f3
and TNF-« was dramatically decreased when bCCI rats were intrathecal administrated with 2 mg/kg siDILC or 5
mg/kg siDILC, and they all decreased to the minimum at day 14 (P <0.05, Figure 3A-C). These results suggested that
DILC siRNA inhibited inflammation in rats with bCCI.

DILC siRNA induced SOCS3 expression and inhibited the phosphorylation
of STAT3

The further study showed that the expression of SOCS3 was significantly increased when bCCI rats were intrathecal
administrated with 2 mg/kg siDILC or 5 mg/kg siDILC at day 7 and day 14 compared with scrambled group (P<0.05,
Figure 4A,B). As the downstream gene of SOCS3, the level of the phosphorylation of signal transducer and activator
of transcription 3 (p-STAT3) was noticeably decreased in bCCI rats intrathecally administrated with 2 mg/kg siDILC
or 5 mg/kg siDILC (P<0.05, Figure 4C,D).
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Figure 1. DILC was significantly up-regulated in rats with bCClI

The bCCI model was built in SD rats. Pain threshold of rats to mechanical, thermal and cold stimulation were measured before bCCl
surgery and then at different postoperative time points. (A) Mechanical allodynia; (B) thermal hyperalgesia; (C) cold hyperalgesia.
(D) The expression of DILC was measured by real-time gPCR. N = 4, *P<0.05 vs. sham group.

DILC siRNA inhibited the SOCS3/JAK2/STAT3 pathway in vitro

To further analyze the effect of DILC on the SOCS3/JAK2/STAT3 pathway in vitro, primary microglia cells were
isolated and cultured, and pcDNA-DILC, DILC siRNA and their relative controls were transfected into the cells.
The results showed that the expression of DILC was significantly increased after transfection with pcDNA-DILC,
and dramatically decreased after transfection with DILC siRNA (P<0.05, Figure 5A). The expression of SOCS3 was
significantly down-regulated by pcDNA-DILC transfection, and was up-regulated by DILC siRNA transfection com-
pared with relative controls (P<0.05, Figure 5B,C). Furthermore, the expression of pJAK2 and pSTAT3 was con-
siderably up-regulated by pcDNA-DILC transfection, whereas they were down-regulated by DILC siRNA transfec-
tion (P<0.05, Figure 5C,D). These results indicated that down-regulation of DILC induced SOCS3 expression and
suppressed JAK2/STAT3 signaling pathway in vitro. We further analyzed the effect of DILC on the expression of
down-stream gene of STAT3 in vitro, the results showed that pcDNA-DILC significantly increased the expression
of the downstream genes of STAT3, including integrin alpha M (ITGAM), cyclooxygenase 2 (COX2) and CCL2,
whereas DILC siRNA dramatically reduced the expression of ITGAM, COX2 and CCL2 compared with relative con-
trols (P<0.05, Figure 6A-C).

LncRNA DILC siRNA increased the viability of microglia cells, and

suppressed cell apoptosis and inflammation

Then, the role of IncRNA DILC in regulating functions of microglia was investigated. Our results showed that cell
viability was significantly decreased in pcDNA-DILC transfection group, whereas it was increased in DILC siRNA
transfection group (P<0.05, Figure 7A). Flow cytometry assay showed that cell apoptosis was dramatically increased
in pcDNA-DILC transfection group, whereas it was decreased in DILC siRNA transfection group (P<0.05, Figure
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Figure 2. DILC siRNA alleviated the neuropathic pain of bCCI rats

Different concentrations of DILC siRNA and the scrambled control were administered to rats using the pre-implanted intrathecal
catheter. (A) The expression of DILC in each group was measured by real-time gPCR. Pain threshold of rats to mechanical, thermal
and cold stimulation were then measured: (B) thermal hyperalgesia; (C) thermal hyperalgesia; (D) cold hyperalgesia. N = 4, “P<0.05
vs. scrambled group.
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Figure 3. DILC siRNA inhibited inflammation in rats with bCCI

After different concentrations of DILC siRNA and scrambled control were administered to rats for different time, the production of
(A) IL-6, (B) IL-1 and (C) TNF-« in spinal cord tissues was measured according to instructions of their relative ELISA kits. N = 4,

*P<0.05 vs. scrambled group.

7B). Furthermore, pcDNA-DILC transfection significantly induced the production of IL-6 and IL-1f3, whereas DILC
siRNA reduced the production of IL-6 and IL-13 (P<0.05, Figure 7C,D). These results indicated that DILC siRNA
increased the viability of microglia, and suppressed cell apoptosis and inflammation in vitro.
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Figure 4. DILC siRNA induced SOCS3 expression and inhibited the phosphorylation of STAT3

After different concentrations of DILC siRNA and scrambled control were administered to rats for different time, the expression of
SOCS3, pSTAT3, STAT3 was measured by Western blotting. (A,B) The expression level of SOCSS3; (C,D) the expression of pSTAT3
and STAT3. N = 4, *P<0.05, **P<0.01 vs. scrambled group.

Discussion

LncRNAs consist of a large fraction of the mammalian transcriptome. Increasing studies have revealed that the IncR-
NAs played important roles in the progression of various diseases, such as cancers [24-26], neurodegenerative dis-
eases [27], respiratory diseases [28], cardiovascular diseases [16,29]. The present study demonstrated that IncRNA
DILC was significantly increased in bCCI rats. DILC siRNA alleviated the neuropathic pain of bCCI rats and inhib-
ited inflammation in vivo. Furthermore, DILC siRNA also inhibited the SOCS3/JAK2/STAT3 signaling pathway in
vivo and in vitro.

SOCS3, a member of SOCS family, acted as feedback inhibitor of the JAK/STAT3 pathway, avoiding STAT3 phos-
phorylation. A previous study reported that SOCS3 expression in neurons caused a negative regulatory effect on signal
transduction and STAT3 activation, which consequently contributed to excitotoxic neuronal death in vitro. SOCS3
could binds to gp130, a common signal transducing subunit with IL-6, or to JAK1 and JAK2, to inhibit signal trans-
duction thus leading to a negative regulation of neuronal survival and axon regeneration in vivo and in vitro [30].
Furthermore, the antagonists or blocking drugs of JAK2/STAT3 signal pathway was reported to be concerned with the
formation of neuropathic pain, such as aspirin-triggered Lipoxin A4 [31], procaine [32], WP1066 [33]. The present
study showed that DILC siRNA induced SOCS3 expression and inhibited the JAK2/STAT?3 pathway. It suggests that
DILC siRNA alleviated the neuropathic pain of bCCI rats through inducing SOCS3 expression and inhibiting the
JAK2/STAT?3 pathway.

Microglia represent for 5-10% of glia in the CNS and are often considered resident macrophages. Microglia are
activated after nerve injury which produce various chemical mediators, including proinflammatory cytokines that can
produce immunological actions and can also act on neurons to alter their function [34]. The appropriate activation
of microglia is beneficial for the body, and their apoptosis was reported to be appeared in the progression of nerve
injury [35,36]. The present study demonstrated that DILC siRNA increased the viability of microglia, suppressed
cell apoptosis and inflammation. These results may indicate that DILC knockdown plays a protective role in the
progression of neuropathic pain.

[ ]
.. 2 PORTLAND
@ PRESS

(© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 7

License 4.0 (CC BY).



™ Bioscience Reports (2020) 40 BSR20194486
.... FF”F?E%ELAND https://doi.org/10.1042/BSR20194486
(A) (B)
6 $% SOCS3 s
3 = 51 —
Q <
kS Z 4
- 14
E 4- E
Y
o 34
|
c E 2-1
4} 2' %) 0
s * 3% S ko
g == 5 1= =
5 |;| e
Q
xr [—— 0

Ven::tor Dli_C Scr'am siD'ILC Vet':tor DIi_C Scrlam siDlILC

(C) (D)
T @ O 4+ [ Vector %%
R A E3 DILC
SOCS3 30 s s~ s e 30kDa % Il Scram kol
25— c 3 &3 siDILC
JAK2 0 B - - 13002 S %%
3 o 2
S 2-
prJAK 10 I S (5 D)o p=
100 ‘D sk
STAT3 &0 P s s i = 35KDa § 14
70 . o
p-STAT3 0 M L e e = | 88KDa
T — c . . =
GAPDH ¥ ™ s s s 36D pJAK2/JAK2 pSTAT3/STAT3 SCOS3

() —

Figure 5. DILC siRNA inhibited the SOCS3/JAK2/STAT3 pathway in vitro

The primary neurons and microglia were isolated and co-cultured and were transfected with pcDNA-DILC, DILC siRNA and their
relative controls. (A) The expression of DILC was measured by real-time qPCR. (B) The expression of SOCS3 was measured by
real-time PCR. (C,D) The expression of SOCS3, p-JAK2, JAK2, p-STAT3, STAT3 was measured by western blot. N = 4, **P<0.01
vs. vector group or scram group.
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Figure 6. DILC siRNA inhibited the expression of down-stream genes of STAT3

After the primary neurons and microglia cells were transfected with pcDNA-DILC, DILC siRNA and their relative controls for 48 h,
the expression of downstream of genes of STAT3 was measured by Real-time gPCR including (A) ITGAM; (B) COX2; (C) CCL2. N
=4, "P<0.01 vs. vector group or scram group.
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Figure 7. DILC siRNA increased the viability of primary microglia cells, suppressed cell apoptosis and inflammation

Primary microglia were transfected with pcDNA-DILC, DILC siRNA and their relative controls for 48 h. (A) Cell viability was measured
by CCK-8 assay. (B) Cell apoptosis was measured by flow cytometry. (C) The production of IL-6 was measured by ELISA. (D) The
production of IL-1f3 was measured by ELISA. N = 4, “P<0.05 vs. vector group or scram group. “*P<0.01 vs. vector group or scram

group.

Interestingly, previous studies on the function of IncRNA DILC in development of diseases revealed that it was
down-regulated during tumorigenesis and sepsis and functioned as a suppressor gene in cancer development and
sepsis, which depends on its suppressive effect on STAT3 activation [21,37-39]. However, in our current study, we
found that IncRNA DILC was up-regulated and STAT3 was activated after CCI and IncRNA DILC positively regu-
lated the activation of STAT3 and STAT3-induced production of inflammatory cytokines. As a macrophage like cell
type, microglia display different functions with most of the constituent histocytes but have many characteristics sim-
ilar to immune cells. There have been a few of cases that a gene functioned diversely in microglia compared with
in constituent histocytes. A typical example is that transforming growth factor 31, a master gene in regulating cell
proliferation, epithelial-mesenchymal transition and fibrosis in most cell types, plays a negative role in immune cell
proliferation and differentiation [40]. It was also reported that IncRNAs functioned diversely in microglia compared
with in constituent histocytes. For example, the noncoding RNA activated by DNA damage (IncRNA NORAD, also
known as LINC00657) functioned as a tumor suppressor gene in lung cancer [41], but it was up-regulated in CCI rats
and contributed to neuroinflammation through inducing expression of COX2, TNF-x and IL-1f3 [42], which is quite
similar to IncRNA DILC.

(© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
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In conclusion, the present study reported that DILC siRNA alleviated the neuropathic pain through inducing
SOCS3 expression and inhibiting the JAK2/STAT3 pathway. LncRNA DILC may be a potential target for the treatment
of neuropathic pain.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding

The authors declare that there are no sources of funding to be acknowledged.

Author Contribution
Yujie Liu designed this manuscript. Lu Feng and Shichao Ren performed experiments and wrote the manuscript. Yingxiu Zhang
analyzed the data. Jing Xue edited manuscript.

Abbreviations

bCCl, bilateral chronic constriction injury; CCK-8, Cell Counting Kit-8; CNS, central nervous system; COX2, cyclooxygenase 2;
ELISA, enzyme-linked immunosorbent assay; ERK, extracellular regulated protein kinase; ITGAM, including integrin alpha M; IL,
interleukin; IncRNA, long noncoding RNA; p-STAT3, phosphorylation of signal transducer and activator of transcription 3; PWTL,
paw withdrawal threshold latency.

References

1 Bouhassira, D., Lantéri-Minet, M., Attal, N., Laurent, B. and Touboul, C. (2008) Prevalence of chronic pain with neuropathic characteristics in the
general population. Pain 136, 380-387, https://doi.org/10.1016/j.pain.2007.08.013

2 Brandenburger, T., Castoldi, M., Brendel, M., Grievink, H., Schldsser, L., Werdehausen, R. et al. (2012) Expression of spinal cord microRNAs in a rat
model of chronic neuropathic pain. Neurosci. Lett. 506, 281-286, https://doi.org/10.1016/j.neulet.2011.11.023

3 Ji, R.R. and Suter, M.R. (2007) p38 MAPK, microglial signaling, and neuropathic pain. Mol. Pain 3, 33, https://doi.org/10.1186/1744-8069-3-33

4 Anand, P.,, Shenoy, R., Palmer, J.E., Baines, A.J., Lai, R.Y., Robertson, J. et al. (2011) Clinical trial of the p38 MAP kinase inhibitor dilmapimod in
neuropathic pain following nerve injury. Eur. J. Pain 15, 1040-1048, https://doi.org/10.1016/j.ejpain.2011.04.005

5 Ma, W. and Quirion, R. (2005) The ERK/MAPK pathway, as a target for the treatment of neuropathic pain. Expert Opin. Ther. Targets 9, 699-713,
https://doi.org/10.1517/14728222.9.4.699

6 Thacker, M.A., Clark, A.K., Bishop, T., Grist, J., Yip, PK., Moon, L.D. et al. (2009) CCL2 is a key mediator of microglia activation in neuropathic pain
states. Eur. J. Pain 13, 263-272, https://doi.org/10.1016/j.ejpain.2008.04.017

7 Piotrowska, A., Kwiatkowski, K., Rojewska, E., Slusarczyk, J., Makuch, W., Basta-Kaim, A. et al. (2016) Direct and indirect pharmacological modulation
of CCL2/CCR2 pathway results in attenuation of neuropathic pain — in vivo and in vitro evidence. J. Neuroimmunol. 297, 9,
https://doi.org/10.1016/j.jneuroim.2016.04.017

8 Dominguez, E., Rivat, C., Pommier, B., Mauborgne, A. and Pohl, M. (2008) JAK/STAT3 pathway is activated in spinal cord microglia after peripheral
nerve injury and contributes to neuropathic pain development in rat. J. Neurochem. 107, 50-60, https://doi.org/10.1111/j.1471-4159.2008.05566.x

9 Sun, X.H., Yang, L.B., Geng, X.L., Wang, R. and Zhang, Z.C. (2015) Increased expression of IncRNA HULC indicates a poor prognosis and promotes cell
metastasis in osteosarcoma. Int. J. Clin.Exp. Pathol. 8, 2994

10 Arun, G., Diermeier, S., Akerman, M., Chang, K.C., Wilkinson, J.E., Hearn, S. et al. (2016) Differentiation of mammary tumors and reduction in
metastasis upon Malat1 IncRNA loss. Genes Dev. 30, 34, https://doi.org/10.1101/gad.270959.115

11 Liu, R.T,, Cao, J.L., Yan, C.Q., Yang, W., An, C.J. and Lv, H.T. (2017) Effects of LncRNA-HOST2 on cell proliferation, migration, invasion and apoptosis of
human hepatocellular carcinoma cell line SMMC-7721. Biosci. Rep. 37, https://doi.org/10.1042/BSR20160532

12 Nie, W., Ge, H.J., Yang, X.Q., Sun, X., Huang, H., Tao, X. et al. (2016) LncRNA-UCA1 exerts oncogenic functions in non-small cell lung cancer by
targeting miR-193a-3p. Cancer Lett. 371, 99, https://doi.org/10.1016/j.canlet.2015.11.024

13 Pan, W,, Liu, L., Wei, J., Ge, Y., Zhang, J., Chen, H. et al. (2016) A functional IncRNA HOTAIR genetic variant contributes to gastric cancer susceptibility.
Mol. Carcinog. 55, 90, https://doi.org/10.1002/mc.22261

14 Pickard, M.R. and Williams, G.T. (2016) The hormone response element mimic sequence of GAS5 IncRNA is sufficient to induce apoptosis in breast
cancer cells. Oncotarget 7, 1010410116, https://doi.org/10.18632/oncotarget.7173

15 Chang, C.P. and Han, P. (2016) Epigenetic and IncRNA regulation of cardiac pathophysiology. Biochim. Biophys. Acta 1863, 17671771,
https://doi.org/10.1016/j.bbamcr.2016.03.005

16 Uchida, S. and Dimmeler, S. (2015) Long noncoding RNAs in cardiovascular diseases. Circ. Res. 116, 737,
https://doi.org/10.1161/CIRCRESAHA.116.302521

17 Suravajhala, P, Kogelman, L.J.A., Mazzoni, G. and Kadarmideen, H.N. (2015) Potential role of IncRNA cyp2c91—protein interactions on diseases of the
immune system. Front. Genet. 6, 255, https://doi.org/10.3389/fgene.2015.00255

18 Carpenter, S. (2016) Determining the function of long noncoding RNA in innate immunity. Methods Mol. Biol. 1390, 183,
https://doi.org/10.1007/978-1-4939-3335-812

10 (© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).


https://doi.org/10.1016/j.pain.2007.08.013
https://doi.org/10.1016/j.neulet.2011.11.023
https://doi.org/10.1186/1744-8069-3-33
https://doi.org/10.1016/j.ejpain.2011.04.005
https://doi.org/10.1517/14728222.9.4.699
https://doi.org/10.1016/j.ejpain.2008.04.017
https://doi.org/10.1016/j.jneuroim.2016.04.017
https://doi.org/10.1111/j.1471-4159.2008.05566.x
https://doi.org/10.1101/gad.270959.115
https://doi.org/10.1042/BSR20160532
https://doi.org/10.1016/j.canlet.2015.11.024
https://doi.org/10.1002/mc.22261
https://doi.org/10.18632/oncotarget.7173
https://doi.org/10.1016/j.bbamcr.2016.03.005
https://doi.org/10.1161/CIRCRESAHA.116.302521
https://doi.org/10.3389/fgene.2015.00255
https://doi.org/10.1007/978-1-4939-3335-8_12

Bioscience Reports (2020) 40 BSR20194486 °
https://doi.org/10.1042/BSR20194486 '. (] EROE%ELAND
°

19 Roberts, T.C., Morris, K.V. and Wood, M.J. (2014) The role of long non-coding RNAs in neurodevelopment, brain function and neurological disease.
Philos. Trans. R. Soc. Lond. B. Biol. Sci. 369, https://doi.org/10.1098/rsth.2013.0507

20 Jiang, B.C., Sun, W.X., He, L.N., Cao, D.L., Zhang, Z.J. and Gao, Y.J. (2015) Identification of INnCRNA expression profile in the spinal cord of mice
following spinal nerve ligation-induced neuropathic pain. Mol. Pain 11, 1-18, https://doi.org/10.1186/s12990-015-0047-9

21 Wang, X., Sun, W., Shen, W., Xia, M., Chen, C., Xiang, D. et al. (2016) Long non-coding RNA DILC represses self-renewal of liver cancer stem cells via
inhibiting autocrine IL-6/STAT3 axis. J. Hepatol. 64, 1283—1294, https://doi.org/10.1016/j.jhep.2016.01.019

22 Datta, S., Chatterjee, K., Kline, R.H. and Wiley, R.G. (2010) Behavioral and anatomical characterization of the bilateral sciatic nerve chronic constriction
(bCCl) injury: correlation of anatomic changes and responses to cold stimuli. Mol. Pain 6, 7, https://doi.org/10.1186/1744-8069-6-7

23 Muench, G., Rahmadi, A., Maczurek, A. and Steele, M.L. (2010) A versatile microglia-neuron co-culture system for the identification of
anti-inflammatory neuroprotectants: application to screening of natural compounds. Alzheimers Dement. 6, S158-S158,
https://doi.org/10.1016/j.jalz.2010.05.493

24 Cheetham, S.W., Gruhl, F., Mattick, J.S. and Dinger, M.E. (2013) Long noncoding RNAs and the genetics of cancer. Br. J. Cancer 108, 2419,
https://doi.org/10.1038/bjc.2013.233

25 Maruyama, R. and Suzuki, H. (2012) Long noncoding RNA involvement in cancer. BMB Rep. 45, 604, https://doi.org/10.5483/BMBRep.2012.45.11.227

26 Fatima, R., Akhade, V.S., Pal, D. and Rao, S.M. (2015) Long noncoding RNAs in development and cancer: potential biomarkers and therapeutic targets.
Mol. Cell. Ther. 3, 5, https://doi.org/10.1186/s40591-015-0042-6

27 Wu, P, Zuo, X., Deng, H., Liu, X., Liu, L. and Ji, A. (2013) Roles of long noncoding RNAs in brain development, functional diversification and
neurodegenerative diseases. Brain Res. Bull. 97, 69-80, https://doi.org/10.1016/j.brainresbull.2013.06.001

28 Booton, R. and Lindsay, M.A. (2014) Emerging role of MicroRNAs and long noncoding RNAs in respiratory disease. Chest 146, 193,
https://doi.org/10.1378/chest.13-2736

29 Jiang, X. and Ning, Q. (2015) The emerging roles of long noncoding RNAs in common cardiovascular diseases. Hypertens. Res. 38, 375,
https://doi.org/10.1038/hr.2015.26

30 Park, K.W., Lin, C.Y. and Lee, Y.S. (2014) Expression of suppressor of cytokine signaling-3 (SOCS3) and its role in neuronal death after complete spinal
cord injury. Exp. Neurol. 261, 65-75, https://doi.org/10.1016/j.expneurol.2014.06.013

31 Wang, Z.F, Li, Q., Liu, S.B., Mi, W.L., Hu, S., Zhao, J. et al. (2014) Aspirin-triggered Lipoxin A 4 attenuates mechanical allodynia in association with
inhibiting spinal JAK2/STAT3 signaling in neuropathic pain in rats. Neuroscience 273, 65-78, https://doi.org/10.1016/j.neuroscience.2014.04.052

32 Li,D., Yan, Y., Yu, L. and Yong, D. (2016) Procaine attenuates pain behaviors of neuropathic pain model rats possibly via inhibiting JAK2/STAT3. Biomol.
Ther. 24, 489-494, https://doi.org/10.4062/biomolther.2016.006

33 Horiguchi, A., Asano, T., Kuroda, K., Sato, A., Asakuma, J., Ito, K. et al. (2010) STAT3 inhibitor WP1066 as a novel therapeutic agent for renal cell
carcinoma. Br. J. Cancer 102, 1592—-1599, https://doi.org/10.1038/sj.bjc.6605691

34 Tsuda, M., Inoue, K. and Salter, M.W. (2005) Neuropathic pain and spinal microglia: a big problem from molecules in “small” glia. Trends Neurosci. 28,
101-107, https://doi.org/10.1016/j.tins.2004.12.002

35 Rich, K.M., Luszczynski, J.R., Osborne, P.A. and Johnson, E.M. (1987) Nerve growth factor protects adult sensory neurons from cell death and atrophy
caused by nerve injury. J. Neurocytol. 16, 261-268, https://doi.org/10.1007/BF01795309

36 Groves, M.J., Schanzer, A., Simpson, A.J., An, S.F,, Kuo, L.T. and Scaravilli, F. (2003) Profile of adult rat sensory neuron loss, apoptosis and replacement
after sciatic nerve crush. J. Neurocytol. 32, 113-122, https://doi.org/10.1023/B:NEUR.0000005596.88385.ec

37 Ma, Q.Y,, Li, S.Y,, Li, X.Z., Zhou, T.F,, Zhao, Y.F, Liu, F.L. et al. (2019) Long non-coding RNA DILC suppresses bladder cancer cells progression. Gene
710, 193-201, https://doi.org/10.1016/j.gene.2019.06.009

38 Gu, L.Q., Xing, X.L., Cai, H., Si, A.F,, Hu, X.R., Ma, Q.. et al. (2018) Long non-coding RNA DILC suppresses cell proliferation and metastasis in colorectal
cancer. Gene 666, 18-26, https://doi.org/10.1016/j.gene.2018.03.100

39 Huang, W., Huang, L., Wen, M., Fang, M., Deng, Y. and Zeng, H. (2018) Long non-coding RNA DILC is involved in sepsis by modulating the signaling
pathway of the interleukin-6/signal transducer and activator of transcription 3/Toll-like receptor 4 axis. Mol. Med. Rep. 18, 5775-5783

40 Lodyga, M. and Hinz, B. (2020) TGF-31 — a truly transforming growth factor in fibrosis and immunity. Semin. Cell Dev. Biol. 101, 123-139,
https://doi.org/10.1016/j.semcdb.2019.12.010

41 Tan, B.S., Yang, M.C., Singh, S., Chou, Y.C., Chen, H.Y., Wang, M.Y. et al. (2019) LncRNA NORAD is repressed by the YAP pathway and suppresses lung
and breast cancer metastasis by sequestering S100P. Oncogene 38, 5612-5626, https://doi.org/10.1038/s41388-019-0812-8

42 Shen, F., Zheng, H., Zhou, L., Li, W., Zhang, Y. and Xu, X. (2019) LINC00657 expedites neuropathic pain development by modulating miR-136/ZEB1 axis
in a rat model. J. Cell. Biochem. 120, 1000-1010, https://doi.org/10.1002/jch.27466

(© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 1 1
License 4.0 (CC BY).


https://doi.org/10.1098/rstb.2013.0507
https://doi.org/10.1186/s12990-015-0047-9
https://doi.org/10.1016/j.jhep.2016.01.019
https://doi.org/10.1186/1744-8069-6-7
https://doi.org/10.1016/j.jalz.2010.05.493
https://doi.org/10.1038/bjc.2013.233
https://doi.org/10.5483/BMBRep.2012.45.11.227
https://doi.org/10.1186/s40591-015-0042-6
https://doi.org/10.1016/j.brainresbull.2013.06.001
https://doi.org/10.1378/chest.13-2736
https://doi.org/10.1038/hr.2015.26
https://doi.org/10.1016/j.expneurol.2014.06.013
https://doi.org/10.1016/j.neuroscience.2014.04.052
https://doi.org/10.4062/biomolther.2016.006
https://doi.org/10.1038/sj.bjc.6605691
https://doi.org/10.1016/j.tins.2004.12.002
https://doi.org/10.1007/BF01795309
https://doi.org/10.1023/B:NEUR.0000005596.88385.ec
https://doi.org/10.1016/j.gene.2019.06.009
https://doi.org/10.1016/j.gene.2018.03.100
https://doi.org/10.1016/j.semcdb.2019.12.010
https://doi.org/10.1038/s41388-019-0812-8
https://doi.org/10.1002/jcb.27466

